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ABSTRACT 

The main purpose of the study was to examine the relationship of Rapid 

Automatized Naming (RAN) to cognitive, linguistic, and basic reading skills 

(word/nonword reading). Concurrent relationships among RAN, Phonological Awareness 

(PA), Verbal Short-Term Memory (STM), Processing Speed (PS), Letter Knowledge 

(LK) and Early Reading Skills (READ) were examined in 133 First- and Second-grade 

children. The sample consisted of students who demonstrated a variety of reading skills. 

Causal models of RAN and Basic Reading skills were developed. The proposed direct 

and indirect relationships among variables were examined and appropriateness of the 

path models was tested through path analyses. 

Path analyses revealed that RAN digits/letters (RAN-DL) and PA were important 

and independent predictors of READ at each grade level. The fmdings demonstrated that 

RAN-DL had an increasingly predictive role in READ, whereas the importance of PA 

relatively diminished in the Second grade. LK had a consistent predictive role in READ 

in both grades, whereas STM and PS had changing direct and indirect roles in READ in 

both grades. RAN objects (RAN-OBJ) had no significant role in READ at either grade 

level. 

Results indicated that STM and LK made significant contributions to RAN-DL 

and RAN-0B.1 in the First grade; however, PS explained significant variance in only 

RAN-OBJ. PA did not explain any significant variance in RAN-DL and RAN-OBJ at 



either grade level. Interestingly, none of these four variables contributed to RAN-DL and 

RAN-OBJ in the Second grade. 



CHAPTER 1: INTRODUCTION 

The purpose of this chapter is to provide a rationale for the study, to present the 

statement of the problem, and to discuss the significance of the study. Key terms are also 

defined. This study explored the relationship between the two core deficits, Rapid 

Automatized Naming ( RAN) and phonological awareness, and investigated the 

relationship of RAN to basic reading skills (word/non-word reading). Furthermore, it 

examined the relationship of processing speed, verbal short-term memory, and letter 

knowledge to RAN and basic reading skills. A path model was developed to examine the 

concurrent relationships among these variables. A broad set of cognitive and linguistic 

measures were administered to 133 children across grades 1 and 2 (69 and 64 students, 

respectively). The participants had varying reading abilities. Throughout the chapters, 

RAN, naming speed, or rapid naming are used interchangeably unless otherwise stated. 

The present study also aimed to replicate in part the 1997 study conducted by 

Cutting, which examined relationships among variables, including RAN. short-term 

memory, processing speed, phonological awareness, orthographic awareness, articulation, 

and word reading skills in a sample of good readers. She proposed a model of word 

reading and examined the hypothesized direct and indirect relationships among these 

variables in a sample including first, second, and third graders. 

Because reading problems have such an impact on academic and vocational 

success and diminish the quality of life, it is important to identify the factors that 

contribute to poor reading. In the last three decades, many researchers have explored the 



causes of reading failure and have attempted to detennine the predictive value of factors 

that influence reading acquisition (Hammil, Mather, Allen, & Roberts, 2002). As a result, 

important progress has been made in understanding the factors that might contribute to 

reading failure. Although many research studies have found that RAN, phonological 

awareness, and verbal short-term memory are related to word reading ability (Ackerman 

& Dykman, 1993; Cornwall, 1992; Wagner, Torgesen, & Rashotte, 1994), the 

relationship of RAN to these cognitive and linguistic processes is still not completely 

understood (Bowers & Wolf, 1993; Cutting & Dcnckla, 2001; Uhry, 2002). Furthermore, 

researchers continue to disagree about the importance of these cognitive and linguistic 

factors in predicting reading ability. 

RAN tasks were originally developed by Denckla and Rudel (1974). These tasks 

include an array of 50 stimuli in a given category (letters, numbers, colors, or objects). 

These symbols arc presented in 10 rows. 5 symbols per row, in random order. Children 

are required to name these basic visual symbols as quickly as possible. These tasks have 

been widely used in dyslexia research and found to be associated with reading 

achievement and reading failure (Badian, 1993; Blachman. 1984; Bowers. 1995; Denckla 

& Rudel 1976b; Wolf, Bally, & Morris, 1986). 

Phonological processing skills are important correlate and predictor of word 

reading (Stanovich & Siegel, 1994; Torgesen, Wagner, Rashotte, Burgess, & Hecht, 

1997; Wagner & Torgesen, 1987). Many investigators have documented the relationship 

between poor phonological processing and reading performance (Cornwall, 1992; Rack. 



SnovvHng, & Olson, 1992; Stanovich, 1991; Stanovich & Siege), 1994; Torgesen, 

Wagner, & Rashotte, 1994; Vellutino & Scanlon, 1987; Wagner & Torgesen, 1987). A 

substantial amount of evidence suggests that a deficit in phonological processing abilities 

may be the major cause of dyslexia (Rack et al., 1992; Stanovich, 1988; Vellutino & 

Scanlon, 1987; Wagner & Torgesen, 1987). Although deficits in phonological processing 

have been suggested as a main factor in poor reading skills, impaired phonological 

processing does not completely account for all reading problems (Stanovich. 1988; 

Wagner & forgesen. 1987). Some researchers have explored other possible lactors in 

reading failure and have suggested that RAN is the second core deficit in dyslexia 

(Bowers & Wolf, 1993; Wolf, 1991). 

Researchers still disagree over the processes involved in RAN and have 

conceptualized these processes "as a form of phonological processing, as speed of 

processing orthographic units, and as sensitivity to arbitrary associations between 

phonology and orthography" (Uhry, 2002. p. 299). For example. Wagner and Torgesen 

(1987) argue that dyslexic children arc slower at naming basic visual symbols due to 

deficits in generating phonological recoding in lexical access while other researchers 

argue that phonological processes and RAN are separate factors and independent 

predictors of reading disability (Meyer. Wood, Hart. & Felton, 1998a, 1998b; Wolf. 

1991, 1997). 

Based on extensive research findings. Bowers and Wolf (1993) have suggested an 

integrative, combined approach and called it the "double deficit hypothesis". The double 
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deficit hypothesis does not contradict the phonological core deficit hypothesis. On the 

contrary, it integrates both the phonological core deficit and the naming core deficit. In 

other words, the double deficit hypothesis places emphasis on both phonological 

processes and "the fluency-related processes underlying naming speed" (Wolf, 1999, 

p.5 ). Bowers and Wolf hypothesized that the combination of these two core deficits leads 

to the most severe forms of reading impairment in children (Bowers & Wolf, 1993; Wolf, 

1999). Wolf (1999) argued that the double deficit hypothesis enhances our understanding 

of the heterogeneity in children with dyslexia and provides new explanations for why 

some children with dyslexia do not fit into phonological-based theories. More 

importantly, she indicates that the new conceptualization adds a new perspective to 

diagnostic criteria and requires changes in intervention. 

Even though studies have consistently documented that RAN is a strong predictor 

of word reading (e.g., Hammill, Mather, Allen, & Roberts, 2002; Manis, Doi, & Bhadha, 

2000; Wolf et al., 1986), how RAN affects reading and other cognitive/1 inguistic 

variables is not well understood (Cutting & Denckla, 2001). A few studies have explored 

how RAN is related to other cognitive/linguistic variables using structural equation 

modeling (SEM) or path analysis (Cutting & Denckla, 2001: Hammill et al., 2002; 

McBride-Chang & Manis, 1996; Ncuhaus & Swank, 2002; Wagner et al., 1994). These 

studies differed in sample characteristics, variables examined, and grade levels studied. 

This study differs from the previous studies in that (a) RAN was examined using 

latent variables representing phonological awareness, verbal short-term memory. 



processing speed, letter knowledge, and basic reading skills (word/nonword reading), (b) 

the sample included first and second graders with varying reading abilities, and (c) a 

causal model was developed to examine the concurrent relationships among the variables 

and tested using classical path analysis. The goal of this investigation was to examine the 

role of RAN tasks to basic reading skills and to explore the relationship of RAN to other 

cognitive variables such as short-term memory, processing speed, phonological 

awareness, as well as knowledge of letter names. In this study, the focus is on basic 

reading (word/nonword) skills rather than other aspects of reading bccause the reading 

literature has consistently shown that the majority of children who have reading 

difficulties have insufficient word reading skills. The sample included only first and 

second graders because the focus of the study was to explore these variables in early 

readers. This study is also a partial replication of the Cutting (1997) study. The sample 

used by Cutting included first, second and third graders who had average reading 

abilities. However, the present study included latent variables and had a sample with 

varying reading disabilities. 

Purpose of the Research 

The primary purpose of this study is to examine the relationships among RAN 

and other cognitive/linguistic variables such as memory, processing speed, and 

phonological awareness, as well as the relationship of RAN tasks to basic reading skills 

and letter knowledge in a sample of first- and second-grade children. The tests selected 
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for this study were 27 for the first grade and 31 for the second grade. Of the 31 tests 

administered, 27 were the same for both grades. 

Factor analysis techniques and path analyses using multiple regression equations 

were used to answer the research questions for each grade. Specifically, exploratory 

factor analysis was used to identify the number and nature of the constructs that underlie 

these variables. After determining the constructs, a series of multiple regression analyses 

were conducted to understand whether there is a significant relationship between the 

dependent variable and the multiple independent variables. A path model was used based 

on regression analyses results, and a theoretical model was developed to explain the 

direct and indirect relations among these variables. 

Research Objectives 

The specific objectives for this research were: 

1. To advance understanding about the nature of RAN. 

2. To examine the relative importance of RAN, verbal short-term memoiy, 

processing speed, phonological awareness, and letter knowledge in a sample 

of early readers (first and second graders). 

3. To examine the predictive power of RAN in early reading skills and assess 

this relationship in a sample that represents a "standard" population. 



Significance of the Study 

This study contributes to the growing body of research focusing on the role of 

RAN and its relationship to reading. In addition, the relationship between RAN and other 

cognitive abilities is explored. The answers to these questions add to the literature 

concerning the nature of RAN. First, they broaden the existing understanding about the 

relationship of RAN to reading. Next, they help to explain how rapid naming is related to 

other cognitive and linguistic tasks. Finally, the results of this study may have significant 

implications for the diagnosis of dyslexia in children and early intervention. 

Definition of Terms 

Auditory (Verbal Short-Term) Memory, or Phonological Memory: "Recoding written 

symbols into a sound-based representational system that enables them to be maintained 

efficiently in working memory during ongoing processing" (Wagner & Torgesen, 1987, 

p. 193). 

Developmental Dyslexia: A failure to learn to read that cannot be attributed to low 

general intelligence, severe neurological or physical disability, vision or hearing 

problems, emotional disorders, motivational problems, socioeconomic disadvantage, or 

inadequate opportunity to learn (Vellutino, Scanlon. Sipay, Small. Pratt, Chen, & 

Denckla, 1996) 

Exploratory Factor Analysis: A statistic^ technique used for reduction of the number of 

variables. It is used to uncover the common underlying structure of the data set. 



General Knowledge: Knowledge of words and general world knowledge. 

Letter Identification Skills: Letter knowledge. 

Non-Word Reading: Non-word reading is the ability to access and integrate multiple 

phonological codes without having a lexical address (Wagner & Torgesen, 1987). 

Path Analysis: An extension of the regression model that is used to examine assumed 

"causal" relationships among observed or latent variables. 

Phoneme: Single speech sound. Smallest sound unit within words (Badian, 2001). 

Phonics: A method of teaching reading that teaches letter-to-sound correspondences and 

how to blend and segment sounds when decoding and spelling words. 

Phonological Awareness: Explicit awareness or sensitivity of the sound structure of 

language or "the ability to recognize the basic phonemic segments of language" (Siegel, 

1998, p. 149). It is assessed by tasks that require children to distinguish, blend, or 

separate the individual phonemes in words. 

Phonological Processing: Use of sound structure of oral language when processing 

written and oral information (Wagner & Torgesen, 1987). .. mental operations that are 

involved when the phonological, or sound structure, of oral language is utilized in 

decoding written language" (Torgesen et al., 1997, p. 162). 

Processing Speed: Speed in information processing ability. 

Rapid Automatized Naming (RAN). Naming Speed, or Rapid Serial Naming: The rapid 

recognition and retrieval of familiar visual stimuli with verbal coding (letters, digits. 



colors, or objects). RAN is measured by tasks that require children to name the items as 

accurately and as fast as possible. 

Rapid Automatic Naming (RAN) Tasks: These tasks include a visual array of 50 stimuli, 

5 symbols from one of the following categories (letters, numbers, colors, or objects) 

presented randomly in 10 rows (Denckla & Rudel, 1976). 

Word Reading (Decoding/word identification/single word reading/ word recognition): 

Word reading is the ability to accurately and fluently identify printed words. 

Summary 

Although many researchers have documented that RAN is an important predictor 

of reading skills, there are still disagreements over the conceptualization of RAN. 

Therefore, it is important to understand the relationship of RAN to basic reading skills 

and to other predictor variables, such as phonological awareness, verbal short-term 

memory, processing speed, and letter identification. This study investigated the 

relationship of RAN to those variables in a sample of first and second graders. The 

subjects demonstrated a range of reading skills varying from poor to good. 

A causal model of RAN to reading was developed to test proposed direct and 

indirect relationships among these variables. The significance of the relationships was 

tested by multiple regression and path analyses. This study aimed to advance 
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understanding of (a) the importance of RAN in reading in early readers, and (b) the role 

of the processes underlying RAN performance. 
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CHAPTER 2: LITERATURE REVIEW 

The literature review is organized according to the questions addressed by this 

study. The first section of the literature review addresses the history of RAN, describes 

types of RAN measures and their formats, and addresses the double- and triple-deficit 

hypotheses. The second section discusses the relationship of RAN to cognitive (memory 

and processing speed ) and linguistic (phonological awareness) variables as well as letter 

knowledge. The last section examines the relationship between RAN and basic reading 

abilities (word/non-word reading). This section also focuses on the predictive power of 

RAN across grades and the relationship of formats to various reading skills, as well as the 

discriminative power of RAN among subtypes of readers. Throughout the chapter, RAN, 

rapid naming, or naming speed are used interchangeably unless otherwise stated. 

History of RAN 

Historically, the roots of interest in RAN can be traced to Norman Geschwind's 

hypothesis about color naming. In an article written in 1966, Geschwind and Fusillo 

described an adult patient who had a stroke and was unable to name colors despite his 

ability to match them. The patient showed no evidence of color blindness or agraphia 

(inability to spell and write words). Therefore, the researchers proposed that slow color 

naming results from a disconnection between the visual and verbal systems. Geschwind 

and Fusillo () 966) hypothesized that color naming should be a good early predictor of 



later reading performance because reading and color naming share similar cognitive, 

linguistic, and perceptual processes. 

Geschwind's thinking prompted further investigation by Denckla and Rude! 

(1974, 1976a, 1976b). Dcnckla and Rudel (1976a. 1976b) compared children with 

dyslexia, non-dyslexic children with learning disabilities, and a control group children 

(average readers) on their abilities to rapidly name pictures of common objects, colors, 

numbers, and letters. These researchers reported that children with reading disabilities or 

dyslexia were significantly slower on the naming tasks (pictures of common objects, 

colors, letters, and numbers) than the other two reader groups (non-dyslexic learning 

disabled and control group). They also reported that the speed of the retrieval, not the 

names of the colors, differentiated readers with dyslexia from other children. Their slow 

performance was not related to a generalized slowing on other cognitive tasks, such as 

timed intelligence tests. The researchers concluded that children with reading disabilities 

were able to name symbols accurately, but that they failed to name symbols rapidly. 

Denckla and Rudel (1976a, 1976b) demonstrated that RAN for familiar visual 

items differentiated dyslexic children from average readers as well as other children with 

learning disabilities. Spring and Capps (1974) also supported their conclusion. Spring and 

Capps (1974) reported that poor readers were slower than nomial readers on naming tests. 

Since that lime. Denckla and Rudel"s conclusions have been supported by many 

subsequent studies (e.g. Ackerman & Dyckman. 1993; Badian, 1997; Badian, McAnulty, 

Duffy, & Als, 1990; Bowers, Stefly. & Tate, 1988; McBride-Chang & Manis, 1996; 



Snyder & Downey, 1995; Wolf el al, 1986; Wolff, Michel, & Ovrut, 1990). 

Furthermore, in the same period. La Berge and Samuels (1974) proposed a theory 

of automatic information processing in reading and stressed the importance of 

automaticity and accuracy in fluent reading. These researchers argued that automaticity is 

an essential skill to achieve fluent reading because it frees attention. The researchers 

found that when numbers and letters are learned, they arc named faster than the earlier 

learned objects and colors. This conclusion was supported by the findings of Wolf and 

her colleagues (Wolf. 1984; Wolf et al.. 1986). 

Types of RAN Tasks 

Development of Initial RAN Tasks 

The original RAN task was designed with colors because colors are learned early 

and arc highly familiar to most young children. Color naming was first tested with 

kindergarten children (Denckla, 1972). Later on, time pressure was added. In subsequent 

research, three more RAN tasks were created: objects (pictures of very familiar objects), 

letters, and numbers. The test for object naming was designed using the four-year-old 

vocabulary words from the Stanford-Binet intelligence test. Object naming was regarded 

as a lower extension of color naming, whereas numbers and letters were conceived of as 

an upper extension of color naming (Denckla & Cutting. 1999). Wolf and her colleagues 

(Wolf, 1984; Wolf et al.. 1986) showed that the predictive power of RAN colors and 

objects diminished after kindergarten, whereas numbers and letters continued to be good 



predictors of early reading success until second grade. In addition, the speed of responses 

has been a more powerful predictor than the types of mistakes or number of the correct 

responses when evaluating RAN performance (Denckla & Rudel. 1976a; Wolf, 1984; 

Wolf, 1991). Currently the RAN formats include letters, numbers, colors, and objects. 

Denckla and Rudel (1974) examined whether letter and number naming showed 

different developmental characteristics in comparison to color and object naming. The 

researchers studied RAN colors, objects, numbers, and letters in a cross-sectional study. 

Their sample consisted of 180 normal subjects ranging from 5-years to 11 -years old. 

Denckla and Rudel (1974) reported that even though letters and numbers are most 

recently acquired, they are relatively easier to name for children with dyslexia as well as 

average readers. However, pictures and colors, which are acquired earlier, were relatively 

more difficult to name quickly. 

Discrete and Continuous Formats of RAN 

Two different formats for naming tasks have been developed; discrete and 

continuous. In the discrete format, items are presented individually and the child is asked 

to name one object at a time. The child's score is the average reaction time for the 50 

items. In the continuous fonnat. all 50 items are presented on a page and the child is 

asked to name all items as accurately and as quickly as possible. The child is presented 

with a sheet containing 10 rows of five letters, or numbers, or colors, or objects. Each row 

contains the same stimuli, but they ordered in a way that no two rows have the same 
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order. The child's score is the total time that it takes to name all the items. 

The differing formats used in RAN tests have led to some debates among 

researchers. Some researchers have argued that the discrete format has advantages 

compared to the continuous format because it does not require some processes (e.g.. 

scanning, sequencing, and motoric processes). Other researchers have reported that the 

continuous format is a more powerful discriminator of good and poor readers than the 

discrete format (Bowers et al, 1988; Wolf. 1984; Wolf et al., 1986) because the task 

requirements are more similar to the processes involved in reading. Overall, the research 

results regarding the discriminative power of the discrete format have been contradictory 

(e.g.. Bovvers & Swanson. 1991; Perfetti. Finger, & Hogaboam, 1978; Stanovich, 1981; 

Stanovich, 1985; Walsh, Price. & Gillingham, 1988). 

linlike the discrete format, the continuous format has been widely used in studies 

and shown that it is effective to differentiate reader types (e.g., Badian et al., 1990; 

Badian, Duffy. Ms. & McAnulty. 1991; Denckla & Rudel, 1976: Wolf, 1984. 1986. 

1991). Moreover, when the continuous format is administered to kindergarten children, it 

has effectively predicted later reading achievement (Badian. et al.. 1990: Badian et al., 

1991; Blachman, 1984; Catts. 1991; Wolf. 1984: Wolf et al., 1986). Because the 

preponderance of data suggests that the continuous format is the best predictor of reading 

failure (Wolf, 1991. 1999. for reviews), the rest of the discussion focuses upon this type 

of RAN task. 
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The Double and Triple Deficit Hypotheses 

Wolf and Bowers argue that deficits in RAN should be considered as a second 

deficit in children with reading disabilities and arc independent of a phonological core 

deficit (Bowers & Wolf. 1993; Wolf 1997; Wolf & Bowers, 1999; Wolf & Bowers, 

2000). Bowers and Wolf (1993 ) re-examined the data from earlier studies and proposed a 

theory, which they called the "double deficit hypothesis" (see Bowers & Wolf 1993; 

Wolf & Bowers, 1999). The double deficit hypothesis was proposed as an alternative 

theory to the phonological core-deficit theory of reading disabilities. It emphasized both 

phonological processes and fluency-related processes underlying RAN. The double 

deficit hypothesis focuses on the heterogeneity of the population with reading disabilities 

and children who do not benefit from phonological-based treatments (Wolf 1999). Wolf 

and Bovvers believed that this new conceptualization would shed light on diagnosis, 

treatment, and definitions of developmental dyslexia (Wolf, 1999). 

Within this framework. Wolf and Bowers described three types of deficits: (a) a 

deficit in phonological awareness, (b) a deficit in RAN, and (c) a deficit in both. Single 

deficit groups have either phonological deficits or RAN deficits, and the double deficit 

group has both deficits. Therefore, children with a double deficit are the most severely 

impaired group on reading tasks. Wolf (1997) suggested that children with naming 

deficits are accurate, but slow readers. Children with phonological deficits are poor 

readers, and children with both deficits are the most severely impaired readers. Wolf 

(1999) described how the "double deficit" term emerged: 



The term, double deficit, emerged as a concrete metaphor to 
convey at once the critical blow that the combination of 
both deficits represents. Just as naming-speed skills 
predicted word identification, and phonological skills 
predicted word attack, deficits in both variables would 
impede both aspects of reading, leaving no compensatorv 
route easily available (pp. 13-14). 

Wolf and Katzir-Cohen (2001) explained the implications of this hypothesis. 

First, children with deficits in RAN are usually not detected in the early years of 

schooling. Students with these deficits appear to continue to develop fluency and 

comprehension problems by the end of Grade 3. Second, as research has consistently 

shown, children who have double deficits have the most severe reading and fluency 

problems. Third, the double deficit hypothesis provides a rationale and foundation for a 

special reading intervention that addresses the needs of such students. 

Badian (1997 ) acknowledged the work of Wolf and Bowers and proposed a triple 

deficit hypothesis by expanding the double deficit hypothesis. Badian hypothesized that 

readers may have a deficit in one or any combination of three areas: phonological 

awareness, orthographic awareness (recall of spelling patterns), and RAN. In other words, 

a reader might have a deficit (a) in one of the three areas, (b) in any combination of the 

three areas, or (c) in all three areas. Based on the results of her study. Badian (1997) 

reported that half of the readers with dyslexia had triple deficits, in comparison to garden-

variety readers and reading-level matched children. Badian's study offers support for the 

hypothesis that RAN and phonological awareness contribute separately to word reading. 

It also suggests that orthographic awareness can contribute to reading failure. 
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Most likely, multiple factors affect reading development. Wolf (1999) 

acknowledged the limitations of the double-deficit hypothesis and she stated as follows: 

.. .this new conceptualization of reading disabilities was, 
ironically, named too quickly. To be sure, double deficit 
captures the phenomenon of study—that is, the importance 
of understanding the separate and combined effects of two 
core deficits—but it fails miserably in redirecting our 
simultaneous attention as a field to the entire profile of 
strengths and limitations manifest in children with reading 
disabilities. Only when we develop truly multi-dimensional 
models of deficits and strengths will our diagnostic and 
remedial efforts be best matched to individual children 
(p. 23). 

In short, current research indicates that naming-speed deficits and phonological 

deficits are found both independently and in combined forms. Single-deficit readers can 

be described as having modest reading impairments, and double or triple deficit readers 

have the most severe reading impairments. 

