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ABSTRACT 
 

This study examined the relationships between and among: (a) Processing 

Speed (PS) Cluster and Rapid Automatized Naming (RAN) Total to reading ability; 

(b) measures of RAN and PS to irregular word, non-word, and word reading; and (c) 

the relationships among irregular word, non-word, and word reading. The word 

reading measures were predicted by using multiple cognitive abilities including 

Phonological Awareness (PA), RAN, PS, and Working Memory (WM). Sixty 

participants, 39 students who were average readers and 21 students with reading 

difficulties in Grades 1, 2, 3, and 4 were recruited.  

Correlational designs testing predictive relationships were used to conduct this 

study. The results indicated that the PS Cluster had the strongest correlation with 

irregular word reading, whereas the RAN Total had the strongest correlation with 

both word reading and non-word reading ability. Reading performance was best 

predicted by RAN-Letters. In addition, the Woodcock-Johnson III Visual Matching 

test had the strongest predictive power of reading ability among all of the PS 

measures. 

High correlations were found among the reading variables within normally 

distributed data, whereas there was no significant correlation between irregular and 

nonword reading within the group of students with Reading Difficulties. These 

findings provide support for the dual-route theory. Among the 21 students with RD, 

10 students presented problems in both non-word reading and irregular word reading; 

9 students presented problems just in non-word reading; and 2 students presented 

problems just in irregular word reading.  
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A model consisting of RAN, PA, and PS, as included in the study measures, 

provided the most powerful prediction of all reading skills. These findings also lend 

more support to the double-deficit model and indicate that PA and naming speed 

problems contribute independently to variance in reading.  

This study provides direction for the assessment of specific reading disability 

and the cognitive underpinnings of this disorder. These findings support the need to 

assess PA, RAN, and PS, as well as various types of word reading skills, when 

making a reading disability diagnosis. Further research may cross validate the results 

of this study, or add other aspects of reading (eg., reading fluency or comprehension) 

to this line of research.   
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CHAPTER 1 

INTRODUCTION 

The Relationships among Cognitive Ability Measures and Irregular Word, Non-

Word, and Word Reading 

Children who cannot learn to read, or who learn to read only with great 

difficulty, may have normal intelligence, adequate cultural stimulation, and normal 

hearing and vision. The reasons for their difficulties are not fully understood even 

though the reasons for reading failure have been investigated for over a century. Early 

research done by the French neurologist Dejerine in 1896, helped pave the way for 

further research in the area of reading disabilities (Wolf & Bowers, 1999). Dejerine 

first spoke of alexia, or the inability to read, which seemingly resulted from brain 

lesions in the temporal lobe. More recently, substantial efforts have been directed at 

furthering our understanding of the causes or correlates of reading disabilities (e.g., 

Savage & Frederickson, 2006; Wolf & Bowers, 2000).  

One important aspect of this work has been the search for a specific deficit or 

sets of deficits that could underlie reading disabilities. Most notably, researchers have 

identified the following four specific cognitive abilities that appear related to reading 

difficulties:  phonological awareness (PA), rapid automatized naming (RAN), 

processing speed (PS), and working memory (WM) (Fuchs, Fuchs, & Speece, 2002). 

Because considerable research has focused on the links between PA and WM and 

reading skills, this study place greater emphasis on RAN and PS measures. Another 

focus of this line of research is an exploration of how subtypes of poor readers have 

different profiles in their abilities to read irregular words, non-words (nonsense 



13 
 

words), and word reading (a combination of phonically regular and irregular real 

words). 

Phonological Awareness 

A substantial body of research (Abbott, Walton, & Greenwood, 2002; Reading 

& Van Duren, 2007; Moseley, 2004; Savage & Frederickson, 2006, Vellutino & 

Scanlon, 1987) has provided strong support that the major core deficit for many 

children with reading disabilities (RD) is poor phonological awareness. In fact, 

phonological awareness has been considered the most influential factor in predicting 

reading difficulties in students for the past 20 years (Badian, 2005). Phonological 

awareness is a precursor to understanding the relationship between sounds and 

symbols (the alphabetic principle). Students must be able to segment sounds, as well 

as blend them together to make words, which leads to successful reading (Mather & 

Goldstein, 2008).   

Researchers who adopted the phonological awareness hypothesis proposed a 

unitary theory of reading difficulty, and claimed that reading difficulties are caused by 

a phonological impairment alone (Plaza & Cohen, 2003). However, some students 

have good phonological awareness but still struggle to learn to read. Thus, the 

phonological awareness hypothesis clearly does not account for all cases of reading 

failure (Mather, personal communication, March, 2007), so researchers must explore 

other possible reasons for reading difficulties such as processing speed and RAN. 

Rapid Automatized Naming 

Others have explored the relationships between rapid automatized naming 

(RAN) and reading skill. Naming speed, or RAN, is defined as "the speed at which 

names are retrieved in identifying colors, letters, digits and objects"; slow RAN scores 
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appear to differentiate readers with dyslexia from typical readers (Catts, Gillispie, 

Leonard, Kail, & Miller, 2002; Denckla & Cutting, 1999; Wolf, Bowers, & Biddle, 

2000; Wolf, Miller, & Donnelly, 2000). Kail (1991) concluded that access to name 

codes for digits, letters, and colors may become more rapid with age simply because 

of age-related changes in the global mechanism speed of retrieval, not because the 

access to specific name codes becomes more automatic. According to this view, the 

correlation between naming speed and reading reflects the fact that both are linked to 

age-related change in processing speed. However, Kail’s explanation of increases in 

RAN does not contradict the fact that RAN is such a good predictor of reading across 

all ages.   

Research also has established an association between slow RAN performance 

and poor reading. Wolf, Bowers, and Biddle (2000) recently raised the issue of a 

general timing deficit to explain slow RAN scores among poor readers. Their work 

was highly influenced by Denckla and Rudel’s 1976 research that explored the 

importance of recall and automaticity in reading (Wolf & Bowers, 1999). Denckla and 

Rudel (1976a) showed that tasks measuring the speed of name retrieval of letters, 

digits, colors, and objects, which they called rapid automatized naming, 

differentiating individuals with dyslexia from typical readers. Other investigators also 

have reported that the speed with which children name familiar objects is a potent 

predictor of reading skill. For example, Wolf, Bowers, and Biddle (2000) reported a 

correlation of .66 between the speed with which kindergarten children named familiar 

letters and digits and their performance on a word recognition task in Grade 2. Speed 

of naming a series of common pictures or symbols not only correlates with current 
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reading scores, but also predicts for kindergarten children their reading levels in 

grades 1 and 2 (Denckla & Rudel, 1976b; Wolf & Bowers, 1999).  

Double-deficit Hypothesis 

 Wolf and Bowers (1999) proposed what they called the “double-deficit 

hypothesis” to explain the two factors that could affect reading development: 

phonological awareness and RAN. The “second core deficit” evident in RAN may 

include the sub-processes of reading associated with letter identification or serial 

scanning of print (Wolf & Bowers, 2000) or the rate at which children induce 

orthographic patterns from print exposure (Bowers & Wolf, 1999). Slowed naming 

speed also could affect the amalgamation of grapheme–phoneme connections, and the 

quality of orthographic codes stored in memory. Some research also has shown that 

RAN is more related to irregular word reading (words with a part that does not 

conform to English spelling rules) rather than regular word reading (words that 

conform to English spelling rules) (Denckla & Rudel, 1976b;  Wolf & Bowers, 1999). 

Processing Speed 

 To help explain other factors that may affect reading, Nicolson and Fawcett 

(1999) proposed a unified view of timing deficits and suggested that processing speed 

can be a cause of poor reading. Processing speed ability is related highly to tasks that 

measure speed at which individuals perceive and process incoming information. In 

addition, processing speed involves the ability to maintain focus and work quickly 

through automatic cognitive tasks. Nicolson and Fawcett indicated that individuals 

with dyslexia have slowed or limited ability to automatize skilled behaviors. This core 

deficit causes problems in the development of reading, writing, and phonological 

skills. Similarly, Kail and Hall (1994) found that cognitive processing speed would 
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mediate age-related changes in phonological awareness, naming speed, and visual-

spatial skills, because each of these constructs may be directly affected by speed of 

processing. 

An important component of this view is that the core deficit has an impact not 

only on reading and related language skills, but also on the acquisition of almost any 

other learned skills, such as spelling or the memorization of math facts.  

Working Memory 

Another important hypothesized relationship is that ability to analyze 

phonemes is actually subsumed by working memory’s ability to decode words into 

“chunks” of information (phonemes), and to process this information in phonological 

working memory. If the ability to synthesize or analyze phonemes is influenced by 

phonological working memory, then the relationship between phonological working 

memory and reading achievement may be linked by this process. 

Research on memory and information processing was drastically changed by 

the introduction of the working memory model by Baddeley and Hitch in 1974. 

According to their theory, working memory contains three primary components; a 

phonological memory system, a visual-spatial memory system, and a central 

executive system. The phonological system contains a storage buffer that can 

maintain several pieces of phonological information for integration in long-term 

memory or transformations with other stimuli to occur. This storage buffer is 

refreshed by an articulatory loop that requires voluntary rehearsal. By using this 

rehearsal system, the phonological information is maintained in the storage buffer and 

not lost. The visual spatial memory system is a similar system that maintains purely 
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visual stimuli, and the central executive allocates processing resources to these 

secondary systems. 

Summary 

Several key conclusions can be drawn from the literature. First, phonological 

awareness problems remain a core deficit in reading disabilities. A separate group 

with rapid naming speed (RAN) deficit has been found. One finding that is consistent 

is the combination of phonological awareness deficits and rapid naming speed deficits 

causes the most severe reading problems (double-deficit hypothesis). This 

combination also is the most predictive of reading achievement. Working memory is 

closely related to the phonological working memory, more specifically the ability to 

synthesize phonemes. In addition, students with reading disabilities may have slowed 

or limited ability to automatize skilled behaviors (processing speed). This core deficit 

may cause problems in the development of reading, writing, and phonological skills.  

In the previous section, the literature on correlates of reading disability was 

reviewed with a particular focus on variables found to be the most reliable predictors 

of reading achievement. Early studies and single factor theories were reviewed, with a 

consensus that no single factor can fully explain the reading difficulties seen in all 

children. Because considerable research has focused on the links between PA and 

WM and reading skill, this study placed greater emphasis on RAN and PS measures.   

Dual-Route Theory (Irregular Word, Non-Word, and Word Reading) 

 The dual—route conception of reading seems first to have been presented by 

de Saussure in 1922 (Coltheart, 2007). The main idea of this theory is that "People 

read in two ways; the new or unknown word is scanned letter after letter, but a 

common or familiar word is taken in at a glance, without bothering about the 
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individual letters: it is visual shape that functions like an ideogram" (Coltheart, 2007). 

Coltheart (1980) described these two reading routes as being "lexical" and "non-

lexical."   

Reading via the lexical route involves looking up the word in a mental lexicon 

containing knowledge about the spelling and pronunciations of letters strings that are 

real words (and so are represented in the lexicon); reading via the non-lexical route 

does not need reference to this lexicon, but instead involves making use of rules 

relating segments of orthography to segments of phonology. Coltheart (1980) 

suggested that the rules used by the non-lexical reading routes are, specifically, the 

knowledge of grapheme-phoneme correspondence rules, such as knowing that ph 

represents the speech sound of  /f/.  

Subtypes of Dyslexia and Subtypes of Words 

Hinshelwood (1902) described two-child cases of word blindness that showed 

different presentations. One child showed excellent alphabet and naming skills, but 

could recognize only a few letters and words by sight. The other child was proficient 

in naming letters and words, but performed poorly on reading exceptional, 

monosyllabic words. This study provided the impetus for more research on dyslexia.  

Some students appear to have more difficulty reading regular words, whereas 

others have more difficulty reading irregular words (Ehri, 2007). Coltheart (2007) 

investigated readers’ reaction times for regular and irregular word reading. The 

reaction time in reading aloud experiments is longer for irregular (exception) words 

than regular words. The dual-route researchers attributed this to that fact that the two 

routes are affected by conflicting information at the phoneme level when a word is 

irregular, but not when a word is regular. Thus, resolution of the conflict takes time 
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that affects the speed of word recognition. Frequency effects on reading aloud have 

been explained by proposing that access to entries for high-frequency words in the 

mental lexicon was faster than access for low-frequency words. According to the 

dual-route model, low-frequency words will show a larger regularity effect, since 

lexical processing will be relatively slow for such words and there will be more time 

for the conflicting information from the non-lexical route to affect reading. 

An ideal classification system of readers would identify the varied subtypes of 

reading disability. Some poor readers have more difficulty reading irregular words 

than regular words. This has been referred to as “developmental surface dyslexia." 

Other poor readers are very poor for their age at reading non-words but normal for 

their age at reading regular words and irregular words, which has been called 

"developmental phonological dyslexia." It appears that these different difficulties in 

learning to read relate to both lexical and non-lexical routes and these different 

patterns of developmental dyslexia provide further support for the dual-route model of 

reading (Coltheart, 2007). 

Study Purposes 

The purposes of this study are to: (a) predict reading ability by using a 

multiple cognitive model including PA, RAN, PS, and WM; (b) investigate the 

relationship of processing speed cluster and RAN total to reading ability; (c) explore 

the relationship among  measures of processing speed and measures of RAN to 

irregular word, non-word, and word reading; and (d) study the reading profiles of 

students with reading difficulties to determine if there are any specific patterns in 

regard to their abilities to read irregular words, non-words, and real words that are a 

mixture of phonically regular and irregular words (word reading). 
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This study was intended to answer the following questions: 

1. What are the relationships of processing speed and RAN to poor reading 

(i.e., What is the best predictor RAN-Total or PS Cluster for predicting 

irregular word, non-word, and word reading? 

2. To what extent do different measures of RAN and different measures of 

processing speed correlate with irregular word, non-word, and word reading? 

3. Will students with reading difficulties have similar performance on tests 

that  measure irregular word, non-word, and word reading (i.e., To what 

extent do these tests (TIWRE, TOWRE-PDE, and LWI) correlate?  

4. Is the best model that predicts word reading (LWI test) follows a specific 

order among the cognitive variables (PA, RAN, PS, and WM)?  

5. Is the best model that predicts irregular word reading (TIWRE test) follows 

a specific order among the cognitive variables (PA, RAN, PS, and WM)?  

6. Is the best model that predicts non-word reading (TOWRE-PDE test and the 

WA test) follows a specific order among the cognitive variables (PA, RAN, PS, 

and WM)?  

7. Do the following cognitive variables (PA, RAN, PS, and WM) predict all 

reading skills (irregular word reading, non-word reading, and word reading)?    

Significance of the Study 

Dissatisfaction with the explanatory power of single-factor models and a need 

to account for more heterogeneous groupings led to renewed interest in use of 

cognitive variables (PA, RAN, PS, and WM) to identify different reading subtypes. 

Furthermore, as research has progressed, these functions came to be seen as correlated 
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or component functions rather than as primary causes (Bell, McCallum, & Cox, 2003; 

Catts et al., 2002).  

The importance of this study is that some students with dyslexia do not fit into 

current research-based explanations of the causes of poor reading skill. Although 

results from numerous research studies have lead to the conclusion that poor 

phonological processing is the main causal factor that underlies difficulties in the 

acquisition of word recognition skills (e.g., Catts, 1996; Foorman, Francis, Shaywitz, 

Shaywitz, & Fletcher, 1997; Torgesen, Wagner, Rashotte, Burgess, & Hecht, 1997; 

Wagner & Torgesen, 1987), poor phonological processing is not the reason for poor 

reading in all cases. Some students have intact phonological processing skills, but still 

have difficulty developing efficient word recognition skill.  

Although researchers have identified a deficit in speed of processing in poor 

readers as another possible correlate of reading failure, the nature of this deficit is 

unclear. Most previous studies have been limited to one or two processing domains 

such as phonological awareness and have not included measures of rapid naming, 

processing speed, and working memory.The previous research did not investigate PS 

measures in-depth to decide what is the best predictor among all of the PS measures 

of reading ability. Studies included just one or two measures of PS to make a 

comparison among different groups such as students with dyslexia and students with 

Attention Deficit Hyperactivity Disorder (ADHD), or to make a statement regarding if 

students with RD have slow PS or not (eg., Shanahan et al., 2006; Waber et al., 2001; 

Weiler, Bernstein, Bellinger, & Waber, 2000). The current study included five 

different measures of PS ability.  
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Researchers have investigated different versions of the RAN tasks (objects, 

colors, numbers, letters) (eg., Bos, Zijlstra, & Broeck, 2003; Bowey, McGuigan, & 

Ruschena, 2005; Neuhaus, Foorman, Francis, & Carlson, 2001; Wolf & Bowers, 

1999). However, none of these studies explore the Rapid Alternating Stimulus (RAS) 

tasks that were presented by Wolf and Denckla (2005) as promising predictors for 

reading ability. The new RAS tests contain 2-set letters and numbers and 3-set letters, 

numbers, and colors. The current study included six different measures of RAN 

ability.  

The present study was carried out to provide further clarification of processing 

speed and RAN in children with Reading Difficulties (RD). The results of this study 

will add to the growing body of research examining the various cognitive correlates of 

reading disability. This information will inform assessment and intervention methods 

to help address the approximately 12% of children with reading difficulties who do 

not have either poor phonological awareness or slow naming speed as major 

correlates of poor reading (Wolf, personal communication, March, 2006). Results 

from this study will be used to answer the questions about the relationships of RAN 

and processing speed to poor reading, and their relationships to three types of reading: 

irregular word, non-word, and word reading. 
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Definition of Terms 

Alphabetic Principle: The assumption underlying alphabetic writing systems that each  

speech sound or phoneme of a language has its own distinctive graphic representation 

(Mather & Goldstein, 2008).  

Cattell-Horn-Carroll Theory (CHC): A three level model of human cognitive abilities 

that includes general intelligence (g), nine broad cognitive abilities, and more than 

100 narrow cognitive abilities (Mather & Woodcock, 2001).  

Grapheme: A printed or written symbol which stands for a particular sound in a 

language.  

Grapheme–Phoneme Connections: Letter-to-sound rules, also known as grapheme-to-

phoneme rules.  

Criterion Variable: is the result of the prediction in correlational design methodology.  

Double Deficit Hypothesis: A deficit in both phonological awareness and in rapid 

automatized naming skills (Bowers & Wolf, 1993). 

Dual-Route Theory: The main idea of this theory is that "People read in two ways; the 

new or unknown word is scanned letter after letter, but a common or familiar word is 

taken in at a glance, without bothering about the individual letters: it is visual shape 

that functions like an ideogram (Coltheart, 2007). 

Irregular Words: Irregular words are those in which one or more letters do not 

represent their most common sounds, such as yacht.  

Multiple Deficit Models (MDM): A range of cognitive and academic variables 

implicated in the identification of dyslexia, a specific pattern of cognitive and reading 

deficits. In particular, hypotheses derived from theories on phonological processing, 

rapid automatized naming, working memory, and processing speed. 
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Naming Speed /Rapid Automatized Naming (RAN): The speed at which names are 

retrieved in identifying colors, letters, digits and objects.  

Non-words: Non-words are those in which every letter represents its most common 

sound, but they do not have any meaning, such as fald.  

Orthographic Awareness: the perception and recall of letter strings and word forms 

(Mather & Goldstein, 2008). 

Predictor Variable: is the variable from which the researcher is predicting in a 

correlational design methodology.  

Phoneme: The basic sound unit of a language. 

Phonological Awareness (PA): Phonological awareness involves the identification 

and manipulation of parts of spoken language: words, syllables, onsets and rimes, as 

well as the awareness of the individual sounds (phonemic awareness). 

Processing Speed (PS): Processing speed involves the ability to maintain focus and 

work quickly through automatic cognitive tasks. The tests that are designed to 

measure processing speed involve the rapid scanning of different types of visual 

symbols. 

Readers with phonological dyslexia: Readers who have more difficulty for their age at 

reading non-words but are normal for their age at reading regular words and irregular 

words.  

Readers with Surface Dyslexia:  Readers who have more difficulty reading irregular 

words than regular words.  

Regular Words: Regular words are those in which every letter represents its most 

common sound. For instance kin is regular, but kind is not because in a closed syllable 

the /i/ sound is short.   
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Simple Reaction Time: A measure, usually in milliseconds, of the time taken to make 

a response following the presentation of a stimulus. 

Working Memory (WM): The ability we have to hold and manipulate information in 

the mind over short periods of time. An important hypothesized relationship is that 

ability to analyze phonemes is actually subsumed by working memory’s ability to 

decode words into “chunks” of information (phonemes), and to process this 

information in phonological working memory (Baddeley & Hitch, 1974).  

Word Reading: For the purpose of this study it was defined as real words that are a 

mixture of phonically regular and irregular words.  

Word Recognition: The ability to identify printed words accurately. 

Research Limitations 

This study has a small sample size, 60 students. A larger sample size would be 

preferable for more accurate results and generalization effects. Another limitation was 

not having the opportunity to cross-validate the results of this study with a new 

sample. In addition, adding a reading comprehension test would be useful to provide a 

more comprehensive overview of reading performance. Only one Woodcock-Johnson 

III test of Cognitive Abilities (WJ III COG), (Woodcock, McGrew, & Mather, 2001b) 

was used to evaluate phonological awareness and working memory abilities, and more 

measures of these abilities could contribute to more accurate results.  
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CHAPTER 2 

REVIEW OF THE LITERATURE 

This chapter reviews four majors: studies of Multiple Deficit Models (MDM) 

and Reading Disability (RD), Rapid Automatized Naming (RAN) and RD, Processing 

Speed (PS) and RD, and irregular word, non-word, and word reading. Different kinds 

of research are described and different underlying abilities are explained. One 

important aspect of this work has been the search for a specific deficit or sets of 

deficits that could be underlie RD. Another main issue was exploring how different 

PS and RAN predictors relate to poor reading. Reading irregular words, non-words, 

and words reading were explored as well to find out how students perform on these 

different reading skills.  

Literature Search Procedures 

A search of the literature was conducted using the following databases: 

EBSCOhost, ERIC, EJS E-Journals, PsycINFO, Academic Search Premier, and 

Academic Search Alumni edition.  Keyword search terms included two terms—one 

from the set of cognitive and reading abilities (Phonological Awareness, RAN, 

Processing Speed, and Working Memory), word reading (regular words, irregular 

words, non-words, dual-route theory); and one from the set of RD (dyslexia, reading 

disabilities, and learning disabilities). Combinations of the terms were also submitted 

to narrow searches. Few studies were found that addressed the connections between 

reading regular and irregular words, and processing speed and RAN abilities.  

The searches yielded a total of 30 related articles published between 1978 and 

2008, and 3 dissertations between 2003 and 2008. These studies provided valuable 

background information regarding the relationships among different cognitive 
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abilities (PA, RAN, PS, and WM) irregular word, non-word reading, word reading, 

dual-route theory, and RD.   

Studies of Multiple Deficit Models (MDM) 

Previous research has identified several cognitive and academic variables that 

are implicated in the identification of dyslexia, a specific pattern of cognitive and 

reading deficits. Specifically, hypotheses derived from theories on phonological 

processing, rapid automatized naming, working memory, and processing speed have 

been tested. Questions remain about which variables are most critical in explaining 

reading abilities and disabilities and about the nature of the interrelationships among 

these variables. Knowledge of the relationships among these cognitive abilities and 

reading skill areas can provide a better understanding of the cognitive precursors of 

reading problems and guide the development of a more uniform assessment of 

dyslexia. The following studies explored the multiple causes of dyslexia.  

Bell, McCallum, and Cox (2003) 

Bell, McCallum, and Cox (2003) examined various cognitive and academic 

variables implicated in the identification of dyslexia. The purposes of this study were 

to: (a) determine the most parsimonious relationship among the cognitive variables 

shown to underlie reading, and (b) examine the relative capability of these variables to 

predict reading skills.  

One hundred five participants from a random sample of elementary and 

middle school children completed measures of reading achievement and cognitive 

abilities presumed based on a synthesis of dyslexia research to underlie reading. They 

were administered the Woodcock-Johnson Tests of Cognitive Abilities (WJ III COG) 

and Tests of Achievement (WJ III ACH), third edition, and the test of Dyslexia, an 
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experimental measure of dyslexia that was designed to assess the primary cognitive 

elements underlying reading as well as the actual components of reading (i.e., the 

essential subtests necessary for diagnosing dyslexia). 

Factor analyses of these cognitive variables (including auditory processing, 

phonological awareness, short-term auditory memory, visual memory, rapid 

automatized naming, and visual processing speed) produced three empirically and 

theoretically derived factors (auditory processing, visual processing/speed, and 

memory), each of which contributed to the prediction of reading and spelling skills. 

The factor scores from the three factors combined predicted 85% of the variance 

associated with letter/sight word naming, 70% of the variance associated with reading 

comprehension, 73% for spelling, and 61% for phonetic decoding. The auditory 

processing factor was the strongest predictor, accounting for 27% to 43% of the 

variance across the different achievement areas. The results provide practitioner and 

researcher with theoretical and empirical support for the inclusion of measures of the 

three factors, in addition to specific measures of reading achievement, in a 

standardized assessment of dyslexia. 

Daal and Leij (1999) 

Daal and Leij (1999) conducted a study to examine the question of whether 

developmental dyslexia in 12-year-old students at the beginning of secondary 

education in the Netherlands were confined to problems in the domain of reading and 

spelling or were also related to difficulties in other areas. In particular, hypotheses 

derived from theories on phonological processing, rapid automatized naming, 

working memory, and automatization of skills were tested. 
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The total number of participants in this study was 118 children with learning 

disabilities. Participants were classified as either children with dyslexia, garden-

variety, or poor readers, according to the degree of discrepancy between their word 

recognition and listening comprehension scores. In addition, groups of normal readers 

were formed, matching the poor readers in either reading age or chronological age 

(12-13 year olds). 

A large test battery was administered to each student, including phonological, 

naming speed (RAN), working memory, speed of processing, and motor tests. 

Altogether, some 40 different tests and subtests were administered, covering the 

following domains: word recognition and listening comprehension; reading-related 

measures such as non-word reading, and spelling; phonological skills, including 

sound blending, sound analysis, and non-word repetition; rapid naming; tasks for 

working memory; general speed of processing; and motor skills. 

Multiple regression analyses were carried out using a regression based 

variable for decoding/listening comprehension as the dependent variable, and all other 

tests were entered as independent variables. The findings indicated that dyslexia was 

associated with deficits in (1) phonological recoding, word recognition (both in their 

native Dutch and in English as a second language), and spelling skills; and (2) naming 

speed for letters and digits. Dyslexia was not associated with deficits in other areas. 

The results suggested that developmental dyslexia, at the age of 12, might be (or 

might have become) a difficulty rather isolated from deficiencies in other cognitive 

and motor skills.  

Daal and Leij concluded that phonological awareness and RAN were better 

predictors of reading than processing speed and working memory; however, Bell and 
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her colleagues concluded that PA, RAN, PS, and WM contributed significantly to the 

prediction of reading and spelling skills. The differences between these two studies 

may be attributed to the fact that the participants in the Bell et al., study were younger 

than the participants in the Daal and Leij study.   

Double-Deficit Model 

Wolf and Bowers (1999) agreed that phonological awareness is one of the best 

predictors of reading, but argued that rapid naming (RAN) ability also contributes 

significant variance to reading achievement. They proposed the double deficit 

hypothesis, which suggests that each of these two variables explain primary deficits in 

two groups of individuals with dyslexia, and that individuals with both impairments 

have the most severe reading difficulties. The researchers have reviewed the separate 

contributions of these deficits. 

Phonological awareness problems affect tasks such as decoding and word attack tests, 

whereas, naming speed problems affect orthographic tasks, timed reading, and 

fluency measures. Both cause delays in reading comprehension, and together create 

severe problems across all reading tasks. 

Manis, Seidenberg, and Doi (1999) examined the contributions of RAN, 

verbal ability, and phonological awareness to the prediction of phonological and 

orthographic skills from the 1st to the 2nd grade. Both RAN (digits and letters) and 

phoneme awareness accounted for independent variance in later reading scores, even 

when vocabulary and prior reading skills were entered first in the regression analysis. 

RAN was a stronger predictor than phoneme awareness for three tasks in which 

orthographic information is critical (orthographic choice, word-likeness judgment, 
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and exception word pronunciation), whereas the opposite held true for non-word 

reading and paragraph comprehension.  

The reading model suggested that the RAN task accounts for distinct variance 

in reading when compared to phoneme awareness because RAN involves arbitrary 

associations between print and sound (e.g., a digit and its name), whereas phoneme 

awareness is more related to the learning of systematic spelling- sound 

correspondences. These results provide more support for the double deficit theory, 

and investigated in more depth the relationships between phonological awareness and 

RAN and reading skills. Although no direct recommendations for future research 

were provided by Manis et al the researchers encouraged more investigation of the 

nature of the impairments underlying readers with dyslexia.  

Summary 

Dissatisfaction with the explanatory power of single-factor models and a need 

to account for more heterogeneous groupings led to renewed interest in the use of 

more cognitive variables (PA, RAN, PS, and WM) to identify reading subtypes. 

Bell et al. (2003) found that among all of the tested cognitive factors, auditory 

processing, visual processing/speed, and working memory were the best predictors of 

reading and spelling skills. Specifically, the auditory processing factor (strongly 

related to PA) was the strongest predictor, accounting for 27% to 43% of the variance 

across all of the different achievement areas. 

 Daal and Leij (1999) concluded that both PA and RAN were the strongest 

predictors for reading and spelling skills which provided further support for the 

double-deficit theory. The review of the literature points to phonological awareness 

problems and naming speed problems as contributing independent variance to reading 
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ability. Specifically, phonological awareness problems affect tasks such as decoding 

and word attack. Naming speed problems affect orthographic tasks, timed reading, 

and fluency measures.  

Rapid Automatized Naming (RAN) and RD 

Over the last 10 years, RAN (the ability to rapidly name visually presented 

familiar symbols) has evolved as another possible correlate of reading disability, 

accounting for a significant amount of variance over and above what is explained by 

phonological awareness (Wolf & Bowers, 1999). Rapid serial naming tasks assess the 

speed with which children name a continuous series of highly familiar items. The 

items to be named typically are letters, digits, colors, or pictures of familiar objects. 

Because these stimuli are common, the naming responses themselves are over learned 

or automatized.  

A single widely accepted explanation of what is measured by RAN and why 

there is such a strong relationship between naming speed and word-reading skill does 

not exist. One explanation for the robust association between word reading and RAN 

for letters and numbers is that it taps a number of similar processes to reading such as 

paying attention, visual recognition, access to phonological codes, and articulation 

(Allor, 2002). In addition to its predictive relationship with reading performance, 

RAN tasks have also been shown to discriminate between good and poor readers 

(Allor, 2002; & Catts, 1996). 

Powell, Stainthorp, Stuart, Garwood and Quinlan (2007) 

Powell, Stainthorp, Stuart, Garwood, and Quinlan (2007) explored the 

relationship between RAN and reading ability. More specifically, they investigated 
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the degree to which the relationship between RAN performance and reading 

development are influenced by shared phonological processes. 

The study included a sample of 1010 children attending nine different schools 

in the Kingston on-Thames area of Surrey, United Kingdom. At the first time of 

testing, which took place during the autumn and spring school terms, 499 children 

were in Year 3 (mean age = 7 years 8 months, range = 7 years 2 months to 8 years 5 

months, 254 girls and 245 boys) and 511 were in Year 4 (mean age = 8 years 9 

months, range = 8 years 1 month to 9 years 7 months, 256 girls and 255 boys). The 

majority of these children were monolingual English speakers (447 in Year 3 and 437 

in Year 4). Data from only these 884 monolingual children were reported. 

Phonological awareness, phonological memory, and RAN were assessed using 

the six core subtests of the Comprehensive Test of Phonological Processing (CTOPP). 

Reading ability was assessed using the British Ability Scales single word reading test. 

The data were examined by using structural equation modeling techniques. Based on 

the confirmatory factor analyses, the researchers concluded that processes underlying 

RAN are at least partially independent of those underlying phonological processing.  

Based on their correlation results (see Figure 1), Powell et al. concluded that 

RAN deficits occurred in the absence of phonological awareness deficits. RAN was 

accompanied by modest reading delays. In structural equation modeling, solutions 

when RAN was subsumed within a phonological processing factor did not provide a 

good fit to the data. This finding suggests that processes outside phonology may drive 

RAN performance and its association with reading. 
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Figure.1 Structural Equation Model Estimating the Relationships among Three 

Constructs (Phonological Awareness, Phonological Memory, RAN) and Reading. 

____________________________________________________________________

_ 

Note. Correlations between the factors are represented by double-headed arrows, and 

factor loadings are shown with single-headed arrows. Squared multiple correlations 

for each of the observed variables are given at the far right of the figure. 

Georgiou, Parrila, and Kirby (2006) 

Georgiou, Parrila, and Kirby (2006) studied the relationship between RAN and 

early reading acquisition. This study was unique in examining how the RAN  

components of articulation time and pause time develop from kindergarten to the end 

of first grade and how RAN components are related to different reading measures and 

to RAN total time. Specifically, Geourgiou et al. were interested in partitioning the 

RAN performance into multiple components and examining which of these 

components contributes most to reading acquisition. These findings would enable 
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researchers to focus on the most significant components and the skills they represent 

rather than on the general factor of rapid naming speed.  

The main hypothesis was that if one or more of the components are associated 

more reliably with reading than the total time, then isolating the components would 

enhance both early diagnosis and intervention of reading difficulties. The study 

included a sample of 62 students (30 females and 32 males) whose mean age was 5 

years/6months (SD = 3.9) at the beginning of the study. The study participants were 

recruited from kindergarten classes in a suburban community in St. Albert, Alberta, 

Canada.  

The participants were administered RAN tasks in kindergarten and at the 

beginning and end of Grade 1. Word and non-word reading were measured on the 

Word Identification and Word Attack tests from the Woodcock Reading Mastery 

Tests–Revised. Reading fluency was measured using the Gray Oral Reading test; the 

participants were asked to read a short story as fast and as accurately as possible. To 

assess reading efficiency, the Test of Word Reading Efficiency was administered. 

Reading efficiency was assessed through a timed measure of single-word reading. The 

child was given a list of 104 words, divided into four columns of 26 words each, and 

asked to read them as fast as possible within 45 seconds.  

Georgiou et al. proposed to study the relations between RAN pause and 

articulation components and reading to enhance the interpretation of the cognitive 

processes involved in RAN. Pause latency is the time, measured in milliseconds (ms), 

between the end of the subject’s response to one RAN stimulus and the beginning of 

the response to the next RAN stimulus. Articulation latency was measured from the 
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onset of audible vocalization naming the RAN stimulus to the offset of the 

vocalization when it dropped below a specific noise level for more than 5ms. 

One-way repeated measures ANOVAs were conducted to examine the 

articulation time and pause time components. The results of the analysis indicated that 

no significant correlations were found between articulation time and reading 

measures. In contrast, all correlations between pause time and reading fluency 

measures were significant, as were most of the correlations between word 

identification and pause time. In sum, pause time was the key component of the 

relationship between RAN and reading ability during the first years of school. 

Articulation time was not a significant predictor of any measure of reading ability.  

A major limitation of this study was not providing enough explanations of the 

processes that link RAN to reading and what was responsible for slow naming. In 

addition, the results of this study were restricted for the developmental span and 

population examined, from kindergarten until the end of Grade 1.  

Similar findings were reported by Neuhaus, Foorman, Francis, and Carlson 

(2001). Neuhaus et al. examined the RAN performance of 50 Grade 1 and Grade 2 

students with no known learning disabilities. The researchers found that the letter-

naming pause time and the consistency of the letter-naming pause time–defined as the 

variance of the mean pause times of the five rows of stimuli–were the only measures 

that consistently predicted reading. These results reinforced the findings of Georgiou 

and his colleagues. 

Bowey, McGuigan, and Ruschena (2005) 

Bowey, McGuigan, and Ruschena (2005) examined the association between 

serial naming speed for letters and digits, and word-reading skills. Bowey and his 
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colleagues investigated whether a broader measure of phonological processing ability, 

derived from tests of phonological sensitivity and non-word repetition, mediated the 

association between alphanumeric naming speed and word reading.  

A group of 72 children was recruited from the fourth-grade classes of two 

state schools, both serving predominantly middle-class suburban populations. 

Complete data were obtained for 65 children, all native speakers of Australian 

English. The final group of 65 children ranged in age from 8 years 6 months to 10 

years 5 months, with a mean of 9 years 2.26 months (SD of 4.63 months).  

Based on the multiple regression analysis, the researchers reported that high 

correlations were obtained among the measures of word level reading and global 

processing speed. Overall, Bowey et al. suggested that phonological processing ability 

largely mediated the association between alphanumeric naming speed and reading in 

children who were beyond the earliest stages of reading acquisition.  

 Although global processing speed largely mediated the association between 

non-symbol naming speed and word-reading skill, it did not mediate the association 

between word-reading skill and serial naming speed for letters and digits. When 

global processing speed effects were controlled, alphanumeric naming speed still 

explained 13% of additional variance in reading. Bowey et al. attributed these results 

to the extent to which alphanumeric naming speed primarily reflects phonological 

processing, which is likely to vary with the level of over-learning of letters and 

numbers and their names. However, Bowey et al. suggested possible explanations for 

their results without statistical proof.   

  These results contradicted the results of Manis et al., (1999) and Wolf and 

Bowers (1999) who found that RAN tasks accounted for distinct variance in reading 
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when compared to phoneme awareness. They asserted that because RAN involves 

arbitrary associations between print and sound (e.g., a digit and its name), whereas 

phoneme awareness is more related to the learning of systematic spelling- sound 

correspondences.  

Compton (2003) 

Compton (2003) was interested in modeling the relationship between growth 

in rapid naming speed and growth in decoding skill in first-grade children. A primary 

goal of this study was to explore the relationship between decoding skill and RAN 

during the earliest stages of reading development. Participants were native English 

speakers and represented the full range of cognitive and reading abilities present in 

the four classrooms. The sample consisted of 75 first-grade children; 37 were girls 

and 38 were boys. The school was located in a predominantly lower- to middle-class, 

semirural area of the southern United States. 

Seven word lists were developed to assess word reading growth during first 

grade. Lists were constructed by using a modified form of curriculum-based 

measurement in which children were assessed using the curriculum they were 

expected to learn (e.g., Deno, 1985; Shinn, 1989). Seven parallel non-word lists were 

developed to assess non-word reading growth. For assessing RAN, measures of 

numbers and colors were used.  

Two measures of phonemic awareness were administered. The first was a 

phoneme segmentation task in which the children listened to a word and then were 

instructed to tell each sound they heard in the word in the order that they heard it. The 

second phonemic-awareness task was a phoneme-blending task, where in children 

listened to words presented phoneme by phoneme and were instructed to say the 
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whole word. In addition, children were asked to name all 26 lowercase letters 

presented in random order and displayed in large print using school text font on a 

single piece of paper. All participants were assessed 7 times, or waves (once per 

month) in word reading, non-word reading, RAN numbers, and RAN colors. 

Descriptive statistics and inter-correlations analysis were conducted by the researcher.  

Compton found a unique relationship between RAN numbers and early 

decoding skill. A bidirectional relationship between decoding skill and RAN numbers 

was found, with RAN performance prior to the acquisition of decoding skill 

predictive of future decoding skill and with increased growth in RAN facilitated by 

the acquisition of decoding skill.  

Compton concluded from a univariate growth model analysis that RAN 

numbers, but not RAN colors, predicted significant variance in word- and non-word-

reading growth. As noted before, Bowey et al. (2005) found similar results; while 

naming speed for letters and digits shared 21% of variance with word reading, naming 

speed for colors and pictures of common objects shared only 8%. 

The researcher concluded that individual differences in RAN prior to the onset 

of decoding-skill acquisition predict individual differences in early development of 

decoding skills, whereas individual differences in early decoding skill growth are 

associated with subsequent individual differences in RAN growth. This study 

provides more support for using RAN as a predictor for early decoding-skills.  

A major limitation of this study was using the term "causal relationship" (pp. 

226) in the introduction section. The fact that there is a relationship between two 

variables does not imply that one is the cause of the other. Correlations do not 
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describe causal relationships. You can not prove that one variable causes another with 

correlational data (Gay, Mills, & Airasian, 2006). 

Relationships among RAN Measures  

Bos et al., (2003) studied the specific relations between alphanumeric-naming 

speed and reading speeds of monosyllabic and multisyllabic words. The goals of this 

study were to investigate how word reading speed is related to rapidly naming series 

of numbers, letters, colors, and pictures, and to general processing speed (measured 

by non-naming or visual matching tasks), and also to determine how these 

relationships vary with the reading task employed. Participants were recruited from 

three elementary Dutch school grade levels (2, 4, and 6).  

Standard tests of word reading, color and picture–name reading, monosyllabic 

word reading, continuous naming, general processing referred to as visual matching 

of numbers (VM numbers) and the Cross-Out task as visual matching of figures (VM 

figures) tasks were used to measure the study variables.  

Pearson correlations were conducted to answer the study questions. The 

results indicated that compared to color- and picture-naming speeds and non-naming 

or visual matching speed, letter-and number naming speeds are superior predictors of 

word reading speed. Furthermore, throughout the grade levels, associations between 

alphanumeric naming and monosyllabic word reading speeds are considerably 

stronger than for a widely used Dutch single-word reading test combining 

monosyllabic and multisyllabic words. It was suggested that, unlike multisyllabic 

words but similar to letters and numbers, monosyllabic words act as relatively holistic 

stimuli, which are recognized as sight words. 
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Neuhaus et al., (2001) investigated the various aspects of RAN and their 

relation to reading. The letters, numbers, and objects subtests of the RAN tests were 

given to 50 first- and second-grade students. A repeated-measures analysis of variance 

examined the grade, subtest, and row effects separately for each RAN measure. 

Reading validity of the RAN was established through correlations with the 

Woodcock-Johnson-Revised (WJ-R) Basic Skills and Reading Comprehension 

Clusters. The RAN letters pause time was the most robust predictor of decoding and 

reading comprehension, consistently predicting all first- and second-grade measures. 

Analysis supported the view that reading is predicted by speed of processing 

associated with letters, not general processing speed. Replication of this study is 

warranted. The current study included a relatively small sample of children containing 

only a few poor readers within a very circumscribed age range. 

Summary  

In this section RAN studies were reviewed with a particular focus on the 

various RAN measures (Objects, Colors, Numbers, and Letters). To summarize, this 

review of the literature suggests the following tentative conclusions: 

1. RAN letters, and then numbers were the strongest predictors for both 

reading and spelling skills (Bos et al., 2003; Bowey et al., 2005; Compton, 

2003; & Neuhaus et al., 2001).  

2. RAN does appear to be a distinct factor and not a measure of phonological 

skills in the sense that it accounts for independent variance in word reading 

and reading comprehension. However, the independent contribution of 

RAN seems larger for younger readers and readers with more severe 

disabilities (Powell et al., 2007; & Wolf & Bowers, 1999). 
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3. Of the RAN components, pause time was significantly correlated with 

both reading accuracy and reading fluency measures. Articulation time 

was not, however, significantly correlated with reading measures 

(Georgiou et al., 2006). 

4. RAN accounts for independent variance in both word-reading accuracy 

and speed, although the relationships are strongest for speed measures 

(Manis et al., 1999; Wolf & Bowers, 1999).  

5. RAN is not a good predictor of non-word-reading skills (Manis et 

al.,1999). 

6. RAN may have a particularly strong relation with orthographic skills 

(Manis et al., 1999; Wolf & Bowers, 1999). 

Studies of Processing Speed (PS) and Reading Difficulties 

Processing speed (PS) ability is related closely to tasks that measure speed at 

which individuals perceive and process incoming information. Processing speed also 

involves the ability to maintain focus and work quickly through automatic cognitive 

tasks. Nicolson and Fawcett (1999) suggested that individuals with dyslexia have 

slowed or limited ability to automatize skilled behavior. This core deficit causes 

problems in the development of reading, writing, and phonological skills. 

The exact nature of processing speed is not well understood. A series of 

potential hypotheses could be proposed about the nature of PS. First, all speeded tasks 

are tapping the same construct whether they measure simple Reaction Time (RT), 

naming speed, or executive decision making. Second, all tasks with a speeded 

component may tap into a common underlying processing speed function but also 

require more task specific aspects of cognitive efficiency (e.g. rapid serial naming 
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may require the common speed component as well as language processing efficiency). 

Third, speeded tasks measure speed at which individuals perceive and process 

incoming information; speeded tasks may measure output speed, quickness of motor 

response, or it could be that some speeded tasks require an integration of rapid 

perceptual, cognitive, and output processing. Finally, different speeded measures are 

actually tapping distinct processes (simple RT versus rapid naming versus rapid 

performance of executive tasks (Catts et al., 2002). 

Shanahan et al., (2006) 

Shanahan et al., (2006) conducted a study to test whether slow processing 

speed (PS) may be a shared cognitive risk factor in both reading disability (RD) and 

Attention Deficit/Hyperactivity Disorder (ADHD), which are often comorbid 

disorders. Participants included a total of 395 children and adolescents (203 males and 

192 females) ranging in age from 8 to 18 years who completed the measures of the 

Colorado Learning Disabilities Research Center (CLDRC) twin study. In total, data 

from 395 participants were included in the study. Of that group, 105 participants met 

criteria in DSM-IV for ADHD only and 95 participants met criteria for RD only. 

Children who met diagnostic criteria for both diagnoses (n = 51) were placed in a 

third comorbid group. The remaining children did not meet either criteria and served 

as a typically developing control group. 

Academic achievement in reading and mathematics were assessed with the 

Peabody Individual Achievement Test (PIAT). The Disruptive Behavior Rating Scale 

(DBRS) was used to obtain parent and teacher ratings of the 18 symptoms in the 

Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) for ADHD. The 

Trail Making test, the Identical Pictures Test, and the Colorado Perceptual Speed Test 
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(CPS) were used to assess PS ability. The Gordon Diagnostic System was used to 

assess the ability to sustain attention and inhibit inappropriate responses during an 

extended visual task. 

Exploratory factor analyses and a repeated measures analysis of variance 

(ANOVA) were conducted to analyze the data. Based on the data analysis results, the 

researchers concluded that a general PS deficit exists in both clinical groups compared 

to controls, although children with RD demonstrated greater PS deficits than children 

with ADHD.  Shanahan et al. suggested that RD and ADHD may share PS as an 

underlying cognitive risk factor.  

The results lend support to increasingly popular multiple deficit models for 

each of these two disorders. The researchers acknowledged that future research should 

focus on the search for additional cognitive domains that could be incorporated into a 

more inclusive model of shared cognitive risk between these two disorders, such as 

including phonological awareness and working memory abilities. 

Decker (1989) 

The purpose of the study was to assess the diagnostic utility of a newly 

developed set of tests of dyslexia as well as to ascertain whether or not reading 

disability persists into early adulthood. Forty adults who had been diagnosed as 

having reading disabilities when they were children and 40 adults from a matched 

control group of normal readers were tested. Information about the participants was 

obtained from the Colorado Family Reading Study (1973-1976). The ages of the 

participants were between 16 and 20 years. Participants were selected and retested in 

the Colorado Adult Reading Project. A control adult was selected and matched to 

each adult with a reading disability  on the basis of sex, age (within 6 months), and 
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school. The controls met all of the same criteria as the adult with RD, except that they 

were reading at or above their current grade level expectation. 