The Relationship of RAN to Memory 

Memory difficulties are one of the most frequently reported cognitive 

characteristics of children with reading difficulties (e.g.. Badian et al.. 1991; Torgesen. 

Rashotte, Greenstein. I louck, & Portes. 1987; Torgesen, Wagner. & Rashotte, 1994; 

Torgesen, Wagner. Simmons, & l.aughon. 1990; Wimmer. May ringer, & Landerl, 1998). 

Verbal memory is frequently referred to as "memory span" and is typically assessed by 

tasks that require the exact maintenance of siiort verbal items (digits, letters, words, or 

pronounceable nonwords). These tasks require immediate, exact, and ordered recall 



(Torgesen et al., 1994). In assessing verbal memory ability, a variety of measures have 

been used such as word/pseudoword memory, sentence memory, and digit span. Studies 

examining RAN and memory do not provide consistent findings concerning their 

relationship to each other (Bowers. Golden, Kennedy, & Young. 1994). For example, 

some researchers have viewed RAN as being related to verbal memory (e.g.. Spring & 

Capps, 1974; Suk-han Ho & Lai, 1999); others have argued that they are separate 

processes and are not con-elated with each other (e.g.. Cornwall. 1992; Cutting, 1997; 

Cutting & Denckla, 2001; Felton & Brown, 1990; Scarborough. 1998b). 

Some earlier studies showed that RAN and verbal short-term memory are 

correlated (e.g., Ackerman, Dykman, & Gardner, 1990; Spring & Perry, 1983; Wagner, 

Torgesen. Rashotte. Hecht, Barker. Burgess. Donahue, & Garon. 1997). Wagner and 

Torgesen (1987) argued that RAN and verbal memory are the components of 

phonological processing ability and are interrelated processes. The findings of some 

earlier studies were compatible with longitudinal studies of Torgesen. Wagner and 

colleagues. For example, Spring and Ferry (1983 ) suggested that RAN was strongly 

correlated with verbal short-term memory (r - .51. p < .001) when the memory test was 

given under nonrhyming conditions in a sample of good and poor readers (third to fifth 

grade students). The researchers hypothesized that "digit naming speed is a measure of 

the ability to engage in high-speed phonetic coding, that this ability is impaired in poor 

readers, and that this impairment affects short-term memory span" (p. 141). Similarly, 

Spring and Capps (1974) reported that RAN digits were a powerful predictor of verbal 
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short-term memory performance. 

Using a large battery of tests and sophisticated statistical analysis methods, 

Torgesen, Wagner and colleagues conducted a series of experiments with a large number 

of students. These researchers focused on the relationships among phonological 

awareness, RAN and verbal memory (Torgesen et al., 1994; Wagner, Torgesen, Laughon, 

Simmons, & Rashotte, 1993 ). For example, in 1993, Wagner and colleagues found 

evidence that RAN and memory are distinct but correlated processes. The researchers 

reported significant correlations between RAN and memory factors in both kindergarten 

and second grade samples (.791 and .238. respectively). These results were replicated and 

extended by a longitudinal-correlational study conducted by Wagner et al. {1997). In this 

study, the researchers examined the relaiionships among phonological awareness, RAN, 

and verbal memory in a sample of 216 children. These skills were assessed each year 

from kindergarten through fourth grade. Using confirmatory factor analysis, the adequacy 

of the different measurement models was evaluated and assessed for each grade. The 

model fits were adequate at each grade, ranging from .97 to .99. The researchers reported 

that phonological awareness, RAN. and verbal memory were separate, but correlated 

processes. 

In a sample of 20 children with reading disabilities, aged 9 years to 12 years. 

Ackerman et al. (1990) examined the relationship between RAN and memory tasks. 

However, unlike other researchers, they assessed the performance of the part icipants 

using the Rapid Alternating Stimulus Task (RAS). along with forward and backward digit 



span measures. RAS is a version of classic RAN tasks that aUemates digits and letters in 

one naming measurement. Their findings were consistent with the results of the other 

studies. In other words, RAS naming rate was strongly correlated with forward digit span 

(r = -.63). 

Other evidence has come from a study conducted in 1 long Kong with Chinese 

students (Suk-han Ho & Lai, 1999). The study essentially replicated the results of the 

previous research in showing that RAN and memory are related to each other. The 

researchers reported significant correlations between various formats of RAN (discrete 

and serial) and memory measures in a sample of good and poor readers. Furthermore, 

when the effect of Chinese word reading was controlled, short-term memory measures 

were significantly correlated with only discrete naming tasks (Suk-han Ho & Lai. 1999). 

Based on these findings, the authors suggested that the strong association between RAN 

and verbal memory might indicate a common underlying phonological component. 

In contrast to some .studies that have shown an association between RAN and 

verbal memory, other researchers suggested that RAN and verbal short-term memory are 

independent abilities (e.g.. Cutting, 1997; Felton & Brown. 1990; Scarborough, 1998b). 

For example. Bowers et al. (1988) attempted to determine whether RAN and verbal 

memory accounted for the same variance in reading skills. Their sample consisted of 46 

elementary school students, ranging in age from 8 to 11, who were referred to a clinic for 

assessment, even though only half of them had severe reading impairments. Using 

multiple regression analyses, they entered RAN digits into regression analyses both 



before and after memory variables. The results of analyses revealed that RAN and 

memory accounted for unique variance in word reading, suggesting that they are not 

correlated processes. Furthermore, when they tested the interrelationships between RAN 

and memory, RAN digits contributed unique variance to memory. However, once verbal 

comprehension had been entered, RAN digits no longer accounted for significant variance 

in memory scores. 

Another study, conducted by Felton and Brown (1990), examined the 

relationships among RAN. memory, and phonological awareness in a large sample of at-

risk kindergarten children {N= 991). The researchers found that, when IQ was controlled, 

there were no intercorrelations among these variables in a sample of young at-risk 

children. Furthermore, a longitudinal study brought additional evidence for older children 

(Scarborough. 1998b). Scarborough examined the concurrent and future relationships 

among reading, spelling, phonological awareness, RAN, verbal memory, and IQ at Grade 

2 and Grade 8 and found that intercorrelations among RAN, memory, phonological 

awareness, and IQ were very low at both grades. The correlations between verbal memory 

and RAN at Grade 2 and Grade 8 were r = -.25. and r = -.19, respectively. A similar 

result was reported by Cornwall (1992), who did not find a significant correlation 

between RAN letters and sentence memory (r =.18). Using path analysis. Cutting and 

Denckla (2001) supported these findings and found that RAN had no significant direct 

effect on memory (path coefficients of .15) (see also Cutting. 1997). In addition, Wimmer 

et al. (1998) have viewed the link between RAN and verbal memory from another 



perspective and proposed that RAN and verbal short-term memory deficits "arc linked to 

difficulties in learning to read via the difficulty in establishing memory representations 

for the letter sequences of words or of parts of words." (p. 338). In summary, the 

relationship between RAN and verbal short-term memory appears to require more 

investigation because the results of the studies are mixed. 

The Relationship of RAN to Processing Speed 

Several researchers have proposed that deficits in "timing" or "temporal" 

processing cause reading failure (e.g., Catts, Gillispie. Leonard, Kail. & Miller, 2002; 

Fawcett & Nicolson. 2001; Kail & Hall. 1994: Wolf, Bowers, & Biddle. 2000). However, 

differences exist among how researchers conceptualize impaired temporal processing. 

Some describe it as a domain specific deficit, whereas others view it as a domain general 

deficit (Chiappe. Stringer, Siegel. & Stanovich, 2002). For example, some researchers 

believe that children w ith dyslexia have a general deficit in processing speed (Fawcett 

and Nicolson. 2001; Kail & Hall. 1994), but others state that poor readers have deficits in 

specific aspects of processing speed, such as in visual, auditory, or motoric areas 

(Nicolson & Fawcett, 1990; Wolff et al.. 1990). Furthermore, in a recent 

reconceptualization of RAN, Wolf et al. (2000) proposed that a neurologically based 

timing deficit impairs the performance of poor readers on RAN tasks. 

Research has indicated that age-related changes in processing speed are 

consistent, large, and non-task specific (Kail, 1991a). The changes could be attributed to a 



general developmental factor, as both young children and elderly adults respond more 

slowly than young adults on timed tasks (Kail, 1991a). In other words, age-related 

changes in performance on processing speed would manifest in changes in performance 

on all speeded tasks (i.e.. perceptual, motor, or cognitive tasks) (Kail, 1991 a, 1991b). 

Some researchers proposed that RAN tasks were an index of automaticity (Spring 

& Davis, 1988; Wolf et al.. 1986). However, Kail and Hall (1994) believed that a general 

change in processing speed, not automaticity. is reflected in performance on RAN tasks 

(i.e.. letters and digits). They argued that "access to name codes for digits, letters, and 

colors, may become more rapid with age simply because age-related change in the global 

mechanisms speed retrieval, not because access to name codes is automatic" (p. 950). The 

researchers examined the relations among the measures of RAN, processing speed, and 

word reading in a sample of average readers. They found that age-related changes in 

processing speed were related to naming speed. Based on their results, if automaticity 

were the basis for the association between RAN and reading, they suggested the 

following: 

... naming times should have been linked to age because 
automaticity is a function of age-related experience. Instead. 
the results are consistent with the view that times to name 
this stimuli are determined by a global mechanism that 
limits the speed with which most cognitive processes are 
executed (p. 953). 

Similarly. Kail. Hall, and Caskey (1999) reported that age-related processing time 

predicted naming speed, but not reading experience. 



In general, research has shown that children with dyslexia process information 

more slowly than those who are at the same age and at the same level of reading ability 

(Fawcett & Nicolson. 2001). Nicolson and Fawcctt (1990) argued that readers with 

dyslexia fail to fully automatize skills, especially when the task is demanding. Further, the 

researchers have argued that the lack of automatization impedes the acquisition of 

reading, writing and phonological skills, as well as the acquisition of a range of other 

skills (Fawcett & Nicolson. 1995. 2001). They concluded that children with dyslexia have 

general deficits in processing speed that can be seen in almost any skill. 

In a study that consisted of 50 first and second grade students, Neuhaus, Foomian. 

Francis, and Carlson (2001) examined the relation between reading and two components 

of RAN tasks (articulation and pause times). They found that pause time associated with 

letters predicted reading, but not general processing speed. In contrast, the study 

conducted by Catts et al. (2002) contradicted the findings of the Neuhaus et al. study 

(2001). The researchers investigated the role of R.A.N, processing speed, and phonological 

awareness in reading achievement in a large sample of elementary school students (Catts 

et al., 2002). Unlike other researchers. Catts and colleagues included a wide variety of 

measures of response time as well as measures of RAN and phonological awareness. 

They reasoned that the inclusion of these tasks would help to clarify the nature of the 

deficit in processing speed (general versus specific). They further attempted to determine 

how deficits in processing speed would influence the performance on RAN and 

phonological awareness tasks. Since poor readers perlbrmed more slowly than good 
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readers across linguistic and nonlinguistic tasks, they concluded that poor readers might 

have a general domain deficit in processing speed. Furthermore, their multiple regression 

analyses demonstrated that when RAN was entered after IQ and processing speed. RAN 

failed to account for significant variance in reading success. The researchers indicated 

that slowed performance on the RAN task might be the reflection of a general domain 

deficit in processing speed. 

Cutting and Denckla (2001. see also Cutting. 1997) used path analysis to 

investigate the relationship of RAN to processing speed, reading and other cognitive 

variables. Results indicated that processing speed contributed to performance on RAN 

tasks. In contrast, Chiappe et al. (2002) administered a large battery of tasks that included 

phonological awareness and reading measures, as well as a wide range of timing tasks. 

Their sample consisted of 30 adults with reading disabilities. 32 adults with average 

reading skills, and 31 children who were normal readers. Their results suggested that 

deficits in RAN are not related to temporal processing speed. Currently, research remains 

contradictory in regard to how RAN and processing speed tasks are related. 

The Relationship of RAN to Phonological Awareness 

A substantial amount of research has shown that phonological processing skills 

are an important correlate and predictor of word reading ability (Stanovich & Siegel, 

1994; Torgesen et al.. 1994; Torgesen et al.. 1997; Wagner & Torgesen, 1987). Phonemic 

awareness plays an important role in learning to decode words, and reading problems in 



some poor readers are caused by phonological deficits (Stanovich, 1988; Vellutino. et al., 

1996; Wagner & Torgesen, 1987). Furthermore, research has consistently revealed that 

the major cause of dyslexia is a specific phonological deficit (Stanovich, 1988; Torgesen 

et al., 1994; Torgesen et al., 1997; Wagner & Torgesen. 1987). Phonological-core deficit 

impedes the child's ability to understand and manipulate the sound structure of words, 

which leads to inadequate phonological decoding skills. Findings of recent research in 

early reading have consistently confirmed that a strong link exists between phonological 

awareness and learning to read (e.g., Torgesen et al., 1994). 

Considerable research in the last decade has focused upon how RAN is related to 

phonological awareness. Some researchers considered RAN as a component of 

phonological processing due to the phonological nature of the RAN tasks (Torgesen et al.. 

1997; Wagner & Torgesen. 1987; Wagner et al., 1993 ). Torgesen, Wagner and colleagues 

(e.g., forgesen et al.. 1997; Wagner et al., 1993) argue that naming-speed should be 

subsumed under phonological processes because it requires the verbal labeling of visual 

stimuli. Although these researchers acknowledge the independent contributions of RAN 

to reading, they conceptualize naming-speed as a part of phonological processing and 

define RAN as the "efficiency of phonological code retrieval." Torgesen and colleagues 

(1997) argue that a relationship exists between RAN and early reading because of the 

phonological nature of RAN tasks. According to Torgesen, R AN is predictive of early 

reading due to the ability to measure the speed of access to phonological codes. Wagner, 

Torgesen, and colleagues (e.g.. Torgesen et al., 1994; Wagner & Torgesen, 1987; Wagner 



et al., 1993) view RAN primarily as a phonological processing task. 

Researchers have attempted to differentiate whether RAN and phonological 

processing skills measure different aspects of reading or RAN tasks are primarily 

phonological in nature. As discussed earlier in this chapter, over the last years, Bowers 

and Wolf (Bowers & Wolf. 1993; Wolf and Bowers. 1999; Wolf & Bovvers. 2000) have 

proposed an alternative conceptualization of dyslexia, called the double deficit 

hypothesis. The double deficit hypothesis poses that RAN deficits are the second core 

deficit in dyslexia. Even though Torgesen, Wagner and colleagues subsumed naming 

deficits under phonological processes. Bowers. Wolf and colleagues proposed that RAN 

and phonological awareness are independent of each other. Substantial amounts of 

longitudinal and cross-sectional research in reading disabilities have consistently 

documented that children and adults with dyslexia are slower to name visually presented 

basic familiar symbols (especially, letters and numbers) than most other readers (Wolf & 

Bowers, 2000; Wolf et al., 2000). .According to these researchers, RAN requires some 

phonological components, as well as other cognitive processes. RAN tasks require rapid 

recognition and retrieval of visual stimuli under the pressure of time. During the 

identification of symbols, visual coding and lexical access must occur rapidly and 

accurately in a complicated sequencing pattern. 

Unlike what Torgesen, Wagner and their colleagues have argued, results from 

many studies have suggested that RAN and phonological awareness are separate 

processes (e.g., Ackcrman & Dykman, 1993: Bowers et al., 1994; Bowers & Wolf, 1993; 



F-'elton & Brown. 1990; Manis, Seidenberg, and Doi, 1999: Wolf, 1991; Wolf el al., 

2000). Thus, these researchers have suggested that even though RAN tasks share some 

variance with phonological awareness, RAN should be considered as a separate process. 

Wolf and Bowers (1999) proposed that RAN includes not only phonological 

components, but also processes necessary for fluent and rapid retrieval of symbol names. 

They indicated that deficits in these processes arc the potential impediment for fluent 

reading and appear to provide a separate source for reading difficulties, beyond 

phonological awareness. Similarly, Wolf et al. (2000) argued that if RAN were merely a 

phonological processing skill, it would undemine its complicated nature because RAN 

tasks include attentional. visual, lexical, temporal, and recognition subprocesses that all 

contribute to performance. Wolf, Bowers, and colleagues have pointed out that RAN is 

more strongly related to visual efficiency and speed. 

Similarly, Manis et al. (1999) argue that RAN taps important non-phonological 

components that may be related to early reading success. RAN requires a combination of 

sensory and cognitive processes that are necessary for fluent and rapid retrieval of symbol 

names. Speed of naming processing depends on how fast and efficiently these processes 

integrate and work together. 

Previous research has shown that phonological awareness and RAN contribute to 

reading skills independently. However, few studies have included a broad set of cognitive 

and linguistic tasks. For example, using a broad set of variables. Mather. Allen, and 

Gregg (2000) reported that their findings were consistent with previous studies and 
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concluded that naming speed is independent of phonological processing. Bowers and 

Swanson (1991) found that among second grade children RAN and phonological 

awareness contribute independently to reading and there was no relationship between 

them. On the other hand, Felton and Brown (1990) found modest correlations between 

phonological awareness tasks when IQ was statistically controlled. The sample consisted 

of children with reading disabilities; results may stem from the nature of the sample. 

Hammill et at. (2002) reported that RAN tasks appear to be relatively poor predictors of 

phonological processing skills, even though RAN and phonological skills are correlated 

moderately (r = .30). 

RAN and Letter Knowledge 

Letter name knowledge has been reported to be one of the best predictors of early 

reading (e.g., Compton. 2000: Wagner et al.. 1994). Even though teaching letter names 

does not appear to enhance reading skills, research has suggested that it is necessary to 

have some letter knowledge for the development of phonological awareness, especially at 

the phoneme level (de Jong & van der Leij, 1999). In addition, although RAN letters and 

numbers are reported to be more closely related to reading achievement than are RAN 

objects and colors (Bowers et al., 1988, Wolf et al., 1986). Meyer et al. (1998a) indicated 

that letter knowledge in kindergarten contributed to number/letter naming speed over 

colors and objects. 

Unlike other cognitive and linguistic variables, only a few studies have examined 



the relationship between RAN and letter knowledge. For example, in a design that 

covered 2-year periods of time from kindergarten to the end of fourth grade, Wagner et al. 

(1997 ) showed that most of the effect of RAN on subsequent reading disappeared when 

letter knowledge was controlled. Another study conducted by Wagner and colleagues 

(1994) showed that letter naming had a modest influence on RAN and phonological 

awareness tasks. Two researchers from the Netherlands, de Jong and van der Leij (1999), 

examined the contributions of phonological abilities to early reading acquisition by 

assessing various phonological abilities, nonverbal intelligence, vocabulary, and letter 

knowledge in kindergarten and Grade 1. The researchers found that the effects of letter 

knowledge on RAN and verbal working memory were not significant. Compton (2000) 

assessed first grade children seven times between October and April. Controlling the 

elTects of phonological awareness and word reading skill, he reported that the partial 

correlations (at the first assessment), between rapid naming and letter name knowledge 

and letter sound knowledge were significant. These studies conclude that RAN and letter 

knowledge are associated. 

RAN and Reading (Word/Nonword Reading) 

Findings of several decades of research have suggested that a strong empirical 

relationship exists between processes underlying RAN tasks and reading (e.g., Ackerman 

& Dykman, 1993; Bowers et al., 1994; Felton & Brown, 1990; Hammill et al.. 2002; 

Manis et al., 2000; Mather & Allen. 2001; Neuhaus & Swank, 2002; Uhry, 2002; Wolf. 



1991; Wolf & Bowers, 1999). Many studies have shown that RAN is a strong predictor of 

early reading skills and is correlated with concurrent and future reading ability (e.g., 

Ackerman et al., 1990; Bowers & Swanson. 1991; Cornwall, 1992; Denckia & Rudel. 

1976b. Hammill et al.. 2002; Mather & Allen. 2001; McBride-Chang & Manis, 1996; 

Wolf & Obregon. 1992). The growing evidence suggests that RAN and phonological 

awareness are strong predictors of early reading skills (Ackerman & Dykinan. 1993; 

Badian, 1993; Blachman, 1984; Bowers et al., 1988; Bowers & Swanson. 1991; Wolf et 

al., 1986). Previous research has established that deficits in RAN can be seen among poor 

readers from childhood (Wolf & Obregon, 1992) through late adolescence (Fawcett & 

Nicolson, 1994; Korhonen. 1995) and into adulthood (Telton, Nay lor, & Wood, 1990). 

Nonetheless, the reasons for the association between RAN and reading are not well 

understood (Bowers, 2001; Bowers, Sunseth. & Golden, 1999; Wolf, 1991). 

Some researchers have attempted to explain the association between RAN and 

reading by focusing on the relationship of RAN to orthographic knowledge. They 

hypothesized that the processes underlying slow naming may contribute, at least partly, to 

the formation of mental images of letler patterns (Bowers, 2001). This hypothesis has 

been, however, challenged by recent studies (Bowers, 2001). For example. Wolf, Bowers 

and colleagues (Bowers et al., 1988; Wolf. 1991; Wolf & Bowers. 1999; Wolf et al., 

2000) argue that RAN and word reading share multiple similar cognitive and linguistic 

processes and require automaticity for retrieving the name of the visual symbols. In a 

recent reconceptualizati on of reading disabilities. Wolf et al. (2000) proposed two new 



hypotheses to aceount for the relationship of RAN to reading. Wolf and colleagues (2000) 

describe these hypotheses as follows: 

The structural complexity of the naming-speed processes 
was the basis for two nonexclusive hypotheses about the 
nature of the link between RAN and reading. The first 
hypothesis emphasized the connections among processes 
underlying RAN. automatic orthographic pattern 
recognition, word identification, and reading fluency. The 
second hypothesis explored the possibility of multiple or 
domain-general timing problems and their effects on RAN 
and reading failure (p. 403). 

Other investigators have attempted to identify how RAN relates to different 

reading tasks (e.g.. Bowers et al.. 1988; McBride-Chang & Manis. 1996; Spring & Davis, 

1988; Torgesen et al.. 1990; Wagner et al.. 1994: Wolf et al., 1986). Findings from these 

studies have been inconsistent. Some studies have shown that RAN is highly correlated 

with word reading (Badian. 1993: Mather & Allen. 2001; Wolf et al.. 1986). Bowers and 

Swanson (1991) reported that RAN numbers are correlated with both regular and 

irregular words (.49 and .57, respectively). Bowers (1993) found that only RAN numbers 

contributed significant variance to reading speed, after controlling word reading skill, 

even over a 2-year period. This finding suggests that RAN has an important role in not 

only accurate reading, but also in fluent reading. Some researchers have reported that 

RAN is strongly associated with word reading skills, comprehension, and accuracy of 

passage reading, but it does not affect word attack skills (Badian. 1993; Bowers, 1995; 

Cornwall, 1992; Felton & Brown. 1990). Similarly. Bowers and Swanson (1991) reported 

that phonological awareness tasks accounted for the significant amount of the variance in 



word attack, whereas RAN predicted word identification. Wolf, Goldberg, Gidney, 

Cirino. Lovett, and Morris (2002) replicated this finding and reported that RAN scores 

were significantly correlated to Word Attack, Word Identification, and Passage 

Comprehension. Scarborough (1998b) and Meyer et al. (1998b) reported that RAN 

appeared to be unrelated to reading comprehension. 