The test battery was divided into two parts: a standardized portion and an 

experimental portion. The standardized portion consisted of the academic 

achievement subtests from the Peabody Individual Achievement Tests (PIAT), the 

Wechsler Adult Intelligence Scale-Revised (WAIS-R) and the Spatial Relations 

subtest from the Primary Mental Abilities Test (PMA), and the Colorado Perceptual 

Speed Test-revised (CPS) to measure speed of processing. The experimental portion 

consisted of three newly developed cognitive tests designed to assess expressive 

verbal fluency, rapid automatic naming, and perceptual speed.  

To confirm the diagnosis of reading disability, means were calculated for each 

group of readers using the standardized psychometric measures, and the significance 

of group (reading-disabled vs. control) effects was tested by performing a multivariate 

analysis of variance (MANOVA).  

Decker found that significantly slower cognitive processing rates and 

persistent problems in reading and spelling were apparent among the young adults 

with RD.  Spatial and mathematical ability levels were well within the normal range. 

In addition, the adults with RD sustained rather pervasive deficits in rapid automatic 

processing of symbolic information, particularly with symbols that required phonetic 

or linguistic coding. The researcher concluded that adults with RD tended to show a 

slower developmental pattern in symbolic coding speed than do normal readers. The 

main limitation of this study was the small sample size which affects the 

generalization of the results. 
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Weiler, Forbes, Kirkwood, and Waber (2003) 

Weiler et al., (2003) studied the development of processing speed in children 

with and without learning disabilities. They examined whether the same global 

mechanism presumed to be responsible for normal developmental in processing speed 

might also be associated with the processing speed deficiencies observed in children 

with learning impairments. 

One hundred and twenty-two children with learning disabilities in reading 

and/or math and 206 children without disabilities participated. The participants were 

from two public school systems in the metropolitan Boston area. General cognitive 

ability was assessed using the Kaufman Brief Intelligence Test (K-BIT). Reading and 

math skills were evaluated using the Wechsler Individual Achievement Test 

(WIAT)—Basic Reading and Numerical Operations subtests, respectively. The visual 

filtering task was administered as part of a fully automated test battery that was 

designed to measure various aspects of temporal information processing. The visual 

filtering task includes a hierarchical arrangement of measures of simple reaction time, 

choice reaction time, and serial search reaction time. 

To identify covariates, demographic data were analyzed using linear 

regression analyses, and category data were analyzed using chi square. The results 

indicated that there were no differences in the relationship of age to the development 

of processing speed for children with and without LD. These results indicated that the 

underlying causes of the normal developmental changes in processing speed were 

different than the underlying causes for the relative deficiencies in processing speed 

observed in children with LD. 
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Weiler et al. concluded that between the ages of 7 and 11 years, the 

developmental gain in processing speed was comparable for children with and 

without learning disabilities. This implies that the mechanisms responsible for normal 

developmental change do not differ. However, future studies should include 

adolescents and adults with learning problems to see if the Weiler et al. findings are 

replicated. More discussion about the contradiction between the Weiler et al. and the 

Decker studies are provided in the summary.  

Landerl (2001) 

Landerl (2001) studied word recognition deficits in children who speak 

German. The researcher examined the literacy deficits as well as underlying cognitive 

deficits of a group of children with dyslexia who had trouble acquiring the 

phonologically consistent orthography of German. Usually, only one possible 

pronunciation for every grapheme is possible and this is true for consonants as well as 

vowels. 

A sample of 78 students with dyslexia was selected on the basis of their poor 

word recognition skills of both words and non-words. The participants were recruited 

from a representative sample of Austrian children at the end of Grade 3. For first step, 

all children completed a standardized test of reading comprehension, a test of reading 

fluency (sentence reading test), and a spelling test in class which were developed by 

the author. RAN was used to measure naming facility. Two tasks were used to assess 

children’s visual processing speed. In the first one (processing of letter-like 

characters), children were presented with a target character and a word-like sequence 

of seven different characters including the target. The children’s task was to detect 

and cross out the target character in the word-like sequence as quickly as possible. In 
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the second test of visual processing speed, the children were presented with a sheet 

with nine lines of faces with smiles and frowns. The children’s task was to cross out 

all faces with the smile marked with two apostrophes and ignore all of the others.  

Correlations between cognitive measures and reading and spelling measures 

were conducted. The researcher found that the children with dyslexia showed deficits 

in visual processing speed. This finding could be interpreted as evidence to support 

theories suggesting that the cause of dyslexia is not limited to a phonological deficit, 

but is also related to slow processing speed. However, the effect sizes for the two 

visual processing tasks were reliable but much smaller than for RAN and phoneme 

deletion.  Moreover, the sample with dyslexia had severe reading difficulties with 

both reading speed for words as well as non-words. In everyday life, such slowness in 

reading speed is a serious problem because the child is at a disadvantage on all tasks 

that require reading, including reading math and science texts.  

Another main finding was that the central reading problem was one of 

extremely slow speed. Poor performance on the reading comprehension test was at 

least partially due to slow reading speed as well. Children’s spelling development was 

also severely delayed. The number of phonologically incorrect spellings was low; 

however, children with dyslexia quite often produced spellings that were 

orthographically incorrect, indicating that they have not yet developed an extensive 

lexicon of easily accessible orthographic representations. The most prominent 

cognitive deficit was slow RAN. Deficits in phonological memory and phonological 

awareness were also evident. Despite marked differences in findings on reading and 

spelling skills of children with dyslexia who speak English, the underlying causes of 

the reading problems were similar for children who speak German. 
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Urso (2008) 

Recently, Urso (2008) conducted an exploratory study to investigate the 

relationship between Processing Speed (PS) and poor word recognition skills, and to 

search how different PS predictors related to poor reading. A sample of forty-four 

students in grades 1-3, ages six- to ten-years old were administered the WJ III ACH 

tests of Letter-Word Identification, Reading Fluency, and Word Attack. The subjects 

were additionally administered the WJ III COG tests of Verbal Comprehension, 

Visual-Auditory Learning, Sound Blending, Visual Matching, Numbers Reversed, 

Decision Speed, Rapid Picture Naming, Pair Cancellation, and Cross Out. 

Pearson correlations and coefficients of determination were used to evaluate 

the strength of the relationships and the shared variance. The study sample was 

evaluated to determine what percentage of the poor readers participating in the study 

had slow processing speed. The results of the study indicated processing speed, as 

measured by the Gs WJ III Cluster score, was strongly correlated with word reading, r 

= .749, r2=.56. The Gs tests of Visual Matching, (r = .663, r2 = .44) and Decision 

Speed (r = .811, r2 = .66) were most strongly correlated with poor word reading skill. 

The Basic Reading Skills Cluster and the Test of Letter-Word Identification were both 

moderately correlated at various strengths with different formats of Gs tests. The 

Tests of Rapid Picture Naming, Pair Cancellation and Cross Out all also had moderate 

significant correlations. Lastly, 37.5% of the poor readers (SS<85 on any of the 

measures of reading) also had low Gs scores (SS<85). 

Urso highlighted the need for further exploration of the impact of poor Gs on 

the development of reading skills, as well as determination of the most effective 

interventions for poor readers with slow processing speed. In addition, the researcher 
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acknowledged that the major limitation of this study was the depth of examination of 

each construct. With the exception of Gs, the testing of each cognitive construct was 

limited to the use of only one test from the WJ III COG.  

Summary 

The studies reviewed contribute to the literature in several ways. Shanahan et 

al., (2006) examined a wide range of speeded tasks in RD, ADHD, and comorbid RD 

and ADHD, and a control group to test whether RD and ADHD have similar profiles 

of PS deficits, and whether these deficits were shared in the two disorders. Shanahan 

et al., suggested that PS is a shared cognitive risk factor that may help explain the 

comorbidity of these two disorders. Another finding was that the PS deficit was much 

larger in children with RD than children with ADHD.  

Weiler et al. (2003) found no differences between LD students and students 

without LD for the age-associated change in processing speed in the age range (from 

7 to 11 years) that they examined. Decker (1989) found a different result than the 

Weiler et al. In Decker's study, significantly slower cognitive processing rates and 

persistent problems in reading and spelling were apparent among the young adult 

readers. Decker concluded that young adults with reading disabilities tended to show 

a slower developmental pattern in symbolic coding speed than normal readers. The 

Weiler et al. and Decker studies have different sample ages which may explain the 

contradiction of the results.  

In a study conducted by Landerl (2001), visual processing tasks were a 

reliable predictor but their power was much smaller than for RAN. Phoneme deletion 

was a good predictor for reading difficulties. Urso (2008) found that among the Gs 

WJ III measures, the tests of Visual Matching, and Decision Speed were most 
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strongly correlated with poor word reading skill. Moreover, 37.5% of the poor readers 

had low PS scores. Clearly, additional research is needed to increase our knowledge 

about processing speed tasks, and how they relate to reading. 

Studies of Irregular Word, Non-word, and Word Reading 

Results from some research has  indicated that students have different 

performance on reading irregular word, non-word, and word reading (Abbott et al., 

2002; Coltheart, 2007; Reading & Van Duren, 2007; Savage & Frederickson, 2006). 

If beginning readers rely heavily on holistic word recognition (children should 

develop literacy through real life settings as they read together with parents or other 

caring adults), then their performance on word-recognition tests should reflect their 

exposure to high-frequency words. They should therefore be able to recognize more 

high-frequency than low-frequency words of a given word length and should do 

equally well with ‘regular’ and ‘irregular’ words.  

On the other hand, if beginning readers rely more on phonics for decoding 

(children make connections between the printed words and their sounds) than on 

whole-word recognition, they should be affected very little by word frequency, and 

should be significantly more accurate reading regular words and non-words than 

irregular words (Coltheart, 2007). 

The use of the regular and non-word reading tasks in research has been 

partially driven by the dual-route model of reading (Coltheart, 1987 &1980). 

According to this theory, words activate both the direct visual route and the 

phonological route. Irregular words can be read correctly only through the visual 

route. In this case the visual form of the word prompts the spoken pronunciation. 

Regular words are pronounced through sub-lexical processing by the phonological 
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route, and non-words can only be read by this route. In fact, the graphemes and 

phonemes are identified to retrieve the pronunciation. Thus, researchers expect that 

rapid visual processing would be related to sight word skills and hence irregular word 

reading, whereas phonological processing would be related to reading regular words 

and non-words. 

According to the dual route theory the phonological dyslexia subtypes are 

poor readers who have difficulty utilizing grapheme-phoneme correspondences (GPC) 

to decode pseudowords and regular words. In contrast, the surface dyslexia subtypes 

are poor readers who have difficulty reading irregular words.  

Castles and Coltheart (1993) 

In order to test the dual-route theory, Castles and Coltheart (1993) studied 56 

children who were at least a year and a half behind in reading (RD group), and 56 

normally achieving readers. Each participant read a list of 90 words that contained 

regular words, exception words (irregular), and non-words. On this task, half the RD 

group was below average on both non-words and exception words.  

Despite difficulties in both irregular and phonological reading, most of the 

participants showed discrepancies when regression equations were used to predict 

performance of reading non-words from exception words and vice versa. As such, 

many of the RD group could still be classified as having “soft” phonological or 

surface dyslexia.  

Of the remaining RD participants, 34% showed a deficit for only non-words or 

exception words, with the majority of this group having phonological dyslexia. The 

results supported the distinction between phonological dyslexia and surface dyslexia, 

but individualized skills were more dimensional than cluster based.  
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A very small minority of children with dyslexia have pure surface dyslexia 

with intact phonological encoding, whereas a larger group has pure phonological 

dyslexia. The largest group of children with reading disabilities has difficulties in both 

areas and individuals with “soft” phonological and surface dyslexia exist within this 

combined group. Castles and Coltheart used the “soft” phonological and surface 

dyslexia term to propose that the surface dyslexia pattern also reflects a mild 

phonological deficit that has been compounded by a lack of exposure to reading 

materials.  

Bowey and Rutherford (2007) 

Bowey and Rutherford (2007) investigated the prevalence and correlates of 

significant imbalances in the relative accuracy with which eighth-graders read non-

words (e.g., prauma) and exception words (e.g., vaccine). The participants included 

304 eighth-grade students, 260 normally achieving readers, and 44 poor readers. The 

students were given several standardized tests: the Word Identification and Passage 

Comprehension tests of the Woodcock Reading Mastery Tests, the Spelling test of the 

Wide Range Achievement Tests (WRAT-3), and the Peabody Picture Vocabulary 

Test–Revised (PPVT-R).  

Pearson correlations were conducted to analyze the results. The results 

indicated that a substantial proportion of the students showed imbalanced word-

reading profiles, but that were not strongly related to differences in reading and 

spelling achievement. Of the students without reading difficulties, 19% had 

imbalanced word-reading profiles favoring reading exception words and 17% had 

imbalanced word-reading profiles favoring reading non-words. Of the poor readers, 

39% met the criterion for phonological dyslexia (with imbalanced word-reading 
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profiles favoring exception words) and 14% met the criterion for surface dyslexia 

(with imbalanced word-reading profiles favoring non-words) in relation to the eighth-

grade benchmark readers. The incidence of these types of dyslexia, however, varied 

with verbal ability. Of the poor readers with normal verbal ability, 60% were 

classified as having phonological dyslexia and none were classified as having surface 

dyslexia. For students who were low in verbal ability, surface dyslexia was more 

common. Relatively few cases of either type of developmental dyslexia appeared to 

be “pure.” 

Delattre, Bonin, and Barry (2006) 

Delattre, Bonin, and Barry (2006) examined the effect of sound-to-spelling 

regularity on written spelling latency and writing duration in a dictation task in which 

participants had to write each target French word 3 times in succession. Twenty 

psychology students (aged between 17 and 19 years, with a mean age of 18.3 years) at 

Blaise Pascal University participated in exchange for course credit. All were native 

speakers of French who reported no hearing deficits and had normal or corrected-to-

normal vision. 

The experimental stimuli were 19 regularly spelled words and 19 irregularly 

spelled French words. Regular words were those that had common phoneme-to-

grapheme correspondences, and irregular words were those that contained at least one 

very low frequency phoneme-to-grapheme relationship. The experiment was run 

using SpellWrite II on an Apple PowerMac computer. A Wacom A5 graphic tablet 

(Wacom, Krefeld, Germany) and a contact pen (Intuos2 Ink pen XP-110, Wacom) 

were used to record written latencies, pauses, and writing durations. The computer 

controlled the presentation of the words and recorded latencies and durations to the 
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nearest millisecond. Philips SBC HP510 stereo headphones (Royal Philips 

Electronics, Amsterdam, the Netherlands) were used to present the stimuli. 

In all experiments, participants heard a spoken target word and had to write it 

three times as quickly as possible. The researcher recorded the following: (a) the 

latency to initiate the first writing of the word (measured from the onset of the spoken 

target word); (b) the pause between finishing the writing of the first word and the 

initiation of the second word, and the pause between the end of the second and the 

beginning of the third; (c) the duration of each writing response (i.e., the onset to 

offset time of each word’s written production); and (d) spelling errors produced on the 

first written production only.  

Analyses of variance were performed to analyze the data. Delattre et al., found 

that irregular words (i.e., those containing low-probability phoneme-to-grapheme 

mappings) were slower both to initially produce and to write than were regular French 

words. The regularity effect was found both when participants could and could not see 

their writing, and was larger for low- than for high-frequency words. Both writing 

latencies and durations were longer for irregular than for regular French words. Based 

on these results, the researchers concluded that central processing of the conflict 

generated by lexically specific and assembled spelling information for irregular words 

was not entirely resolved. This study was unique by investigating the French 

language, and using advanced technology to assess children's abilities. 

Tree (2008) 

Tree (2008) investigated the two types of phonological dyslexia studied by 

Friedman (1995). Tree re-evaluated the validity of Friedman’s original criteria as a 
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basis for identifying ‘subtypes’ of phonological dyslexia with a larger sample of 38 

documented cases. 

Based on Friedman's (1995) survey, the researcher updated the survey under 

the assumption that the cases profiles would have: (1) poor non-word reading coupled 

with poor function word reading and good non-word repetition or (2) poor non-word 

reading coupled with poor non-word repetition and good function word reading. 

Descriptive and Pearson correlational analyses were used to analyze the data.  

Overall, the majority of the cases did not easily fit either subtype on the basis 

of the expected behavioral profiles. Thus, the results indicated that Friedman’s criteria 

for classification of phonological dyslexia were not particularly useful for the general 

population of such cases. However, subsequent correlational analyses did find 

evidence in support of a relationship between non-word reading impairment and non-

word repetition/function word reading impairment. One limitation of this study was 

that no age or geographical data for the cases were provided. 

Byrne, Barnsley, and Ashley (2000) 

Byrne, Barnsley, and Ashley (2000) conducted a study to compare the effect 

of intervention (preschool phoneme identity training) between the control and 

experimental group. Two groups of children were recruited and matched for age. The 

sample had 56 children remaining from the experimental group (30 boys and 26 girls) 

and 47 from the control group (25 boys and 22 girls). Average age in both groups at 

the time of testing was 11 years, 0 months. The experimental and control groups 

formed by the remaining children were well matched in preschool prior to the 

training. 
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For the training stage, 64 preschoolers were trained with a slightly modified 

version of the program in subgroups of 4 to 6 for approximately half an hour per week 

for 12 weeks. Training consisted of learning to classify items in the posters, 

worksheets, and games on the basis of shared speech sounds and letters. The use of 

small groups allowed for intensive teaching and close monitoring of individual 

children. The control group was comprised of 62 children from the same preschools 

who were exposed to the program materials for the same amount of time in similar-

sized groups and with the same experimenter. The control children, however, did not 

receive instruction in phoneme identity. 

By grade 5, the researchers administered the Word Attack and Word 

Identification subtests of the Woodcock Reading Mastery Tests—Revised. In 

addition, they administered three reading lists devised by Castles (1993), including a 

non-word list and two word lists, one of regularly spelled words, such as bed and 

market, and one of irregularly spelled words, such as blood and choir. The word lists 

from Castles (1993) were presented in the same order for each child: regular words, 

irregular words, and non-words. 

Multiple regression analyses were conducted to analyze the data. Byrne et al. 

found that Grade 5 children who had been trained in phoneme identity 6 years earlier 

in preschool were superior to untrained controls on irregular word reading; on a 

composite list of non-words, regular words, and irregular words; and on a separate 

non-word test. 

The main implication of this study was that children who make slower 

progress in the early stages of reading development may be expected to have 

difficulties in mastering later stages. Such children need continual monitoring and 
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support and, especially, extra opportunities to practice the component processes 

contributing to skilled reading. 

Johnston and Morrison (2007) 

Johnston and Morrison (2007) conducted a comparison study to investigate the 

relationship between reading skills and Intelligence Quotient (IQ) level. This study 

examined whether high- and low—IQ students with reading difficulties differed in 

patterns of reading performance. 

The study included a sample of 109 poor readers ages 10–11. They were 

attending a reading unit for specialized remedial tuition outside their usual schools; 

their placement was due to the severity and long-term nature of their RD. The 

students with RD were matched with 105 reading-age controls, whose lowest 

standardized reading score was 92. There were also 119 chronological age controls, 

whose lowest standardized reading score was 93. All of the groups were split into 

higher and lower IQ categories on the basis of whether their IQ was 101 and above or 

100 and below. The researchers also examined whether the students with RD’ reading 

were discrepant for their IQ levels.  

The participants were administered the British Ability Scales Word Reading 

test to measure their reading ability. This is a test of single-word reading and contains 

a mixture of regular and irregular words. IQ was measured using the short form of the 

Wechsler Intelligence Scale for Children–Revised (WISC—R). 

A four way repeated-measures ANOVA was carried out. There were two 

between subjects factors, groups (poor readers and reading-age and chronological age 

controls) and high IQ versus low IQ level (above 101 and below 100), and two 
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within-subjects factors, regularity (regular and irregular words), and frequency 

(high—and  low frequency words). 

Johnston and Morrison found that ten-year-old students with RD with IQ 

scores of 110 and higher showed difficulty in taking a phonological approach to 

reading, failing to show an advantage in reading high frequency regular versus 

irregular words and showing impaired non-word reading accuracy for their reading 

age. However, students with RD with IQ scores of 90 and below showed a more 

phonological approach to reading, with better reading of regular than irregular words 

of both high and low frequency, and with non-word reading skills slower than, but as 

accurate as, those of reading-age controls. Both the high- and low—IQ Students with 

RD read significantly below their IQ levels. 

Summary  

The earliest and most prevalent classifications of poor readers were based on 

visual and auditory deficits. As described by Johnson and Myklebust (1967), people 

with visual dyslexia had problems in connecting whole words with their meanings, 

and made many visual similarity errors and replacements (i.e. big for dig). Individuals 

with auditory dyslexia had problems discriminating sounds and blending them 

together to form words. They may associate whole words with meanings, but exhibit 

difficulty reading individual words or unfamiliar materials. 

 Reading regular, irregular, and non-words was closely related to dual route 

theory. According to the dual route theory, the phonological dyslexia subtypes are 

poor readers who have difficulty utilizing grapheme-phoneme correspondences (GPC) 

to decode non-words, and regular words. In contrast, the surface dyslexia subtypes are 

poor readers who have difficulty reading irregular spelled words. 
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The studies reviewed contribute to the literature in several ways. Castles and 

Coltheart (1993) found that a very small minority of children with dyslexia have pure 

surface dyslexia with intact phonological encoding, whereas a larger group has pure 

phonological dyslexia. However, the largest group of children with RD have 

difficulties in both areas and individuals with “soft” phonological and surface 

dyslexia exist within this combined group.  

Bowey and Rutherford (2007) provided main three conclusions: (a) of the 

poor readers with normal verbal ability, 60% were classified as having phonological 

dyslexia and non were classified as having surface dyslexia; (b) in students with low 

verbal ability, surface dyslexia was more common; and (c) students had imbalanced 

word-reading profiles, and relatively few cases of either type of developmental 

dyslexia appeared to be “pure." Similar results were found by Tree (2008).  

Delattre et al. (2006) demonstrated that written spelling latencies and writing 

durations were slower for irregular than for regular words. These results can be 

interpreted within the dual-route model by proposing a conflict between the outputs of 

the lexical and assembled spelling routes that takes time to resolve. 

Interestingly, six years after preschool instruction in the phonological 

organization of the speech stream, children were still showing some benefits in their 

word identification levels. In the Byrne et al. (2000) study they outperformed the 

control children on one list of irregularly spelled words, on non-word decoding, and 

on a more global print identification measure based on the sum of regular and 

irregular words and non-words. Fortunately, these results indicated that irregular 

word, non-word, and word reading are trainable skills.  
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However, additional research is needed to increase the knowledge about the 

relationships among regular, irregular, and non-word reading and processing speed 

and RAN. Discovering reading patterns among students with reading disability will 

help guide treatment and improve reading performance.  

Conclusion 

In this chapter the literature on reading difficulties was reviewed with a 

particular focus on the cognitive variables found to be the most reliable predictors of 

reading achievement (phonological awareness, rapid automatized naming, processing 

speed, and working memory). Studies and theories were reviewed, with a consensus 

that no single factor can fully explain the reading difficulties seen in all children. 

One finding that is consistent is the combination of phonological awareness 

deficits and rapid naming speed deficits cause the most severe reading problems 

(double-deficit hypothesis). This combination also provides the most predictive power 

in reading achievement. However, Bell et al., (2003) found that among all the tested 

cognitive factors, auditory processing, visual processing/speed, and working memory 

were the best predictors of reading and spelling skills. 

The next section of this chapter reviewed RAN studies and reading 

difficulties. RAN letters and numbers were the strongest predictors of both reading 

and spelling skills (Bos et al., 2003; Bowey et al., 2005; Compton, 2003; & Neuhaus 

et al., 2001). In addition, RAN may have a particularly strong relation with 

orthographic skills (Manis et al., 1999; & Wolf & Bowers, 1999). Moreover, RAN 

accounts for independent variance from PA in word reading and reading 

comprehension (Powell et al., 2007; Wolf & Bowers, 1999).  
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The third section of this chapter discussed research on processing speed. The 

processing speed deficit was much larger for students with reading difficulties than 

those with ADHD. It was suggested that students with reading disabilities tended to 

show a slower developmental pattern in symbolic coding speed than normal readers. 