Torgesen et al. (1990) randomly selected 79 second graders and administered a 

number of different kinds of rapid naming, memory, and reading measures. They reported 

that only RAN tasks were related to word reading, after partialling out verbal ability. The 

authors suggested that RAN measures were better predictors of early reading than 

memory span measures. In a sample of 48 children. Bowers et al. (1988) reported that 

RAN numbers contributed to the prediction of word reading and word attack skills, after 

controlling for verbal IQ and age. Ackerman et al. (1990) examined the contributions of 

letter/number naming, word reading, and verbal digit span. Using a stepwise regression, 

controlled for age and verbal IQ, letter/number naming and counting speed contributed to 

the prediction of word reading. Cornwall (1992) examined the contributions of 

phonological awareness, memory, and RAN to reading achievement, alter controlling for 

age. verbal IQ. social economic status (SES). and behavior problems in a sample of 54 

children. She found that RAN contributed to the prediction of word identification 

(r = .49) and prose passage speed and accuracy scores, whereas phonological awareness 

predicted word attack, spelling, and reading comprehension. Badian (1993) examined 170 

poor and good readers, aged 6 to 10 years, and found that, even when IQ and reading 



experience were controlled, RAN made an independent contribution to word reading, 

whereas phonological awareness added to the prediction of nonword reading. These 

studies suggest that RAN predicts word identification skills, but not word attack skills, 

after controlling for verbal IQ. 

Some longitudinal studies have shown that RAN tasks predict later reading 

achievement (Badian et al, 1991; Bowers & Swanson, 1991; Felton & Brown, 1990; 

Meyer et al.. 1998b; Wolf et al., 1986 ). For example, Meyer and colleagues (1998b) 

examined the predictive power of RAN tests on reading tasks in two large-sample 

longitudinal studies from third grade through eighth grade. The researchers attempted to 

clarify whether the predictive power of RAN could be applied within the whole range of 

reading ability, or whether this power exists only within the lower range of reading 

ability. They found that rapid naming was a strong predictor of eighth-grade word reading 

among third-grade poor readers, even when IQ, SES, and third-grade single word reading 

were statistically controlled. Moreover, the findings demonstrated that deficits in RAN 

have a long-term impact on reading disabilities. These findings were also supported by 

the Fellon et al. (1990) study. 

In contrast, Wagner et al. (1994) carried out a longitudinal study following 244 

children from kindergarten through second grade. In this study, the researchers employed 

a broad range of variables, including word and nonword reading, phonological analysis, 

phonological synthesis, short-term memory, isolated naming (digits and letters), serial 

digit naming (digits and letters), and vocabulary knowledge. These variables were 



assessed both before and after the reading instruction began. The researchers used 

structural equation model analysis to examine the structure of phonological processing 

skills. They examined causal relations between each of the phonological processing 

abilities and subsequent reading performance. When these variables were entered 

simultaneously into the equation, only phonological analysis had a causal influence on 

first-grade word reading. In other words, rapid naming was not a significant predictor of 

future word reading ability when all variables were considered together. 

In a later study. Wagner et al. (1997) used the same sample from the 1994 study, 

following 216 of these children through fourth grade. The researchers analyzed the data 

by increasing the time intervals of the study (overlapping two-year increments). In other 

words, they examined growth in phonological processes and word reading from 

kindergarten to second grade, from first to third grade, and from second to fourth grade. 

As in the 1994 study, they found that the relationship between phonological awareness 

and subsequent reading ability was stable across time in individual children. The 

researchers reported that rapid naming was related to word reading in the early grades 

(kindergarten to second and first to third, r = .25, p < .05 and r == 21. p < .05. 

respectively), but its association to word reading disappeared completely by fourth grade 

(r = .07). 

In contrast, Man is et al. (2000) explored concurrent relationships among different 

measures of RAN, phonological awareness, and orthographic skill in a sample of second 

graders. The researchers reported that RAN accounted for a significant amount of 
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variance in reading when phonological awareness and vocabulary were partial led out. 

According to the findings of the Manis et al. study. RAN appears to be related to different 

kinds of reading tasks and to make significant contributions to the prediction of reading 

ability. Nonetheless, as Scarborough (1998b) states, a full understanding of how RAN 

relates to reading achievement has not yet been determined. 

The Predictive Power of RAN Across Grades 

Many studies have consistently shown the predictive power of RAN for later 

reading development across grades (e.g.. Badian. 1994b; Badian et al.. 1991; Bowers. 

1995; Felton & Brown, 1990; Hammill et al.. 2002; Manis et al.. 2000; Meyer et al., 

1998a. 1998b; Neuhaus & Swank. 2002; Uhry, 2002; Wolf, 1984; Wolfet al.. 1986; Wolf 

& Bovvers. 1999). Researchers have documented that RAN is a strong predictor of 

reading (e.g.. Blachman. 1984; Wolf et al.. 1986), and yet. perhaps due to its multi-

faceted structure, the nature of RAN is still not well understood (Bowers & Wolf, 1993; 

Cutting & Denckla. 2001). 

Felton and Brown (1990) reported that RAN in kindergarten predicts later reading 

development (third grade word reading). They found that RAN tasks in kindergarten are 

the best predictors of first grade word identification, but not word-attack skills within at-

risk kindergarteners. Wolf (1984) and colleagues (1986) reported that naming tests 

administered in kindergarten have a strong ability to predict later word reading 

achievement. Wolf reported that RAN colors and objects lost their predictive power after 
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kindergarten, while numbers and letters continued to be good predictors of early reading 

success until second grade. Moreover, the speed of responses has been a more powerful 

predictor than the types of mistakes or number of the correct responses. Torgesen et al. 

(1990) reported that, when IQ was held constant, only RAN letters and numbers were 

significantly related to word reading skill in a sample of second graders. Bowers (1995) 

found that second-grade measures of RAN contributed unique variance beyond phonemic 

awareness to the prediction of various fourth-grade reading skills, with the exception of 

fourth-grade word attack skills. 

The results of longitudinal studies indicated that RAN in kindergarten was a 

strong predictor of later reading achievement (Badian, 1994b; Badian et al.. 1991; 

Bowers, 1995; Meyer et al., 1998a; Uhry, 2002; Wolf, 1984; Wolf et al.. 1986). For 

example. Badian (1994b) investigated the predictive power of phonological awareness, 

RAN, and orthographic skills in a sample of 118 children. The subjects were tested 6 

months before kindergarten entry and were retested 19 and 24 months later. The analyses 

indicated that preschool measures of RAN and phonological awareness made a 

significant, independent contribution to the prediction of first grade reading. 

Torgesen. Wagner, and colleagues (Torgesen et al., 1997; Wagner et al., 1997) 

evaluated the contribution of RAN to word reading development using a large randomly 

selected sample in a series of longitudinal comparisons from kindergarten through fifth 

grade. The researchers found that although the influence of RAN on word reading did not 

remain significant, the contribution of phonological awareness to reading development 



was stable across the years. Wagner et al. (1997) found that the influence of RAN 

changed across grades. RAN had a unique association with later word reading from 

kindergarten to second grade and from first to third grade, but not for later grades. 

Torgesen et al. (1997) examined the relationship between RAN and several reading 

measures from second to fourth grade and from third to fifth grade. When second- and 

third-grade reading performances were not included in the predictive equation. RAN and 

phonological awareness were strong predictors of later reading performance. When the 

prior second- and third-grade reading performances were included in the structural model, 

the contribution of RAN to the reading measures in the fourth and fifth grades was no 

longer significant. 

In contrast. Meyer et al. (1998b) conductcd two large sample longitudinal studies 

and examined the predictive power of RAN tests on reading tasks from third grade 

through eighth-grade. The results indicated that RAN was a strong predictor of eighth-

grade word reading among the third-grade poor readers, even when IQ, SES. and third 

grade single word reading were statistically controlled. RAN predicted word reading at 

the fifth-and eighth-grade levels. Overall, RAN appears to be a strong predictor of 

reading ability across grades. 

The Relationship oi'DilTcrent RAN Formats to Reading Skills 

Many researchers have explored the relationship among the various formats of 

RAN tasks (letters, numbers, objects, and colors) and reading ability (e.g.. Blachman. 
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1984; Bowers, 1995; Bowers and Swanson, 1991; Felton & Brown, 1990; Wolf, 1991; 

Wolf et al, 1986). Poor readers have consistently performed more slowly than typical 

readers on measures of digit, letter, color, and object naming (Denckla & Rudel. 1976a, 

1976b; Spring & Capps, 1974; Wolf. 1986; Wolf et al., 1986). but it still is not clear 

which type of format is most related to reading. 

The different types of RAN tasks may be related differently to the various 

components of reading. Some studies have reported that a strong relationship exists 

between kindergarten letter and number naming and later reading. For example, Felton 

and Brown (1990) found that RAN letters and numbers in kindergarten were the best 

predictors of later reading achievement ( first-grade word reading). They reported that 

RAN letters and numbers in kindergarten were the best predictors of first-grade word 

identification, but not word-attack skills. Bowers. Wolf, and colleagues investigated the 

predictivc power of RAN tasks on reading ability and found that RAN letters and 

numbers contributed to the prediction of reading ability (Bowers & Swanson. 1991; Wolf, 

1991; Wolf et al., 1986). Cornwall (1992) showed that RAN letters accounted for 

significant variation in word reading as well as prose passage speed and accuracy. She 

reported that RAN colors were not significantly correlated with any reading task. Similar 

results were obtained by several studies (e.g.. Bowers et al.. 1988; Torgesen et al.. 1990). 

These researchers reported that letter naming significantly contributed to the prediction of 

word identification, after partialling out age and verbal IQ. Ackerman et al. (1990) 

examined the contributions of letter/number naming, word reading, and verbal digit span. 



The researchers used a stepwise regression and controlled for age and verbal IQ. They 

found that lelter/number naming and counting speed both contributed to the prediction of 

word reading. 

Some results are conflicting even among the same researchers. For example, 

Badian (1993) examined the predictive power of RAN letters versus RAN objects. She 

reported that RAN lelters was an effective predictor of word reading (16.6% of variance), 

whereas RAN objects made the largest independent contribution to reading 

comprehension (14% of variance ). Likewise, Wolf (1991) obtained similar results and 

reported that RAN objects had a strong correlation with reading comprehension. 

However, in Badian's earlier studies. RAN numbers were the most robust predictor of 

later reading achievement and discriminated between poor and good readers groups at 

both kindergarten and grade 2 levels (Badian. Duffy, et al.. 1991; Badian, McAnulty. et 

al, 1990). 

A group of researchers in the Netherlands investigated life-span developmental 

relations between RAN tasks and word-reading speed (van den Bos, Zijlstra. & lutje 

Spelberg. 2002). Through regression analyses and correlations between RAN factors and 

reading speed, the researchers found that there is a developmentally increasing 

relationship between RAN numbers and letters and word reading speed. However, unlike 

the steady contributions of RAN letters and numbers to reading, RAN colors and objects 

showed developmentally erratic relationships with reading. Another study conducted by 

Neuhaus et al. (2001) investigated the relation between reading and the articulation and 



pause times on three RAN subtests (objects, letters, and numbers) in a sample of first and 

second grade students. The Neuhaus ct ai. (2001) study found that RAN letters pause time 

was the strongest predictor of performance on reading in both grades. 

Man is et al. (2000) explored the relationships of RAN and phonological 

awareness tasks to reading measures. They found that RAN letters and numbers 

accounted for a significant amount of variance in reading when IQ and phonological 

awareness were parti ailed out. Moreover, RAN objects did not account for unique 

variance in reading. The unique contribution of RAN numbers was significant for every 

variable ranging from 4.3% (nonword reading) to 19.6% (word identification). RAN 

letters accounted for larger amounts of unique variance ranging from 7.1% for nonword 

reading to 27.7 % for exception words. RAN numbers and letters were correlated with the 

phonological measures in the range of -.20 to -.44. Overall. RAN numbers were generally 

a less powerful predictor than RAN letters. RAN objects did not explain much variance in 

reading. 

In summary, some researchers have shown that RAN numbers and letters 

discriminate between poor and good readers, whereas RAN colors and objects predict 

those who will become poor readers (Denckla & Cutting. 1999). Nevertheless, these 

results should be taken cautiously because some studies have shown that RAN letters and 

numbers may involve more automatized naming characteristics than RAN objects and 

colors. In addition, research studies related to RAN have employed only two or three 

RAN formats, while only a few studies used four RAN formats (e.g., Meyer et al., 1998a, 



1998b: Wolfetal, 1986). 

Wolf and colleagues reported that the predietive power of RAN colors and objects 

diminished after kindergarten, while numbers and letters continued to be good predictors 

of early reading success until second grade. In general, correlations between RAN colors 

and reading are lower than RAN numbers and letters (Wolf et al., 1986). While most 

studies have demonstrated that letter/digit naming is more related to reading than 

color/object naming tasks (e.g.. Schatschneider. Carlson. Francis, Foorman, & Fletcher. 

2002; van den Bos et al.. 2002; Wolf & Bowers 1999), some studies have not supported 

these findings (e.g.. Meyer et al.. 1998a). 

RAN's Ability to Discriminate Between Poor and Good Readers 

Wolf and colleagues (2000) reported that the cumulative findings of research 

studies have demonstrated that RAN and RAN-like tasks differentiate readers with 

dyslexia from (a) average readers (e.g.. Badian et al., 1990; Bowers et al., 1988; Wolf et 

a!., 1986), (b) garden-variety poor readers (e.g., Ackerman & Dykman. 1993; Badian. 

1994a; Wolf & Obregon, 1992). and (c) readers with other types of learning disabilities 

(e.g., Ackerman & Dykman, 1993; Denckla & Rudel. 1976a, 1976b). 

Some researchers have found the relationship of RAN to reading varies depending 

on the level of reading ability. 1 or example. Wolf and colleagues (2000) indicated that 

average readers appear to be fluent by grade 2, earlier than readers with dyslexia. Thus, 

RAN is a weaker predictor for average readers in grade 2. Garden-variety poor readers 



also appear to become fluent by grade 2. Similarly, RAN is a weaker predictor of later 

reading for garden-variety poor readers. Results from a five-year longitudinal study 

indicated that RAN tasks have the ability to differentiate average from poor readers. The 

study showed that poor readers performed slower than average readers on all naming 

measures across all years than average readers (Wolf, 1984; Wolf et al., 1986). 

Furthermore, the question of w hether RAN differentiates readers with dyslexia from 

reading-age matched readers has resulted in conflicting results (Wolf et al., 2000). A few-

researchers have found that children with dyslexia perfonned more slowly than reading-

age matched children (Ackerman & Dykman. 1993; Biddle, 1996). Bowers (1995) 

reported that RAN differentiated between poor and moderately poor readers, not poor and 

good readers. In an unpublished study, Spring (1987), found that digit-naming speed 

differentiated poor readers from average readers with 84% accuracy (cited in Spring & 

Davis, 1988). Similarly, Badian et al. (1991) reported that RAN tasks were among the 

most effective differentiators of poor and good reader groups. Their study demonstrated 

that RAN numbers and letter sounds in kindergarten differentiated poor readers from 

good readers in fourth grade with close to 100% accuracy. 

In contrast, Meyer et al. (1998b) showed that RAN has predictive power only for 

poor readers, not for average readers. In average readers, RAN added very little to the 

prediction of word reading. In poor readers, RAN was more important to the prediction of 

later word reading than concurrent word reading. 

Wagner and colleagues (1994, 1997) reported that once phonological awareness 
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had been controlled, the unique contribution of RAN was limited to young readers. 

However, the limited contribution of RAN to reading might have resulted from the nature 

of the sample; that is, the unique contribution of RAN and phonological awareness to 

word reading were exhibited in only poor readers. McBride-Chang and Manis (1996) 

showed that RAN is an important contributing factor for word recognition in poor 

readers, but not an important contributing factor for good readers. On the other hand, 

Walsh et al. (1988) reported that RAN's predictive power is related to the entire range of 

reading ability. 

Catts et al. (2002) reported that poor readers with language impairments were 

slower than good readers on a RAN objects naming task. They attributed slow naming 

speed to slow word retrieval. However, two other studies reported that a general "word-

retrieval" deficit is not a characteristic of poor readers (Perfetti et al., 1978; Stanovich. 

1981). In both studies, subjects were asked to rapidly name items presented one at a time. 

Perfetti and his colleagues found no difference between poor readers (about one year 

below the grade level in reading) and good readers on rapid naming tasks (colors, objccts, 

letters, and numbers). However, they found significant differences in word reading skill. 

RAN has also been examined in cross-linguislic studies using languages with 

more regular orthographies, such as German. Finnish. Spanish, and Dutch (Wolf et al., 

2000). These studies have consistently indicated that RAN tasks were able to distinguish 

children with reading disabilities from average readers (Badian. 1996; Bowers & 

Swanson, 1991; Cornwall. 1992; Denckla & Rudel, 1976a, 1976b; Korhonen. 1995; 
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McBride-Chang & Man is. 1996; Nicolson & Fawcett, 1994; Spring & Davis. 1988; 

Wimmer, 1993; Wolf, 1991.1997). 

Conclusion 

Allhough there is evidence that RAN accounts for independent variance in various 

reading skills, numerous questions remain regarding how it is related to both average and 

poor reading. Understanding RAN has been difficult due to its complex, multifaceted 

nature. Torgesen et al. (1997) described this dilemma as follows: 

.. .our understanding of rapid naming ability's relation to 
reading development, in general, and orthographic 
development in particular, will be enhanced to the extent 
that we make progress in dissecting the component skills 
involved in performance on rapid naming tasks (p. 183 ). 

Conflicting results have emerged from research on RAN due to using different 

criteria for subject selection, different RAN formats, ditTerent ability groups, and different 

age groups. In fact, subjects in these studies have ranged from kindergarten to seventh 

grade. The body of evidence suggests that RAN is strongly associated with reading 

development, but further research is needed to resolve many contradictor}' findings. 

The Proposed Model of RAN to Reading 

Although early reading research has consistently shown that RAN accounts for 

independent variance in reading, the nature of RAN and its relationship with other 



variables are still not clearly understood (Uhry, 2002). In the reading literature, the 

relationship of RAN to other variables was studied with varying sample sizes and 

characteristics, 

Due to the mixed results of the studies and different theoretical interpretations of 

RAN, the present study attempted to determine the role of RAN in reading and other 

variables in a path model. Therefore, the hypothesized direct and indirect relationships of 

RAN. phonological awareness, verbal short-term memory, processing speed, letter 

identification, and basic reading skills were represented in a path model to advance 

understanding of RAN. Based on the research questions, possible direct and indirect 

effects were depicted in a path diagram. In order to explore the possible direct and 

indirect causal relationships among RAN, phonological awareness, processing speed, 

verbal short-term memory, and letter identification, a model of RAN was developed (see 

Figure 2.1. p. 61) The model then was tested with appropriate statistical methods, such as 

path analysis using multiple regression to dctennine its appropriateness. 

The present study addressed these questions by studying the concurrent (i.e., the 

relationship of one variable to another \ ariable at one point in time) and the direct and 

indirect relationships among these variables by developing a model of RAN performance. 

It was expected that this model would provide a better understanding of RAN 

performance in relation to other variables and basic reading skills. 
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Figure 2.1 A Proposed Model for RAN, Other Cognitive/ Linguistic Variables, and 
Basic Reading Skills 

00 

< 



Research Questions 

The following questions were developed to investigate the relationships between 

RAN and other reading related variables (see Figure 2.1, p. 61): 

1. What is the relationship between RAN tasks and measures of reading related 

cognitive (Verbal Short-Term Memory and Processing Speed), linguistic 

(Phonological Awareness) abilities, and l.ettcr Knowledge? Do these relationships 

remain the same in both the First and Second grade? 

a. Do Phonological Awareness. Verbal Short-Term Memory, Processing 

Speed, and Letter Knowledge contribute to the variance in RAN? 

b. Does verbal Short-Tenn Memory contribute indirectly to RAN through 

Phonological Awareness and Letter Knowledge? 

c. Does Processing Speed contribute indirectly to RAN through Phonological 

Awareness. Verbal Short-Term Memory, and Letter Knowledge? 

2. What is the relationship of RAN. Phonological Awareness. Verbal Short-Term 

Memory, Processing Speed, and Letter Knowledge to Basic Reading Skills? Do 

these relationships remain the same in both the First and Second grade? 
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CHAPTER 3; RESEARCH DESIGN AND METHODOLOGY 

Design of the Study and the Proposed Model 

The primary purpose of this study was to investigate the relationship between 

RAN and a broad set of cognitive/linguistic abilities, including phonological awareness, 

verbal short-term memory, processing speed, and letter knowledge in a sample of first 

and second graders with various reading skills. In addition, this study focused on the 

relationship between RAN and early reading (word/non-word) skills. The data examined 

had been previously collected through a federally funded the Project RIME. Factor 

analyses and path analyses using multiple linear regressions were conducted to answer the 

research questions. Path models of RAN and Reading for readers with various reading 

skills were developed and tested to determine their appropriateness. This chapter 

describes: (a) the design of the study and the proposed model, (b) participants, (c) 

instruments- (d) procedures, and (e) the data analysis and techniques used. This study was 

guided by the research questions described in Chapter 2. 

Selection of Participants 

This study is a substudy of a federally funded grant titled '"Project RIME: Reading 

Instructional Methods of Efficacy" (Bos & Mather, 1997). The participants in this study 

were recruited for in-depth case study testing from two school districts in Tucson 

(Arizona) in middle-class areas. A total of 144 students. 72 students from first grade and 



72 students from second grade were chosen based on teacher nomination using a stratified 

approach. Teachers assigned each student into one of three groups (high, average, low) 

based on their perception of each student's overall reading skills. From these groups, an 

equal number of students from each ability level (/? = 24 students) were chosen to 

participate in the study. The students who were selected based on the teacher's 

nomination were given letters explaining the project and permission slips to be signed by 

their parents. All children who returned the slips were included in the study and tested 

individually in two one-hour sessions. The order of the tests was the same for each 

student. Three students from the first grade and eight students from the second grade were 

excluded from the study due to their absences during the testing time. Therefore, the 

study was completed with 69 students in the first grade and 64 students in the second 

grade. 

Although the majority of the students did not receive any special education 

services, several students in the sample were receiving special services (see Table 3.1). 

The racial composition for first grade students was 68% Non-Hispanic White, 16% 

Hispanic, 7% African-American. 1% Native American. 4% Asian/Pacific Islander, and 

3% unidentified. The composition of the second grade students was 72% Non-Hispanic 

White, 19% Hispanic, 5% African-American. 0% Native American, 3% Asian/Pacific 

Islander, and 2% unidentified (see Table 3.2). Table 3.3 presents the number of females 

and males by grade level and Table 3.4 reports the means and standard deviations for 

students" ages (in years). Table 3.5 presents other demographic information by grade 
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level. 

The participants consisted of students with a variety of reading skills. Because the 

sample sizes at each grade level were relatively small, it was not appropriate to conduct 

analyses for each of the groups separately. There are two advantages to this approach. 

First, the study, generalizes to a "standard population" and secondly, evaluation of effects 

is not hampered by attenuation of correlations due to restriction of range. 
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Table 3.1 Special Services by Grade Level 

First Grade 
{n = 69) 

Second Grade 
(n = 64) 

ID 
2 1 

LD/SLl 
7 3 

Lower Quartile 
5 2 

No Special Education 
Received 

55 58 

Note. LD= Learning Disability, LD/SLI 
Impairment. 

= Learning Disability/Speech Language 

Table 3.2 Racial Composition by Grade Level 

First Grade Second Grade 

n % n % 

Non-Hispanic White 47 68 46 72 

Hispanic 11 16 12 19 

African-American 5 7 3 5 

Native American 1 1 N/A N/A 

Asian/Pacific Islander 3 4 2 3 

Unidentified 2 3 1 2 

Note. N/A = Not Applicable. 
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Table 3.3 Gender of Students 

First Grade Second Grade 

Girls 34 27 

Boys 35 37 

Table 3.4 Means and Standard Deviations of Students" Ages 

Grade Age Range M SD 

First Grade 5.08 - 7.09 6.06 .31 

Second Grade 7.02 - 9.01 8.02 .38 

Table 3.5 Home Language Spoken by Students 

Language Grade 1 ( n  =  69) Grade 2  ( n -= 64) 

English 

Spanish 

Other 

55 

3 

1 1  

57 

2 

5 



Multiple measures of cognitive and linguistic abilities were examined. All the 

tests used from WJ III ( Woodcock, McGrew. & Mather, 2001). CTOPP ( Wagner, 

Torgesen, & Rashotte, 1999). and TOWRE (Torgesen, Wagner. & Rashotte, 1999) were 

experimental editions of these test batteries. Therefore, some of the test items used in the 

study are not included in the published forms of these test materials. The published tests 

provide normed scores based on the mean raw score and standard deviation at different 

age levels. Test-retest reliability coefficients for CTOPP tests range from .70 to .92 

(Wagner. Torgesen. & Rashotte. 1999). Likewise, test-retest reliability coefficients for 

TOWRE tests range from .83 to .96 at different ages (Torgesen, Wagner. & Rashotte. 