Urso (2008) found that among the processing speed measures of the WJ III COG, the 

tests of Decision Speed and Visual Matching, were most strongly correlated with poor 

word reading skill. Moreover, 37.5% of the poor readers also had low PS scores. 

The final section of this chapter discussed studies of irregular word, non-word, 

and word reading. The main suggestions were: (a) students have imbalanced word-

reading profiles, and relatively few cases of either type of developmental dyslexia 

appeared to be “pure”; (b) written spelling latencies and writing durations are slower 

for irregular than for regular words; and (c) some results indicated that reading 

regular, irregular, and non-words is a trainable skill. 

Hypotheses  

Four major predicted hypotheses have been explored in this study. First, 

Phonological Awareness and RAN will have the strongest weight in the cognitive 

models in their prediction of all reading skills (Badian, 1993; Bowers & Swanson, 

1991; Catts, 1996; Compton, DeFries, Olson, & Pennington, 2002; Foorman et al., 

1997; Manis, Doi, & Bhadha, 2000; Torgesen et al., 1997; Wolf & Bowers, 1999) 

whereas, PS (Kail, 1991; Nicolson and Fawcett, 1999; Urso, 2008; Waber et al., 2001; 

Weiler et al., 2000) and WM (De Jong, 1998; Engle, Cantor, & Carullo, 1992; 

Passolunghi & Siegel, 2001; Swanson & Saez, 2003) will compete to add a significant 

contribution for these models.  
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Second, the RAN Total will be a stronger predictor for reading ability than the 

PS Cluster, because RAN tasks share many common characteristics with reading 

ability, such as paying attention, visual recognition, access to phonological codes, and 

articulation (Allor, 2002), compared with visual recognition for PS tasks (Fawcett & 

Nicolson, 1994; Kail & Park, 1994; Urso, 2008).    

Third, RAN Letters, and then Numbers will be the strongest predictors and 

promising results can be expected from integrating these two tasks (Bos et al., 2003; 

Bowey atl., 2005; Compton, 2003; & Neuhaus et al., 2001; Wolf and Denckla, 2005). 

In regard to PS measures, Visual Matching and Pair Cancellation tests will compete as 

the strongest predictors for reading ability (Urso, 2008).   

Finally, the researcher expected higher correlation between word reading (a 

mixture of phonically regular and irregular words) and both irregular and non-word 

reading, since word reading shares similar components with both abilities (phonology 

with non-word reading and orthography with irregular word reading). On the other 

hand, less correlation was expected between irregular word and non-word reading 

since both of them require different abilities (orthography for irregular word reading 

vs. phonology or phoneme grapheme knowledge for non-word reading). In addition, 

the researcher expected that a very small amount of children with RD will have pure 

surface dyslexia with intact phonological encoding, whereas a larger group will have 

pure phonological dyslexia. However, the largest group of children with RD will have 

difficulties in both areas (Bowey & Rutherford, 2007; Byrne et al., 2000; Castles & 

Coltheart, 1993; Delattre et al., 2006; Tree, 2008). 
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CHAPTER 3 

METHODOLOGY 

Research Design 

Correlational designs testing predictive relationships were used to conduct this 

study. The purposes of this study were to: (a) predict reading ability by using a 

multiple cognitive model including PA, RAN, PS, and WM; (b) investigate the 

relationship of processing speed and RAN to reading ability; (c) explore the 

relationship of measures of processing speed and measures of RAN to irregular word, 

non-word, and word reading; and (d) study the reading profiles of students with 

reading difficulties to determine if there were any specific patterns in regard to their 

abilities to read irregular words, non-words, and words reading.  

This study was intended to answer the following questions: 

1. What are the relationships of processing speed and RAN to poor reading 

(i.e., What is the best predictor RAN-Total or PS Cluster for predicting 

irregular word, non-word, and word reading? 

2. To what extent do different measures of RAN and different measures of 

processing speed correlate with irregular word, non-word, and word reading? 

3. Will students with reading difficulties have similar performance on tests 

that measure irregular word, non-word, and word reading (i.e., To what 

extent do these tests (TIWRE,  TOWRE-PDE, and LWI) correlate?  

4. Is the best model that predicts word reading (LWI test) follows a specific 

order among the cognitive variables (PA, RAN, PS, and WM)?  

5. Is the best model that predicts irregular word reading (TIWRE test) follows 

a specific order among the cognitive variables (PA, RAN, PS, and WM)?  
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6. Is the best model that predicts non-word reading (TOWRE-PDE test and the 

WA test) follows a specific order among the cognitive variables (PA, RAN, PS, 

and WM)?  

7. Do the following cognitive variables (PA, RAN, PS, and WM) predict all 

reading skills (irregular word reading, non-word reading, and word reading)?    

Selection of Participants 

A total of 60 students from two separate schools in two separate locations in 

USA, Arizona participated in the study. The number of participants in this study was 

based on a power analysis using Cohen’s (1977) approach to estimating necessary 

sample size. In addition, Field (2005) suggested as a rule of thumb, researchers should 

aim to have at least 15 subjects per predictor to obtain a reliable regression model. 

 There were 17 students with Reading Difficulties (RD) and 39 average 

readers (n = 56) comprised the normally distributed sample that selected to answer 

questions one, two, four, five, six, and seven. Another sample consisted of 21 students 

(17 from the previous sample and 4 new participants) with RD selected to answer 

question three. Selection criteria for students included an age range of six years 

through ten years old, those enrolled in grades one through four, and those with an 

ability to speak English fluently. Additionally, none of the participants had previously 

been diagnosed with emotional, behavioral, or sensory deficits. Permission consent 

was obtained from parents/guardians, and each study participant. All enrolled students 

in the two research site schools that fit the selection criteria were sent invitations to 

participate (See APPENDIX B.1 for a sample of recruitment forms). 

Parents/guardians then had the opportunity to grant permission for their child to 
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participate. Permission was also sought from each study participant during the testing 

sessions (See APPENDIX B.2 for a sample of minor’s assent form).  

Twenty-one students were recruited from the first site school, a private school 

for students with learning disabilities in Scottsdale, Arizona. These students received 

small-group instruction throughout their core academic areas, as well as, specialized 

reading instruction and related services. Thirty nine students with average reading 

ability were recruited from the second site school, a small K-12 science and 

mathematics charter school in Tucson, Arizona. These students were not identified as 

having reading difficulties and did not receive special education services.  

Procedures 

All children were tested individually in two quiet rooms of the schools in two 

40-minutes sessions. All testing was conducted as per the examiner’s manuals and 

answers were recorded on test protocols. The test administration was counterbalanced 

to avoid potential effects of practice in speeded tasks, maintain children’s 

concentration and interest, and avoid learning effects. To mitigate the order effects 

that practice would have in performing the speeded tasks, complete counterbalancing 

was done so that no two participants took any of the tests in the same order. To 

accomplish this, the table of Latin squares was used (Fisher & Yates, 1963). 

Reinforcements such as pencils and stickers were provided throughout both sessions. 

All raw scores were transformed to standard scores (M = 100, SD = 15) to analyze 

and compare the results. Tests are described below by construct and not in the order 

of administration. 
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Variables  

To clarify the relationships among the study’s variables correlational design 

was conducted. Predictive relationships exist when a researcher can assert only that a 

change in one variable predicts a change in another variable. These types of variables 

are the predictors and criterion variables. The predictor variable is the variable from 

which the researcher is predicting, and the criterion variable is the result of the 

prediction. A predictive relationship is not manipulated by the researcher of the study 

variables. No cause and effect statement can be made, but only a predictive statement 

(Field, 2005). 

Criterion Variables 

The Letter Word Identification test (LWI) from Woodcock-Johnson III Tests 

of Achievement (WJ III ACH) (Woodcock, McGrew, & Mather, 2001a) was used to 

measure word reading, the Test of PhoneticDecoding Efficiency from the Test of 

Word Reading Efficiency (TOWRE-PDE) (Torgesen, Wagner, & Rashotte, 1999) 

was used to measure non-word reading (timed test). In addition, the untimed Word 

Attack test (WA) from the Woodcock-Johnson III Tests of Achievement (WJ III 

ACH) was administered to measure non-word reading to compare it with the 

TOWRE-PDE test. The Test of Irregular Word Reading Efficiency (TIWRE) 

(Reynolds & Kamphaus, 2007) was used to measure irregular word reading.                                             

Predictor Variables 

Tests underlying predictor variables included: the Rapid Automatized Naming 

and Rapid Alternating Stimulus Tests (RAN/RAS) (Wolf & Denckla, 2005) used to 

measure naming speed ability. RAN Total was obtained by calculating the sum of 

RAN tests (Objects, Colors, Numbers, Letters, 2-set Letters and Numbers, and 3-set 
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Letters, Numbers, and Colors) and then divided by the number of the tests (6). The 

Woodcock-Johnson III Tests of Cognitive Abilities (WJ III COG), (Woodcock, 

McGrew, & Mather, 2001b) tests of Visual Matching, Decision Speed, Rapid Picture 

Naming, Pair Cancellation, and Cross Out were used to measure processing speed 

ability. The Processing Speed Cluster (Visual Matching and Decision Speed tests) 

was provided by WJ III COG scores. The Sound Blending test from the WJ III COG 

was administered to measure phonological awareness ability, and the Numbers 

Reversed test from WJ III COG was administered to measure working memory 

ability.  

Measures  

This section describes the tests used to measure both the criterion variables 

(irregular word, non-word, and word reading) and the predictor variables (RAN 

measures, PS Measures, phonological awareness measure, and working memory 

measure). In addition to two standardized batteries (WJ III ACH and COG), two other 

standardized tests (TOWRE-PDE and TIWRE) were used. 

Woodcock-Johnson III (WJ III ACH & COG) 

The WJ III was aligned with a stratified model of intellectual abilities defined 

and refined by Cattell, Horn, and Carroll (Mather & Woodcock, 2001). The 

fundamental criteria for developing cognitive abilities in the WJ III were derived from 

the Cattell-Horn-Carroll (CHC) theory of cognitive abilities as described in the WJ III 

COG examiner's manual (Mather & Woodcock, 2001). The broad CHC abilities 

measured on one or more of the tests are: Long-Term Retrieval (Glr), Auditory 

Processing (Ga), Fluid Reasoning (Gf), Processing Speed (Gs), Short-Term Memory 
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(Gsm), Visual-Spatial Thinking (Gv), Comprehension-Knowledge (Gc), and Reading-

Writing (Grw) (see Table 1 for definitions). 

The WJ III is a comprehensive, norm-referenced, individually administered 

assessment of cognitive abilities and academic achievement. Norms for the WJ III 

were developed on test data from a national sample of over 8,000 individuals ranging 

in age from 2 years to over 90 years. In general, the internal consistency reliability 

estimates appear to be uniformly high, most often with magnitudes in the .80s and 

.90s for individual tests and in the .90s for clusters. The technical manual includes a 

considerable amount of evidence supporting the validity of scores from the test.  The 

correlational evidence provides support for the validity of WJ III scores in that the 

expected pattern of relationships among tests was observed. Fairly extensive 

confirmatory factor analyses also provide validity evidence for the WJ III (see 

McGrew & Woodcock, 2001, p. 62-63). 

Reading Tests 

All participants were administered the Woodcock-Johnson III ACH test of 

Letter-Word Identification (LWI) to measure word reading ability. Students who 

received standard scores below 85 on the Letter-Word Identification test were 

identified as poor readers at-risk for reading failure (see Table 2). In addition, the 

untimed Word Attack test (WA) from the Woodcock-Johnson III ACH batteries was 

administered to measure non-word reading and compare it to the TOWRE-PDE timed 

test.  

Processing Speed Tests 

Participants were administered the Woodcock-Johnson III COG tests of Visual 

Matching, Decision Speed, Rapid Picture Naming, Pair Cancellation, and Cross Out 
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to measure processing speed ability. Tests of Visual Matching and Decision Speed 

were used to provide the researcher with WJ III Processing Speed cluster (see Table 

2).  

Additional Tests of Cognitive Abilities  

Participants in the study were administered the Woodcock-Johnson III COG 

tests of Sound Blending to measure phonological awareness ability and Number 

Reversed to measure working memory ability. For more detailed information on all of 

the WJ III tests see Table 2.  
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Table 1.  Broad CHC Cognitive Factor Definitions  

Definition Symbol Factor 

Ability to reason, form concepts, and problem solve, 

using novel information and/or procedures 
Gf Fluid Reasoning 

Measures an individual’s breadth and depth of general 

knowledge of a culture, including verbal 

communication and reasoning with previously learned 

procedures 

Gc Crystallized 
Intelligence 

Ability to analyze and synthesize visual information Gv Visual 
Processing 
 

Ability to analyze and synthesize auditory information Ga Auditory 
Processing 

Ability to quickly perform automatic cognitive tasks, 

particularly when under pressure to maintain focused 

concentration 

Gs Processing 
Speed 

Ability to temporarily hold information in immediate 

awareness and then use it within a few seconds 
Gsm Short-Term 

Memory 

Ability to store information and retrieve it later through 

association 
Glr Long-Term 

Retrieval 

Ability to comprehend quantitative concepts and 

relationships and to manipulate numerical symbols 
Gq Quantitative 

Knowledge 

A common factor underlying both reading and writing, 

including basic reading and writing skills and the skills 

required for comprehension and expression.  

Grw Reading-
Writing 

Source. (Mather & Woodcock, 2001).   
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Table 2. WJ III COG and ACH Construct and Content Coverage  

      Test  Primary Broad CHC Factor        Stimuli  Test Requirement  Response  

Sound Blending  Auditory Processing (Ga) Auditory (phonemes) Synthesizing language 

sounds (phonemes)  

Oral (word) 

Visual Matching  Processing Speed (Gs) Visual (numbers) Rapidly locating and 

circling identical numbers  

Motoric (circling) 

Numbers Reversed  Short-Term Memory 

(Gsm) 

Auditory (numbers) Holding a span of numbers 

in immediate awareness 

while reversing the 

sequence  

Oral (numbers) 

Decision Speed  Processing Speed (Gs) Visual (pictures) Identifying and circling the 

two most conceptually 

similar pictures in a row 

Motoric (circling) 

Rapid Picture Naming  Processing Speed (Gs) Visual (pictures) Recognizing objects, then 

retrieving and articulating 

their names rapidly  

Oral (words) 
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Table 2–(Continued).  
 
           Test  Primary Broad CHC 

Factor  

       Stimuli  Test Requirement  Response  

Pair Cancellation  Processing Speed (Gs) Visual (pictures) Identifying and circling 

instances of a repeated 

pattern rapidly  

Motoric (circling) 

Cross Out Processing Speed (Gs) Visual(objects) Identifying and circling 

instances of a repeated 

pattern rapidly 

Motoric (circling) 

Letter-Word 
Identification  

Reading (Grw) Visual (text) Identifying printed letters 

and words  

Oral (letter name, 

word) 

Word Attack Reading (Grw) Visual (word) Reading phonically regular 

non-words 

Oral (word) 

Note. The data in Table 2 are from Woodcock-Johnson III Technical Manual: Normative Update (p. 58,59, 65,66) by McGrew, Schrank, 

& Woodcock, 2007, Rolling Meadows, IL: Riverside Publishing. 
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The Rapid Automatized Naming and Rapid Alternating Stimulus Tests (RAN/RAS) 

The (RAN/RAS) tests were used to assess naming speed ability (Wolf & 

Denckla, 2005). On all six test sections, the examinees were asked to recognize and 

name accurately and rapidly visual symbols, such as letters or colors. The Letters, 

Numbers, Colors, and Objects tests are comprised of five high-frequency stimuli that 

are randomly repeated ten times in an array of five rows for a total of fifty stimulus 

items. The RAS portion is comprised of a mixture of the stimuli. One of these, "2-Set 

Letters and Numbers," consists of 50 alternating letters and numbers. The second, "3-

Set Letters, Numbers, and Colors," consists of 50 alternating letters, numbers, and 

colors. Scores are based on the amount of time required to name all of the stimulus 

items on each test section.  

In the examiner's manual, three main uses for this test are presented: (a) early 

identification of children at risk for reading and learning difficulties; (b) ongoing 

assessment of processes underlying naming speed and reading fluency; and (c) 

measurement of the development, intactness, and efficiency of the basic word-

retrieval system (Wolf & Denckla, 2005, p. 5).  

The RAN-RAS Tests were normed on 1,461 individuals, across 26 states, and 

with ages 5-0 to 18-11. Corrected reliability coefficients ranged from .81 to .98 for 

different levels (i.e., elementary, middle, high school, and all ages). A second type of 

reliability, inter-scorer reliability, was also examined. It ranged from .98 to 99. 

Clearly, this simple instrument can be reliably scored. According to the authors, good 

evidence of validity for the RAN/RAS was demonstrated via content-description 

validity, criterion-prediction validity, and construct-identification validity. Additional 

validation studies concluded that the RAN/RAS tests are valid measures of the ability 



75 
 

to perceive a visual symbol and name it accurately and rapidly and that this ability 

differentiates many children who have reading disabilities from children who read 

with average abilities (Wolf & Denckla, 2005). 

Test of Word Reading Efficiency (TOWRE) 

The TOWRE is a measure of an individual's ability to pronounce printed 

words accurately and fluently (Torgesen et al., 1999). Reading is assessed for 

accuracy and fluency to understand proficiency in the basic construct of reading. The 

non-word reading performance was measured by Test of Word Reading Efficiency 

test-the Phonetic Decoding Efficiency subtest (TOWRE-PDE) that includes 63 

pronounceable printed non-words requiring the examinee to sound them out. The test 

is timed (45 seconds) and two alternate forms are provided.  

The TOWRE-PDE is recommended for monitoring growth in efficiency of 

phonemic decoding, diagnosing specific reading disabilities in children and adults, 

and conducting research on the development of reading skills (Torgesen et al., 1999).  

In the rationale for the TOWRE, the authors stress the importance of accurate and 

fluent word reading for comprehending written material.  

Examiners can have confidence in the results of TOWRE. The average 

alternate forms reliability coefficients (content sampling) all exceed .90. The 

test/retest (time sampling) coefficients range from .83 to .96. Extensive evidence of 

the validity of TOWRE test scores was provided for content-description validity, 

criterion-prediction validity, and construct-identification validity in the examiner's 

manual (Torgesen et al., 1999). 
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Test of Irregular Word Reading Efficiency (TIWRE) 

Irregular word reading performance was measured by using the pronunciation 

of phonetically irregular words; the TIWRE offers a rapid assessment of the 

examinee's ability to pronounce words with irregular spelling patterns. The TIWRE is 

different from other word reading assessments because it presents only phonetically 

irregular words for pronunciation. Each form presents letters (uppercase and 

lowercase) and irregular words for a total of 50 items and takes approximately 2 

minutes to administer. The Profile Form enables the examiner to plot scores of 

repeated administrations for easy, rapid identification of an individual's progress in 

reading performance. The reusable Stimulus Cards are color-coded for simple 

administration of each form. The TIWRE can be used to assess current reading levels, 

to measure response to intervention (RTI) in reading, to assess reading levels for 

completing self-reports or questionnaires, and to rapidly screen for individual reading 

difficulties (Reynolds & Kamphaus, 2007). 

This easy-to-administer measure is supported by evidence of validity and is 

highly reliable. Reliability coefficients for all forms are in the mid-to-high .90s. 

Change in word reading performance is measured by comparing scores from two 

administrations and using the provided precalculated significance score ranges to 

determine statistically significant levels of change (Reynolds & Kamphaus, 2007). All 

previous variables and measures are presented in Table 3.  
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Table 3. Measures and Variables  

Predictor Variables 

RAN Measures  The Rapid Automatized Naming and Rapid Alternating Stimulus 

Tests (RAN/RAS)- Letters, Numbers, Colors, Objects, 2-Set 

Letters and Numbers, and 3-Set Letters, Numbers, and Colors  

PS Measures  Woodcock-Johnson III (WJ III COG)-Tests of Visual Matching, 

Decision Speed, Rapid Picture Naming, Pair Cancellation, and 

Cross Out 

PA Measure  Woodcock-Johnson III (WJ III COG)-Sound Blending Test  

 

WM Measure  Woodcock-Johnson III (WJ III COG)-Numbers Reversed Test  

 

Criterion Variables 

Irregular Word 

Reading  

Test of Irregular Word Reading Efficiency (TIWRE) 

Non-Word Reading  Test of Word Reading Efficiency-the Phonetic Decoding 

Efficiency  subtest (TOWRE-PDE) 

Woodcock-Johnson III (WJ III ACH)-Word Attack Test (WA) 

Word Reading  Woodcock-Johnson III (WJ III ACH)-Letter-Word 

Identification Test (LWI)  

Note. RAN = Rapid Automatized Naming, PS = Processing Speed, PA = 

Phonological Awareness, WM = Working Memory.    
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Reliability 

Reliability is important for any experimental study, but is also vital for the 

interpretation of correlational studies. Moreover, in order to ensure the results 

obtained on test measures are accurate and can be compared to the standardization 

sample, procedures in administration and scoring must be identical to those presented 

to individuals in the norming sample. 

Procedural Reliability 

Procedural reliability checks were conducted during data collection at both 

school sites in an effort to control for possible threats to internal validity. A graduate 

student was hired and trained to conduct direct observations of assessment procedures 

carried out by the investigator during testing. Procedural reliability was collected 

through direct observations, using a checklist of steps to be used during each session. 

The checklists included questions such as; Did the examiner read the directions of the 

test, conduct practice exercises, use the suggested starting points, and establish the 

basals and ceilings for the test? (See APPENDIX A for procedural reliability 

checklist).  

Procedural reliability measures were obtained during 20% of the time for the 

WJ III ACH, WJ III COG, RAN/RAS, TIWRE, and TOWRE-PDE testing sessions. 

Procedural reliability was obtained during 20% of testing sessions with an average 

reliability of 100 percent.  

Procedural reliability was calculated using the following formula:  

# of examiner behaviors observed     X   100     =   % of procedural reliability   
total # of examiner behaviors expected  

(Gay, Mills, & Airasian, 2006) 
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Scoring Reliability 

Scoring reliability was conducted for all testing instruments across study 

testing sessions. While the researcher conducts the assessment, a trained graduate 

student observer conducted a parallel scoring procedure of each testing instrument 

administered during the observation period.  Inter-examiners reliability (Wolery et al., 

1991) was calculated by using a point-by-point method of comparison. After each 

assessment session, scoring data were collected by the examiner and the independent 

observer and were compared. The independent observer determined the number of 

inter-examiner agreements and disagreements based on errors and the total number of 

correctly scored items. The observer then independently determined the percentage of 

inter-examiner agreement using the following formula: 

 Total # of Agreements       X    100 =   % of Agreement  
Total # of Agreements + Disagreements 

Scoring reliability was obtained during 20% of testing sessions with an 

average reliability of 99.6% percent. 

Statistical Analyses 

 Descriptive statistical analyses, Pearson product moment correlations, and 

regression analyses were used to answer the study’s questions. Pearson’s correlation 

coefficient was used to investigate the statistical significance of the association 

between irregular word, non-word, and word reading and RAN and PS mean 

measures. The value of a correlation coefficient can vary from minus one to plus one. 

A minus one indicates a perfect negative correlation, while a plus one indicates a 

perfect positive correlation. A correlation of zero means there is no relationship 
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between the two variables. When there is a negative correlation between two 

variables, as the value of one variable increases, the value of the other variable 

decreases, and vice versa. In other words, for a negative correlation, the variables 

work opposite each other. When there is a positive correlation between two variables, 

as the value of one variable increases, the value of the other variable also increases. 

The variables move together (Gay et al., 2006). 

Multiple regression is a "general linear model" with a wide range of 

applications. It is basically an extension of the bivariate correlation and simple 

regression analysis. The primary uses of multiple regression are as follows: (a) predict 

a continuous Y(criterion) with several continuous independent (predictor) X  

variables: unlike ordinary bivariate regression, multiple regression allows the use of 

an entire set of variables to predict another; (b) provide researchers with the 

proportion of criterion variance (R2) accounted for by the set of predictors, and help 

answer the question What is the relative contribution of each variable in predicting 

Y?; and (c) decide which is the single best predictor for criterion variables (Field, 

2005).  