1999). The following information describes the measures used in the present study 

briefly. 

Phonological Awareness Tasks 

Phonological Awareness measures used in this study included tests from the WJ 

III, and CTOPP. 

Incomplete Words (WJ III). This test has 36 items and measures the ability to 

perform auditory closure on missing parts of words. The subject hears the recorded word 

and then must figure out the complete word. For example, the subject is asked to 

complete the word that does not have all the sounds. Alter hearing the recorded word, 

"ookie", the examinee has to complete the sound that makes up a meaningful word. 
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"cookie." Testing is stopped after seven consecutive mistakes. For ciiildren ages 6 

through 8, the published norms of reliability coefficients (test-retest) are in the range of 

.82 to .74. 

Sound Blending (WJ III). This test consists of 36 items and measures the ability to 

combine segments of words. In other words, the subject has to perform auditory 

integration on the parts of the word. After hearing the recorded parts of the word, the 

subject has to blend the syllables and/or phonemes of the word to form the whole word. 

For example, the subject hears the word parts, "fmg-ger." The correct response is 

"finger." After six consecutive errors, the testing is discontinued. For children ages 6 

through 8, the published reliability coefficients (test-retest) range from .85 to .82. 

Blending Phonemes-Words (C'TQPP). This 29-item test measures the ability to 

combine sounds to produce the whole word. After hearing the recorded separate sounds, 

the subject is asked to blend the separate sounds to form a whole word. For example, the 

examinee is asked, "What word do these sounds make: s-im?" The correct response is the 

word "sun." Testing is stopped after five errors in a row. The average reliability 

coefficient for this test is .84. 

Blending Non-Words (CTOPP). This 25-item test measures the ability to combine 

the speech sounds to form nonwords. After hearing the recorded separate sounds, the 

subject is asked to blend these separate sounds to make a non word. For example the 

subject is asked. "What made-up word do these sounds make: kim-by?" Testing is 

stopped after five consecutive errors. The average reliability coefficient for this test is .81. 



70 

Elision (CTQPP). This 25-item test measures the ability to analyze and separate 

the sounds of the word, and then form the word again, after dropping out designated 

sounds. The subject first hears the word and repeats it. then is asked to say the word after 

a specific sound has been dropped. For example, the subject is told. "Say bold." After 

repeating "bold", the subject is instructed, "Now say bold without saying /b/." The correct 

response is "old." The test is stopped after five errors in a row. The average reliability 

coefficient for this test is .89. 

Segmenting Words (CTQPP). This 26-item test measures the ability to separate 

speech sounds that form a word. The subject is asked to repeat a word, then to say it one 

sound at a time. For example, the examiner tells the subject to say "pie", then to say it one 

sound at a time. The correct response is "p-i." The test is stopped after five consecutive 

errors. The average reliability coefficient for this test is .89. 

Spelling Of Sounds ( WJ III). This test measures the ability to listen to a nonsense 

word and subject's understanding of the "alphabetic principle". The subject listens to the 

word from an audiotape and writes what he/she hears. For children ages 6 through 8, the 

reliability coefficients (test-retest) range from .81 to .77. 

Rapid Automatized Naming ( RAN) Tasks 

Rapid Object Naming (C I'OPP). This test measures the ability to identify rapidly 

and name orally a series of pictures of common objects on a page. The page contains four 

rows and nine columns of six randomly arranged drawings of objects (e.g., boat, star, 



pencil, chair, fish, key ). The subject is asked to start naming the pictures on the top row, 

from left to right, then move to the next row and name the pictures. Naming of the 

pictures continues, until all are named. This test is timed and includes two forms, A and 

B. The number of errors is recorded and if the child makes more than four errors. Form B 

is not administered. The average reliability coefficient for this test is .79. 

Rapid Letter Naming ( CTOPP). This test measures the ability to rapidly identify 

and name letters orally. It is timed and has two versions. Form A and B. Each form 

contains four rows and nine columns of six randomly arranged letters (e.g., a, t. s, k, c, n). 

The subject is asked to start naming the letters on the top row. from left to right, then 

move to the next row and name the letters. Naming of the letters continues until all are 

named. The number of errors is recorded and if the child makes more than four errors, the 

second version. Form B is not administered. The average reliability coefficient for this 

test is .82. 

Rapid Digit Naming (CTOPP). This test measures the ability to identify rapidly 

and name the digits orally. It is timed and has two versions. Form A and B. Each form 

contains four rows and nine columns of six randomly arranged digits (e.g., 2, 7. 4, 5. 3, 

8). The subject is asked to start naming the digits on the top row, from left to right, then 

move to the next row and name the digits. Naming of the digits continues until all of the 

digits are named. The number of errors is recorded and if the child makes more than four 

errors, the second version. Form B is not administered. The average reliability coefficient 

for this test is .87. 



Rapid Picture Naming (WJ III ). This test measures the ability to identify and name 

pictures of common objects as fast as possible. The drawings are presented in rows of 

five. The test has a two-minute time limit .85 to .82. The published reliability coefficients 

(test-retest) range from .98 to .97. 

Auditory Memory Tasks 

Auditory Working Memory (WJ III). This test measures the ability to maintain 

two types of oral information and repeat them in a specified order. The subject is 

presented a mixed series of words and digits and is asked to rearrange them by first 

saying the words in order and then the numbers. This test requires the ability to hold 

information in memory for a short time while performing two different mental operations 

simultaneously. The difficulty level of the test is arranged from one word-one digit to 

four words-four digits. The test is discontinued after three consecutive errors. For 

children ages 6 through 8, the published reliability coefficients (test-retest) range from .92 

to .90. 

Memory for Words (WJ 111). This 27-item test measures the ability to repeat a list 

of words in the correct sequence ranging in length from one to eight unrelated words. The 

words are presented by audiotape and the student is asked to repeat the words in the same 

order in which they were heard. After three failures, the test is discontinued. For children 

ages 6 through 8, the reliability coefficients (test-retest) are in the range of .80 to .79. 



Memory for Sentences fWJ III). This test measures the ability to recall and repeat 

simple words, phrases, and sentences. The questions are presented by a tape player and 

after four failures the test is stopped. For children ages 6 through 8, the reliability 

coefficients (test-retest) range from .88 to .83. 

Memory for Digits (CTOPP). This 24-item test measures the ability to remember 

and repeat a series of numbers ranging from two to nine digits. After hearing the recorded 

numbers, the subject is asked to repeat the numbers in the same order. The test is 

discontinued after three consecutive errors. The average reliability coefficient for this test 

is .77. 

Processing Speed Tasks 

Cross Out (WJ 111). This test measures the ability to rapidly scan, compare, and 

match visual information. In a row of 20 drawings, the subject must mark the five 

drawings that are identical to the first drawing. The subject completes as many rows of 

items as possible within 3-minute time limit. For children ages 6 through 8, the reliability 

coefficients (test-retest) range from .78 to .77. 

Visual Matching ( WJ IIP. This test measures the ability to rapidly search for and 

identify visual information. The subject locates and circles the two identical numbers in a 

row of six numbers. The difficulty level changes from one-digit to three-digit numbers 

and the time limit is 3 minutes. For children ages 6 through 8, the reliability coefficients 

(test-retest) range from .93 to .91. 



Decision Speed (WJ III). This test measures the ability to rapidly scan and identify 

the two most related drawings. The drawings are presented in a row of seven pictures. 

The subject is asked to decide rapidly which two of the seven drawings are the most 

related. The difficulty level of relationship between the two drawings becomes slightly 

more abstract as the test progress. The test has a three-minute time limit. For children 

ages 6 through 8, the reliability coefficients (test-retest) are in the range of .90 to .84. 

Word Reading Tasks 

Letter-Word Identification (WJ III). This 57-item test measures the ability to 

identify and decode the isolated letters and words. The subject is not required to know the 

meanings of any words decoded correctly. After six errors, the test is discontinued. The 

test-rest reliability coefficients range from .98 to .96. 

Word Attack (WJ III). This 30-item test measures the ability to decode 

pseudowords by applying phonological awareness skills. The subject reads aloud the 

nonsense words that are phonologically structured. After six errors, the test is 

discontinued. The test-rest reliability coefficients range from .94 to .92. 

Word Reading Efficiency (TQWRE). This 104-item test was later published as a 

subtest in the TOWRE. The name of the test was changed to Sight Word Efficiency. The 

RIME study employed the CTOPP experimental version. This test has a 45-second time 

limit and two versions. Form A and B. It measures the ability to identify and read isolated 

words as fast as possible within 45 seconds. The difficulty level of the words is arranged 



from easy to hard. After 45 seconds, the child is asked to stop and the total number of 

words read corrcctly is the child's score. The average reliability coefficient for this test is 

.94. 

Non-Word Reading Efficiency (TOWRE). This 63-item test was also later 

published as a subtest in the TOWRE with the name of the test changed to Phonemic 

Decoding Efficiency. This test has a 45-second time limit and two versions. Form A and 

B. It measures the ability to identify and read the isolated nonwords as fast as possible 

within 45 seconds. This test is based on the ability to apply phonic skills to read 

unfamiliar words. The difficulty level of words is arranged from easy to hard. After 45 

seconds, the child is asked to stop and the total number of words read correctly is the 

child's score. The average reliability coefficient for this test is .94. 

Letter-Sound Identification (Informal Test) 

This informal test measures the ability to name and sound the letters. The child is 

asked to name upper- and lower-case letters as well as the sounds of those letters. The test 

includes 26 randomly arranged upper- and lower-case letters. Because this is an informal 

test, there are no reliability coefficients reported. 

Vocabulary (General Information) Task 

General Information (WJ III). This test measures range of general knowledge. It 

consists of two sections: "what" and "where" questions. The questions are orally 
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presented and the subject has to answer the questions starting with "where would you 

find..." and "what would you do with...". The subject's knowledge is examined by asking 

questions about common or typical characteristics of certain objects. The first part. 

" Where" has 34 items, and the second part "What" has 29 items. After six errors, the test 

is discontinued. For children ages 6 through 8, the reliability norms (test-retest) are in the 

range of .82 to .88. 

Procedures 

First-grade case study students were assessed in the Fall of 1997 using the 

following experimental editions of measures. All tasks were taken from experimental 

versions of the Woodcock-Johnson 111 (WJ III) (Woodcock, McGrew, & Mather, 2001), 

the Comprehensive Test of Phonological Processes (CTOPP) (Wagner, Torgesen. & 

Rashotte, 1999), the Test of Reading Efficiency (TOWRE) (Torgesen, Wagner. Rashotte, 

1999), and an informal measure of Letter-Sound Identification. As indicated below, some 

of the CTOPP tests have two versions; Forms A and B. 

The WJ III tests given to the first- and second-grade students included: Letter-

Word Identification, Word Attack, Incomplete Words. Sound Blending. Decision Speed, 

Cross-Out, Visual Matching, Rapid Picture Naming. Auditory Working Memory, 

Memory for Words. Memory for Sentences, and General Information. The CTOPP tests 

given to the first- and second-grade students included Blending Words. Blending Non-

Words, Rapid Object Naming (Forms A and B), Rapid Letter Naming (Forms A and B), 



and Rapid Digit Naming (Forms A and B). The TOWRE tests included Word Reading 

Efficiency (Forms A and B). and Non-Word Reading Efficiency (Forms A and B). The 

Letter-Sound Identification (includes 3 subtests) was the only informal test that was 

administered (See Table 3.6). The second-grade students were assessed in the Spring of 

1998 and received the same tests as the first-grade students. Unlike, the first-grade 

students, they also received one more WJ III test (Spelling of Sounds), and three more 

CTOPP tests (Elision, Segmenting Words, and Memory for Digits). 

Data Analysis 

The data analysis for this study was designed to address the research questions 

slated previously. SAS 9.0 was used to run all of the analyses conducted. All statistical 

tests were evaluated using an alpha level of .10. unless otherwise stated. Because the 

study was intended to be exploratory, a more liberal and inclusive value of alpha was 

adopted to prevent exclusion of potentially useful relationships. 

While many studies have examined the relationship of RAN, cognitive and 

linguistic variables, and reading skills, typically only one or a few measures were used to 

represent each construct. In this study, the first grade data set included 27 measurements. 

The second grade data set consisted of 31 tests. Of the 31 tests in the second grade, 27 

were the same as the first grade (see Table 3.6). This study used multiple scales so that 

each construct was measured with more than one variable to ensure construct validity. 

Because of this, several techniques were required to deal with the large dimensionality of 
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the data set. 

The analyses were carried out in four steps for each grade level. In the first step, 

exploratory factor analyses were carried out and the number of the factors (unobserved or 

latent variables assumed to represent constructs) was determined. The pattern of 

relationships among the observed variables was determined. In the second step, the 

variables were standardized and combined to create '"factor-based scores" (Hatcher, 

1994a) representing each construct. Then, in the third step, path analyses were carried out 

using multiple linear regression techniques. In the last step, the path coefficients were 

examined to determine the appropriateness of the proposed path model. Finally, the 

model was modified as necessary. 

The following sections specific to each analysis (a) provide a rationale for using 

the particular technique, and (b) present information about the particular statistical 

methods used. 



Table 3.6 Measures Administered to First and Second Grade 

Tests First (irade Second Grade 

1. Blending Words •/ 

2. Blending Nonwords 

3. Sound Blending Words 

4. Incomplete Words 

5. Letter-Word Identification 

6. Word Reading Form A 

7. Word Reading Form B / 

8. Nonword Reading Efficiency Form A 

9. Nonword Reading Efficiency Form B 

10. Word Attack 

11. Letter-Sound Identification-Upper case 

12. Letter-Sound Identification-Lower case V  

13. Letter-Sound Identilication-Sound •/ •/ 

14. Rapid Object Naming Form A Y  

15. Rapid Object Naming Form B Y  

16. Rapid Digit Naming Form A Y  

17. Rapid Digit Naming Form B Y  

18. Rapid Letter Naming Form A Y  Y  

19. Rapid Letter Naming Form B V  •/ 

20. Rapid Picture Naming •/ •/ 
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Tests (cont'd) First Grade Second Grade 

21. Cross-out 

22. Visual Matching 

23. Decision Speed 

24. Memory for Sentences 

25. Memory for Words 

26. Auditor)' Working Memory 

27. General Infonnation (Total Score) 

28. Segmenting Words * 

29. Elision * 

30. Spelling of Sounds * 

31. Memoiy for Digits * 

Note. Tests with asterisks were administered only to the Second grade. 
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Exploratory Factor Analysis 

Purpose of Exploratory Factor Analysis 

When there are many related variables in the data set, as in this study, it is 

advisable to reduce the dimensionality of the data set, if possible. Exploratory factor 

analyses were used to determine the number of underlying factors (latent variables that 

represent the communal ities among the set of the observed variables). 

Definition of Factor Analysis 

Exploratory factor analysis is classified as a data reduction technique used to 

reduce the number of observed variables into a more parsimonious set of latent variables, 

hopefully, representing underlying, meaningful constructs or factors (Jones & Sabers, 

1992). Exploratory factor analysis reveals the degree of association between the observed 

variables and each factor based on their common variance. It is used when there is little 

prior knowledge regarding the structure of the data and the nature of the factors is 

unknown. 

Factor analysis deals with two types of variance; common and unique variance. 

Common variance refers to the variance accounted for by the common factors. Unique 

variance is the portion of the variance that is not accounted for by the common factors, 

and is specific to a given variable. Factor analysis with principal axis (or principal factor) 

extraction uses an adjusted or reduced correlation matrix with communality estimates as 

the diagonal elements, so that the variance of the factors represents only the common 
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variance shared by the variables. Factor analysis with principal component extraction 

retains the full correlation matrix. 

Extraction of Initial Factor Solution 

To identify the most meaningful pattern among the observed variables and 

determine the number of the factors to extract, multiple factor analyses were carried out 

using different extraction and rotation techniques. Conducting multiple analyses helped to 

identify the most interpretable and robust patterns among the observed variables. Through 

this approach, it was possible to determine whether the constructs of interest were similar 

through different factor analysis techniques. 

Extraction controls how the factors are obtained and determines how many factors 

to retain. The two most common methods used for factor extraction are principal 

components and principal factor extraction as described previously. Several techniques 

may be used to determine how many factors should be retained. One technique is to 

examine the eigenvalues of the correlation matrix to determine the proportion of the total 

variance accounted for by each factor. Then, as many factors as needed to account for the 

criterion amount are retained. Alternatively, each factor's eigenvalue can be examined to 

determine whether it accounts for at least as much variability' as a specified amount. 

Another approach is to use a "scree test." Ordered factors (x axis) and their associated 

eigenvalues (y axis) are plotted. Typically, on the scree plot, there will be a few factors 

with high eigenvalues and many factors with low eigenvalues. The transition from factors 



with high to lower eigenvalues often has a sharp break. Factors to the left of the break are 

retained; those to the right are discarded (see Figure 4.1). Unfortunately, the scree test is 

not perfectly reliable. Gorsuch (1983) states that scree test works best when there are a 

large number of variables defining each factor. 

Factor Loadings 

Factor loadings represent the correlation between a variable and a specific factor. 

Pedhazur and Schmelkin (1991) suggest using a value of .40 to determine whether a 

variable has a "meaningful" relationship with the factor. Using this as a cutoff ensures 

that a factor will account for at least 16% of the variability in the variable. By examining 

the pattern of variables with large loadings on each factor, the researcher attempts to 

associate the factor with an appropriate construct of interest and name it accordingly. 

Rotation 

The initial pattern of loadings may not be readily interprctable, so factors are 

usually rotated to improve the interpretability of results. Factors can be rotated in many 

different ways. The most interprctable and meaningful rotation is often the preferred one. 

Even though the rotation technique may be based on the researcher's feelings about the 

relationships among the factors, criteria for deciding which rotations are better are not 

clearly established by researchers (Pedhazur & Schmelkin. 1991). 

Orthogonal rotations transform the loadings to a simple structure so that the 



rotated factors remain uncorrelated. whereas in oblique rotations, the factors are allowed 

to be correlated. Orthogonal rotation methods are the most commonly used. The most 

commonly used orthogonal method is varimax, which maximizes variances of the factors 

but also minimizes any tendency toward a general factor in the analysis (Pedhazur & 

Schmelkin, 1991). Gorsuch (1983) draws attention to this weakness and stales that 

"varimax is inappropriate if the theoretical expectation suggests a general factor may 

occur" (p. 185). Pedhazur and Schmelkin (1991) argue that orthogonal rotations, in many 

instances, are unrealistic. They, therefore, recommend that rotations should be done both 

orthogonally and obliquely. 

Correlations among factors are negligible, the interpretation 
of the simpler orthogonal solution becomes tenable... from 
the perspective of construct validation, the decision 
whether to rotate factors orthogonally or obliquely reflects 
one's conception regarding the structure of the construct 
under consideration (p.615). 

Oblique rotation methods are used when the constructs underlying the factors are 

correlated with each other (which is usually the case in educational research), but factor 

loadings tend to be more difficult to interpret. When interpreting oblique rotation, the 

matrix of factor intercorrelations should be examined carefully for meaningful patterns 

(Pedhazur & Schmelkin, 1991). In this study, both oblique and orthogonal rotations were 

examined. Both rotations gave similar results, and in the end. the varimax rotation was 

used to suggest factor scores. 
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Factor-Based Scores 

Using the results of the factor analysis with PAF extraction and varimax rotation, 

"factor-based" scores were constructed from the standardized observed variables, 

representing the constructs of interest. Factor scores can be created in two ways, either by 

estimating or by creating "factor-based" scores (Hatcher. 1994a). "Factor-based" scores 

are created by summing the variables with the highest loadings on each factor. They differ 

from factor scores in that they are equally weighted combinations of only the standardized 

variables, which are most highly related to the construct. Because standard factor scores 

include weightings for variables that are not intended to measure the construct of interest, 

it was decided to construct factor-based scores for this study, including only variables 

clearly related to the construct. 

The factor-based scores were used as independent and dependent variables in the 

path analyses. For example, a factor score representing reading skills was constructed 

from six measures including Letter-Word Identification, Word Reading Form A, Word 

Reading Form B, N on word Reading Efficiency Form A. Nonvvord Reading Efficiency 

Form B. and Word Attack, which loaded highly (loadings between .63 and .97) on 

Factor 1 (Reading). The factor scores represent the subject's standing on the construct. 

Standardization of the Variables 

After factor analysis, all of the raw scores of the tests (observed or manifest 

variables) were standardized because the scaling of the variables was arbitrary (had no 



intrinsic meaning). Therefore, all variables were standardized to a mean of zero, and 

standard deviation of one by subtracting the variable mean (X,) and dividing by its 

standard deviation (.vt/i). This prevented any one variable from dominating subsequent 

statistical procedures. In addition, this method of transformation preserved the shape of 

each measure's distribution. These standardized variables were averaged in creating the 

factor-based scores. 

Regression 

Purpose and Definition of Multiple Regression 

Kerlinger and Lee (2000) described multiple regression analysis as: 

... studying the effects and the magnitudes of the effects of 
more than one independent variable on one dependent 
variable, using principles of correlation and regression (p. 
755). 

Multiple regression analysis is used to determine: (a) whether there is a significant 

relationship between the DV and the multiple IVs, as well as the significance of the entire 

model for predicting the DV: (b) how much variance the IVs account for in the DV: and 

(c) which IVs are the more important predictors of the DV (Hatcher. 1994b). 

In standard multiple regression, all IVs are entered into the equation at once. 

Tabachnick & Fidell (2001) described multiple regression analysis as follows; 

... each one is assessed as if it had entered the regression 
after all other IVs had entered. Each IV is evaluated in 
terms of what it adds to prediction of the DV that is 
different from the predictability afforded by all the other 
IVs (p. 131). 
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In standard multiple regression, it is possible for a variable to emerge as an 

unimportant IV in explaining variance in DV when, in fact, it is highly correlated with the 

DV if other IVs reduce the unique contribution of the IV. Therefore, when interpreting 

the re.sults of the regression analysis, both the full correlation and the unique contribution 

of the IV should be taken into account (Tabachnick & Fidell, 2001). 

To answer the research questions stated previously and assess the magnitudes of 

the effects of the IVs, linear regression analyses were conducted for each grade level. The 

relative predictive importance of each I V can be assessed by comparing beta weights 

(standardized regression coefficients, P). Significance of the nonstandardized regression 

coefficient (B) is tested by a r statistic. Due to the extended overlap among variables, the 

alpha level was chosen as .10. Conducting multiple regression analyses helped to 

determine which IVs were useful in predicting a DV. In addition, the IVs were examined 

to determine their effect on DV either singly or in combination. 

Classical Path Analysis 

Purpose of Path Analysis 

Path analysis is an extension of multiple regression and used to examine proposed 

causal relationships among variables. After conducting the ex pi orator) factor analysis and 

deciding upon the number of the factors that would represent the constructs investigated 

in the study, a proposed path model depicting the direct and indirect influence among 

constructs was developed (see Figure 2.1. p. 61). The effects of the latent variables were 
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depicted in the path diagram by using path lines. Based on the hypotheses of the study, 

the strengths of those paths were examined by conducting multiple regression analyses. 

Definition of Path Analysis 

In path analysis, a model of hypothesized roles of constructs is depicted in a path 

diagram showing hypothesized causal connections among the variables. The path diagram 

shows direct and indirect effects of the independent variables (TVs) on dependent 

variables (DVs). 