A series of Hierarchical and Simultaneous multiple regression analyses were 

conducted to answer some of the study's questions. In hierarchical regression 

predictors are selected based on past work and theory. As a general rule, known 

predictors (from other research) should be entered into the model first in order of their 

importance in predicting the outcome. After known predictors have been entered, the 

experimenter can add any new predictors into the model (Gravetter & Wallnau, 2002). 

To perform Hierarchical regression analyses in Statistical Package for the Social 

Sciences (SPSS Inc., Chicago IL, 2008) the researcher entered the variables in blocks 
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(each block representing one step in the hierarchy). In addition, Simultaneous 

multiple regression provides a researcher with an explanatory procedure, which 

measures the degree of its explained variation by its effect size measure (R2adj), and 

one can determine the direct effects or influence of each predictor variable on the 

outcome variable in the model(Keith, 2006).  

To answer the study's questions, all variables raw scores were converted to 

standard scores (M = 100, SD = 15). Then, correlational analyses (Pearson product-

moment correlations) were performed to determine the best predictor, Rapid 

Automatized Naming (RAN-Total) or Processing Speed (PS Cluster) for predicting 

irregular word, non-word, and word reading (Question one). Next, hierarchical 

regression analyses were used to determine more specific relationships among RAN 

measures and PS measures and irregular word, non-word, and word reading (Question 

two). Then, an examination of the special patterns of word reading performance 

among students with reading difficulties was performed by conducting descriptive 

statistics and Pearson product moment correlational tests (Question three). 

Hierarchical regression analysis was performed to build statistical model and 

determine the significant independent cognitive variables (predictors) among PA, 

RAN, PS, and WM for predicting irregular word, non-word, and word reading each 

one in a separate analysis (Questions four, five, and six). Finally, Simultaneous 

regression analyses were performed as a post-hoc test for the above Hierarchical 

regression analyses results and to investigate the significant cognitive variables (PA, 

RAN, PS, and WM) that would be the most powerful in predicting irregular word, 

non-word, and word reading, all of them together, respectively to the TIWRE, 

TOWRE-PDE or WA, and LWI tests (Question seven). 
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           CHAPTER 4 

RESULTS 

Introduction  

This chapter describes the results of the data analysis outlined in Chapter 

Three. First, descriptive statistics are presented for all variables in the study. Next, the 

results of the study are organized around the seven major questions. The final section 

provides a summary of the main results for all of the study questions.     

This study was intended to answer the following questions: 

1. What are the relationships of processing speed and RAN to poor reading 

(i.e., What is the best predictor RAN-Total or PS Cluster for predicting 

irregular word, non- word, and word reading? 

2. To what extent do different measures of RAN and different measures of 

processing speed correlate with irregular word, non-word, and word reading? 

3. Will students with reading difficulties have similar performance on tests 

that measure irregular word, non-word, and word reading (i.e., To what 

extent do these tests (TIWRE,  TOWRE-PDE, and LWI) correlate?  

4. Is the best model that predicts word reading (LWI test) follows a specific 

order among the cognitive variables (PA, RAN, PS, and WM)?  

5. Is the best model that predicts irregular word reading (TIWRE test) follows 

a specific order among the cognitive variables (PA, RAN, PS, and WM)?  

6. Is the best model that predicts non-word reading (TOWRE-PDE test and the 

WA test) follows a specific order among the cognitive variables (PA, RAN, PS, 

and WM)?  
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7. Do the following cognitive variables (PA, RAN, PS, and WM) predict all 

reading skills (irregular word reading, non-word reading, and word reading)?    

To answer the study's questions, all variables raw scores were converted to 

standard scores (M = 100, SD = 15). Then, correlational analyses (Pearson product-

moment correlations) were performed to determine the best predictor, Rapid 

Automatized Naming (RAN-Total) or Processing Speed (PS Cluster) for predicting 

irregular word, non-word, and word reading (Question one). Next, hierarchical 

regression analyses were used to determine more specific relationships among RAN 

measures and PS measures and irregular word, non-word, and word reading (Question 

two). Then, an examination of the special patterns of word reading performance 

among students with reading difficulties was performed by conducting descriptive 

statistics and Pearson product moment correlational tests (Question three). 

Hierarchical regression analysis was performed to build statistical model and 

determine the significant independent cognitive variables (predictors) among PA, 

RAN, PS, and WM for predicting irregular word, non-word, and word reading each 

one in a separate analysis (Questions four, five, and six). Finally, Simultaneous 

regression analyses were performed as a post-hoc test for the above Hierarchical 

regression analyses results and to investigate the significant cognitive variables (PA, 

RAN, PS, and WM) that would be the most powerful in predicting irregular word, 

non-word, and word reading, all of them together, respectively to the TIWRE, 

TOWRE-PDE or WA, and LWI tests (Question seven). 

Study Sample 

For questions one, two, four, five, six, and seven, complete data were obtained 

from a sample of 56 participants comprised of 30 males and 26 females, 17 students 
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with reading difficulties and 39 average readers. The mean age for participants was 9-

0 years with a range of 6-1 to 10-0 years and standard deviation of 1.06.  

Table 4. Participants Characteristics 

Total Participants  Female Male Age Range Mean Age  Standard Deviation 
 

N = 56    26      30 6-1 to 10-0      9-0        1.06 

 
Whole Data Set Variable Means and Standard Deviations 

To begin analyzing the collected data, all test variables raw scores were 

converted to Standard Scores (SS) (M=100, SD=15) (see Table 2). The Kolmogorov-

Smirnov statistic was performed to test the hypothesis that the data were normally 

distributed. This test compares the set of scores to a normally-distributed set of scores 

with the same mean and standard deviation. Therefore, if the test is nonsignificant (p 

> 0.05) it tells us that the distribution we have is not significantly different from a 

normal distribution. If, however, the test is significant (p < 0.05) then we know that 

the distribution in question is significantly different from a normal distribution (Field, 

2005).  

Although it appeared that the 13 predictor variables and the two criterion 

variables were slightly positively skewed due to the fact that 17 students were 

included in this study with RD based on their academic history and teachers’ 

judgment, according to the Kolmogorov-Smirnov statistic all tests for normality 

showed that these variables were normally distributed. The data show normal 

distributions for all predictors and criterion variables D (55) statistics ranged 

from .062 to .126 and all were nonsignificant (p > 0.05). The following sections 

present the results for each research question explored in this study. 
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Table 5.  Means and Standard Deviations for all Study Variables 

Variables Mean SD Variables Mean SD 

TIWRE 101.71 17.29 Decision Speed 99.69 16.73 

TOWRE-PDE  92.92 10.94 Rapid Picture Naming 90.73 13.55 

Word Attack   95.22 15.22 Letter Word Identification  97.45 14.77 

RAN Total 93.38 12.73 Pair Cancellation 98.51 7.21 

Processing Speed-cluster 89.98 16.86 Cross Out 93.08 14.79 

Sound Blending 110.92 14.52 RAN Objects  90.78 13.19 

Visual Matching  89.04 17.67 RAN Colors 91.59 16.39 

Numbers Reversed 95.24 16.24 RAN Numbers  95.18 13.73 

RAN 2-set Letters and Numbers  93.76 14.98       RAN Letters            95.41 14.45 

RAN 3-set Letters, Numbers, 
and Colors 

93.59 14.15    

 
Note. n = 56, TIWRE = Test of Irregular Word Reading Efficiency, TOWRE-PDE = Test of Word Reading Efficiency- PhoneticDecoding 

Efficiency test, RAN = Rapid Automatized Naming Test. 
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Section One: Correlational Analyses of Study Question one 

Study Question one asks, What are the relationships of processing speed and 

RAN to poor reading (i.e., What is the best predictor RAN-Total or PS Cluster for 

predicting irregular word, non-word, and word reading? In order to answer this 

question, a set of variables were used (see Table 3). Tests underlying predictor variables 

were the Rapid Automatized Naming and Rapid Alternating Stimulus tests (RAN/RAS) 

to measure naming speed ability. RAN Total was obtained by calculating the sum of the 

RAN tests (Objects, Colors, Numbers, Letters, 2-set Letters and Numbers, and 3-set 

Letters, Numbers, and Colors) and then dividing it by the number of tests (6). The WJ III 

COG, Processing Speed Cluster (Visual Matching and Decision Speed) was used to 

measure processing speed ability. The RAN Total score and Processing Speed Cluster 

were the most reliable scores since these scores reflect multiple tests that measure similar 

abilities. 

In regard to criterion variables, Letter Word Identification from the WJ III ACH 

was used to measure word reading ability, the test of Phonetic Decoding Efficiency from 

the Test of Word Reading Efficiency (TOWRE-PDE), (timed test) and Word Attack 

(untimed test) from the WJ III ACH to measure non-word reading ability, and the Test of 

Irregular Word Reading Efficiency (TIWRE) to measure irregular word reading ability.  

Analyses for all study's questions were performed using Statistical Package for 

the Social Sciences (SPSS) (SPSS Inc., Chicago IL, 2008). Pearson correlations among 

TOWRE-PDE and WA tests and both predictors RAN Total and PS Cluster were 

statistically significant. RAN Total had the strongest correlation with the TOWRE-PDE. 
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There was a moderate positive correlation in the data set between RAN Total and 

TOWRE-PDE r (54) = .634, p < .05, one-tailed. The correlation between RAN Total and 

WA test (r (54) = .456, p < .05, one-tailed) was not as strong as the correlation with 

TOWRE-PDE test. When using the untimed Word Attack test to represent non-word 

reading, the RAN-Total had a stronger relationship with the TIWRE test than the WA 

test. Furthermore, no significant correlation was found between the PS Cluster and the 

WA test r (54) = .237, p > .05, one-tailed (see Table 4). To test if there was a significant 

difference between the two dependent rs (RAN Total and TOWRE-PDE test, PS Cluster 

and TOWRE-PDE test) a t test was used (Steiger, 1980). No significant difference was 

found between the two correlations, t (54) = 1.496, p > .05, one-tailed.  

Pearson correlations between the TIWRE test and both predictors RAN Total, and 

PS Cluster were statistically significant. PS had the strongest correlation with TIWRE 

test (see Table 4). There was a moderate positive correlation in the data set between PS 

Cluster and TIWRE test r (54) = .522, p < .05, one-tailed. To test if there was a 

significant difference between the two dependent rs (RAN Total and TIWRE test, PS 

Cluster and TIWRE test) a t test was used. No significant difference was found between 

the two correlations, t (54) = .197, p > .05, one-tailed.  

Correlations between the Letter Word Identification test (LWI) and both 

predictors RAN Total, and PS Cluster were statistically significant. RAN Total had the 

strongest correlation with LWI test (see Table 4). There was a moderate positive 

correlation in the data set between RAN Total and LWI test r (54) = .542, p < .05, one-

tailed. However, to test if there was a significant difference between the two dependent rs 



88 
 

(RAN Total and LWI test, PS Cluster and LWI test) a t test was used. No significant 

difference was found between the two correlations, t (54) = .046, p > .05, one-tailed. 

However, these results do not support the argument that the RAN and PS are equally 

effective in predicting irregular word, non-word, and word reading as measured by 

TIWRE, TOWRE-PDE, and LWI tests because no research can support the null 

hypothesis (There were no differences between RAN-Total and PS Cluster in predicting 

irregular word, non-word, and word reading) (Keith, 2006).  

Finally, high correlations were found among the reading variables (irregular word, 

non-word, and word reading).These correlations ranged from r (54) = .582, p < .05, one-

tailed between WA and TIWRE to r (54) = .867, p < .05, one-tailed between LWI and 

TOWRE-PDE (see Table 4).      

 In summary, no significant differences were found among all correlations as 

mentioned above (rs). The Processing Speed Cluster had the strongest correlation with 

irregular word reading as measured by TIWRE test, whereas the RAN Total had the 

strongest correlation with both word reading as measured by LWI test and non-word 

reading as measured by TOWRE-PDE test, but it showed less strength when non-word 

reading was measured by the WA test. 

Table 6. Question One Variables  

Variables Mean  SD 

TIWRE 101.71 17.29 

TOWRE-PDE 92.92  10.94 

Word Attack 
 

95.22 15.22 
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Table 6–(Continued).  
 

Variables  Mean SD 

Letter-Word Identification 97.45 14.77 

RAN Total 93.38 12.73 

Processing Speed Cluster 89.98 16.86 

Note. n = 56. TIWRE = Test of Irregular Word Reading Efficiency, TOWRE-PDE = Test 

of Word Reading Efficiency- PhoneticDecoding Efficiency, RAN = Rapid Automatized 

Naming Test.  

 
Table 7. Correlation Matrix for Question One Variables 

 TIWRE TOWRE-

PDE 

  WA    LWI RAN-Total PS-Cluster 

TIWRE 1.00      

TOWRE-
PDE 
 

     .672**  1.00     

WA .582** .777** 1.00    

LWI .798** .867** .763** 1.00   

RAN-Total .498** .634** .456** .540** 1.00  

PS-Cluster .522** .463** .237 .533** .470** 1.00 

Note. n = 56. ** Correlation is significant at the 0.05 level (1-tailed). TIWRE = Test of 

Irregular Word Reading Efficiency, TOWRE-PDE = Test of Word Reading Efficiency-

Phonetic Decoding Efficiency test, WA= Word Attack test, LWI = Letter Word 

Identification test, RAN = Rapid Automatized Naming, PS = Processing Speed Cluster. 
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Section Two: Hierarchical Regression Analyses of Study Question two 

Based on Question one’s findings, the researcher examined if certain measures of 

RAN were correlated to a higher extent with LWI, TOWRE-PDE, and WA tests. Another 

investigation was conducted to examine if certain measures of PS were more correlated 

with TIWRE test. 

Hierarchical Regression Predicting LWI, WA, and TOWRE-PDE Tests by RAN measures  

 Hierarchical multiple regression analyses were employed to test the relative 

contributions of RAN measures on the prediction of TOWRE-PDE, WA, and LWI tests. 

Assumptions were tested by examining normal probability plots of residuals and a scatter 

diagram of residual versus predicted residual. No violations of normality, linearity, or 

homoscedasticity of residuals were detected. In addition, box plots revealed no evidence 

of outliers. RAN letters and then numbers were entered in the first block. RAN colors, 

objects, 2-set Letters and Numbers, and 3-set Letters, Numbers, and Colors were entered 

in the second block.  

Regression analyses revealed that the model significantly predicted all three 

dependent test variables: the TOWRE-PDE test, F (6, 49) = 7.61, p < .05. R2 for the 

model was .50, and adjusted R2 was .44; the WA test, F (6, 49) = 4.69, p < .05. R2 for the 

model was .39, and adjusted R2 was .30; the LWI test, F (6, 49) = 6.83, p< .05. R2 for the 

model was .48, and adjusted R2 was .41. Table 5 presents the Hierarchical regression 

predicting TOWRE-PDE, WA, and LWI tests by RAN/RAS tests.  
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In terms of individual relationships between the predictor variables (RAN 

measures) and TOWRE-PDE scores, RAN Objects (t = -1.474, p=.148), RAN Colors (t = 

1.548, p=.001), RAN Numbers (t = -1.474, p= .001), RAN Letters (t = 2.480, p=.017 ), 

RAN 2-set Letters and Numbers (t = -1.474, p=.799), and RAN 3-set Letters, Numbers, 

and Colors (t = .288, p=.775 ). The results indicated that RAN-Letters, RAN-Colors, and 

RAN-Numbers were the only significant predictors for TOWRE-PDE scores at alpha 

level of p < .05. Together, all RAN measures contributed 50% in shared variability, 

however, among all RAN measures; RAN Letters contributed strongest predictive power 

with the TOWRE-PDE test.  

In terms of individual relationships between the predictor variables (RAN 

measures) and WA scores, RAN Objects (t = -1.512, p=.138), RAN Colors (t = -.382, 

p=.704), RAN Numbers (t = 1.461, p= .151), RAN Letters (t = 2.183, p=.034), RAN 2-

set Letters and Numbers (t = -.861, p=.394), and RAN 3-set Letters, Numbers, and Colors 

(t = .393, p=.696 ). The results indicated that RAN-Letters was the only significant 

predictor for WA scores at alpha level of p < .05. Together, all RAN measures 

contributed 39% in shared variability; however, among all RAN measures, RAN Letters 

had the strongest predictive power with the WA test. 

In terms of individual relationships between the predictor variables (RAN 

measures) and LWI scores, RAN Objects (t = -2.137, p=.038), RAN Colors (t = 1.519, 

p=.136), RAN Numbers (t = -.177, p= .861), RAN Letters (t = 3.221, p=.002), RAN 2-set 

Letters and Numbers (t = -.806, p=.424), and RAN 3-set Letters, Numbers, and Colors (t 

= .774, p=.443). The results indicated that RAN-Letters and RAN-Objects were the only 
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significant predictors for LWI scores at alpha level of p < .05. Together, all RAN 

measures contributed 48% in shared variability, however, among all RAN measures; 

RAN Letters had the strongest predictive power with LWI.  

Table 8. Hierarchical Regression Predicting LWI, WA, and TOWRE-PDE Tests by RAN  
measures  

Analyses  Predictor 
Variables  

Partial-r B SEB β Block  ∆ R2 

 
Analysis-1  
LWI 

Step 1 
Constant 
 
RAN-Letters 

RAN-Numbers 

 

 
.43 

 
-.02 

 
38.43 

 
.76 

 
-.15 

 
11.71 

 
.215 

 
.22 

 

 
.75** 

 
-.04 

 

 Step 2 
Constant 
 
RAN-Colors 
 
RAN-Objects 
 
RAN 2-Set 
 
RAN 3-Set 

 

 
.22 

 
-.30 

-.12 

.11 

 
45.23 

 
.24 

 
-.41 

 
-.21 

 
.21 

 
12.47 

 
.15 

 
.19 

 
.26 

 
.27 

 
 
 

.26 
 

-.37* 
 

-.21 
 

.20 

 

.07 

 
Analysis-2 
WA 

Step 1 
Constant 
 
RAN-Letters 

RAN-Numbers 

 
 
 

.31 
 

.21 

 
34.89 

 
.362 

 
.271 

 
12.921 

 
.237 

 
.250 

 
 
 

.55* 
 

.41 

 

 Step 2 
Constant 
 
RAN-Colors 
 
RAN-Objects 
 
RAN 2-Set 
 

 

 
-.05 

 
-.22 

 
-.12 

 

 
44.80 

 
-.06 

 
-.32 

 
-.25 

 

 
13.95 

 
.177 

 
.217 

 
.300 

 

 
 
 

-.07 
 

-.28 
 

-.25 
 

 

.07 



93 
 

RAN 3-Set .05 .120 .304 .11 

Table 8. (Continued)  

Analyses  Predictor Variables  Partial-r B SEB β Block  ∆ R2 

 
Analysis-3  
TOWRE-
PDE 

Step 1 
Constant 
 
RAN-Letters 

RAN-Numbers 

 
 
 

.35 
 

.06 

 
42.43 

 
.46 

 
.06 

 
8.20 

 
.15 

.15 

 

 
.56** 

 
.11 

 

 Step 2 
Constant 
 
RAN-Colors 
 
RAN-Objects 
 
RAN 2-Set 
 
RAN 3-Set 

 
 
 

.22 
 

-.21 
 

-.03 
 

.04 

 
45.29 

 
.17 

 
-.20 

 
-.05 

 
.05 

 
 
 

.11 
 

.14 
 

.19 
 

.19 

 
 
 

.26 
 

-.24 
 

-.06 
 

.07 

 

.04 

Note: n = 56. * p is significant at the 0.05 level and ** p is significant at the .01 level, 

TOWRE-PDE = Test of Word Reading Efficiency-Phonetic Decoding Efficiency test, 

WA= Word Attack test, LWI = Letter Word Identification test, RAN = Rapid 

Automatized Naming tests, Partial r = The partial correlations coefficient, B = The 

unstandardized regression coefficients, SEB = The standard error of B, β = The 

standardized regression coefficients, ∆ R2 = R square change. 
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Regression Analysis between PS Measures and TIWRE Test  

A Hierarchical multiple regression was employed to test the relative contributions 

of PS measures on the prediction of TIWRE test. Assumptions were tested by examining 

normal probability plots of residuals and a scatter diagram of residual versus predicted 

residual. No violations of normality, linearity, or homoscedasticity of residuals were 

detected. In addition, box plots revealed no evidence of outliers. Visual Matching and 

then Pair Cancellations tests were entered in the first block. Cross Out, Decision Speed, 

and Rapid Picture Naming tests were entered in the second block. Regression analysis 

revealed that the model significantly predicted TIWRE scores, F (5, 50) = 4.298, p < .05. 

R2 for the model was .323, and adjusted R2 was .248. Table 6 presents the hierarchical 

regression predicting TIWRE test by PS measures.  

In terms of the individual relationships between the predictor variables (PS 

measures) and the TIWRE scores, the PS measures were as follows: Visual Matching (t = 

1.359, p=.181), Decision Speed (t = .249, p=.804), Rapid Picture Naming (t = .815, 

p= .420), Pair Cancellation (t = 1.391, p=.171), and Cross Out (t = -.195, p=.846). 

Together, all PS measures contributed 32% in shared variability, however, among all PS 

measures, Visual Matching test had the strongest predictive power with TIWRE followed 

by Pair Cancellation test.   

 To summarize, together, all RAN measures contributed 50%, 39%, 48% in 

shared variability of TOWRE-PDE, WA, and LWI tests respectively; however, among all 

RAN measures, RAN Letters had the strongest predictive power in the regression. In 
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terms of PS measures, the full model contributed 32% in shared variability of TIWRE 

test; however, among all PS measures, Visual Matching test had the strongest predictive 

power followed by Pair Cancellation test in the regression.  

Table 9. Hierarchical Regression Predicting TIWRE Test by PS measures  

Predictor Variables  Partial-r B SEB β Block  ∆ R2 

Step 1 
Constant 

Visual Matching 

Pair Cancellation 

 
 
 

.20 
 

.19 

 
2.86 

 
.29 

 
.73 

 
30.45 

 
.15 

 
.38 

 
 
 

.27 
 

.24 

 

Step 2 
Constant 

Cross Out 

Decision Speed  

Rapid Picture Naming 
 

 
 
 

-.02 
 

.03 
 

.12 

 
2.95 

 
-.04 

 
.05 

 
.16 

 
31.40 

 
.209 

 
.20 

 
.19 

 
 
 

-.03 
 

.04 

.12 

 

.01 

Note. n = 56. TIWRE = Test of Irregular Word Reading Efficiency, PS = Processing 

Speed Tests from WJ III COG, Partial r = The partial correlations coefficient, B = The 

unstandardized regression coefficients, SEB = The standard error of B, β = The 

standardized regression coefficients, ∆ R2 = R square change. 
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Section Three: Statistical Analyses of Study Question Three 

A set of irregular words (TIWRE test) was included in the testing battery to allow 

examination of a lexical procedure and a set of pronounceable non-words (TOWRE-PDE 

and WA tests) to assess the functioning of a sub-lexical procedure. A combination of 

irregular and regular words (LWI test) also was included in the testing battery for the 

purposes of comparison among irregular word, non-word, and word reading. The third 

question asks: Will students with reading difficulties have similar performance on tests 

that measure irregular word, non-word, and word reading (i.e., To what extent do these 

tests (TIWRE, TOWRE-PDE, and LWI) correlate?  

To investigate if there was any special pattern on students performance in word 

reading ability, only students with at least one low Standard Score (≤ 85 SS) on the 

TOWRE, WA, TIWRE, and LWI tests were included in this data analysis. A total 

number of 21 participants were included in this data analysis. Participant characteristics 

for this sample are presented in Table 7. In addition means and standard deviations for 

reading variables (TIWRE, TOWRE, WA, and LWI tests) were presented in Table 8.  