In a path diagram, the latent (unobserved) variables are depicted by ovals or 

circles. Manifest (observed) variables are depicted by rectangles or squares. Curved bi

directional arrows indicate correlations among variables. Causal relationships are 

depicted with a single-headed arrow showing the direction of the effect. 

By using path diagrams, one can calculate direct and indirect paths to DVs using 

standardized path coefficients (beta weights from multiple regression analysis). Path 

coefficients " are interpreted as the estimated change in the DV, expressed in standard 

deviation units, associated with a one standard deviation change in each independent 

variable, holding the other IVs constant" (Mertler & Varnatta, 2002, p. 200). The 

standardized regression coefficients (p) show the direct effect of an IV on a DV. In 

addition, they can be combined as described below to yield information about indirect 

effects. This information about direct and indirect effects can then be combined to 

produce total effect estimates. 



Classical path analysis allows the testing of individual path coefficients, but it 

does not allow testing the model as a whole for fit as is done in Structural Equation 

Modeling (SEM). SEM requires large samples, whereas path analysis allows the use of 

small samples, as was the case in this study. Classical path analysis and SEM are 

sometimes described as "causal modeling." However, the relationships among variables 

cannot truly be called "causal" because while path analysis can allow examination of the 

hypotheses, it cannot establish the direction of the causality (Kerlinger & Lee, 2000). 

Direct and Indirect Effect Calculation Rule (Path Tracing or Path Decomposition) 

The direct effect refers to the effect that a given variable has on another variable 

without mediation by other variables. The indirect effect refers to the part of the effect of 

a variable that is mediated by one or more variables. The total effect refers to the sum of 

the direct and indirect effects (Pedhazur & Schmelkin, 1991). The following is an 

example of how direct and indirect effects are shown in a path diagram using path 

coefficients. For example, in Figure 3.1, both X| and X2 have direct effects on Y. In other 

words, the direct effect is not facilitated by the other variable in the model. However, Xi 

also has an indirect effect on Y. via Xi. The effect of Xi on Y is mediated/facilitated by 

Xi. For illustrative purposes. Table 3.7 shows how direct and indirect effects of the 

variables in a path diagram were calculated. Summing the valid coefficients along the 

path reflects the weight of that particular path (see Table 3.7) 
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Figure 3.1 Direct and Indirect Effects in a Path Model 

Example: 

Xi-> Y = .40 (direct effect of Xi on Y) 

X2 Y= .30 (direct effect of X2 on Y) 

Xi-> X2 = .15 (direct effect of X| on X2) 

X]-> Xi-^ Y is .15 (.30) = .045 (indirect effect of Xj on Y through X2) 

Table 3.7 Calculations of Direct and Indirect Effects in a Path Diagram 

Direct effect Indirect elTcct Total effect 

X, .40 (.15)(.30) = .045 .40 + .045 = .445 



The relationships among the latent variables (RAN, phonological awareness, 

verbal short-term memory, processing speed, letter identification, and reading) were 

examined through linear regressions. The direct and indirect effects of the constructs on 

one another were obtained from standardized coefficients and they were examined 

through the path analysis for each grade. The importance of the latent variables in the 

model was assessed. The proposed model (Figure 2.1, p. 61) was examined and the 

significance of the path lines was determined based on the information received from the 

multiple regression analyses. The path coefficients were written on these arrows. After 

the model was run, if the path coefficients did not reach ".10" significance level, they 

were omitted from the diagram. To increase power (small sample) and to prevent 

overlooking potentially useful information, the alpha level was chosen as .10. Then, 

based on this new information, the model was modified and new path models were 

developed for each grade. 



92 

CHAPTER 4: RESULTS AND DISCUSSION 

Introduction 

This chapter discusses the results of the study and is organized around the major 

questions. To answer the questions presented in Chapter 2, exploratory factor analyses 

were conducted and path coefficients were estimated through regression analyses for 

each grade. Path analyses were performed to examine the direct and indirect effects of the 

constructs in the models of RAN and Reading. The path models were tested to examine 

for appropriateness, and were modified as necessary. Statistical significance was 

determined using a probability level of .10 for all analyses. The first section contains 

results from the factor analyses and related discussion for each grade. The second section 

contains results of path analysis and related discussion for each grade. The third section 

evaluates the proposed path models and presents the new models based on the 

modifications that were made for each grade. 

Section 1: Factor Analysis 

First Grade Variables and Correlation Matrix 

The original variables used for the First grade are shown in Table 4.1 with their 

means and standard deviations. The correlations between these 27 variables are presented 

in Table 4.2 above the main diagonal. 
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When the correlation matrix of the original variables was reviewed, it showed that 

there are patterns among the variables. For example, correlations among the Word 

Reading tests and the Nonword Reading tests ranged between .71 and .95 in the First 

grade. Correlations among RAN digit and letter tests fell between .72 and .92. RAN 

object tests were correlated with RAN digits and letters ranging from .65 to .78. 

However, one RAN-type test. Rapid Picture Naming (WJ III), did not demonstrate strong 

correlations either with RAN objects or RAN digits/letters. For example, correlations 

between the Rapid Picture Naming test (WJ III) and RAN objects (CTOPP tests) ranged 

from .36 to .41. Similarly, correlations between the Rapid Picture Naming test (WJ III) 

and RAN digits/letters (CTOPP tests) ranged from .26 to .43. 

Correlations among the Phonological Awareness tasks varied from .60 to .64. The 

correlation between two memory tests (Memory for Sentences and Memory for Words) 

was .50. However, these two tests showed very low correlations with Auditory Working 

Memory (.05 and .07. respectively). In addition, the correlation between Letter 

Knowledge (upper and lower case) tests was .79. Moreover, Processing Speed tests 

demonstrated moderate correlations among themselves, varying from .29 to .37. 
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Table 4.1 Means and Standard Deviations of the Original Variables for First and Second Grade 

jst r' 2nd 2nd 

Variable Name Variables Grade Grade Grade Grade 
M SD M SD 

1. BLENDWRD Blending Words 10.69 4.47 12.85 3.21 

2. BLENDNWRD Blending Non words 7.51 4.17 9.44 3.59 

3. SNDBLEND Sound Blending Words 497.78 12.39 505.36 9.55 

4. INCWRD Incomplete Words 491.36 8.05 492.28 8.49 

5. LWIDNT Letter-Word Identification 487.73 35.15 557.69 48.71 

6. WRDREADA Word Reading Form A 19.90 14.86 46.61 18.75 

7. WRDREADB Word Reading Form B 9.82 14.85 45.46 17.43 

8. NWRDREADA Nonword Reading 6.69 6.79 19.18 12.90 

Efficiency A 

9. NWRDREADB Nonword Reading 6.02 6.58 18.48 13.20 

Efficiency B 

10. WRDATCK Word Attack 506.80 18.10 534.95 33.18 

ll.LSNDUPPER Letter-Sound Identification- 25.24 1.62 25.97 0.18 

Upper case 

12.LSNDLOWER Letter-Sound Identification- 24.13 2.62 25.89 0.45 

Lower case 

13.LTRS0UND 1 .etter-Sound Identi fication- 19.78 5.71 23.64 2.39 

Sound 

14. RON A Rapid Object Naming Form A 155.18 12.31 161.74 9.59 

15.RONB Rapid Object Naming Form B 152.63 13.44 159.67 10.45 

16.RDNA Rapid Digit Naming Form A 173.16 11.80 177.87 5.72 

17.RDNB Rapid Digit Naming Form B 170.00 11.81 175.77 6.89 

18.RLNA Rapid Letter Naming Form A 161.54 16.65 177.84 6.91 

19.RLNB Rapid Letter Naming Form B 161.30 16.43 175.95 5.88 

20.RPN Rapid Picture Naming 504.42 5.89 509.22 4.93 

21.CRSOUT Cross Out 502.84 6.97 506.82 5.21 

22.VISMATCH Visual Matching 494.43 2.54 496.10 1.00 
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Variable Name 
(cont'd) 

Variables 

J St 

Grade 

M 

r' 
Grade 

SD 

2nd 

Grade 
M 

2nd 

Grade 
SD 

23. DECSPEED Decision Speed 501.16 6.79 506.27 4.84 

24. MEMSEN Memory for Sentences 513.91 12.70 522.19 12.39 

25. MEMWRD Memory for Words 495.69 21.72 503.27 19.28 

26. AWRKMEM Auditory Working Memory 480.64 10.60 483.84 11.24 

27. GENINFO General Information 
(Total Score) 

481.14 11.21 493.97 9.66 

28. SEGMEN* Segmenting Words 11.87 5.23 
29. ELISON* Elision 16.31 5.70 
30. SOUNDS* Spelling of Sounds 30.43 7.76 
31. MEMDIG* Memory for Digits 

11.95 
2.53 

* Asterisks indicate that these variables were administered only to second-grade students. 



Table 4.2 

Intercorrelations Among Variables for First and Second Grade" 

VARIABLES 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

I. BLEND WRD 64 64 15 52 49 53 52 52 58 16 31 54 09 il 2J 17 30 28 35 12 2S 06 28 33 31 53 

2. BLENDNWRD 51 60 28 51 52 51 56 49 53 11 28 46 17 22 19 17 26 26 30 41 30 14 39 45 29 52 

3. SNDBLEND 50 34 48 42 43 39 43 41 36 -00 20 45 -01 05 10 04 16 22 40 17 22 -02 31 46 24 58 

4- INCWRD 27 28 31 01 04 -00 14 03 02 -06 01 18 -04 -05 03 -07 -04 01 18 13 12 -13 23 11 31 54 

5. LWIDNT 41 34 23 27 92 92 71 74 66 39 46 52 29 29 34 35 47 42 34 17 20 30 29 27 32 38 

6. WRDREADA 40 41 28 31 87 95 71 68 63 40 47 50 32 32 39 41 50 48 38 21 25 29 31 29 29 35 

7. WRDREADB 46 38 29 29 91 97 71 71 67 41 51 55 36 36 43 45 54 49 40 24 27 34 35 28 32 38 

8. NWRDREADA 48 36 28 21 87 87 89 90 69 24 35 51 28 34 37 36 41 43 30 23 18 35 38 29 29 49 

9. NWRDREADB 52 38 33 30 87 85 89 96 68 25 34 52 29 33 34 34 43 43 30 30 21 32 35 30 25 51 
10, WRDATCK 50 32 33 27 80 66 72 81 85 33 44 56 31 40 38 34 40 39 33 14 35 26 34 20 30 42 

li. LSNDUPPER 11 07 -06 -05 11 10 10 08 09 15 79 60 46 43 53 53 66 53 11 04 -04 07 18 -03 21 14 

12. LSNDLOWER 18 09 -09 04 40 38 36 26 28 22 57 80 38 36 33 34 60 46 23 10 08 13 22 -02 16 18 

13. LTRSOUND 44 33 42 13 42 45 46 46 47 43 09 15 33 39 32 29 57 47 23 10 14 11 38 13 20 48 

14. RONA 34 26 01 18 29 39 39 32 38 22 27 25 10 90 65 71 71 76 36 20 14 31 28 15 22 20 
15. RONE 15 11 -05 15 06 19 17 13 18 03 -03 -10 04 76 65 72 72 78 41 26 21 34 41 26 17 26 
16, RDNA 25 28 21 24 44 59 59 55 51 35 -04 01 15 41 45 92 72 77 26 20 11 12 34 29 17 21 
17, RDNB 2] 23 14 30 37 53 53 44 43 25 -05 06 02 38 44 90 78 81 29 20 09 19 25 26 17 18 
18. RLNA 31 18 19 27 33 45 47 39 37 23 -01 -02 !2 44 44 84 81 90 36 14 13 24 20 13 21 24 
19. RLNB 35 28 17 28 48 62 62 56 55 40 -00 16 15 52 48 87 84 85 43 18 13 18 27 21 20 28 
20. RPN 26 21 03 14 44 43 47 47 50 35 24 29 20 44 23 41 33 32 52 22 15 27 28 27 21 23 
21. CRSOUT 10 04 17 -02 09 06 08 06 11 07 -18 -02 03 04 -04 -OS -12 -06 -01 05 37 37 47 43 11 32 
22. VISMATCH 20 28 -GO 29 36 30 30 22 23 22 -03 07 -OS 28 20 24 21 26 27 18 23 29 22 17 28 18 
23, DECSPEED -12 00 -16 -08 16 08 11 09 14 10 09 07 -01 21 07 li 07 08 14 39 13 13 12 10 17 -01 
24, iMEMSEN 41 34 32 42 45 40 43 44 52 48 11 14 24 43 38 20 17 21 22 25 19 30 07 50 05 59 
25, MEMWRD 22 33 08 33 23 31 30 26 31 24 06 09 20 17 23 18 20 16 19 14 -13 16 -11 38 07 42 
26, AWRKMEM 19 19 22 24 18 19 20 24 28 27 OB 01 13 21 01 05 04 08 -01 06 -07 21 -06 32 23 42 
27. GENINFO 43 41 40 24 35 33 33 39 38 39 29 17 32 15 02 13 14 16 15 18 14 23 -03 49 17 34 
28, SEGMEN* 21 33 35 21 -04 -02 -05 03 11 10 -02 -19 35 05 05 -11 -13 -04 -09 -05 11 -04 -06 16 13 21 14 
29, ELI SON 44 39 36 29 73 68 69 73 71 64 12 24 57 23 14 48 38 39 50 40 -01 34 15 38 27 20 38 
30, SOUNDS* 39 32 30 26 82 80 80 79 81 70 03 40 42 22 01 41 31 25 46 38 15 31 03 33 21 17 30 
31, MEMDIG^ 13 22 08 39 24 24 26 21 23 19 14 21 -02 09 -04 08 10 09 08 10 00 32 -08 38 54 28 16 

* Asteriks indicate that tliese vaiiables administered only in second grade 

+ First grade students located above diagonal, second grade students located below diagonal 
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Factor Analysis for First Grade 

Factor analysis was carried out specifying different numbers of factors, different 

extraction techniques, and orthogonal and oblique rotations to determine the most 

appropriate solution. 

Factor Extraction 

Two different methods were used in extracting the factors. Principal axis factor 

(PAF) extraction and principal component (PC) extraction were explored to decide which 

method would yield the most meaningful and interprctable factors. The best results were 

obtained using PAF, which will be described below. 

The preliminary eigenvalues for the first ten factors (Table 4.3) and the scree plot 

(see Figure 4.1) were examined in order to determine how many factors to retain. The 

table showed that, before rotation, the first factor accounted for the largest amount of the 

common variance (49%), whereas the second factor explained only 16% of the variance. 

. After the second factor, each succeeding factor explained progressively smaller amounts 

of variance, descending from 9% to 2%. When Table 4.3 is examined, it shows that the 

first six factors explained 90% of the total variance. In addition to examining the 

eigenvalues and scrce plot. PAF analyses were carried out with 4 to 6 factors to find the 

optimal number of factors. Because the first six factors appeared to be the most 

interpretable and meaningful ones, the retention of the factors was stopped at that point. It 
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is common practice to retain only enough factors to account for a specified amount of 

total variance (Bryant & Yamold, 2001). 

In addition to the eigenvalues table, the scree plot was also examined (see Figure 

4.1). A sharp break between the eigenvalues for first and second factors was observed. As 

can be detected graphically, the scree plot showed several other sharp breaks. For 

example, after the second eigenvalue, the next three eigenvalues were much smaller (e.g.. 

1.91, 1.50, and 0.92 ). After the sixth factor, the line on the scree plot started to level off. 

Based on the eigenvalue criteria and scree plot, the first six factors appeared to be 

important and were retained for rotation. For brevity. Table 4.3 displays only the first ten 

eigenvalues of the extracted factors and the eigenvalues for the same factors after 

rotation. 

Table 4.3 Eigenvalues, Percentages of Variance, and Cumulative Percentages for 
Factors of First Grade 

First Grade 
Before Rotation After Rotation 

Factor Eigenvalue Proportion Cumulative Eigenvalue * 
1 10.15 .49 .49 5.45 
2 3.39 .16 .65 5.01 
3 1.91 .09 .75 2.39 
4 1.50 .07 .82 2.20 
5 0.92 .04 .86 1.86 
6 0.81 .04 .90 1.31 
7 0.64 .03 .93 — 

8 0.57 .03 .96 — 

9 0.49 .02 .98 — 

10 0.36 .02 1.00 
* Eigenvalues for six retained factors are displayed. 
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Figure 4.1 Scree Plot for First Grade 

snieAuaBo 
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Factor Rotation 

After initial factor extraction, the factors were rotated to help clarify their 

structure. Promax rotation was used since it combines both orthogonal and oblique 

rotation, yielding information about both sets of patterns. In this situation, oblique 

rotation seems more reasonable than orthogonal (varimax) rotation, because some of the 

factors would be expected to be correlated. After both oblique and varimax rotations were 

tried and evaluated, both rotations were essentially similar, but the orthogonal results 

were the most clearly interpretable. Based on these results, the orthogonal rotation was 

chosen. 

Table 4.3 displays the variance and percentages explained by each factor before 

and after rotation. Before rotation, the variance of the first factor was 10.15, while those 

for successive factors descended from 3.39 to 0.36. However, once rotated, the variance 

of the first factor was 5.45, and the variance of the second factor was 5.01. After the 

second factor, the amount of variance decreased; however, the eigenvalues of the factors 

were higher and distributed more evenly among factors. The rotated standardized factor 

loadings for first grade arc presented in Table 4.4 as well as tentative names for the 

factors based on the variables, which had high loadings. Any factor loading lower than 

.40 was not interpreted based on Pedhazur and Schmelkin's (1991) recommendation. 

When evaluating the magnitude of the relationships between variables and 

factors, it is important to note that "correlation coefficients have a tendency to be less 

reliable when estimated from small samples" (Mertler & Vannatta, 2002, p. 258). If 
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unreliable correlations exist among variables, the factors will also be unreliable (Mertler 

& Vannatta, 2002 ). Nevertheless. Stevens (2002) suggested that if a factor solution 

contains factors with four or more loadings above .60, factors would be reliable, 

regardless of sample size. In this study, although some of the factors only had two or 

three factors with high loadings, several factors had four or more loadings above .60. 

Based on Steven's (2002) recommendation, it appears that the analysis resulted in 

reliable factors (see Table 4.4). Table 4.4 displays how variables are loaded onto the 

factors after rotation. 

The factor analysis (PAP) for first grade indicated six latent variables (factors) 

related to at least two and as many as six variables with loadings ranging from .43 to .90. 

In other words, each construct was measured with at least two related variables ensuring 

construct validity. Letter-Word Identification, Word Reading (Forms A and B). Nonword 

Reading Efficiency (Forms A and B), and Word Attack loaded very highly on the first 

factor. Since these variables are related to basic reading skills, the factor was named 

READ. The loadings on the second factor were also dominated by very high loadings for 

variables related to RAN, which included RAN Letters, Numbers, and Objects (Forms A 

and B). The third factor was composed of the variables related to "Phonological 

Awareness" (PA), such as Blending Words. Blending Nonwords, Sound Blending Words, 

and Incomplete Words. These variables represented one of the domains of PA, which is 

"phonological synthesis." The fourth factor was composed of two variables: Letter-Sound 

Identification Tests (lower and upper case). This factor appeared to be related to Letter 
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Knowledge and was named LK. The fifth factor was called "Verbal Short-Term 

Memory" (STM) because Memory for Words and Memory for Sentences were loaded 

highly on this factor. The sixth factor was comprised of three variables: Cross Out, 

Decision Speed, and Visual Matching. These variables are related to processing speed. 

Therefore, this factor was called PS. Based on Pedhazur and Schmelkin's (1991) 

recommendation, some variables were excluded from the analysis because they loaded 

lower than .40 on any retained factors. These variables included Rapid Picture Naming, 

Auditory Working Memory, General Information (total score), and Letter-Sound 

Identification (sound). In summary, the six-factor solution seemed to display meaningful 

loadings and interpretable factors. 

The final communality estimates {}?) were calculated. The communality estimate 

for a variable is the estimate of the proportion of the variance that is shared with other 

variables in the correlation matrix. In PAF extraction, initial comniunalities are less than 

1.0 (see Table 4.4). Communal ities were examined to see if the variables are well 

described by the factors. As seen in Table 4.4. communality values are quite large, mostly 

ranging from .52 to .91. indicating an adequate representation for the most part. Only 

Visual Matching and Incomplete Words had communalities below .50 (.28 and .47. 

respectively) and 12 of the variables have communalities over .70. 
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Table 4.4 Principal Axis Factor Analysis with Varimax Orthogonal Rotation: 
Rotated Factor Loadings and Communalities with Six-Factor Solution for 
First Grade {n = 69) 

Items Factor Loading 1? 

Factor 1; Basic Reading Skills (READ) 

Letter-Word Identification .88 .86 

Word Reading Form B .85 .88 

Word Reading Form A .85 .83 

N on word Reading Efficiency Form A .76 .71 

Nonword Reading Efficiency Form B .75 .70 

Word Attack .65 .60 

Factor 2; Rapid Automatized Naming (RAN ) 

Rapid Digit Naming Form B .90 .88 

Rapid Letter Naming Form B .86 .86 

Rapid Digit Naming Form A .83 .79 

Rapid Object Naming Form A .81 .79 

Rapid Object Naming Form B .80 .83 

Rapid Letter Naming Form A .79 .85 

Factor 3: Phonological Awareness (PA) 

Sound Blending Words .67 .69 

Incomplete Words .67 .47 

Blending Words .56 .57 

Blending Nonwords .49 .58 

Factor 4; Letter Knowledge (LK) 

Letter-Sound Identification (Lower Case) .87 .91 

Letter-Sound Identification (Upper Case) .68 .73 

Factor 5; Verbal Short-Term Memory (STM) 

Memory for Sentences .70 .63 

Memory for Words .63 .55 

Factor 6; Processing Speed (PS) 

Decision Speed .65 .52 

Cross Out .43 .54 

Visual Matching .43 .28 
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Factor-Based Scores 

The results of the preceding exploratory factor analyses were used for each grade 

to create factor-based scores. The factor analysis suggested six constructs, including 

Basic Reading Skills (READ). Rapid Automatized Naming (RAN - Digits, Letters, and 

Objects). Phonological Awareness (PA), Letter Knowledge (LK), Verbal Short-Term 

Memory (STM), and Processing Speed (PS). Factor-based scores were created to use in 

the regression equations ( see Table 4.5). Because the scaling of the variables differed 

substantially, scores for the first grade students were standardized to a mean of 0 and 

standard deviation of 1. Then, the appropriate z scores were averaged to give a score for 

each construct. For example, to create a score for the construct "READ", six variables 

were averaged as below: 

READ = (z Word Reading A"^ ^ Word Reading B Nonword Reading A Nonword Reading B ^ Word Attack 

•2 Letter-Word Identification) / 6. 
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Table 4.5 Variables Used in First Grade Constructs 

Constructs of First Grade Variables Used in the Constructs 

Basic Reading Skills (READ) 1. Word Reading Forms A & B (TOWRE) 

2. Nonword Reading Forms A & B (TOWRE) 

3. Word Attack (WJ III) 

4. Letter-Word Identification (WJ 111) 

RAN 1. Rapid Object Naming Fonns A & B (CTOPP) * 

2. Rapid Letter Naming Forms A & B (CTOPP) * 

3. Rapid Digit Naming Forms A & B (CTOPP) * 

Phonological Awareness (PA) 1. Blending Words (CTOPP) 

2. Blending Nonwords (CTOPP) 

3. Sound Blending Words (CTOPP) 

4. Incomplete Words (WJ 111) 

Verbal Memory (STM) 1. Memory for Words (WJ III) 

2. Memory for Sentences (WJ III) 

Processing Speed (PS) 1. Visual Matching (WJ III) 

2. Cross Out (WJ III) 

3. Decision Speed (WJ III) 

Letter Knowledge (LK) 1. Letter-Sound Identification-Upper Case 

(informal test) 

2. Letter-Sound Identification- Lower case 

(informal test) 

* Divided into two constructs for compatibility with the Second grade (see text). 