Table 10. Participants Characteristics 

Total Participants Female Male Age Range Mean Age Standard Deviation 
 

N = 21 11 10 6-1 to 9-8 8-6 .98  
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Table 11. Means and Standard Deviations for Reading Variables 

Test      Mean Standard Deviation 

TIWRE  86 12 

TOWRE-PDE  84 9 

WA 84 15 

LWI 86 11 

 
Note: n = 21. TIWRE = Test of Irregular Word Reading Efficiency, TOWRE-PDE = Test 

of Word Reading Efficiency-Phonetic Decoding Efficiency, WA= Word Attack test, LWI 

= Letter Word Identification test.  

Students’ average performances on all three tests were similar; their average 

scores were between 84 and 86 with standard deviations between 9 and 15. It can be seen 

in Figure 2 that the participants in general had comparable below average skills in 

irregular word, non-word, and word reading skills.  

  Words Reading 
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Figure 2. Reading Variables Performance  

The Pearson correlation of reading variables (TIWRE, TOWRE-PDE, WA, and 

LWI tests) indicated that the TOWRE-PDE test performance related highly to LWI test 

performance r (20) = .806, p< 0.05, one-tailed. There was no significant correlation 

between the TIWRE and TOWRE-PDE tests within the reading difficulties group r (20) 

= .08, p > 0.05. Furthermore, no significant correlation was found between the TIWRE 

and WA tests within the reading difficulties group as well r (20) = -.01, p > 0.05 (see 

Table 9).    

On the other hand, there was a significant correlation between the TIWRE and 

TOWRE-PDE within students with normally distributed reading ability, r (54) = .672, p< 

0.05, one-tailed. Similar findings were found between the TIWRE and WA tests when the 

correlation was determined for students with normally distributed reading ability, r (54) = 

.582, p< 0.05, one-tailed (see Table 4).  

Lastly, there was a moderate positive relationship between the TIWRE test 

performance and LWI test performance, r (20) = .411, p< 0.05, one-tailed.  In addition, 

data showed that 10 students (48%) presented problems in both non-word reading 

(TOWRE-PDE test) and irregular word reading (TIWRE test); 9 students (42%) 

presented problems just in non-word reading (TOWRE-PDE test), and 2 students (10%) 

presented problems just in irregular word reading (TIWRE test). 
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Table 12.Correlation Matrix for Reading Variables among Students with Reading 

Difficulties  

 TIWRE  TOWRE-PDE  WA LWI 

TIWRE  1.000    

TOWRE-PDE  .080 1.000   

WA -.014 .591** 1.000  

LWI  .411* .806** .541** 1.000 

 
Note. n = 21. * Correlation is significant at the 0.05 level (1-tailed), **Correlation is 

significant at the 0.01 level (1-tailed). TIWRE = Test of Irregular Word Reading 

Efficiency, TOWRE-PDE = Test of Word Reading Efficiency- Phonetic Decoding 

Efficiency test, LWI = Letter Word Identification test. 

 

Section Four: Statistical Analyses of Study Question Four 

Is the best model that predicts word reading (LWI test) follows a specific order 

among the cognitive variables (PA, RAN, PS, and WM)? Based on study question two, 

the Visual Matching test (VM) from WJ III COG was the strongest predictor among PS 

measures, and RAN Letters (RAN-L) was the strongest predictor among RAN measures. 

These tests were then used to represent those cognitive variables.  In addition, the 

Numbers Reversed test (NR) from WJ III COG was administered to measure working 

memory ability, and Sound Blending test (SB) from WJ III COG was administered to 

measure phonological awareness.  
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The purpose of this analysis was to find a strong model with the most significant 

cognitive variables to predict word reading that are a mixture of phonically regular and 

irregular words. To generate preliminary ideas about the relationships among PA, RAN, 

PS, and WM measures, and word reading measures (TIWRE, TOWRE-PDE, and LWI 

tests), Pearson correlations were performed (see Table 10).  

Table 13. Correlation Matrix for Question four 

 RAN-L    SB NR      VM TIWRE TOWRE-
PDE 

LWI 

RAN-L 1.000       

SB .444** 1.000      

NR .355** .434** 1.000     

VM .380** .267* .567** 1.000    

TIWRE .540** .467** .332** .508** 1.000   

TOWRE-
PDE 
 

.684** .645** .488** .502** .672** 1.000  

LWI .633** .612** .502** .569** .798** .867**   1.000 

 
Note. n = 56. * Correlation is significant at the 0.05 level (1-tailed), **Correlation is 

significant at the 0.01 level (1-tailed). TIWRE = Test of Irregular Word Reading 

Efficiency, TOWRE-PDE = Test of Word Reading Efficiency-Phonetic Decoding 

Efficiency test, LWI = Letter Word Identification test, RAN = Rapid Automatized 

Naming- Letter test, SB = Sound Blending test, NR = Numbers Reversed test, VM = 

Visual Matching test. 
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A Hierarchical regression analysis was performed between the criterion variable 

(LWI test) and the predictor variables (RAN-L, SB, VM, and NR tests). Assumptions 

were tested by examining normal probability plots of residuals and scatter diagram of 

residual versus predicted residual. No violations of normality, linearity, or 

homoscedasticity of residuals were detected. In addition, box plots revealed no evidence 

of outliers.  

Sound Blending and then RAN Letters tests were entered in the first block. Visual 

Matching and then Number Reversed were entered in the second block. Regression 

analysis revealed that the model that significantly predicted LWI scores included RAN-L, 

SB, and VM tests, whereas NR contribution was not significant therefore it was excluded, 

F (3, 52) = 27.295, p< .05. R2 for the model was .635, and adjusted R2 was .612. Table 

11 displays the Hierarchical regression statistics predicting LWI test by the cognitive 

model.  

To assess the assumption of no multicollinearity, the following guidelines are 

adapted from Field (2005), if the largest Variance Inflation Factor (VIF) is greater than 

10 then there is cause for concern; if the average VIF is substantially greater than 1 then 

the regression may be biased; tolerance below 0.2 indicates a potential problem; below 

than 0.1, a serious problem; and condition indices greater than 15 indicate a possible 

problem with collinearity; greater than 30, a serious problem. For this model the VIF 

values are all well below 10 and the tolerance statistics all well above 0.2. The average 

VIF is very close to 1. Finally, no condition indices is larger than 30. Therefore, the 

researcher concluded that collinearity was not a problem for this model. 
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In terms of individual relationships between the predictor variables (RAN-L, SB, 

and VM tests) and LWI scores, RAN-Letters (t = 3.290, p=.002), Sound Blending (t = 

3.736, p=.001), and Visual Matching (t = 3.560, p=.001), each significantly predicted 

LWI scores, whereas NR test contribution was not significant (t = .409, p=.684) at alpha 

level of p < .05. Together, RAN-L, SB, and VM measures contributed 63.5 % in shared 

variability; however, the SB test had the strongest predictive power with the LWI test. 

Table 14. Hierarchical Regression Predicting LWI Test by SB, RAN-L, VM, and NR 

Measures  

Predictor Variables  Partial-r B SEB β Block  ∆ R2 

Step 1 
Constant 

SB 

RAN-L 

 
 
 

.44 
 

.43 

 
7.07 

 
.41 

 
.46 

 
12.32 

 
.11 

 
.11 

 
 
 

.35 
 

.33 

 

Step 2 
Constant 

VM 

NR 

 
 
 

.39 
 

.06 

 
-3.45 

 
.26 

 
.04 

 
11.61 

 
.09 

 
.10 

 
 
 

.31 
 

.04 

 

.098 

Note. n = 56. LWI = Letter Word Identification Test, SB = Sound Blending Test, RAN-L 

= Rapid Automatized Naming-Letters Test, VM = Visual Matching Test, NR = Number 

Reversed Test, Partial r = The partial correlations coefficient, B = The unstandardized 

regression coefficients, SEB = The standard error of B, β = The standardized regression 

coefficients, ∆ R2 = R square change. 

 



103 
 

Section Five: Statistical Analyses of Study Question Five 

Is the best model that predicts irregular word reading (TIWRE test) follows a 

specific order among the cognitive variables (PA, RAN, PS, and WM)?A Hierarchical 

regression analysis was performed between the criterion variable (TIWRE test) and the 

predictor variables (RAN-L, SB, VM, and NR tests). Assumptions were tested by 

examining normal probability plots of residuals and scatter diagram of residual versus 

predicted residual. No violations of normality, linearity, or homoscedasticity of residuals 

were detected. In addition, box plots revealed no evidence of outliers.  

RAN Letters and then Sound Blending tests were entered in the first block. Visual 

Matching and then Number Reversed were entered in the second block. Regression 

analysis revealed that the model that significantly predicted TIWRE scores included 

RAN-L, VM, and SB tests, whereas NR contribution was not significant therefore it was 

excluded, F (3, 52) = 12.668, p < .05. R2 for the model was .447, and adjusted R2 

was .412. In regard to multicullinearity tests, the VIF values are all well below 10 and the 

tolerance statistics all well above 0.2. The average VIF is very close to 1. Finally, no 

condition indices is larger than 30. Therefore, the researcher concluded that collinearity 

was not a problem for this model. Table 12 displays the Hierarchical regression statistics 

predicting TIWRE test by the cognitive model.  

In terms of individual relationships between the predictor variables (RAN-L, VM, 

and SB tests) and TIWRE scores, RAN-Letters (t = 2.418, p=.001), Visual Matching (t = 

2.759, p=.008), and Sound Blending (t = 2.020, p=.049), each significantly predicted 

TIWRE scores, whereas NR test contribution was not significant (t = -.772, p=.444) at 
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alpha level of p < .05. Together, VM, RAN-L, and SB measures contributed 44.7 % in 

shared variability; however, VM test had the strongest predictive power with TIWRE 

scores. 

Table 15. Hierarchical Regression Predicting TIWRE Test by SB, RAN-L, VM, and NR 

Measures  

Predictor Variables  Partial-r B SEB β Block  ∆ R2 

Step 1 
Constant 

RAN-L 

SB 

 
 
 

.31 
 

.30 

 
18.06 

 
.47 

 
.34 

 
17.17 

 
.15 

 
.15 

 
 
 

.29 
 

.28 

 

Step 2 
Constant 

VM 

NR 

 
 
 

.37 
 

-.11 

 
8.83 

 
.37 

 
-.11 

 
16.85 

 
.13 

 
.15 

 
 
 

.38 
 

-.11 

 

.098 

Note. n = 56. TIWRE = Test of Irregular Word Reading Efficiency, SB = Sound 

Blending Test, RAN-L = Rapid Automatized Naming-Letters Test, VM = Visual 

Matching Test, NR = Number Reversed Test, Partial r = The partial correlations 

coefficient, B = The unstandardized regression coefficients, SEB = The standard error of 

B, β = The standardized regression coefficients, ∆ R2 = R square change. 
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Section Six: Statistical Analyses of Study Question Six 

Is the best model that predicts non-word reading (TOWRE-PDE test and the WA 

test) follows a specific order among the cognitive variables (PA, RAN, PS, and WM)? 

One analysis was performed to predict the TOWRE-PDE timed test, and another one to 

predict the WA untimed test.    

Regression Analysis between TOWRE-PDE Test and the Predictor Variables 

 A Hierarchical regression analysis was performed between the criterion variable 

(TOWRE-PDE test) and the predictor variables (SB, RAN-L, VM, and NR tests). 

Assumptions were tested by examining normal probability plots of residuals and scatter 

diagram of residual versus predicted residual. No violations of normality, linearity, or 

homoscedasticity of residuals were detected. In addition, box plots revealed no evidence 

of outliers.  

Sound Blending and then RAN Letters tests were entered in the first block. Visual 

Matching and then Number Reversed were entered in the second block. Regression 

analysis revealed that the model significantly predicted TOWRE-PDE scores included 

RAN-L, SB, and VM tests, whereas NR contribution was not significant therefore it was 

excluded, F (3, 52) = 30.409, p < .05. R2 for the model was .660, and adjusted R2 

was .638. In regard to multicullinearity tests, the VIF values are all well below 10 and the 

tolerance statistics all well above 0.2. The average VIF is very close to 1. Finally, no 

condition indices is larger than 30. Therefore, the researcher concluded that collinearity 

was not a problem for this model. Table 13 displays the Hierarchical regression statistics 

predicting TOWRE-PDE test by the cognitive model.  
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In terms of individual relationships between the predictor variables (RAN-L, SB, 

and VM tests) and TOWRE-PDE scores, RAN-Letters (t = 4.197, p=.001), Sound 

Blending (t = 4.142, p=.001) and Visual Matching (t = 2.560, p=.014), each significantly 

predicted TOWRE-PDE scores, whereas NR test contribution was not significant (t 

= .511, p=.612) at alpha level of p < .05. Together, RAN-L, SB, and VM measures 

contributed 66% in shared variability; however, RAN-L had the strongest predictive 

power with TOWRE-PDE scores.  

Table 16. Hierarchical Regression Predicting TOWRE-PDE Test by SB, RAN-L, VM, and  
NR Measures  

Predictor Variables  Partial-r B SEB β Block  ∆ R2 

Step 1 
Constant 

SB 

RAN-L 

 
 
 

.48 
 

.52 

 
21.61 

 
.32 

 
.37 

 
8.35 

 
.07 

 
.07 

 
 
 

.38 
 

.41 

 

Step 2 
Constant 

VM 

NR 

 
 
 

.27 
 

.07 

 
15.94 

 
.13 

 
.03 

 
8.30 

 
.06 

 
.07 

 
 
 

.21 
 

.05 

 

.049 

Note. n = 56. TOWRE-PDE = Test of Word Reading Efficiency-Phonetic Decoding 

Efficiency Test, SB = Sound Blending Test, RAN-L = Rapid Automatized Naming-

Letters Test, VM = Visual Matching Test, NR = Number Reversed Test, Partial r = The 

partial correlations coefficient, B = The unstandardized regression coefficients, SEB = 

The standard error of B, β = The standardized regression coefficients, ∆ R2 = R square 

change. 
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Regression Analysis between Word Attack Test and the Predictor Variables 

Another multiple regression analysis was performed between the criterion 

variable (WA test) and the predictor variables (SB, RAN-L, VM, and NR tests). 

Assumptions were tested by examining normal probability plots of residuals and scatter 

diagram of residual versus predicted residual. No violations of normality, linearity, or 

homoscedasticity of residuals were detected. In addition, box plots revealed no evidence 

of outliers.  

Sound Blending and then RAN Letters tests were entered in the first block. Visual 

Matching and then Number Reversed were entered in the second block. Regression 

analysis revealed that the model significantly predicted WA scores included SB, and 

RAN-L tests whereas VM and NR contribution were not significant for the model, F (2, 

53) = 22.862, p < .05. R2 for the model was .488, and adjusted R2 was .467. In regard to 

multicullinearity tests, the VIF values are all well below 10 and the tolerance statistics all 

well above 0.2. The average VIF is very close to 1. Finally, no condition indices is larger 

than 30. Therefore, the researcher concluded that collinearity was not a problem for this 

model. Table 14 displays the Hierarchical regression statistics predicting WA test by the 

cognitive model.  

In terms of individual relationships between the predictor variables (SB and 

RAN-L) and WA scores, Sound Blending (t = 4.153, p=.001), RAN-Letters (t = 2.938, 

p=.001), each significantly predicted WA scores, whereas NR (t = -.866, p=.391) and VM 

(t = .509, p=.613) tests contribution were not significant at alpha level of p < .05. 
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Together, SB and RAN-L measures contributed 48% in shared variability; however, the 

SB test had the strongest predictive power with WA.  

 

Table 17. Hierarchical Regression Predicting WA Test by SB, RAN-L, VM, and NR 

Measures  

Predictor Variables  Partial-r B SEB β Block  ∆ R2 

Step 1 
Constant 

SB 

RAN-L 

 
 
 

.52 
 

.37 

 
5.48 

 
.50 

 
.35 

 
13.36 

 
.12 

 
.12 

 
 
 

.51 
 

.34 

 

Step 2 
Constant 

VM 

NR 

 
 
 

.07 
 

-.12 

 
6.91 

 
.05 

 
-.11 

 
14.10 

 
.11 

 
.12 

 
 
 

.06 
 

-.11 

 

.008 

Note. n = 56. WA = Word Attack Test, SB = Sound Blending Test, RAN-L = Rapid 

Automatized Naming-Letters Test, VM = Visual Matching Test, NR = Number Reversed 

Test, Partial r = The partial correlations coefficient, B = The unstandardized regression 

coefficients, SEB = The standard error of B, β = The standardized regression coefficients, 

∆ R2 = R square change.  
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Section Seven: Statistical Analyses of Study Question Seven 

 The main concern in this section was finding a strong model to predict all reading 

variables (TIWRE, TOWRE-PDE, WA, and LWI tests). The seventh question asks: Do 

the following cognitive variables (PA, RAN, PS, and WM) predict all reading skills 

(irregular word reading, non-word reading, and word reading)? Based on the results of 

questions four, five, and six it was expected to find that a model consisting of RAN-L, 

SB, and VM all together is the strongest one for predicting all reading skills. However, to 

confirm this conclusion four Simultaneous multiple regression analyses were performed 

to decide what was the strongest model among the predictor variables (SB, RAN-L, VM, 

and NR tests) to predict all reading skills (irregular word reading, non-word reading, and 

word reading)?  

  Results indicated that a model consisting of RAN-L, SB, and VM was the 

strongest one for predicting all reading skills when using the TOWRE-PDE test to 

measure non-word reading, however, when the WA test was used, only SB and RAN 

letters had a predictive power. In all following regressions, assumptions were tested by 

examining normal probability plots of residuals and scatter diagram of residual versus 

predicted residual. No violations of normality, linearity, or homoscedasticity of residuals 

were detected. In addition, box plots revealed no evidence of outliers. In addition, the 

VIF values are all well below 10 and the tolerance statistics all well above 0.2. The 

average VIF is very close to 1. Finally, no condition indices is larger than 30. Therefore, 

the researcher concluded that collinearity was not a problem for this model.  
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Regression analysis-1 revealed that the model significantly predicted TIWRE 

scores included RAN-L, VM, and SB tests, F (3, 52) = 12.668, p< .05. R2 for the model 

was .447, and adjusted R2 was .412. Together, VM, RAN-L, and SB measures 

contributed 44.7 % in shared variability. Regression analysis-2 revealed that the model 

significantly predicted TOWRE-PDE scores included RAN-L, SB, and VM tests, F (3, 

52) = 30.409, p < .05. R2 for the model was .660, and adjusted R2 was .638. Together, 

RAN-L, SB, and VM measures contributed 66% in shared variability. Regression 

analysis-3 revealed that the model significantly predicted WA scores included SB and 

RAN-L, F (2, 53) = 22.862, p< .05. R2 for the model was .488, and adjusted R2 was .467. 

Together, SB and RAN-L measures contributed 48% in shared variability. Regression 

analysis-4 revealed that the model significantly predicted LWI scores included RAN-L, 

SB, and VM tests, F (3, 52) = 27.295, p< .05. R2 for the model was .635, and adjusted R2 

was .612. Together, RAN-L, SB, and VM measures contributed 63.5 % in shared 

variability. Table 15 displays the Simultaneous regression statistics predicting all reading 

skills by the cognitive model.  

In summary, RAN-L, SB, and VM measures were the strongest predictor 

cognitive variables (RAN, PA, and PS) for predicting all word reading skills (irregular 

word reading, non-word reading, and word reading). When the untimed WA test was 

used to measure non-word reading, only SB and RAN-L had a predictive power whereas 

VM and NR did not offer additional variance to the model. Although Numbers Reversed 

(NR) Test which represents working memory ability did not contribute to any of the 

previous multiple regression models, NR still had positive relationships with irregular 



111 
 

word reading, non-word reading, and word reading, respectively, .502, .332, and .488 and 

all correlations were significant at alpha level of 0.05, one-tailed Pearson correlation (see 

Table 10). 
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Table 18. Simultaneous Multiple Regression of Reading Variables from RAN-Letters, 

Sound Blending, and Visual Matching Tests  

Analyses Predictor Variables B      SE B β    t   Sig. 

Analysis-1 RAN-Letters 1.02 .42 .30 2.41 .020 

TIWRE Sound Blending  .81 .40 .24 2.02 .049 

 Visual Matching .88 .32 .32 2.75 .008 

        

Analysis-2 RAN-Letters .31 .07 .41 4.19 .001 

TOWRE-
PDE 

Sound Blending  .29 .07 .39 4.14 .001 

 Visual Matching .14 .05 .23 2.56 .014 

       

Analysis-3 Sound Blending .50 .121 .47 4.15 .000 

WA RAN-Letters .35 .121 .33 2.93 .005 

       

Analysis-4 RAN-Letters .34 .10 .33 3.29 .002 

LWI Sound Blending  .37 .10 .37 3.73 .001 

 Visual Matching .28 .08 .34 3.56 .001 

 
Note: n = 56. TIWRE = Test of Irregular Word Reading Efficiency, TOWRE-PDE = Test 

of Word Reading Efficiency-Phonetic Decoding Efficiency test, WA= Word Attack test, 

LWI = Letter Word Identification test from WJ III ACH, RAN = Rapid Automatized 

Naming-Letters test.  

 



113 
 

Summary 

There were several interesting descriptive statistics, Pearson correlations, and 

multiple regression analyses results in this study. A summary of all the findings of the 

study’s questions are provided in the following summary:  

1. No significant differences were found among all correlations (RAN Total, 

PS Cluster and irregular word, non-word, and word reading). The 

Processing Speed Cluster had the strongest correlation with irregular word 

reading, whereas the RAN Total had the strongest correlation with both 

word reading and non-word reading ability (study question one). 

2. RAN-Total had a stronger relationship with TOWRE-PDE test (timed 

measure of non-word reading) than TIWRE test (measure of irregular 

word reading). On the other hand, when using the untimed Word Attack 

test to represent non-word reading, RAN-Total had a stronger relationship 

with the TIWRE test than the WA test. Furthermore, no significant 

correlation was found between PS Cluster and WA test (study question 

one). 

3. High correlations were found among the reading variables (irregular word, 

non-word, and word reading) within normally distributed data. These 

correlations ranged from r (54) = .582, p < .05, one-tailed between WA 

and TIWRE to r (54) = .867, p < .05, one-tailed between LWI and 

TOWRE-PDE (study question one).   
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4. RAN-Letters, RAN-Colors, and RAN-Numbers were the only significant 

predictors for TOWRE-PDE scores. Together, all RAN measures 

contributed 50% in shared variability, however, among all RAN measures, 

RAN Letters had the strongest predictive power with the TOWRE-PDE 

scores (study question two).  

5. RAN-Letters was the only significant predictor of WA scores. Together, 

all RAN measures contributed 39% in shared variability; however, among 

all RAN measures, RAN Letters had the strongest predictive power with 

the WA scores (study question two).    

6. RAN-Letters and RAN-Objects were the only significant predictors for 

LWI scores. Together, all RAN measures contributed 48% in shared 

variability, however, among all RAN measures, RAN Letters had the 

strongest predictive power with LWI (study question two).  

7. PS measures contributed 32% in shared variability however, among all PS 

measures, the Visual Matching test had the strongest predictive power 

with TIWRE (study question two). 

8. TOWRE-PDE test related highly to LWI performance r (20) = .806, p < 

0.05, one-tailed. There was no significant correlation between TIWRE test 

and TOWRE-PDE test within reading difficulties group. Furthermore, no 

significant correlation was found between the TIWRE and WA tests 

within the reading difficulties group as well. On the other hand, there was 

a significant correlation between TIWRE and TOWRE-PDE within 
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students with normally distributed reading ability, r (54) = .672, p < 0.05, 

one-tailed. Similar findings were found between the TIWRE and WA tests 

when the correlation was determined for students with normally 

distributed reading ability, r (54) = .582, p < 0.05, one-tailed. Lastly, there 

was a moderate positive relationship between the TIWRE test and the 

LWI test, r (20) = .411, p < 0.05, one-tailed (study question three). 

9. Ten students (48%) presented problems in both non-word reading 

(TOWRE-PDE and WA tests) and irregular word reading (TIWRE test); 9 

students (42%) presented problems just in non-word reading (TOWRE-

PDE test); and 2 students (10%) presented problems just in irregular word 

reading (TIWRE test) (study question three). 

10. A Hierarchical regression analysis revealed that the model significantly 

predicted LWI scores included SB, RAN-L, and VM tests, whereas NR 

contribution was not significant, and together RAN-L, SB, and VM 

measures contributed 63.5% in shared variability; however, the SB test 

had the strongest predictive power with LWI test (study question four). 

11. A Hierarchical regression analysis revealed that the model significantly 

predicted TIWRE scores included VM, RAN-L, and SB whereas NR 

contribution was not significant, and together, VM, RAN-L, and SB 

measures contributed 44.7% in shared variability; however, the VM test 

had the strongest predictive power with the TIWRE scores (study question 

five). 
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12. A Hierarchical regression analysis revealed that the model that 

significantly predicted TOWRE-PDE scores included RAN-L, SB, and 

VM tests, whereas NR contribution was not significant, and together 

RAN-L, SB, and VM measures contributed 66% in shared variability. The 

RAN-L test had the strongest predictive power with the TOWRE-PDE 

scores (study question six).  

13.  A Hierarchical regression analysis revealed that the model that 

significantly predicted WA scores included SB and RAN-L tests, whereas 

VM and NR contributions were not significant, together SB and RAN-L 

measures contributed 48% in shared variability. SB test had the strongest 

predictive power with the WA scores (study question six). 

14.  A model consisting of RAN-L, SB, and VM together was the most 

powerful one to predict all reading skills (irregular word reading, non-

word reading, and word reading). In separate multiple regression analyses 

tests their unique contributions of predicting TIWRE, TOWRE-PDE, and 

LWI tests were 44.7%, 66%, and 63.5%, respectively. However, when the 

WA test was used to measure non-word reading, only SB and RAN letters 

tests had predictive power. These measures contributed 48% in shared 

variability of WA scores (study question seven).  
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CHAPTER 5 
 

DISCUSSION 

 This chapter discusses the results from Chapter Four and applies them to previous 

research indicated in Chapters One and Two. The discussion begins with the findings 

concerning RAN, more specifically RAN-Letters, and its strong relationships with all 

reading skills (irregular word, non-word, and word reading). Following this, the results 

concerning the relationships between processing speed measures and all reading skills are 

reviewed. The next section discusses the cognitive model (PA, RAN, and PS) that was 

the best predictor for all reading skills, and why working memory was excluded from this 

model. Then the subtypes of reading, subtypes of readers, and the applications of these 

results to dual route theory are discussed. The final section presents conclusions and 

implications for researchers and practitioners.  

Rapid Automatized Naming (RAN) 

  Rapid Automatized Naming (RAN) was examined through Pearson correlations, 

and multiple regression analyses (Hierarchical and Simultaneous). RAN Total had a 

stronger correlation than the Processing Speed Cluster with both the Test of Word 

Reading Efficiency- PhoneticDecoding Efficiency (TOWRE-PDE) and Word Attack test 

form WJ III ACH that represent non-word reading, and the Letter-Word Identification 

test (LWI) from WJ III ACH that represents word reading. Current results showed that 

the RAN measures accounted respectively for 50% and 39% of the variance in non-word 

reading, and 48% of the variance in word reading. In terms of individual relationships 
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among the predictor variables (RAN measures) and TOWRE-PDE, WA, and LWI scores, 

RAN Letters was the strongest predictor.  

Analyses of the results of this study supported the view that reading performance 

is predicted by the rapid naming of letters, and not other rapid naming, or rapid 

alternating stimulus (RAS) tasks. Although Wolf and Denckla (2005) claimed that the 

validation studies of RAN/RAS tests indicated that the RAN/RAS tests are valid 

measures of the ability to perceive a visual symbol and name it accurately and rapidly 

and that this ability differentiates many children who have reading disabilities from 

children who read with average abilities,  the new RAS tests that contain the 2-set letters 

and numbers and the 3-set letters, numbers, and colors may not  offer increased benefit 

for predicting reading skill. The other RAN measures in the current study were better 

predictors than the RAS tasks.  

These results are similar to previous research findings. In chapter two RAN 

studies were reviewed with a particular focus on the various RAN measures (Objects, 

Colors, Numbers, and Letters). This review of the literature suggested that RAN Letters 

was the strongest predictor for both reading and spelling skills (Bos et al., 2003; Bowey 

et al., 2005; Neuhaus et al., 2001; Wolf & Bowers, 1999).  

 Bos et al. (2003) found that compared to color- and picture-naming speeds and 

nonnaming or visual matching speed, letter- and number naming speeds were superior 

predictors of word reading speed. Furthermore, Neuhaus et al. (2001) found in their study 

on first and second-grade students that the RAN letters pause time was the most robust 

predictor of decoding and reading comprehension, consistently predicting all first- and 
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second-grade measures. The relationship between pause time for letters and reading was 

found to be associated with the unique demands of letters processing rather than the result 

of general verbal processing speed.  

 Researchers concluded that the majority of children with reading disabilities 

exhibit pronounced difficulties on naming-speed measures such as tests of rapid 

automatized naming (RAN) (Denckla 1972; Denckla & Rudel, 1974, 1976a, 1976b; 

Semrud-Clikeman, Guy, Griffin, & Hynd, 2000; Wolf, Bally, & Morris, 1986; Wolf & 

Bowers, 1999; Wolf et al., 2000). RAN tasks require speeded naming of serially 

presented stimuli and share key characteristics with reading, but different versions of the 

RAN task vary in their predictive power and sensitivity. The RAN letters task 

successfully predicts reading ability, whereas the other RAN measures do not reliably 

predict reading after kindergarten (Georgiou et al., 2006; Misra, Katzir, Wolf, & 

Poldrack, 2004; Powell et al., 2007; & Wolf & Bowers, 1999).  

 One interesting finding of the current study was that RAN measures had a 

stronger relationship with TOWRE-PDE test (a measure of non-word reading) than they 

did with the TIWRE test (a measure of irregular word reading). Contradictory to the 

current results, the opposite was assumed based on previous studies (e.g., Manis et al., 

1999; Wolf & Bowers, 1999). On the other hand, when other Pearson correlation was 

performed using the Word Attack test to represent non-word reading, the RAN measures 

had a stronger relationship with the TIWRE test than the TOWRE-PDE test which was 

similar to the findings of Manis et al., and Wolf and Bowers.    
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The Manis et al. (1999) study found that RAN was a stronger predictor than 

phoneme awareness of three tasks in which orthographic information is critical 

(orthographic choice, word-likeness judgment, and exception word pronunciation), 

whereas the opposite held true for non-word reading and paragraph comprehension. In 

other words, Manis et al. suggested that RAN is not a good predictor of non-word-

reading, and has a stronger relationship with orthographic skills. However, their non-

word reading measure was Word Attack, an untimed test from WJ III ACH. In this study, 

the researcher used both the TOWRE-PDE, a timed test (45 seconds) to measure non-

word reading, and the untimed Word Attack test to compare the results from the 

prediction of these two tests. Since both RAN-measures and TOWRE-PDE test are timed, 

this may explain the higher correlation between these two measures. Another possible 

explanation is that the RAN measures have stronger relationships with orthographic 

reading when students are younger. In the Manis et al. study, the participants were first to 

second grade students compared with first to the fourth grade students in this study. In 

summary, RAN measures had a strong relationship with non-word reading when it is 

timed, and less predictive power when it is untimed. Moreover, a strong relationship was 

found between irregular word reading and RAN measures.  

The Bowey et al. (2005) study found that the RAN composite measures shared 

41% of the variance in word reading skill. Similar to this study three word-reading tests 

were included: the Word Identification and Word Attack tests of the revised Woodcock 

Reading Mastery Tests, and a test of exception word reading. These tests measure word 

reading, non-word, and irregular word reading. The researchers’ findings revealed the 
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clear need to distinguish between naming speed for letters and digits and naming speed 

for colors and pictures. These results were supported by current study's findings. Study 

participants exhibited various performances on naming-speed measures. The RAN letters 

and then numbers tasks successfully predicted reading skill, whereas the RAN objects, 

colors, 2-Set Letters and Numbers, and 3-Set Letters, Numbers, and Colors tasks did not 

reliably predict word reading, non-word, and irregular word reading. These results are 

further supported by a neurological study conducted by Misra et al. (2004).  

RAN measures in this study accounted for 50% and 39% of the variances of 

TOWRE-PDE and WA tests (measures of non-word reading) and 48% of the variance of 

LWI test (measure of word reading). This was higher than the Bowey et al.'s study 

explained variance of 41%. Three reasons may explain these slightly different variances. 

First, the slight differences in variance may be attributed to measurement tools as their 

study used the Word Attack test, an untimed measure of non-word reading, and this study 

used both the TOWRE-PDE, a timed test, and the WA test. Results of this study are 

closer to the Bowey et al. findings when using the WA test as the measure of non-word 

reading.  

Second, Bowey and colleagues were studying a typical population that has greater 

variability in their naming skills than this study. As discussed in chapter four, 17 students 

with RD were included in this study. Previous researchers have indicated that RAN is a 

better predictor for reading skill in students with RD than for average readers (e.g., 

Denckla & Rudel, 1976a, 1976b; Wolf & Bowers, 1999). Finally, Bowey et al. predicted 

all the reading skills at once, and for this study in depth specific relationships were made 
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among the predictors and the different reading skills (irregular word, non-word, and word 

reading).  

 Different findings were also reported in the Compton (2003) study. Compton 

found a unique relationship between decoding skill and RAN numbers. However, in the 

Compton study the researcher was interested in modeling the relationship between 

growth in rapid naming speed and growth in decoding skill in first-grade children. For 

assessing RAN, only measures of numbers and colors were used. RAN letters was 

excluded from Compton’s study for the purpose of investigating early word-reading 

growth skills.  

Nevertheless, RAN numbers did not provide a consistent prediction for reading 

skills. RAN numbers contributed to the regression model for predicting non-word reading 

not word reading. It seems that the relationship between RAN numbers and reading are 

stronger and more reliable in a sample of younger readers with reading disability.  

Why RAN Letters? 

Regression analysis revealed that RAN-Letters was the dominant predictor among 

all significant models in predicting the TIWRE, TOWRE-PDE, WA, and LWI scores. 

Each one had significant Pearson correlations, .525, .684, .551, and .633, respectively. 

Therefore, it was expected that RAN-Letters would be included in the most powerful 

model to predict all reading skills (irregular word, non-word, and word reading).  

Although all versions of the RAN (colors, letters, numbers, and objects) appear to 

be good predictors of reading in kindergarten, by the first and second grade, the colors 

and objects versions of the RAN lose their general predictive ability for average readers 
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(Badian, 1996; Semrud-Clikeman et al., 2000; Wolf et al., 1986). These task differences 

in the sensitivities of the RAN tasks may have to do in part with the extent to which the 

identification of these classes of stimuli becomes automatic. After letter naming and 

number naming become automatized in most children, performance on these items begins 

to differentiate groups of good and poor readers better than does performance on other 

versions of the RAN tasks.  

Morin, Konick, Troxell, and McPherson (1965) and Morin and Forrin (1965) 

showed that, in contrast to color and picture naming, for symbol naming (letters and 

numbers, specifically) the number of different stimuli in a set is of marginal influence on 

naming times, because letters and numbers elicit strongly dominant responses. In 

addition, Theios and Amrhein (1989) argued that, compared to number and letter naming, 

color and picture naming share the extra processing step of meaning determination. 

RAN letters and reading have commonalities. Random letter strings and 

meaningful words are reported to be processed similarly, as both are subjected to intense 

lexical evaluation in classic language-related brain areas (Jessen et al., 1999). RAN 

letters are presented in rows and demands left-to-right sequencing, as does reading. 

Further, letter names provide anchors upon which to map acoustically similar phonemes 

(Treiman, Tincoff, Rodriguez, Mouzaki, & Francis, 1998). Briefly, both RAN tasks and 

reading demand efficient visual and verbal processing of letters.  

Wolf and Bowers (1999) presented a cognitive process model for letter naming 

that was influenced by Geschwind’s (1979) original structural model for word naming. 

Briefly, the processes involved in serial visual letter and word naming include the 
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following: (a) attentional processes to the letter stimulus; (b) bihemispheric visual 

processes responsible for initial feature detection, visual discrimination, and letter and 

letter-pattern identification; (c) integration of visual features and pattern information with 

stored orthographic representations; (d) integration of visual information with stored 

phonological representations; (e) access and retrieval of phonological labels; (f) 

activation and integration of semantic and conceptual information; and (g) motoric 

activation leading to articulation.  

As a result for all previous studies that supported RAN Letters than other RAN 

versions, Misra et al. (2004) conducted a study using functional magnetic resonance 

imaging to clarify the sensitivities of behavioral reading methods and to determine the 

neural areas that may underlie differences across RAN tasks and across individuals.  

In two scans during the same test session, adult, average readers covertly rapidly 

named objects or letters or passively viewed a fixation matrix of plus signs. For both 

rapid naming tasks compared with fixation, activation was found in neural areas 

associated with eye movement control and attention, as well as in a network of structures 

previously implicated in reading tasks. This reading network included inferior frontal 

cortex, temporo–parietal areas, and the ventral visual stream. Whereas the inferior frontal 

areas of the network were similarly activated for both letters and objects, activation in the 

posterior areas varied by task. The letters task caused greater activation in the angular 

gyrus, superior parietal lobule, and medial extrastriate areas, whereas object naming only 

preferentially activated an area of the fusiform gyrus. These results confirm that RAN 

tasks recruit a network of neural structures also involved in more complex reading tasks 
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and suggest that the RAN letters task specifically pinpoints key components of this 

network.  

The presented activation patterns demonstrate that RAN performance activates 

many of the same regions and pathways as used when reading words. Although many 

researchers have suspected that this simple task taps into a network of neural areas also 

required for more complex reading tasks, this study provides the first empirical evidence 

for this claim. 

Several conclusions can be drawn from these results in regard to the relationship 

of RAN to reading skill. First, RAN Total had a stronger relationship than the Processing 

Speed Cluster with both non-word and word reading. However, the fact that both RAN-

total and TOWRE-PDE are timed measures and involved letters perhaps affected the 

results. In other words, both tests measure naming fluency of words or letters. Second, 

RAN measures are reliable and valid measures of the ability to perceive a visual symbol 

and name it accurately and rapidly with younger readers. Specifically, RAN letters was 

the most robust predictor of all reading skills (irregular word, non-word, and word 

reading). Finally, the independent contribution of RAN prediction seems larger for 

younger readers with severe reading difficulties.   

Processing Speed (PS) 

The processing Speed Cluster from WJ III COG including Visual Matching and 

Decision Speed tests and all PS measures (Visual Matching, Decision Speed, Rapid 

Picture Naming, Pair Cancellation, and Cross Out) were examined through Pearson 

correlations and multiple regression analysis (Hierarchical and Simultaneous). The PS 
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Cluster had a stronger relationship than RAN Total with the Test of Irregular Word 

Reading Efficiency (TIWRE) which represents untimed irregular word reading. Current 

results showed that PS measures accounted for 32 % of the variance in irregular word 

reading. Among all of the PS measures, the Visual Matching (VM) test had the strongest 

predictive power with the TIWRE scores. 

Moreover, regression analysis revealed that VM test was a main predictor among 

the significant models in predicting TIWRE, TOWRE-PDE, and LWI scores. Visual 

Matching had significant Pearson correlations with these measures as well, .508, .502, 

and .569, respectively. Therefore, it was expected that VM test would be included in the 

most powerful model to predict all reading skills (irregular word, non-word, and word 

reading).  

However, when the untimed WA test was used to represent non-word reading, the 

VM test did not predict WA scores. Furthermore, no significant correlation was found 

between PS Cluster and WA test.  It seems that WA and PS tests have completely 

different requirements. In other words, there are no commonalities among these 

measures. PS measures require locating and circling identical numbers (VM test), or 

identifying and circling the two most conceptually similar pictures in a row (Decision 

Speed test) and the timing factor is very crucial in these measures. On the other hand, 

WA test requires reading made-up words (non-words). This task involved integration of 

visual information with stored phonological representations, access and retrieval of 

phonological labels, and non-words articulation. In addition, the WA test is not timed.  
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The previous research did not investigate in-depth PS measures to decide what is 

the best predictor among all of the PS measures to predict reading ability? Studies 

included just one or two measures of PS to make a comparison among different groups 

such as students with dyslexia and students with Attention Deficit Hyperactivity Disorder 

(ADHD), or to make a statement regarding if students with RD have slow PS or not (eg., 

Shanahan et al., 2006; Waber et al., 2001; Weiler et al., 2000). 

One study conducted recently by Urso (2008) explored the role of various PS 

measures as predictors of reading difficulties. The results of the study indicated 

processing speed, as measured by the WJ III COG Cluster score, was strongly correlated 

with word reading, r = .749, r2 =.56. The PS tests of Visual Matching, (r = .663, r2 = .44) 

and Decision Speed (r = .811, r2 = .66) were most strongly correlated with poor word 

reading skill. Moreover, 37.5% of the poor readers also had low PS scores. 

Both this study and the Urso study support the finding that PS measures are good 

predictors of reading. However, the correlations in this study are lower, and VM test had 

the strongest correlation with reading skill compared with the Decision Speed test in the 

Urso study. Two reasons may explain these differences. First, the sample of this study 

was a typical student population, whereas the Urso study had poor readers. It seems that 

PS measures are better in predicting reading performance for students with RD. The 

second reason may be attributed to the measurement tools. The Urso study used the Word 

Attack and Letter Word Identification tests from the WJ III ACH to represent non-word 

and word reading (Basic Reading Skills). There was no measure of irregular word 

reading. Whereas this study measured all basic reading skills (irregular word, non-word, 
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and word reading) and used different measurement tools for assessing non-word 

(TOWRE-PDE) and irregular word reading (TIWRE).  

Results from this study support processing speed as a good predictor of reading 

skill and replicated results from previous studies (Decker, 1989; Landerl, 2001; Shanahan 

et al., 2006; Urso, 2008). Shanahan et al found that PS is a shared cognitive risk factor 

that may help explain the comorbidity of RD and ADHD disorders. Another finding was 

that the PS deficit was much larger in RD than ADHD. In Decker's study, significantly 

slower cognitive processing rates and persistent problems in reading and spelling were 

apparent among the young adult readers. Decker concluded that young adults with 

reading disabilities tended to show a slower developmental pattern in symbolic coding 

speed than normal readers.  

Different findings were reported in the Wieler et al., (2003) study. Weiler et al. 

found no differences between students with LD and students without LD for the age-

associated change in processing speed in the age range from 7 to 11 years. Two reasons 

may explain these contradictory findings. First, there is a probability that some children 

with processing speed problems may not exhibit any difficulties with language, reading, 

or mathematics. Conversely, some children with LD would experience no difficulties on 

measures of processing speed. Additionally, students with LD in reading and/or 

mathematics were included in this study, whereas the current study placed more emphasis 

on students with RD. Although larger study groups theoretically increase statistical 

power, combining two or more subgroups that have dissimilar patterns of deficits is likely 

to obscure critical differences between the study and control groups. However, Wieler et 
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al. acknowledge that many students with LD have slower processing speed, but they 

emphasis that slower processing speed did not indicate LD in all cases. 

Some researchers included RAN under the umbrella of PS (see Ackerman & 

Dykman, 1993; Kail, 1991; Kail & Park, 1994) because processing speed contributes 

significant variance in rapid naming. Furthermore, Kail and Hall (1994) reported 36% to 

40% of the variance in rapid naming was explained by the WISC-IV Coding subtest (PS 

measure). However, RAN exclusively measures naming facility –the ability to rapidly 

name colors, letters, digits and objects. Naming facility is just one of the narrow 

cognitive abilities subsumed in the broad cognitive ability of PS such as reaction time, 

executive decision making, and quickness of motor response (Feldmann, Kelly, & Diehl, 

2004).  

This study was intended to find the best measures for predicting reading skill 

regardless if there is a similar hypothetical background of these measures. Preliminary 

analysis of this study indicated that both RAN and PS measures can be used reliably and 

independently in the regression analysis. Field (2005) reported that there should be no 

perfect linear relationship between two or more of the predictors to perform regression 

analysis. The results of this study indicated that only 14% of the variance in RAN-Letters 

was explained by VM test which mean that this assumption was met. These two 

predictors explain together more variance in reading skill which points out that these two 

tests measure different capacities. Moreover, Bresnahan (2006) investigated the 

relationship between rapid naming and processing speed. A mediational relationship was 

proposed in which RAN mediates the influence of PS on reading. This relationship was 
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not supported by regression analysis as mediation explained only an additional 2% of 

vocabulary and 7% of reading fluency variance. 

The major conclusion from the findings about processing speed is that it has a 

direct effect on reading skill. The Processing Speed Cluster had a stronger correlation 

than RAN Total with irregular word reading. Compared to other PS measures (Visual 

Matching, Decision Speed, Rapid Picture Naming, and Cross Out), the Visual Matching 

test was the superior predictor of reading skill. It seems that PS measures have a weak or 

even no relationship with untimed non-word reading tasks. Clearly, additional research is 

needed to increase the knowledge about the processing speed tasks, and how they relate 

to reading ability. 

Cognitive Models 

Previous research has identified a range of cognitive and academic variables 

implicated in the identification of dyslexia and a specific pattern of cognitive and reading 

deficits. In particular, hypotheses derived from theories on phonological processing, rapid 

automatized naming, working memory, and processing speed were tested. Questions 

remain about which variables are most critical in explaining reading abilities and 

disabilities and about the nature of the interrelationships among these variables. 

Knowledge of the relationships among these cognitive abilities and reading skill areas 

can provide a better understanding of the cognitive precursors of reading problems and 

guide the development of a more uniform assessment of dyslexia.  

The Visual Matching test from the WJ III COG was the strongest predictor among 

PS measures, and RAN Letters was the strongest predictor among the RAN measures. 
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These tests were then used to represent these cognitive variables.  In addition, the 

Numbers Reversed test from the WJ III COG was administered to measure working 

memory ability, and the Sound Blending test from WJ III COG was administered to 

measure phonological awareness ability.  

Multiple regression analyses were performed to decide what is the strongest 

model among the cognitive variables (RAN-L, SB, VM, and NR) to predict all reading 

skills (irregular word, non-word, and word reading). Results indicated that a model 

consisting of RAN-L, SB, and VM tests was the most powerful one to predict all reading 

skills. This model explained 44.7% in TIWRE, 66% in TOWRE-PDE, and 63.5% in LWI 

scores. However, when the WA test was used to measure non-word reading, only the SB 

and RAN letters tests had a predictive power. These measures contributed 48% in shared 

variability of WA scores.  

One interesting finding of this study was that the Numbers Reversed (NR) test 

that represents working memory ability was not needed in the most powerful model to 

predict all reading skills. Although NR test did not contribute to any of the previous 

regression models, NR still had positive relationships with irregular word, non-word, and 

word reading, .502, .332, and .488, respectively.  

Excluding the NR test can be attributed to three reasons. First, in regression 

analysis predictor variables are entered in a sequence and their value assessed. If adding 

the variable contributes to the model then it is retained, but all other variables in the 

model are then re-tested to see if they are still contributing to the success of the model. If 

they no longer contribute significantly they are removed. Thus, this method should ensure 
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that the researcher ends up with the smallest possible set of predictor variables included 

in the model. Therefore NR test was a good predictor for reading skill, but not as good as 

the other measures. Furthermore, meta-analysis of early studies indicates that only 2% to 

9% of word reading is attributable to working memory (Pennington, Orden, Kirson, & 

Haith, 1991). 

Second, WM may have less power in predicting reading with normal readers. This 

interpretation is supported by Shankweiler and Crain (1986) who found that working 

memory resources are very taxed by underdeveloped phonological awareness. Students 

with poor phonics have impacted working memory systems and subsequent poor reading. 