106 

Factor Analysis Second Grade 

Second Grade Variables and Correlation Matrix 

The Second grade analysis included 31 original variables as shown in Table 4.1. 

The second-grade students were administered four additional tests, Segmentation, 

Elision. Spelling of Sounds, and Memory For Digits. The mean and standard deviations 

of the original variables are presented in Table 4.1. 

The correlations between these 31 variables are presented in Table 4.2, below the 

main diagonal. When the correlation matrix is reviewed, a pattern exists among the 

observed variables. For example, correlations among word reading tests and nonword 

reading tests ranged from .85 to .97. Correlations among RAN digit and letter naming 

tests ranged from .81 to .90. RAN objects and RAN letters/digits were correlated in the 

range of .38 to .52. Correlations among phonological awareness (synthesis) tests varied 

from .34 to .51. Memory tests were correlated with each other in a range from .23 to .54. 

Processing speed tasks were correlated with each other in a range of. 13 to .23. 

The rapid naming tasks, especially rapid letter naming, were correlated with word 

and nonword reading tests in a range of .37 to .62. Similarly, phonological awareness 

tests (sound blending, blending words/nonwords) were correlated with reading tests 

(word/nonword reading, word attack) in a range of .28 to .52. Moreover, the RAN tasks 

(letters, digits, and objects) indicate much lower correlations with phonological 

awareness (sound blending, blending words/nonwords) tests (-.05 to .35). 
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Factor Extraction 

In contrast to the first-grade factor analysis, the second-grade analysis suggested 

seven meaningful and interpretable factors. Again, PAF yielded more interpretable 

results. Examination of the eigenvalues (Table 4.6) and scree plot (Figure 4.2) helped to 

determine the number of the factors to retain. Before rotation, the eigenvalue of the first 

factor accounted for 46% of the common variance, whereas the eigenvalue of the second 

factor explained only 13% of the common variance. After the second factor, the 

percentages explained by the succeeding factors dropped off sharply, descending from 

9% to 2%. 

The scree plot showed a sharp break between the first and second factor followed 

by several minor breaks. As with the first grade analysis, the adequacy of extraction and 

number of factors were also tested running several different extractions with four to 

seven factors to find the most appropriate factor structure. The solution with seven factors 

was chosen as the final model based on completeness and interpretability. For brevity, 

Table 4.6 displays only the first ten eigenvalues of the extracted factors and the 

eigenvalues for the same factors after rotation. 
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Table 4.6 Eigenvalues, Percentages of Variance, and Cumulative Percentages for 
Factors of the Second Grade 

Second Grade 

Before Rotation After Rotation 

Factor Eigenvalue Proportion Cumulative Eigenvalue * 

1 10.48 .46 .46 6.87 

2 2.99 .13 .59 3.91 

3 2.05 .09 .68 2.61 

4 1.66 .07 .75 2.11 

5 1.26 .06 .81 1.79 

6 1.22 .05 .86 1.59 

7 0.74 .03 .89 0.94 

8 0.65 .03 .92 

9 0.61 .03 .95 

10 0.42 .02 .97 

* Eigenvalues for six retained 1 actors displayed. 
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Figure 4.2 Scree Plot for Second Grade 
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Factor Rotation 

The seven factors were then rotated to increase the interpretability. Again, 

varimax rotation appeared to produce cleaner and more easily interpretable results. Table 

4.6 displays eigenvalues, percentages of variances that were accounted for by each factor 

before and after rotation. 

PAF analysis for the second grade indicated seven constructs related to at least 

two and as many as six variables with loadings ranging from .45 to .90. Loadings less 

than .40 were not considered meaningful. When loadings of the second grade factors 

were examined, the pattern was similar to that for the first grade, except for the RAN 

construct. Interestingly, in the second grade analysis, RAN variables loaded on two 

separate factors, whereas the first-grade factor analysis indicated only one RAN construct 

that consisted of alphanumeric and nonnumeric rapid naming variables all together. 

Factor loadings were examined and labeled based on the type of the variables that 

loaded highly on each factor. The high loadings on Factor 1 implied basic reading skills. 

The variables loaded on this factor were Word Reading (Forms A and B), Non Word 

Reading Efficiency (Forms A and B). and Word Attack. This construct was labeled 

READ. Factor 2 was dominated by very high loadings of alphanumeric RAN variables. 

This factor included only RAN letters and digits (Forms A and B), so was named RAN-

DL. Factor 3 consisted of four variables that are related to Phonological Awareness. 

These variables are Sound Blending Words, Blending Words. Segmenting Words, and 

Blending Nonwords. This construct mainly represents Phonological Synthesis skills, even 
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though one variable (segmentation) loaded on this factor is related to Phonological 

Analysis skills. This construct was called PA. Factor 4 included three variables. Memory 

for Digits, Memory for Words, and Memory for Sentences. Therefore, it was named 

Verbal Short-Term Memory (STM). Factor 5 included Rapid Object Naming variables 

(both forms). Since these variables are part of the RAN tests, the construct was named 

"RAN Objects" (RAN-OBJ). Factor 6 implied letter knowledge because of the two 

variables that loaded on it. These variables are Letter Knowledge (lower and upper case). 

This construct was labeled LK. The last factor was composed of only two variables. 

Cross Out and Visual Matching. This factor was defined as "Processing Speed" (PS). In 

addition, seven variables. Elision, Spelling of Sounds, Letter-Sound Identification 

(sound). General Information (total). Incomplete Words, Auditor)' Working Memory, and 

Decision Speed were excluded from the analysis due to loadings, which were either low 

or not meaningful. In summary, a seven-factor solution appeared to be the most satisfying 

in the sense of meaningful patterns of loadings for each factor. 

2 2 • The final communality estimates {h ) were examined and the values of h were in 

the range of .94 and .35. The rotated standardized factor loadings for the second grade are 

presented in Table 4.7. Factor loadings lower than .40 are not shown. 
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Table 4,7 Principal Axis Factor Analysis with Varimax Orthogonal Rotation: Rotated 
Factor Loadings and Comniunalities with Seven-Factor Solution for Second 
Grade ( n  =  64) 

——— i-j 

Items Factor Loading h 

Factor 1; Basic Reading Skills (READ) 

Nonword Reading Efficiency Form A ,90 ,92 

Letter-Word Identification .90 ,92 

Nonword Reading Efficiency Form B .89 ,94 

Word Reading Form B ,87 ,92 

Word Reading Form A .84 .87 

Word Attack .76 .69 

Factor 2: Rapid Automatized Digit Naming (RAN-DL) 

Rapid Digit Naming Form B .88 .88 

Rapid Digit Naming Form A .87 .91 

Rapid Letter Naming Form A .85 .81 

Rapid Letter Naming Form B .84 .90 

Factor 3: Phonological Awareness (PA) 

Sound Blending Words .72 .61 

Blending Words .58 .52 

Segmenting Words .54 .36 

Blending Nonwords .47 .38 
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Items (cont'd) Factor Loading h  

Factor 4; Verbal Short-Term Memory (STM) 

Memory for Digits .78 .65 

Memory for Words .60 .51 

Memory for Sentences .45 .59 

Factor 5: Rapid Automatized Object Naming (RAN-OBJ) 

Rapid Object Naming Form B .86 .90 

Rapid Object Naming Form A .76 .83 

Factor 6: Letter Knowledge (LK) 

Letter-Sound Identification (Upper Case) .83 .73 

Letter-Sound Identification (Lower Case) .65 .56 

Factor 7: Processing Speed (PS) 

Visual Matching .54 .47 

Cross Out .49 .35 
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Factor-Based Scores 

Based on the results of the PAF factor analysis, factor-based scores for each of the 

seven factors previously described were created as with the first-grade analysis. The 

scores were then used in the path analysis (see Table 4.8). 

Table 4.8 Variables used in the Second Grade Constructs 

Second Grade Constructs Variables Used in the Constructs 

Basic Reading Skills (READ) 1. Word Reading Forms A & B (TOWRE) 

2. Non word Reading Forms A & B (TOWRE) 

3. Word Attack (WJ III) 

4. Letter-Word Identification (WJ III) 

RAN Digits and Letters (RAN-DL) 1. Rapid Letter Naming Forms A & B (CTOPP) 

2. Rapid Digit Naming Forms A & B (CTOPP) 

RAN Objects (RAN-OBJ) L Rapid Object Naming Forms A & B (CTOPP) 

Phonological Awareness (PA) 1. Blending Words (CTOPP) 

2. Blending Nonwords (CTOPP) 

3. Sound Blending Words (CTOPP) 

Verbal Memory (STM) 1. Memory for Digits (CTOPP) 

2. Memory for Words (WJ III) 

3. Memory for Sentences (WJ III) 

Processing Speed (PS) L Visual Matching (WJ III) 

2. Cross Out (WJ III) 

Letter Knowledge (LK) 1. Letter-Sound Identification-Upper Case 

(informal test) 

2. Letter-Sound Identification- Lower case 

(informal test) 
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Discussion of Factor Analysis for Both Grades 

Torgesen et al. (1994) reported that memory and phonological abilities 

(phonological analysis) measured essentially the same ability in kindergarten children. 

However, these abilities differed from one another with age. In this study, consistent with 

Torgesen and colleagues (1994), the first- and second-grade factor analysis indicated that 

STM and PA (synthesis) tasks measured different abilities. 

The first-grade factor analysis showed that the RAN factor included all rapid 

naming variables (letters, digits, and objects). Badian et al. (1990) obtained similar results 

when factor analysis was conducted at a kindergarten level. Their study showed that 

RAN subtests (letters, digits, and objects) loaded on the same factor, as in this study. 

However, unlike the first-grade factor analysis, in the second-grade factor analysis RAN 

variables loaded on two separate factors. One factor included RAN digits and letters, 

whereas the second factor included only RAN objects. The reasons for this may be 

twofold. First, the correlation between first-grade RAN-DL and RAN-OBJ was very 

strong (.79). Nevertheless, this correlation was reduced a significant amount and had lost 

its magnitude in second grade (.50) (see Table 4.9). This may be one reason why RAN 

digits/letters and objects formed separate factors in second grade. Secondly, RAN digits 

and letters are alphanumeric whereas RAN objects are nonnumeric. The differences 

among RAN subtests may be more evident in second grade because second graders 

would all know the names of the alphabet (the tests were administered close to the end of 

second grade). This is consistent with the findings of La Berge and Samuel (1974). These 
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researchers found that once numbers and letters are learned, they are named faster than 

objects and colors, even though objects and colors are learned earlier. 

When the first-grade correlation matrix was examined, it showed that correlations 

among RAN objects and RAN digits/letters ranged from .65 to .92. suggesting a single 

factor (see Table 4.2). However, in second grade, correlations among these variables 

were lower (.38 to .90), which lead to the RAN tasks splitting into two factors (see Table 

4.2). When Table 4.1 was examined, it showed that the variation of RAN scales was 

substantially reduced in the Second grade and scores were generally high. This suggests 

that the students topped out on their performance and the resulting lack of variation 

caused the reduced correlations among RAN letters/digits and objects. Given that RAN 

split into two factors at the second-gradc level, scores were created for both factors at 

each grade level for comparability in the analyses. 
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Section 2; Path Analysis 

First Grade 

In first grade, the correlation matrix of seven constructs (Table 4.9) revealed that 

RAN-DL was most strongly correlated with RAN-OBJ (.79) and LK (.56). RAN-OBJ 

was moderately correlated with LK. STM, and PS (.44, .34, and .33, respectively). PA 

was highly related to STM (.47). PS and STM were significantly correlated (.38). LK was 

signiticantly related to RAN and READ, but not related to PA, STM, and PS. In addition, 

all of these variables were significantly correlated with basic reading skills with 

correlations ranging from .39 to .54. 
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Table 4.9 Intercorrelations Among Constructs Used in First Grade {n == 69) and Second 
Grade (n = 64)* 

Constructs 1 2 3 4 5 6 7 

.79 .20 .32 .23 .56 .51 
1. RAN-DL 

< .001 .091 .007 .058 <.001 < .001 

.50 .10 .34 .33 .44 .40 
2. RAN-OBJ 

< .001 .433 .004 .005 < .001 .001 

.22 .15 .47 .27 .18 .54 
3. PA 

.075 .245 < .001 .026 .135 <.001 

.22 .23 .40 .38 .11 .41 
4. STM 

.088 .068 .001 .001 .369 .001 

.11 .14 .21 .24 .10 .39 
5. PS 

.397 .260 .097 .056 .399 .001 

.02 .12 .02 .16 -.05 .45 
6. LK 

.903 .364 .889 .206 .679 < .001 

.52 .25 .42 .43 .24 .25 
7. READ 7. READ 

< .001 .045 .001 .001 .058 .046 

* First-grade students above diagonal and second-grade students below diagonal. 
Note. Significance levels shown below correlations. 
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Second Grade 

The correlation matrix of seven constructs (Table 4.9 ) revealed that all variables 

are significantly correlated with reading skills (a = .10) as in the first-grade analysis, with 

correlations ranging from .24 to .52. RAN-DL was strongly correlated with RAN-OBJ 

(.50). Similarly, PA and STM were also highly correlated (.40). PS was moderately 

correlated with STM (.24) and PA (.21). LK was not correlated with any of these 

variables, except reading skills. In addition. PA was correlated with RAN-DL (.22), but 

not with RAN-OBJ (.15) (see Table 4.9). 

Discussion of Correlation Matrices 

Many investigators have attempted to determine how RAN relates to reading 

tasks and have demonstrated that RAN tasks are strongly correlated with reading 

performance (e.g.. Ackerman et al.. 1990; Blachman. 1984; Bowers & Swanson, 1991, 

McBride-Chang & Man is. 1996. Torgesen et al.. 1990; Wagner et al., 1994). For 

example, Bowers and Swanson (1991) reported that RAN digits were correlated with 

regular and irregular word reading, .49 and .57, respectively. The results of this study are 

consistent with that finding. The results of the first-grade analysis showed that RAN-DL 

and RAN-OBJ were strongly correlated with basic reading skills, which included both 

word and nonword reading (r = .51,p = < .001 and r = .40. p = .001. respectively). 

In the second-grade analysis. RAN-DL was still strongly correlated with basic 

reading skills (r = .52. p = < .001), whereas RAN-OBJ had a lower correlation with basic 
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reading skills (r = .25.  p  = .045). This suggests that RAN-OBJ played a less important 

role than RAN-DL in the prediction of reading. This finding was also consistent with 

findings in the literature. For example. Wolf et al. (1986) reported that correlations 

between RAN colors and reading were lower than RAN digits and letters. Nevertheless, it 

is important to note thai variances in many tests were substantially reduced in the Second 

grade, reducing correlations in the second-grade analysis (sec Table 4.1). 
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Regression Analysis for First Grade 

In the First-grade analysis, even though the factor analysis did not indicate two 

RAN constructs (digits/letters and objects), it was decided to break the RAN construct 

into RAN digits/letters and RAN objects for comparability with the second-grade 

analysis. The correlation between RAN-DL and RAN-OB.I was .79 (p = < .001) in the 

First grade (see Table 4.9). 

Question la: Do Phonological Awareness, Verbal Short-Term Memory, Processing 

Speed, and Letter Knowledge account for a significant amount of variance in RAN? 

Does this relationship remain the same in both grades? 

To evaluate the effects of PA. STM, TK, and PS on the two RAN constructs 

(RAN-DL and RAN-OB.I), multiple regression analyses were performed for both first 

and second grades (see Figure 4.3 for path diagram). These variables were entered 

simultaneously in each regression. Table 4.10 displays the unstandardized regression 

coefficients (B). standardized regression coefficients (P), semi-partial correlations (unique 

variance), observed t value, and significance level for each unstandardized coefficient in 

Grade 1. As mentioned earlier, the criterion significance level chosen was .10. 

Effects of PA. STM. LK. and PS on RAN-DL in First Grade 

Four variables (PA. STM. PS, and LK) were entered simultaneously into the 

regression equation to determine which variables significantly contributed to RAN-DL. 
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The following discussions report /-statistics and significance levels for unstandardized 

coefficients and report the magnitude of the path coefficients (standardized). 

In the first step, the results indicated that STM \t (64) = 2.11, = .039, P = .24] 

and LK [f (64) = 534, p < .001. p = .53] significantly predicted RAN-DL, whereas PA 

[/ (64) = -0.28, i? = .778. p - -.03] and PS [t (64) = 0.84. p- .403, p = .09] were not 

significant (see Table 4.10). In the second step, PA was dropped from the model because 

it had the least effcct level (p = .778). Then, the regression was re-estimated with three 

variables, which were LK, STM. and PS. Because PS remained nonsignificant, it was 

then eliminated from the model and the regression was re-estimated with two variables, 

both of which were significant (see Table 4.10). R~ for the two-variable model was .38, 

andi?\dj was .37. F (2, 68) = 20.55,p < .001. 

When the t statistics for LK and STM were examined, thep values for these two 

variables (< .001 and .009, respectively) clearly indicated that they were important 

components that would help to understand the underlying nature of R AN-DL. However, 

when the correlation matrix (Table 4.9) was examined, it showed that STM was 

significantly correlated with PS (r = .38. p = .001). What would happen if STM were 

removed from the model and the same analysis were re-run with PS and LK. instead? The 

analysis showed that PS significantly contributed to RAN-DL [t (66) = 1.73. 

p = .089, P = .17], suggesting that overlap between STM and PS reduced the unique 

effect of p, causing it to be nonsignificant. 
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The model with STM and LK resulted in slightly higher i?^, implying that STM 

was a better predictor {R' = .38 and i?'adj = .37). compared with PS {R~= .34 and J?^adj = 

.32 ). In addition, squared semi-partial correlations showed that STM and LK explained 

7% and 28% of unique variance, respectively, in RAN-DL. These effects are shown in 

Figure 4.3. Nonsignificant paths are shown with dashed lines in Figure 4.3. Table 4.10 

displays results for the four-variable and the two-variable models predicting RAN-DL. 



124 

Table 4.10 Direct Effects of STM. PA, PS, and LK on RAN-DL in First Grade {n = 69) 

Dependent Independent B (3 Squared /-value p (i) 
Variable Variable Semi-

Partial 
Correlation 

Initial Step Four Variables Together (Initial Model) 

RAN-DL LK .52 .53 .272 5.34 <.001 

STM .26 .24 .042 2.11 .039 

PS .11 .09 .006 0.84 .403 

PA -.04 -.03 .001 -0.28 .778 

Note; = .39, ip = .10),i?\dj - .35. F (4, 68) = 10.27,/7<.001 

Final Step LK and STM (Final Model) 

RAN-DL LK .52 .53 .280 5.48 <.001 

STM .28 .26 .070 2.71 .009 

Note: = .38, (p = .10) , i ?\dj - .37. F (2, 68)=20.55,/j<.001 
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Figure 4.3 Direct Effects of PS, STM, LK, and PS on RAN-DL and RAN-OBJ in First 
Grade * 

RAN-DL 

.26 .53 

PA 

PS STM 
LK 

.21 .40 
.22 

RAN-OBJ 

* Nonsignificant paths shown with dashed lines; significant paths with solid lines. 
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Effects of PA. S I M. LK. and PS on RAN-OBJ in First Grade 

To determine whether PA, STM, PS, and LK predicted RAN-OBJ, multiple 

regression analyses were conducted. In the first step, four variables were entered into the 

regression. PA was not a significant predictor [t (64) = -1.55, p = .126, f} = -.18] and its 

zero order correlation with RAN-OBJ was not significant {r = .10, p = .433). Therefore, 

PA was eliminated from the model and the regression was re-estimated. In the second 

step, regression results indicated that three predictors (STM. PS, and LK) significantly 

predicted RAN-OBJ. R' = .32, = .29, F (3, 68) = 10.20,p < .001 (see Table 4.11). 

Squared semi-partial correlations indicated that LK accounted for 15% of the unique 

variance in RAN-OBJ, whereas STM and PS explained only 4% of the unique variance in 

RAN-OBJ. The analysis is shown in Table 4.11. The effects are shown in Figure 4.3 and 

nonsignificant paths are shown with dashed lines. 
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Table 4.11 Direct Effects of STM, PA, PS. and LK. on RAN-OBJ in First Grade 
(n = 69) 

Dependent Independent B [3 Squared /-value p (t) 
Variable Variable Semi-

Partial 
Correlation 

Initial Step Four Variables Together (Initial Model) 

RAN-OBJ LK .43 .42 .17 4.07 <.001 

STM .33 .30 .06 2.46 .017 

PS .29 .23 .04 2.04 .045 

PA -.23 -.18 .02 -1.55 .126 

Note. = .34,(p=.10), i?\dj = .30. F (4, 68) = 8.42,/? <.001 

Final Step Three Variables Together (Final Model) 

RAN-OBJ LK .41 .40 .15 3.85 <.001 

STM .25 .22 .04 1.98 .052 

PS .27 .21 .04 1.88 .065 

Note. R~ = .32,(p = .10) , i ?\dj = .29,F(3,68) = 10.20,/? < .0001 
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Effects of PA. STM. IX. and PS on RAN-DL and R AN-OBJ in Second Grade 

To determine the influence of PA, STM, PS. and LK on RAN-DL for the second-

grade students, a multiple regression analysis was conducted (see Figure 4.4). The 

finding of this analysis was intriguing. Interestingly, when the influences of the same 

variables (PA. STM. PS, and LK) on RAN-DL and RAN-OB.I were investigated, 

regression results indicated that none of these variables contributed a significant amount 

of variance to either RAN-DL or RAN-OBJ (see Table 4.12). The correlation matrix 

(Table 4.9) showed that each of the variables had very low zero-order correlations w ith 

RAN-DL and RAN-OBJ. The effccts are shown in Figure 4.4 as dashed lines indicating 

nonsignificance. The results of the analysis are shown in Table 4.12. 
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Table 4.12 Direct Effects of STM. PA. PS, and LK on RAN-DL and RAN-OBJ in 
Second Grade («= 64) 

Dependent 
Variable 

Independent 
Variable 

B P Semi-Partial 
Correlation 

/-value p(t) 

Second Grade RAN-DL 

RAN-DL PA .20 .16 .02 1.14 .258 

STM .17 .14 .02 1.01 .317 

PS .05 .04 .01 0.31 .761 

LK .01 -.01 < .000 -0.06 .951 

Note. R- = .07,(p = .10),i?\dj - .007. F{4. 63) = l.l2,p = .36 

Second Grade RAN-OBJ 

RAN-OBJ STM .20 .17 .02 1.19 .238 

PS .11 .10 .01 0.73 .470 

LK .10 .09 .01 0.72 .473 

PA .07 .06 .01 0.42 .680 

Note. R- = .07,(p = .10),i?\dj = .009,F(4, 63 ) II 1! 
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Figure 4.4 Direct Effects of PS, STM. LK, and PS on RAN-DL and RAN-OBJ in 
Second Grade 

RAN-DL 

PA 

STM 
LK 

RAN-OBJ 
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Discussion of Question la for First and Second Grade 

PA and RAN 

Many researchers have reported that PA and RAN are correlated but distinct 

variables (e.g.. Cutting, 1997; Torgesen et al., 1997; Wagner et al., 1994; Wolf, 1991, 

Schatschneidcr et al., 2002). Other researchers have viewed RAN as a part of 

phonological processing skills and have reported moderate correlations between RAN 

tasks and measures of phonological awareness (e.g., Torgesen et al., 1997). 

In the last decade, many research studies have focused on the question of whether 

RAN is related to phonological processing skills. Some researchers have viewed RAN as 

a part of phonological processing due to the phonological component in RAN tasks (e.g., 

Torgesen et al., 1997; Wagner & Torgesen, 1987; Wagner et al., 1993). Bowers. Wolf 

and colleagues have proposed that RAN and phonological awareness are independent of 

each other, even though they have acknowledged that RAN tasks share some variance 

with P A, due to the phonological component in RAN tasks (e.g.. Wolf & Bowers, 2000; 

Wolf et al.. 2000). 

The findings of this study are partly similar to many others. In first grade, the 

correlation between RAN-DL and PA was somewhat higher (r = .20, p = .091) than the 

correlation between RAN-OBJ and PA (r = .10,/? = .433). In second grade, the 

correlation between RAN-DL and PA was .22 (p = .075), whereas the correlation 

between RAN-OBJ and PA was . 15 (p = .245). Even though the effect was not strong for 
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either variable, the relationships between both RAN formats and PA were consistent 

across the First and Second grade. 

When PA. STM, PS, and LK were entered into the regression equation 

simultaneously, the analyses indicated that STM and LK accounted for unique variance 

in RAN-DL in first grade. However, FA and PS did not make significant contributions to 

RAN-DL. 

In this study, low correlations existed between RAN-DL and PA at each grade 

level (see Table 4.9), and the results of the regression analysis showed that PA did not 

contribute significantly to either RAN-DL or RAN-OBJ in either grade level. This 

finding is similar to the results from many studies (e.g.. Ackerman & Dykman, 1993; 

Bowers et al, 1994: Felton & Brown. 1990: Wolf et al., 2000). 

STM and RAN 

STM made significant unique contributions to both RAN-DL and RAN-OBJ (7% 

and 4%. respectively) and was moderately correlated with RAN-DL and RAN-OBJ in the 

First grade, (.32 and .34. respectively). However, these correlations were much lower in 

the Second grade. In the Second grade, the correlation between RAN-DL and STM was 

.22 (p = .088) and the correlation between RAN-OBJ and STM was .23 (p - .068). Due 

to low correlations. STM did not explain a significant amount of the variance in either 

RAN-DL or RAN-OBJ in second grade. 
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Some studies have shown that RAN and STM are correlated (e.g., Ackerman et 

al, 1990; Spring & Perry, 1983; Torgesen et al., 1994; Wagner et al., 1993). Wagner and 

colleagues (1993; 1997) argued that STM and RAN are separate but correlated processes. 

These researchers reported significant correlations between RAN and working memory in 

kindergarten and second grade samples (.79 and .24, respectively). The low correlation 

between RAN and STM in the Second grade was similar to that reported by Wagner et al. 

(1993; 1997). The reason for this might be twofold. First, the restricted range of scores on 

some of the variables might have diminished the strength of the associations between the 

variables. Second, both RAN-DL and RAN-OBJ would be automatized in children by 

second grade so that STM might have less of an effect on these variables. 

PS and RAN 

In this study, processing speed had no direct effect on RAN-DL at either grade 

level, whereas it contributed significantly to RAN-OBJ in first grade, but not in second 

grade. These findings were similar to the results of other studies. For example, Catts and 

colleagues (2002) reported that poor readers were slower across response time measures 

and on the rapid object naming tasks. They suggested that some poor readers have a 

general deficit in processing speed and this deficit is reflected in their performance on 

rapid object naming. Similarly. Cutting (1997) reported that processing speed explained 

variance in RAN in a sample of normal readers. Kail and Hall (1994) found that age-

related changes in processing speed were related to rapid naming speed. They suggested 
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that automaticity was the basis for the association between RAN and reading. However, 

in this study, processing speed was not directly related to either ELAN construct in second 

grade. Moreover, despite the lack of association between RAN-DL and PS. RAN-DL was 

a significant predictor of basic word reading skills in both grades. The findings of this 

study were also partly consistent with the findings of the Chiappe et al. (2002) study. 

These researchers reported that deficits in RAN were not related to temporal processing 

speed. 

LK and RAN 

In this study. LK made a significant contribution to both RAN-DL and RAN-OBJ 

in first grade. However, the effects of LK on RAN-DL and RAN-OBJ disappeared in 

second grade. Similarly, the contribution of letter knowledge in kindergarten and first 

grade to RAN letters in subsequent grades was reported by Wagner et al. (1994). In 

contrast, de Jong and van der Leij from the Netherlands (1999) reported that the effect of 

Letter Knowledge on RAN was not significant in kindergarten and first grade. 

The reason why LK and other variables (PA. STM, and PA) did not significantly 

contribute to either RAN construct in the Second grade might be related to the lack of 

variation among variables in second grade. In other words, as students acquire skill, they 

become less variable, so the model is no longer appropriate for a homogenous group. 

Nearly all second-grade students are successful on most items, which may show that by 

the Second grade, either the students have fully acquired the skill or that the measure 
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does not contain enough questions at their ability level. When the correlation matrices 

were examined, the low correlations were evident among the variables (Table 4.9). 

Question lb: Does Short-Term Memory contribute indirectly to RAN (digits/letters and 

objects) through Phonological Awareness and Letter Knowledge? Does the 

relationship remain the same for each grade? 

Indirect Effects of STM on RAN-DL and RAN-OBJ in First Grade 

In order to explain indirect effects of STM on RAN-DL and RAN-OBJ, the 

figures presented below contain only the paths that were examined for these specific 

questions. To answer whether STM contributes indirectly to RAN (digits/letters and 

objects) through PA and LK, several multiple regression analyses were conducted. Figure 

4.5 demonstrates the paths of interest that are examined in this discussion. First, the 

contributions of STM on PA and LK were assessed in two separate regression analyses. 

Then, the effects of PA and LK were assessed in two more regressions in which the 

dependent variables (DVs) were RAN-DL and RAN-OBJ (see Figure 4.5). Paths that 

were not significant are shown with dashed lines in Figure 4.5. 

STM had significant direct contributions on RAN-DL and RAN-OBJ as 

previously shown in Tables 4.10 and 4.11. Although STM was significantly related to PA 

[t (67) = 4.41,/; < .001. (3 = .47], its indirect contributions to RAN-DL and RAN-OBJ 
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were not substantial in part because PA was not significantly related to either RAN-DL or 

RAN-OBJ (Tables 4.10, 4.11). 

Another regression analysis showed that STM did not contribute a significant 

amount of variance to LK \t (66) = .62, p ~ .535, P = .08], although LK had a significant 

effect on both RAN-DL and RAN-OBJ. Thus. STM did not explain variance in RAN-DL 

and RAN-OBJ indirectly through PA and LK in first grade. STM had only a direct effect 

on both RAN constructs (see Figure 4.5). As a result, these nonsignificant paths were 

removed from the model. In summary, STM had no indirect effects on RAN-DL and 

RAN-OBJ through PA and LK. 
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Figure 4.5 Indirect Effects of STM on RAN-DL and RAN-OBJ in First Grade 

o 

CN (N 



138 

Indirect Effects of STM on RAN-DL and RAN-OBJ in Second Grade: 

To answer whether STM contributes indirectly to RAN-DL and RAN-OBJ 

through PA and LK in second grade, first the relationships of PA and LK to both RAN 

constructs were assessed. Then, the relationships of STM with PA and LK were assessed 

(see Figure 4.6). The regression analysis indicated that STM explained a significant 

amount of variance in PA {t (62)= 3.48./? = .001, P = .40]. However, PA did not 

contribute significantly to RAN-DL [f (59) = 1.14. p = .258, P = .16] or RAN-OBJ 

[/ (59) = .42. p ^ .680. p = .06]. STM did not have a substantial indirect effect on RAN 

(digits/letters and objects) through PA. STM did not account for a significant amount of 

variance in LK [/ (61) = 1.41, j? = .162, p = .18]. As a result, the indirect effects of STM 

on RAN-DL and RAN-OBJ were again negligible. In summary. STM did not contribute 

indirectly to RAN (DL and OBJ) through PA or LK in the second-grade sample (see 

Figure 4.6). 
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Figure 4.6 Indirect Effects of STM on RAN-DL and RAN-OBJ in Second Grade 
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Discussion of Question lb for First and Second Grade 

STM had only direct effects on RAN-DL and RAN-OBJ in first grade, explaining 

a significant amount of variance in RAN-DL and RAN-OBJ (7% and 4%, respectively). 

Nevertheless, this relationship was no longer significant in second grade. STM had no 

indirect effects on RAN-DL and RAN-OBJ through other variables at either grade level. 

This finding in second grade was consistent with the findings of Cutting (1997) who 

reported that RAN had no significant relationship with memory in a sample of normal 

readers. 

Question Ic: Does Processing Speed contribute indirectly to RAN through 

Phonological Awareness, Verbal Short-Term Memory, and Letter Knowledge? Does 

the relationship remain the same for both grades? 

Indirect Effects of PS on RAN-DL and RAN-OBJ in First Grade 

To answer how PS accounted for variance in RAN-DL and RAN-OBJ indirectly, 

several regression analyses were conducted. Figure 4.7 illustrates the paths examined in 

the regressions of RAN-DL and RAN-OBJ. PS did not account for significant variance 

in PA [t (66) = .87./? = .387. P = .10] when it was entered with STM into the regression. 

Moreover, PA did not explain a significant amount of variance in either RAN-DL or 

RAN-OBJ, [t (64) = -.28,/; - .778. p = -.03, and t (64) = -1.55, p= .126, p = -.18, 

respectively]. Furthermore, PS did not account for a significant amount of variance in LK 
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[/ (66) = .54,p = .588. |3 = .07], although LK was significantly related to RAN-DL and 

RAN-OBJ [/ (66) = 5.48. p = < .001, (i = .53, and t (65) - 3.85,/) = < .001, p = .40, 

respectively]. Therefore, PS did not have substantial indirect eiTects on RAN-DL. and 

RAN-OBJ through either PA or LK. 

On the other hand. PS explained a significant amount of variance in STM 

[r (67) = 3.38,/? = .001. p = .38]. PS had indirect effects on both RAN-DL and RAN-

OBJ, due to the direct effect of STM on RAN-DL (P = .26) and RAN-OBJ (P = .22). In 

summary, PS affected both RAN constructs only through its effect on verbal memory 

(indirect effect), but not through LK or PA. Figure 4.7 shows paths that were statistically 

significant with solid lines. Nonsignificant paths were eliminated from the model. 
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Figure 4.7 Indirect Effects of PS on RAN-DL and RAN-OBJ in First Grade 
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Indirect Effects of PS on RAN-DL and RAN-OBJ in Second Grade 

Figure 4.8 shows the paths that were examined for the second-grade students. As 

in the First grade. PS did not account for significant variation in PA [/ (61) = 1.00, 

p = .320, P = .12] when it was entered with STM into the regression equation. Moreover, 

PA did not explain a significant amount of variance in either RAN-DL or RAN-OBJ, 

[/ (59) = 1.14./; = .258. p = . 16: / (59) = 0.42./? = .679, P = .06, respectively]. 

The regression analysis indicated that PS did not account for a significant amount 

of variance in LK [/ (61) =-0.75. p = .458. P = -.10]. Finally, even though PS explained a 

significant amount of variance in STM {t (62) = 1.95,/; = .056. P = .24], PS had no 

indirect effects on either RAN-DL or RAN-OBJ through STM because STM did not have 

a direct effect on RAN-DL and RAN-OBJ. In summary, PS had no indirect effects on 

either RAN construct through PA, STM. or LK (see Figure 4.8). 



144 

Figure 4.8 Indirect Effects of PS on RAN-DL and RAN-OBJ in Second Grade 
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Discussion of Question Ic for First and Second Grade 

In this study, correlations between RAN (digits/letters and objects) and 

Processing Speed were lower compared to the findings of Kail and Hall (1994) who 

reported that processing speed was highly correlated with RAN (see Table 4.9). 

Processing Speed had indirect effects on RAN-DL and RAN-OB.T through STM in the 

First grade. In addition, it made no direct or indirect contributions to either RAN-DL or 

RAN-OBJ in the Second grade. This finding conflicts with previous research. For 

example. Cutting (1997) found that Processing Speed had a significant direct effect on 

RAN in a sample of normal readers. This contradiction in the findings may be because of 

the differences in the samples that were examined. 

Summary of the Causal Model for RAN 

A path analysis was conducted to determine the causal effects of PA, STM, LK, 

and PS on RAN-DL and RAN-OBJ for each grade. Effects in the path analysis models 

were examined by using standardized regression coefficients for each grade. In the path 

diagram, these standardized regression coefficients ((3) are called path coefficients. 

As described in Chapter 3, the total effect of an independent variable consists of 

the sum of its direct and indirect effects on the DV. The direct effcct is the standardized 

regression coefficient obtained from regressing the dependent variable (in this case, 

RAN-DL or R AN-0B.1) on the final set of retained variables. For instance, the direct 

effect of PS on RAN-DL is its |3 weight obtained in the regression of RAN-DL on PS, 
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STM, PA, and LK. The indirect effect is obtained by combining the paths, from PS 

through other effects to the dependent variable. The indirect effect of PS on RAN-DL 

consists of the product of the path between PS and STM (p = .38) and the path between 

STM and RAN-DL (|3 = .26 ). If an indirect effect path goes through more than one 

intermediate variable, all paths in the chain are multiplied to obtain the indirect effect. To 

obtain the total indirect effect of a variable on the DV all indirect effects are summed. 

Finally, the total effect is found by summing the direct and indirect effects (see Table 

4.13). 

First Grade Path Analysis: 
Causal Effects of Other Variables on RAN-DL and RAN-OBJ 

Figure 4.9 and Table 4.13 summarize the results of the path analyses. As can be 

seen, LK had a large effect on RAN-DL and RAN-OBJ. while the effects of STM on both 

RAN constructs were considerably similar. PS had no direct effect on RAN-DL, even 

though it made an indirect contribution to RAN-DL through STM. However, PS had both 

direct and indirect effects on RAN-OBJ through STM. PA had no effect on either RAN 

construct. 
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Figure 4.9 Causal EfTects of Other Variables on RAN-DL and RAN-OBJ in First Grade 
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Table 4.13 Summary of Causal Effects on RAN-DL and RAN-OBJ for First Grade 

Outcome Determinant Direct Effect Indirect Effect Total Effect 

RAN-DL PA" ^ —-

STM .26 — .26 

LK .53 — .53 

PS — (.38) (.26)= .10 .10 

RAN-OBJ PA ^ ^ — 

STM .22 — .22 

LK .40 — .40 

PS .21 (.38)(.22) = .08 .29 

Note. Direct effects are significant at the .10 level. Dashes represent nonsignificant paths. 

Second Grade Path Analysis: 
Causal Effects of Other Variables on RAN-DL and RAN-OBJ 

Figure 4.10 and Table 4.14 summarize the results of the path analyses. As can be 

seen no variables had significant effects on cither RAN construct. This suggests that the 

relationships of RAN-DL and RAN-OBJ with other variables show no variation in 

second grade. The results indicate that the relationship of RAN (digits/letters and objects) 

does not remain the same developmental ly. 
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Figure 4.10 Causal Effects of Other Variables on RAN-DL and RAN-OBJ in Second 

Grade 
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Table 4.14 Summary of Causal Effects on RAN-DL and RAN-OBJ in Second Grade 

Outcome Determinant Direct Effect Indirect Effect Total Effect 

RAN-DL PA — — ^ ™ 

STM 

LK 

PS 

RAN-OBJ PA 
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Question 2: Does RAN make a significant contribution to basic reading skills? Does 

this relationship remain the same in both first and second grade? What is the 

relationship of Phonological Awareness, Verbal Short-Term Memory, Processing 

Speed, and Letter Knowledge to Basic Reading Skills? Do these relationships remain 

the same in both the First and Second grade? 

First Grade 

A regression analysis was performed between READ (DV) and RAN-DL. RAN-

OBJ, PA. SIM, PS, and LK (IVs) to find out how these constructs contribute to basic 

reading skills (see Table 4.15). The correlation matrix (in Table 4.9) shows that all 

independent variables were significantly related to Reading with values ranging from .39 

to .54. 

In the first step, all independent variables were entered into the regression 

equation simultaneously. The results showed that RAN-OBJ [t (62) = -.28, p = .783, 

p = -.04] and STM [t (62) = .61, .p = .547. p = .07J were nonsignificant predictors. 

Because RAN-OBJ had the highest p value (.783). it was dropped from the analysis. 

Since STM was still nonsignificant, it was eliminated from the model and the regression 

was re-estimated with four IVs, all of which were significant. 

The model containing these four variables accounted for 52% of the variance in 

reading. F (4, 68) = 17.56, p < .001, (/?' = .52. andi?\dj = .49). Of six variables, RAN-DL 

[t (64) = 2.49, p = .015, p = .27), PA [/ (64) = 436,p = < .001, p = .40], LK [r (64) = 
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2.02,p = .048. P = .21 ], and PS [t  (64) = 2.16./? = .034. [3 = .20] accounted for a 

significant amount of variance in reading skills. Squared semi-partial correlations showed 

that PA and RAN-DL accounted for 14 % and 5% of unique variance, respectively, in 

READ, while LK and PS each contributed 3% of unique variance to reading (see Table 

4.15). 

interestingly. STM, despite its moderate zero-order correlation with READ 

(r = .41,/) = < .001), was nonsignificant as a predictor \t (62) = .61,p = .547, p = .07]. 

Similarly, RAN-OBJ also appeared to be a nonsignificant predictor [r (62) = -0.28, 

p - .783, p = -.04], even though the correlation between RAN-OB.T and READ was 

moderately strong (r = .40. p = .001. Despite the strong correlations with reading skills, 

these variables appeared to be nonsignificant predictors. The reason for this may be the 

strong intercorrelations between STM and PA (/• = .47. p = < .001), and RAN-OBJ and 

RAN-DL (r = .79, p = < .001). This is not surprising because RAN-DL and RAN-OBJ 

measures loaded on the same factor in the First-grade factor analysis. Because of these 

strong intercorrelations. PA and RAN-DL might have suppressed the predictive power of 

STM and RAN-OBJ. In other words, any variance in reading that is accounted for by 

STM and RAN-OBJ has probably been accounted for by PA and RAN-DL. 

This result of this study is consistent with Cutting's finding (1997) who also 

found that Verbal Memory was not significantly correlated with Reading in the First 

grade. In this study. STM was highly correlated with PA. RAN, PS, and READ. When 

the same model was run without PA. STM contributed a significant amount of variance 
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to READ and appeared to be a significant predictor [t  (63) = 2.09, p = .041, P = .22], 

indicating that overlap with other predictors caused the apparent lack of effect in the full 

model. 

Table 4.15 Standard Regression Analysis Predicting Basic Reading Skills in First Grade 
{n = 69) 

Dependent 

Variable 

Independent 

Variable 

B P Semi-Partial 

Correlation 

r-value P(t) 

Final Step Initial Model 

READ PA .43 37 .10 3.53 < .001 

RAN-DL .27 .28 .02 1.78 .080 

LK .21 .22 .03 2.06 .044 

PS .23 .19 .03 1.92 .059 

STM .07 .07 .003 .61 .547 

RAN-OBJ -.04 -.04 .0006 -0.28 .783 

Note. R' .53. (p .10), R' a<jj ".48. F (6, 68) =11.48,/? <.001 

Final Step Final Model 

READ PA .46 .40 .14 4.36 < .001 

RAN-DL .26 21 .05 2.49 .015 

LK .20 .21 .03 2.02 .048 

PS .24 .20 .03 2.16 .034 

Note. - .52. (p = .10), = .49, F (4, 68) = 17.56. p < .001 
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Second Grade 

To assess the influence of RAN-DL. RAN-OBJ. PA, STM, PS, and LK on second 

grade basic reading skills, several regression analyses were performed (see Table 4.16). 

In the first step, RAN-DL, RAN-OBJ, PA, STM, PS, and LK were entered 

simultaneously. RAN-OBJ and PS were nonsignificant in the first step. First, RAN-OBJ 

[t (57) = -.89, p = .376, P = -.10) was eliminated from the model. In the second step, 

RAN-DL, PA, STM, PS, and LK were entered into the regression simultaneously and PS 

[t (58) = 1.13, p = .262, P = .11] was dropped from the analysis as the second 

nonsignificant variable. In this analysis, PS and RAN-OBJ did not appear to be 

significant contributors, even though they both had moderate zero-order correlations with 

reading skills, .39 {p = .001) and .40 (p = .001), respectively. 

In the last step, the analysis indicated that four of the factors (RAN-DL, PA, 

STM. and LK) significantly predicted READ, R~ = .46, i?^adj .42, F (4, 63) = 12.61, 

p < .001. When squared semi-partial correlations were examined, the analysis indicated 

that RAN-DL accounted for 16% of unique variance in READ, while PA accounted for 

only 5% of unique variance in READ. STM and LK accounted for only 4% of unique 

variance in READ. A summary of the regression analysis is presented in Table 4.16. 
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Table 4.16 Standard Regression Analysis Predicting Basic Reading Skills in Second 
Grade (n = 64) 

Dependent Independent B 

Variable Variable 

P Semi-Partial /-value 

Correlation 

p(t) 

Initial Step Initial Model with Six Variables 

READ RAN-DL .46 .46 .15 4.10 < .001 

LK .24 .23 .05 2.31 .025 

PA .29 .22 .04 2.11 .039 

STM .23 .20 .03 1.81 .075 

PS .14 .12 .01 1.20 .234 

RAN-OBJ - .10 - .10 .007 -.89 .376 

Note. /?- = 0.48, (/?•-=. 10), i?\d) = 0.43, F (6, 63) =8.76,/; = <.001 

Final  Step Final Model with Four Variables 

READ RAN-DL .42 .42 .16 4.22 <.001 

PA .31 .24 .05 2.27 .027 

STM .24 .21 .04 1.96 .055 

LK .22 .21 .04 2.13 .037 

Note.i?' = .46,(p = .10),ij2^j = .42, F (4. 63) = 12.61,i7<.001 
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Discussion of Question 2 for First and Second Grade 

At each grade level, these six variables were entered into the regression equation 

simultaneously. Results showed that four of the first grade variables (RAN-DL, PA, LK, 

and PS) accounted for 52% of variance in basic reading skills. STM and RAN-OB J did 

not appear to account for significant variance in the prediction of basic reading skills. 

In the Second grade analysis, RAN-DL, PA. LK, and STM accounted for 46% of 

the variance. RAN-OBJ, again, did not account for a significant amount of the variance in 

basic reading skills. Moreover, PS was no longer a significant predictor, while STM 

appeared to be a significant predictor when all variables were considered together in the 

analysis. Three variables, PA, RAN-DL, and LK consistently accounted for significant 

unique variance in early reading skills at each grade level. RAN-OBJ made no significant 

contribution to early reading skills in either grade. 

PA, RAN-DL and LK were predictive of reading achievement in the First and 

Second grade. Both PS and STM appeared to predict, but overlapped substantially with 

each Other so that entry of one variable essentially subsumed the other at each grade 

level. 

RAN and Basic Reading Skills 

In this study, RAN and PA independently contributed to early reading skills, as 

has been found by many researchers (Ackerman & Dykman. 1993; Badian, 1993; Bowers 

& Svvanson, 1991; Compton, 2000; Cutting, 1997; Schatschneider et al., 2002). RAN-DL 
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accounted for 5% and 16% of unique variance in basic reading skills for the First and 

Second grade, respectively. Results showed that RAN-DL was an important predictor of 

early reading skills at each grade level. Furthermore, it was found to be independent of 

PA. Even though PA accounted for more unique variance (14%) in first-grade reading 

than did RAN-DL (5%). results showed that RAN-DL explained more of a substantial 

amount of unique variance (16%) in second-grade reading than did PA (5%). This was 

similar to the findings of previous research showing that RAN and PA are important and 

independent predictors of word reading in early grades ( Badian, 1993; Blachman, 1984; 

Bowers & Swanson, 1991. Cornwall 1. 1992; Cutting. 1997). 