In addition, Howes, Bigler, Lawson, and Burlingame (1999) found that auditory 

sequential memory, more than working memory, is impaired for children with reading 

disabilities. That finding was based on investigating profiles of children with reading 

impairments. 

The third reason may be attributed to the measurement tools. In the current study 

the researcher used Numbers Reversed (NR) test that represents working memory ability 

from the WJ III COG. On the other hand, researchers found (e.g., Swanson, Ashbaker, & 

Lee, 1996; Watson & Willows, 1995) that all types of children with reading disabilities 

performed poorly on the Digit Span test. Another factor affecting the generalizability of 

results of investigations of memory and reading disability is the variability in selection of 

memory tests across studies (Bell, 1990; Hurford & Shedelbower, 1993; Masutto, Bravar, 

& Fabbro, 1994; Pennington, Van Orden, Smith, Green, & Haith, 1990; Watson & 

Miller, 1993; Watson & Willows, 1995).  
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Additionally, other researchers (e.g., Daneman & Carpenter, 1980; Swanson & 

Berninger, 1995) found that working memory did influence phonological awareness and 

subsequent reading achievement, contradictory to the current results. However, their 

operationalization of reading involved comprehension as a major component, differing 

substantially from the reading measures used in this study (irregular word, non-word, and 

word reading). 

Bell et al. (2003) found a model of three factors, each of which contributed to the 

prediction of reading and spelling skills. Factor 1 represented auditory processing and 

contains auditory synthesis, phonological awareness, and memory for letters. Factor 2 

represented visual processing/speed, containing visual closure, visual discrimination, and 

RAN. Factor 3 represented a memory factor and contained word memory and memory 

for letters. Factor scores from the three factors combined predicted 85% of the variance 

associated with letter/sight word naming, 70% of the variance associated with reading 

comprehension, 73% for spelling, and 61% for phonetic decoding. The auditory 

processing factor was the strongest predictor, accounting for 27% to 43% of the variance 

across the different achievement areas. Overall, these findings support the conclusion that 

auditory, visual, and memory skills are all implicated in the acquisition of reading skills.  

The Bell et al. results differed from the current study results in two main findings. 

The memory factor contributed to the variance associated with letter/sight word naming, 

and the three factor model explained more variance with letter/sight word naming (85%) 

than the current study (63.5%). However, the Bell et al. study had a larger sample size 
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with more measurement tools (two measures at least for every ability) compared with a 

single measurement tool for working memory and phonological awareness in this study. 

Double-Deficit Model  

 Wolf and Bowers (Bowers & Wolf 1993; Wolf & Bowers, 1999) have proposed 

an alternative conceptualization of dyslexia—the Double-Deficit Hypothesis—in which a 

phonological deficit and processes underlying naming speed deficits are depicted as two 

largely independent sources of reading dysfunction, resulting in three impaired reader 

subtypes. Their classification includes two subtypes with single deficits and one double-

deficit subtype. Phonological-deficit readers have phonological processing difficulties 

without naming speed problems; naming speed deficit readers have naming speed 

problems with no significant deficit in phonological awareness or phonological decoding. 

The double-deficit subtype represents the most impaired readers across all dimensions of 

reading, potentially because the co-occurrence of phonological and naming speed deficits 

allows limited compensatory routes.  

In reference to the double-deficit model, a main finding of this study was that the 

Sound Blending (SB) test that represents phonological awareness and the RAN-Letters 

test that represents RAN were main predictors in predicting all reading skills. As was 

hypothesized the RAN-letters test contribution to the model of predicting irregular word 

reading was larger than the SB contribution. According to their meta-analysis, Wolf and 

Bowers (1999) reported correlations between naming speed and phonological awareness 

as only .1 to .4, showing the independence of these skills. They posited that phonological 

awareness was related to underlying auditory processing while naming speed either 
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relates to visual or temporal processing, a stance somewhat aligned to the dual route 

theory of Castles and Coltheart (1993).  

In addition, Wolf and Bowers (1999; 2000) concluded that phonological 

awareness problems affect tasks such as decoding and non-word reading, whereas 

naming speed problems affect orthographic tasks, timed reading, and fluency measures. 

Furthermore, Manis et al. (1999) found that both RAN (digits and letters) and phoneme 

awareness accounted for independent variance in later reading scores. In the current 

study, a similar correlation was found (.4) between RAN-Letters and the SB test. These 

results lend more support to the double-deficit model and indicate that phonological 

awareness and naming speed problems contribute independently to the variance of 

reading.  

Daal and Leij (1999) administered a large test battery to measure phonological 

awareness, naming speed, working memory, speed of processing, and motor tests for 118 

students with LD. Their findings indicated that dyslexia was associated with deficits in 

(1) phonological recoding, word recognition, and spelling skills; and (2) naming speed 

for letters and digits. Dyslexia was not associated with deficits in other areas (working 

memory, processing speed, and motor tests).  

Although these results are similar to the current study findings in regard to the 

contribution of phonological awareness, RAN, and even excluded the WM from the 

prediction model, the main difference was excluding PS from the prediction model. 

However, measurement of PS in Daal and Leij study was completely different than this 

study. The authors measured the simple Reaction Time (RT) through physical tasks such 
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as pressing the space bar as soon as possible after hearing a tone. This study used the 

Visual Matching test to measure PS. This test requires rapidly locating and circling 

identical numbers which involves more sophisticated skills than RT.  

In summary, a model consisting of RAN-L, SB, and VM that represents RAN, 

phonological awareness, and processing speed was the most powerful one to predict all 

reading skills, whereas Numbers Reversed (NR) test that represents working memory 

ability was not needed. However, results from research in regard to the contribution of 

memory factor in reading variance were not consistent due to the variability in selection 

of memory tests, reading measures, and participants’ age across studies (Bell, 1990; 

Hurford & Shedelbower, 1993; Masutto et al., 1994; Pennington et al.,1990; Watson & 

Miller, 1993; Watson & Willows, 1995). Another main finding of this study was that the 

Sound Blending (SB) test that represents phonological awareness and the RAN-Letters 

test that represents RAN were the best for predicting all reading skills (irregular word, 

non-word, and word reading). These results lend more support to the double-deficit 

model and indicate that phonological awareness and naming speed problems contribute 

independently to the variance of reading.  

Dual-Route Theory (Subtypes of Reading and Subtypes of Readers) 

The main idea of dual-route theory is that people read in two ways; the new or 

unknown word is scanned letter by letter, but a common or familiar word is taken in at a 

glance, without bothering about the individual letters. The visual shape functions like an 

ideogram (Coltheart, 2007). Coltheart (1980) described these two reading routes as being 

"lexical" and "non-lexical." Reading via the lexical route involves looking up the word in 
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a mental lexicon containing knowledge about the spelling and pronunciations of letters 

strings that are real words (and so are represented in the lexicon); reading via the non-

lexical route does not need reference to this lexicon, but instead involves making use of 

rules relating segments of orthography to segments of phonology. Coltheart (1980) 

suggested that the rules used by the non-lexical reading root are, specifically, the 

knowledge of grapheme-phoneme correspondence rules, such as knowing that ph 

represents the speech sound of /f/.  

According to the dual route model the phonological dyslexia subtype are poor 

readers who have difficulty utilizing grapheme-phoneme correspondences (GPC) to 

decode pseudowords and regular words. In contrast, the surface dyslexia subtype are poor 

readers who have difficulty reading irregularly spelled words.  

In this study, a set of irregular words (TIWRE test) was included in the testing 

battery to allow examination of a lexical procedure and a set of pronounceable non-words 

(TOWRE-PDE and WA tests) to assess the functioning of a sub-lexical procedure. A 

combination of irregular and regular words (LWI) was also included in the testing battery 

for the purposes of comparison among irregular word, non-word, and word reading. Only 

21 students with one low score at least (≤ 85 SS) on the TOWRE, WA, TIWRE, and LWI 

were included in this data analysis.  

The findings of this investigation are: (a) TOWRE-PDE related highly to LWI 

performance (.806); (b) there was no significant correlation between TIWRE and 

TOWRE-PDE or WA tests; (c) there was a moderate positive relationship between 

TIWRE and LWI (.411); and (d) data showed that 48% of students with RD presented 
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problems in both non-word reading and irregular word reading, 42% of students with RD 

presented problems just in non-word reading, and 10% of  students with RD presented 

problems just in irregular word reading. Findings from the current study support the 

presence of the dual- route conception of reading that seems first to have been presented 

by de Saussure in 1922 (Coltheart, 2007).  

The first major finding is that there was no significant correlation between 

TIWRE and TOWRE-PDE or WA tests (irregular and non-word reading) within the 

reading difficulties group. On the other hand, there was a significant correlation between 

the TIWRE and TOWRE-PDE tests (.67), and the .58 correlation between TIWRE and 

WA tests within students with normally distributed reading ability. The dual-route model 

has provided a powerful theoretical framework for interpreting this finding. According to 

this theory (see Coltheart, 1978, 1980; Morton & Patterson, 1980), words activate both 

the direct visual route and the phonological route. Irregular words can be read correctly 

only through the visual route, in this case the visual form of the word accessing the 

spoken pronunciation. Regular words are said to benefit also from sub-lexical processing 

by the indirect phonological route, and non-words can only be read by this indirect route. 

In fact, the graphemes and phonemes are identified to retrieve the pronunciation.  

Earlier versions of the dual-route theory (Coltheart, 1978, 1980; Morton & 

Patterson, 1980) held that the two routes were completely independent. Irregular words 

were processed holistically via the direct route, regular words could be processed via 

either route, whereas non-words were processed exclusively by the indirect route. 

However, a modified dual-route theory (e.g., Paap, 1991; Paap, McDonald, Schvaneveldt, 
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& Noel, 1987) assumes that the two routes are somewhat dependent on one another in 

terms of both knowledge structure and processes, but the distinction between lexical and 

sub-lexical processing is still maintained. The Current study results suggested that within 

students with RD the direct (visual-orthographic or lexical) and indirect (phonological or 

non-lexical) routes in dual-route theory are completely independent, but within typical 

readers these two routes are dependent on one another. 

The second major finding is that 10 students (48%) were struggling in reading 

both non-word and irregular words, 9 students (42%) were struggling in reading just non-

words, and 2 students (10%) were struggling in reading just irregular words. Similar 

findings were reported by Castles and Coltheart (1993). Castles and Coltheart found that 

among 56 children with RD who were tested in reading a list of 90 words that contained 

regular words, exception words (irregular), and non-words, half of them were below 

average on reading non-words and irregular words. Of the remaining RD participants, 

34% showed a deficit for only non-words or irregular words, with the majority of this 

group struggling with phonological dyslexia. 

Results were very similar as well to the Bowey and Rutherford (2007) study. 

Bowey and Rutherford investigated the reading profiles of 44 students with RD. Results 

indicated that 39% of the students with RD met the criterion for phonological dyslexia 

(with imbalanced word-reading profiles favoring irregular words) and 14% met the 

criterion for surface dyslexia (with imbalanced word-reading profiles favoring non-

words) in relation to the eighth-grade benchmark readers.  
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In conclusion, there was no significant correlation between irregular and non-

word reading in this study within students with RD and moderate positive correlations 

within normally distributed readers. These results suggested that within students with RD 

the direct (visual-orthographic or lexical) and indirect (phonological or non-lexical) 

routes in dual-route theory are completely independent, but within typical readers these 

two routes are dependent on one another. 

The current study, the Castles and Coltheart study, and the Bowey and Rutherford 

study, supported the distinction between phonological dyslexia and surface dyslexia. 

Generalizing these findings, a very small minority of children with dyslexia showed pure 

surface dyslexia with intact phonological encoding, whereas a larger group showed pure 

phonological dyslexia. However, the largest group of children with RD had difficulties in 

both areas. Relatively few cases of either type of developmental dyslexia appeared to be 

“pure.” 

Summary of Findings 

Several conclusions can be drawn from this study and its application to the wealth 

of information on reading problems. Five major findings can be summarized from the 

sections previously discussed in this chapter. 

The first major finding was that RAN measures are reliable and valid measures of 

the ability to perceive a visual symbol and name it accurately and rapidly. Different types 

of RAN measures have different predictive power. RAS tests that contain the 2-set letters 

and numbers and the 3-set letters, numbers, and colors did not seem to differentiate 

children who have reading disabilities from children who read with average abilities. 
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Specifically, RAN letters was the most robust predictor of all reading skills (irregular 

word, non-word, and word reading). In addition, the independent contribution of RAN 

prediction seems larger for younger student with severe reading disabilities.  

The second finding was that processing speed has a direct effect on reading skills, 

specifically, irregular word reading and word reading. Different types of processing 

speed measures have different predictive power. Compared to other PS measures (Visual 

Matching, Decision Speed, Rapid Picture Naming, and Cross Out), the Visual Matching 

test was the superior predictor of reading skills. Processing speed measures did not 

predict untimed non-word reading skill.  

The third finding was that phonological awareness as represented by Sound 

Blending test was the best predictor of non-word reading and word reading. As discussed 

in chapter one, a substantial body of research (Abbott et al., 2002; Reading & Van Duren, 

2007; Savage & Frederickson, 2006) has provided strong support that the major core 

deficit for many children with reading disabilities (RD) is poor phonological awareness.   

The fourth finding was that using different types of cognitive variables provided 

stronger predictive power of the reading skill. A model consisting of RAN, phonological 

awareness, and processing speed measures (RAN-L, SB, and VM) was the most powerful 

one to predict all reading skills (irregular word, non-word, and word reading), whereas 

the Numbers Reversed (NR) test, that represents working memory ability, was not 

needed. Another main finding of this study was that Sound Blending (SB) test that 

represents phonological awareness and RAN-Letters test that represents RAN were the 

most powerful in predicting all reading skills. RAN-L was the best predictor for non-
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word reading when it was timed, and SB test was the best predictor for non-word reading 

when it was untimed. These results lend more support to the double-deficit model and 

indicate that phonological awareness and naming speed problems contribute 

independently to the variance of reading.  

The fifth and final finding was that there was no significant correlation between 

irregular and non-word reading with students with RD, whereas the correlation was 

significant with typical readers. This indicated that the direct (visual) and indirect 

(phonological) routes in dual-route theory are completely independent when students are 

struggling with reading and dependent when they have good reading skills. Furthermore, 

findings indicated that a very small minority of children with dyslexia showed pure 

surface dyslexia with intact phonological encoding, whereas a larger group showed pure 

phonological dyslexia. However, the largest group of children with RD had difficulties in 

both areas. 

Limitations 

Several limitations exist for the current study. First, the sample size was small (N 

= 56, normally distributed readers and 21 students with RD). A larger sample size would 

provide more accurate statistical results and generalization effects. Additionally, a larger 

set of participants may improve detection of specific groups with reading problems. 

Another limitation was not having the opportunity to cross-validate the results of this 

study with a new sample. 

Other limitations of the current study involve measures not included in the study. 

Only one Woodcock-Johnson III test of Cognitive Abilities (WJ III COG), (Woodcock, 
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McGrew, & Mather, 2001b) was used to evaluate phonological awareness and working 

memory abilities, and more measures of these abilities could contribute to more accurate 

or different results. For instance, the Number Reversed test measured working memory 

not auditory sequential memory, and the Sound Blending test measured phoneme 

synthesis not phoneme analysis. Perhaps adding tests to measure these areas would 

provide more depth in the examinations of phonological awareness and working memory.  

The current study explored irregular word, non-word, and word reading. Adding a 

reading comprehension test would be useful to provide a more comprehensive overview 

of reading performance. A combination of word recognition and listening comprehension 

could be used for classification of the participants according to the degree of discrepancy 

between their word recognition and listening comprehension scores (Daal & Leij, 1999). 

These results then could be used to investigate the cognitive profiles for those 

participants. 

Implications and Need for Further Research 

For both practitioners and researchers, this study provides direction for the 

assessment of dyslexia and the cognitive underpinnings of reading. These findings 

support the need to assess phonological awareness, RAN, and processing speed, as well 

as various types of reading skills, when making a reading disability diagnosis. At a 

minimum, the following reading skills should be assessed: irregular word, non-word, real 

word reading, and reading comprehension. It is important also to obtain a measure of 

reading fluency as part of a comprehensive assessment.  
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This study included measures of accuracy such as TIWRE and WA test, as well as 

measures of speed such as RAN-letters, and measures that have a combination of speed 

and accuracy such as the TOWRE-PDE. Because some of the cognitive and achievement 

tests are timed and some are not, interesting results were found in regard to the 

relationships among these measures. In other words, relationships may increase or 

decrease among certain measures because they are timed or untimed regardless of the 

construct being measured. One example was that RAN-L was the best predictor for non-

word reading when it was timed (TOWRE-PDE), and SB test was the best predictor for 

non-word reading when it was untimed as measured by WA test. Researchers should 

consider both the timing or fluency factor, as well as the construct, when considering the 

best predictive power of these measures.       

Additionally, it is important to investigate the interrelationships among cognitive 

processing variables and their relationship to reading skills for at least two reasons. First, 

the factors should relate to one another in a way that is consistent with their purpose (i.e., 

subtests presumed to measure similar constructs should be correlated). Second, the data 

showing relationships among cognitive variables should help educators develop 

appropriate assessment and test interpretation strategies. That is, remedial strategies can 

be implemented for individuals based on cognitive strengths, assuming those cognitive 

components are robust. 

Practitioners may wish to include two measures of each construct to avoid under- 

or over identifying deficits (McGrew & Flanagan, 1998).The WJ III assesses many of the 

cognitive and achievement constructs needed to diagnose dyslexia, including measures of 
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auditory processing, processing speed, visual and auditory memory, and rapid naming as 

well as reading skills. However, the Rapid Picture Naming test from the WJ III includes a 

vocabulary component and included under the umbrella of processing speed measures not 

RAN, which may limit its value as a pure measure of RAN.  

The data from this study should help practitioners and researchers to recognize a 

dyslexia pattern or profile, with the understanding that there are several subtypes and that 

not all scores will be low for all students with dyslexia. Generally, students with dyslexia 

will perform relatively poorly on cognitive tests of phonemic awareness, rapid 

automatized naming, auditory memory, processing speed, and decoding of nonsense 

words. Reading comprehension and listening comprehension are generally relatively 

stronger, although reading comprehension can be compromised by weak basic reading 

skills (Mather & Goldstein, 2008).  

Future research should continue to explore the role of orthography in reading 

disabilities and to link findings on the cognitive underpinnings of reading to findings 

from the emerging body of brain research. Findings from the processing speed and RAN 

measures in this study indicated that not all these measures have the same predictive 

power of reading skills. There is variability among these measures. Researchers should 

distinguish the differences among these measures and determine the best predictive ones 

for reading skill.  

Variable results were found in this study within the different groups. 

Measurements should be administered to a large, general sample and to a clinical sample 

of children with reading disabilities. No conclusions should be drawn without considering 
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the study sample characteristics because the relationships among reading skills and the 

cognitive profile were different among poor readers and average readers.  

The final implication is that several students with severe reading problems did not 

have problems in phonological awareness. Students had different types of problems with 

reading (e.g., using phonics for reading non-words or recognizing irregular words by 

sight). Some had problems with both. It is important to measure both non-word and 

irregular word reading as part of a reading assessment and then use the results to create 

differentiated interventions for students with RD.  
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APPENDIX A 

PROCEDURAL RELIABILITY CHECKLIST 

 Read directions accurately  
 

 Conducted practice exercises 
 

 Error correction procedures followed 
 

 Used suggested starting points 
 

 Established Basal–consecutive lowest-numbered items administered are correct or 
item 1, as indicated in the test manual 

 
 Established Ceiling–consecutive highest-numbered items administered are 

incorrect, last item, or the end of the time as indicated in the test manual 
 

 Scored items as indicated in the test manual 
 

 Administered the test with time limit using a stopwatch 
 

 Recorded exact finishing time in minutes and seconds if finished early 
 

 Presented test items from the audio recording 
 

 Paused recording when subjected needed additional time to respond 
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APPENDIX B.1 
 

RECRUITMENT FORM 
 

Recruitment Script Cognitive Correlates of Reading  
 
Each school site principal will send a note home introducing the study with the following 
script: 
 
Dear Parents/Guardians of students in Grades 1-3: 
 
A University of Arizona graduate student is conducting his dissertation research entitled 
“Cognitive Correlates of Reading” at our school site.  Mr. Bashir Abu-Hamour will be 
investigating contributing factors to reading difficulties and will be assessing students in 
grades 1-4 who are between the ages of 6-10 years old.  
 
Your son or daughter is being invited to voluntarily participate in the research study so 
Mr. Abu-Hamour can collect information on factors that contribute to reading 
development in young readers. Our school is interested in this research project as it will 
help us identify students who are at-risk for reading failure and will yield a profile of 
student strengths and weaknesses in reading so we can provide the best instructional 
programming to meet individual needs. 
 What is involved?  Children who participate in the study must already be enrolled 
in the school and speak English as their first language. Each child who participates will 
work with Mr. Abu-Hamour for one hour on a variety of activities that measure reading 
abilities. It is important to understand that student participation or nonparticipation in the 
research project will, in no way, affect students’ participation in school programming.   
 Potential Benefits and Concerns.  The information gathered in this study will be 
summarized with you and your child and, if you provide permission, with the 
administrators at your child’s school. The information, if shared with the school, will be 
used to make informed decisions about the best ways to continue to help your child with 
reading instruction and intervention.  We will schedule the two sessions 30 minutes of 
testing activity so your son or daughter does not miss important lessons. 
 Participation is voluntary.  Your son’s or daughter’s participation in this study is 
completely voluntary.  There will be no penalty if you do not wish your son or daughter 
to be in this study, and he or she may withdraw at any time from the study and refuse to 
participate in the testing.  The project has been approved by the school’s superintendent 
as well as the school principal.   
 Information is confidential.  All information will be held as confidential as is 
legally possible.  Only the researcher will see student test results. Once data collection 
has been completed, your child’s name will be removed from all testing and replaced 
with a number so that he or she can no longer be connected to any specific test outcomes.   
 Questions?  We would appreciate it if you would return the form on the next page 
whether or not you would like your child to participate, so that we know that this 
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information has reached you.  You may keep the attached copy of this letter for your 
records.  If you have any questions, please feel free to call The University of Arizona 
Human Subjects Protection Program at (520-626-6721; if out of state or long distance, 
use the toll-free number 1-866-278-1455).   
 
Thank you for your consideration.   
 
Sincerely,  
 
 
Bashir Abu-Hamour     xxxxxxxxxxx 
Ph.D. Candidate    Principal      
Department of Special Education,   Name of school 
Rehabilitation and School Psychology Phone number 
University of Arizona     
Phone Number 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
 
Please cut, complete, and return the lower portion of this permission form to your 
child’s classroom teacher.  
  
Please check the appropriate boxes and send this form along with any other required 
forms back to school with your son or daughter: 

 I have read and I understand the recruitment letter.  I give consent for my 
child to participate in the study and have signed and attached the 
parent/guardian consent form. 

 I would like more information before giving consent for my child to 
participate in this study.  Call me at ____________________________ 

 I do not which my child to participate in this study. 
 
 
 ____________________________________ _______________ 
Parent/Legal Guardian’s Signature    Date 
 
____________________________________  _______________ 
Student’s name      Date 
 
Please send this form back to school with your son or daughter.  Thanks!!! 
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APPENDIX B.2 
 

MINOR’S ASSENT FORM  
 
Title of Project: Cognitive Correlates of Reading 
 
 
Your mother/father has told me it was okay for you to do some activities with me today. 

Some of the activities will be easy and some may be hard. This will help me figure out 

ways we can help children learn to read. Do you give your permission to be part of this 

research study? You can change your mind at any time. Do you have any questions?  

 
 
 
                                                                      
Child's Name            
 
                                                                      
Child’s Signature        Date   
 
 
Presenter’s Signature       Date   
 
                                                                      
Investigator's Signature       Date   
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