Many researchers also reported that RAN is strongly associated with word 

reading skills, but not as highly with word attack skills (Badian, 1993; Bowers, 1995; 

Cornwall. 1992; Felton & Brown. 1990). However, in this study, RAN-DL accounted for 

early reading performance (word identification and nonvvord reading skills) at each grade 

level. Moreover, when correlation matrices of original variables were inspected at each 

grade level, the relationships among these variables were consistent across first and 

second grade. For example, correlations between RAN (digits and letters) and word 

reading variables varied from .39 to .54, whereas correlations between RAN (digits and 

letters) and nonvvord reading variables ranged from .34 to .43. In second grade, 

correlations among RAN (digits/letters) and word reading variables were between .45 and 

.62, whereas correlations among RAN (digits/letters) and nonvvord reading variables 

changed from .23 to .56 (see Table 4.2). 
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Predictive Power of RAN Across Grades 

The results of this study showed that RAN-DL was an important predictor at each 

grade level. In fact, its importance increased greatly from first to second grade (from 5% 

to 16%). Nevertheless, RAN-OBJ did not appear to be a significant predictor at either 

grade level, possibly because it was highly related to RAN-DL at the first-grade level and 

because of attenuation effects at the second-grade level. 

Wagner and colleagues (1997) followed 216 children from kindergarten through 

fourth grade. The researchers found that RAN accounted for unique variance in early 

grades, but not in later grades. Importantly, when previous knowledge of letter naming 

was controlled from kindergarten through second grade, the correlation between RAN 

and word reading was no longer significant. However, when letter knowledge was 

controlled from first- to third-grade, the relationship between RAN and later word 

reading was small, but significant {r = .139). These authors argued that the predictive 

power of RAN might be primarily attributable to letter-name knowledge. Findings of this 

study ditTered from Wagner et al. The results of this study indicated that letter knowledge 

e.xplained a significant amount of unique variance in RAN-DL (28%) and in RAN-OBJ 

(15%) in first grade. However, these relationships were no longer significant in second 

grade. Furthermore, RAN-DL and letter knowledge accounted for a significant amount of 

unique variance independently in second grade-reading performance. If the predictive 

power of RAN were primarily attributable to letter knowledge, then letter knowledge 

would continue to explain unique variance in RAN-DL in Second grade, as well. In 
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summary, in the Second-grade analysis, RAN-DL and LK appeared to be important and 

independent variables. 

Formats of RAN 

Relationships between RAN formats (letters, digits, objects, and colors) 

and different components of reading skills (word recognition, nonword reading, 

comprehension) have been examined by many researchers (e.g., Blachman, 1984; 

Schatschneider et al., 2002: Wolf, et al.. 1986). RAN letters and numbers were reported 

to be more closely related to reading achievement than RAN objects and colors (Bowers 

et al., 1988; Wolf et al.. 1986). In this study, consistent with the previous research, the 

results of regression analyses indicated that even though RAN-DL was a significant 

predictor of early reading skills in both grades, RAN-OB.T was not a significant predictor 

at either grade. Wolf (1991) reported that RAN colors or objects lost their predictive 

power after kindergarten. Cornwall (1992) found that RAN letters accounted for a 

significant amount of variance in word reading. 

Schatschneider et al. (2002) reported that RAN Letters accounted for more unique 

variance in early reading skills that contained a larger orthographic component. 

Orthographic awareness was measured with 40 pairs of word that included real and 

pseudohomophone words (e.g.. bowl. boal). They asked students to choose the correctly 

spelled word. These researchers also found that RAN I.etters and RAN Objects were 

independent of each other and RAN Letters explained a larger amount of unique variance 
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in early reading than did RAN Objects. In this study, consistent with their finding, RAN 

letters/digits explained a unique amount of variance in early reading skills at each grade 

level. In fact, the amount of unique variance accounted for by RAN-DL increased from 

first to second grade. However, unlike the Schalschneider et al. (2002) study, RAN 

objects did not contribute a significant amount of variance to reading at either grade. 

The differences between RAN formats call into question the hypothesis that PS 

was the primary component of RAN. Consistent with the findings of Schalschneider et al. 

(2002), this study also found that RAN-DL and RAN-OB.I were separate components of 

the RAN construct in second grade. If Processing Speed were the primary component of 

RAN, both RAN letters/digits and objects would independently contribute in early 

reading skills. In addition, when the contributions of other variables on RAN-DL and 

RAN-OBJ were examined in the First grade, the results indicated that although PS had 

direct effect on RAN-OBJ, it did not affect RAN-DL directly. Moreover, PS had no 

direct or indirect effects on both RAN-DL and RAN-OBJ in the Second grade (see Figure 

4.11 and 4.12). 

deJong and van der Leij (1999) found that the effect of Letter Knowledge was not 

significant on RAN in first grade. In this study, letter knowledge explained a significant 

amount of variance in both RAN-DL and RAN-OBJ in the First grade. However, this 

relationship was no longer significant in the Second grade. 
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PA and Basic Reading Skills 

The results of regression analyses showed that PA was a significant predictor of 

early reading and contributed to early reading skills independent of other variables at 

each grade level. The relationship between FA and basic reading skills has been well 

documented (e.g., Wagner & Torgesen. 1987; Wagner et al.. 1993, 1994). The findings of 

this study are similar to the results of other research studies that examined the importance 

of PA in reading acquisition in young children (e.g., Compton. 2000; Scanlon & 

Vellutino. 1996; Wagner et al., 1993; 1994). 

When PA was entered into the regression equation along with RAN-DL. RAN-

OBJ, STM, LK, and PS, it accounted for 14% of the unique variance in first-grade basic 

reading skills, but then the percentage of unique variance in second-grade reading 

dropped off significantly (5%). The role of PA in early reading when considered with 

other variables diminished from the First to Second grade. This finding is similar to other 

researchers" findings. For example, Cuttings (1997) reported that PA explained 20% of 

the unique variance in first grade and 8% in second grade. 

From a longitudinal study of reading development, Scanlon and Vellutino (1996) 

found that measures of phonological processing accounted for the largest proportion of 

variance in first-grade reading. In this study, PA accounted for the largest amount of the 

unique variance in early reading skills (14%) in first grade; however, the amount of the 

unique variance explained decreased from the First to Second grade. In the Second grade, 

RAN-DL appeared to be the most important predictor explaining 16% of the unique 
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variance in early reading, while PA accounted for only 5% of the unique variance in early 

reading skills. 

STM and Basic Reading Skills 

The correlation matrices of each grade indicated that STM was significantly 

correlated with basic reading skills. STM had significant correlations with first- and 

second-grade reading, .41 and .43. respectively. Despite its strong correlation with 

reading, STM did not appear to be a significant predictor of early reading in the First 

grade. In contrast, STM explained a small, but significant amount of unique variance 

(4%) in reading in the Second grade. 

The analysis demonstrated that STM did not account for a significant amount of 

variance in first-grade basic reading skills due to its shared variance with PA, even 

though STM and PA were separate factors in the factor analysis. Furthermore, in the 

second-grade regression analysis, STM appeared to be a significant predictor of basic 

reading skills as well as RAN-DL. PA and LK. When PA was excluded from the first-

grade regression analysis. STM appeared to be a significant predictor along with RAN-

DL, PS, and LK. This is consistent with the findings of Cutting (1997) and Wagner et al 

(1997). 
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PS and Basic Reading Skills 

In this study, PS had direct and indirect effects on READ in the First grade. The 

indirect effects were on READ through STM and PA. In addition, PS also contributed to 

reading indirectly through the effect of STM on RAN-DL because RAN-DL also had 

dircct effects on READ in the First grade. However, in the Second grade, PS had no 

direct effect on READ. It again made indirect contributions to READ through STM and 

PA. The role of processing speed in reading was not clearly established. 

LK and Basic Reading Skills 

In this study, LK contributed significantly to the prediction of early reading skills 

at each grade level (3% of unique variance in the First grade and 4% of unique variance 

in the Second grade). The results of this study are similar to other researchers' findings 

(e.g.. Wagner et al., 1994: Scanlon & Vellutino. 1996; Scarborough. 1998a). For 

example, Scanlon and Vellutino (1996) reported that kindergarten letter-name knowledge 

was the best single predictor of first-grade reading. Similarly, Scarborough (1998a) 

reported that LK was as an important predictor of early reading skills as PA and RAN. 
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Section 3; Evaluating the Effects 

Causal Effects of Variables on Basic Reading Skills in First Grade 

In the First grade, as described previously, the causal model of Reading had some 

missing paths. The results showed that RAN-DL, PA, LK, and PS had significant direct 

effects on Basic Reading Skills (READ). However. STM did not have a significant direct 

effect on basic reading, but indirectly affected Reading through PA, and through RAN-

DL. The largest causal cffect on basic reading skills was from PA (|3 = .40) followed by 

RAN-DL (p = .27). LK and PS had both substantial direct and indirect effects on reading 

(total effects .35 and .30, respectively). Even though STM did not have a direct causal 

effect, its indirect effect on reading was large (.26, see Table 4.17). The strong 

relationship between STM and PA (r = .47, p = < .001) accounted for a substantial 

fraction of the indirect effect on reading skills. Importantly, RAN-OB.T had no direct or 

indirect causal effect on READ in first grade. The model explained 52% of the variation 

in READ (Early Reading Skills) in the First grade (see Table 4.15, Table 4.17, and Figure 

4.11). 

When Table 4.17 was examined, PA had the largest effect on reading .skills, but 

LK was nearly as large. RAN-DL also had a substantial effect on reading. In addition, 

RAN-DL and STM made roughly equal contributions to READ. The lack of influence of 

RAN-OBJ was not related to the presence of RAN-DL, since it still remained 

nonsignificant after RAN-DL was removed from the analysis [t (63) = 1.36, p = .18, 
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(3 = .15]. This indicates that RAN-OBJ is not useful when evaluating and assessing 

students who are at risk for reading disabilities. 

Table 4.17 Summary of Causal Effects on Basic Reading Skills in First Grade 

Outcome Determinant Direct 

Effect 

Indirect Effect Total Effect 

READ PA .40 — .40 

RAN-DL .27 — .27 

RAN-OBJ — — — 

STM — (.26)(.27) + (.47)(.40) = .26 .26 

LK .21 (.53)(.27) = .14 (.21)+ (.14) = .35 

PS .20 (.38)(.47)(.40) + (.20)+ (.10) = .30 

(.38)(,26)(.27) = .10 



Figure 4.11 Causal Effects on Basic Reading Skills in First Grade 
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Causal Effects of Variables on Basic Reading Skills in Second Grade 

The causal effects of RAN-DL, RAN-OBJ, PA, STM, LK, and PS on basic 

reading skills (READ) were evaluated using the obtained ft weights for the Second-grade 

sample. The results showed that RAN-DL, PA, LK, and STM had significant direct 

effects on READ. However, this time PS only indirectly affected READ through STM. 

The largest causal effect on READ was by RAN-DL (.42) followed by PA (.24) and LK 

(.21). STM (direct effect .10. total effect. .31) and PS (indirect effect, .07) had indirect 

effects on READ. As was seen in the first-grade analysis, RAN-OBJ again did not make 

a direct or an indirect contribution to reading skills. This model explained 46% of 

variation in READ (see Figure 4.12. Table 4.16. and Table 4.18). 

In summary, causal models of reading in both first and second grade show some 

developmental differences. It is obvious that RAN-OBJ had no impact on reading in 

either grade. The results of analyses in both grades were consistent with the literature 

showing that RAN-DL and PA are the most important variables in early reading. 

Furthermore, while RAN-DL appeared to be the second most important factor (after PA) 

in the first-grade reading analysis, this pattern changed slightly in second-grade reading 

when RAN-DL became the most important factor in second-grade reading. This was not 

surprising because first-grade reading is more based on learning sounds and mastering 

phonological awareness than second-grade reading; however, in second grade, the 

mastery of reading requires more orthographic knowledge, with which RAN-DL is 

shown to have an association. 
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Table 4.18 Summary of Causal Effects on Basic Reading Skills in Second Grade 

Outcome Determinants Direct Indirect Total 

Effect Effect Effect 

READ PA .24 — .24 

RAN-DL .42 .42 

RAN-OBJ — — — 

STM .21 (.40)(.24) = .10 .31 

LK .21 — .21 

PS — (24.)(.40)(.24) + (.24)(.21) = .07 .07 



Figure 4,12 Causal Effects on Basic Reading Skill in Second Grade 
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Analysis of the Model of Basic Reading Skills 

The model for READ (Basic Reading Skills) was tested for each grade by using 

path analysis. The direct and indirect effects of RAN-DL. RAN-OBJ, PA. STM, LK, and 

PS were examined for each grade (see Figure 4.11 and 4.12). A muhiple regression was 

performed with six variables that were entered simultaneously into the regression 

equation. 

Results showed that four of the first-grade variables (R AN-DL. PA, LK, and PS) 

accounted for 52% of the variance in basic reading skills. STM and RAN-OBJ did not 

appear to be important predictors of basic reading skills. In the second-grade analysis, 

RAN-DL, PA, LK, and STM accounted for 46% of the variance. Similarly. RAN-OBJ 

did not account for a significant amount of variance in basic reading skills. In addition, 

PS was not a significant predictor in the second-grade analysis. While STM did not 

contribute significantly to READ at the first-grade level, it was significant at the second-

grade level. Conversely, while PS was a significant predictor of READ in the First grade, 

it was not significant in the Second grade. 

The findings of the study were consistent with many research studies (e.g.. 

Ackerman & Dykman, 1993; Blachman, 1984; Bowers, 1993; McBride-Chang & Manis, 

1996; Manis et al., 2000; Wolf & Bowers. 1999). In addition, the results showed that 

RAN-DL and PA were separate and important predictors of word reading, which is 

consistent with the literature (e.g., Badian, 1993; Blachman. 1984; Bowers & Swanson, 

1991; Cutting. 1997). 
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CHAPTER 5: CONCLUSIONS 

This research is one of the few investigations that has examined the contributions 

of Rapid Automatized Naming (RAN ), Phonological Awareness (PA), Processing Speed 

(PS), Short-Term Memory (STM), and Letter Knowledge (LK) to Early Reading skills 

(READ) in a sample of early readers using path analysis. This study also explored the 

nature of RAN in relation to PA, STM, LK, and PS. This chapter includes a brief 

summary- of the literature, summarizes findings of the study, discusses limitations of the 

study, and suggests implications for the future research. 

Summary of the Literature 

In the past two decades, a substantial amount of evidence has indicated that 

phonological awareness played an important role in early reading acquisition (e.g., 

Stanovich, 1988; Torgesen et al., 1994; Wagner & Torgesen, 1987). Furthermore, 

research has consistently demonstrated that a deficit in phonological awareness was the 

major cause of dyslexia (e.g., Torgesen et al., 1994; Torgesen et al., 1997; Wagner & 

Torgesen, 1987). 

Some researchers have classified RAN as a component of phonological awareness 

and argued that RAN should be subsumed under phonological processing skills (e.g., 

Torgesen et al., 1997; Wagner et al, 1993). Other researchers have proposed that RAN 

was independent of phonological awareness and should not be considered as a type of 

phonological processing skills. These researchers have suggested that even though RAN 



172 

tasks shared some variance with phonological awareness, RAN and phonological 

awareness were separate processes. They proposed a theory called "double deficit 

hypothesis" to account for the independence of phonological awareness and RAN (e.g.. 

Bowers & Wol f. 1993; Wolf & Bovvers, 1999: 2000). Wolf and Bowers (1999) viewed 

RAN as a complex combination of perceptual, linguistic, and cognitive processes, which 

necessitated the integration o f attention and precise timing. 

Considerable research has focused on the relationship between RAN and PA and 

a substantial amount of data seemed to suggest that RAN and PA w-ere independent of 

each other and that both were important predictors of early reading skills (e.g., Ackerman 

& Dykman. 1993; Bowers et al., 1994; Felton & Brown. 1990; Mather el al, 2000; Wolf 

et al., 2000). 

RAN tasks have also been reported to be related to the various components of 

reading and that certain RAN tasks were better predictors of reading than others. For 

example, results of some studies showed that RAN letters and numbers were more 

closely related to reading achievement than were RAN objects and colors (Bowers et al., 

1988; Schatschneider et al., 2002; Wolf et al., 1986). Some researchers have reported that 

RAN was strongly associated with word reading skills, but not with word attack (e.g., 

Badian. 1993; Bowers & Swanson, 1991; Cornwall. 1992). Many researchers have 

reported that RAN was a powerful predictor of early reading skills as well as later 

reading development across grades (e.g.. Badian, 1994; Hammill et al., 2002; Meyer et 

al, 1998b; Wolf & Bovvers, 1999). Both cross-sectional and longitudinal studies have 
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demonstrated that RAN and RAN like tasks differentiate readers with dyslexia from other 

readers (e.g.. Wolf, 1984; Wolfet al, 1986; Wolf et al, 2000). 

In contrast, few studies have examined how RAN relates to other cognitive 

variables and the findings of these studies have been inconsistent. Researchers examining 

the relationship between RAN and short-term memory have not been in agreement. For 

example, some researchers have concluded that RAN was related to STM (e.g.. Spring & 

Capps, 1974; Suk-han Ho & Lai, 1999) whereas others have argued that they were 

separate processes and were not correlated with each other (e.g.. Cornwall. 1992; Cutting 

& Denckla, 2001). 

Only a few studies have examined the relationship between RAN and letter 

knowledge. For example, two researchers from the Netherlands reported that the effect of 

letter knowledge on RAN was not significant (de Jong & van der Leij, 1999). However, 

Compton (2000) found that the partial correlations between letter knowledge and RAN 

were significant. 

Research studies examining the relationship between RAN and processing speed 

tasks have also reported inconsistent conclusions (Chiappe et al., 2002: Cutting, 1997). 

For example, Cutting (1997) reported that processing speed contributed to RAN, whereas 

Chiappe et al. (2002) found that deficits in RAN were not related to temporal processing 

speed. 

In summary, although many researchers have explored the links among RAN, 

phonological awareness, and reading, the relationships among them are not fully 

understood (Manis, Seidenberg. & Doi. 1999; Scarborough, 1998b). Furthermore, it is 
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not clearly established how RAN relates to other cognitive constructs such as short-term 

memory and processing speed. 

Findings of the Study 

This study attempted to determine the relationships of RAN-DL, RAN-OBJ, PA, 

STM, LK, and PS with early reading skills. It also examined how the role of PA. STM, 

l.K, and PS influence RAN (digits/letters and objects) in early readers. The sample 

included first- and second-grade students with a wide variety of reading problems. 

The following questions guided this research study. 

1) What is the relationship between RAN tasks and measures of reading 

related cognitive abilities (Verbal Short-Term Memory and Processing 

Speed), linguistic abilities (Phonological Awareness), and Letter 

Knowledge? Do these relationships remain the same in both the First and 

Second grade? 

a) Do Phonological Awareness, Verbal Short-Term Memory, 

Processing Speed, and Letter Knowledge contribute to the 

variance in RAN? 

b) Does Verbal Short-Term Memory contribute indirectly to RAN 

through Phonological Awareness and Letter Knowledge? 

c) Does Processing Speed contribute indirectly to RAN through 

Phonological Awareness, Verbal Short-Term Memory, and Letter 

Knowledge? 

2) What are the relationships of RAN. Phonological Awareness, Verbal 

Short- Term Memory, Processing Speed, and Letter Knowledge to Early 

Reading Skills? Do these relationships remain the same in both the First 

and Second grade? 
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The findings of this study are important for several reasons. First, this study 

extends the literature on the role of RAN, PA, STM, PS, and LK in predicting Early 

Reading and on the role of variables underlying the RAN constructs. The results of this 

study are consistent with many others (e.g., Ackerman & Dykman, 1993; Badian, 1993; 

Blachman. 1984; Bovvers et al, 1988; Compton. 2000; Wolf et al., 1986). The findings of 

this study bring additional support to the literature and confirm that RAN and PA are 

important and independent predictors of Early Reading skills. Second, this study supports 

the hypothesis that a strong relationship exists between RAN and Early Reading skills. 

Third, the findings demonstrate that RAN-DL has an increasingly predictive role in Early 

Reading skills compared to PA. 

Another important finding is that RAN-OBJ has no significant role in Early 

Reading. This finding is consistent with other research findings (e.g.. Manis et al., 2000). 

This finding suggests that RAN-OBJ might be unnecessary when evaluating and 

assessing children who arc at risk for reading disabilities in elementary school years. 

PA does not contribute a signi ficant amount of variance to either RAN-DL or 

RAN-OBJ at either grade level. PA has a strong relationship with READ in the First 

grade; however, PA appears to have a decreasing relationship with READ in the Second 

grade when compared to RAN-DL. 

In this study, the results show that STM makes significant contributions to both 

RAN-DL and R.AN-OBJ in the First grade. In addition, the results show that STM is 

moderately correlated with both RAN-DL and RAN-OBJ in the First grade. This is 

consistent with some of the earlier studies that found that RAN and STM are correlated 



(e.g.. Ackerman et al, 1990; Cornwall, 1992; Felton & Brown, 1990; Wagner et al., 

1993). On the other hand, the contributions of STM to either RAN-DL or RAN-OBJ are 

not significant in the Second grade. Moreover, the correlations between STM and RAN-

DL, and RAN-OBJ and STM are relatively low in the Second grade, similar to the 

findings of Scarborough (1998b). 

LK makes significant contributions to RAN-DL and RAN-OBJ in the First grade, 

but not in the Second grade. LK also contributes a significant amount of variance in 

READ at each grade level. This finding may indicate that RAN-DL is related to the 

knowledge of alphabet in the First grade, but not in the Second grade. This makes sense 

because at the beginning of the First grade, some children would still not know letter 

names fully, whereas by the end of the Second grade children should recognize letters 

with ease. 

When correlation matrices for each grade are examined, it was evident that 

correlations among these variables are much higher in the First grade than in the Second 

grade (see Table 4.9). This might be because there was little variability among student 

performance on the original variables in the Second grade (see Table 4.1). Although all 

predictors are strongly correlated with READ in the First grade, only RAN-DL, PA. and 

STM have high correlations with READ in the Second grade (see Table 4.9). 

Some of the findings in this study are not easy to interpret. For example, no 

variables (PA, STM, PS, and LK) have a direct or an indirect efTect on either RAN-DL or 

RAN-OBJ in the Second grade, even though STM and LK contribute significantly to 

RAN-DL and RAN-OBJ in the First grade. Furthermore. PS contributes to RAN-OBJ 
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directly, but it contributes to RAN-DL only through its effect on STM in the First grade. 

It is not clear why PS has different roles in RAN-DL and RAN-OBJ in the First grade. 

One possible explanation for this may be related to the age-related changes in 

performances on processing speed. In addition, the effects of STM on RAN-DL and 

RAN-OBJ might have been diminished because letters and digits are recognized easily by 

the second grade. 

The results indicate that PS has both direct and indirect effects on READ in the 

First grade, while these contributions change from a direct effect to an indirect effect on 

READ in the Second grade. Furthermore. STM has only indirect effects on READ 

through RAN-DL and PA in the First grade. However, in the Second grade, STM has a 

more powerful influence on READ through direct and indirect effects. The changing 

roles of STM and PS in READ from the First to Second grade might have resulted from 

other effects that were not examined, or might be because of a restricted range of scores 

for the .second-grade students, because most were proficient on the tasks. 

Limitations of the Study 

This study has a number of limitations; 

1. This study included only first- and second-grade students. In order to examine 

developmental differences more thoroughly, it would have been beneficial to include 

children from kindergarten through fourth grade. Furthermore, this study was a one

time assessment. Assessing the variables at different times would enhance the 

understanding of RAN in relation to reading development. 
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2. Small sample size limited the power of the study as well as the reliability of the 

estimates. Correlation coefficients had large variability, leading to difficulty in 

interpreting the results. In addition, small sample size prevented the use of advanced 

statistical procedures such as Structural Equation Modeling, which would allow for 

significance tests of the fit of the entire model. 

3. The tasks that were used in the study may not have measured what they were 

assumed to be measuring or may not have been difficult enough. For example, LK 

was too easy especially for the second-grade students. 

4. Information about scaling of the variables was not readily available for this study, so 

it is difficult to determine whether the students performed at, above, or below other 

students in general. 

5. The complexity of RAN may not have been thoroughly examined by the model 

developed in this study. The model may have required the inclusion of additional 

variables to thoroughly examine RAN and its relationship with reading and other 

cognitive constructs. 

6. Another limitation of this study was that since the subjects arc of middle socio

economic status, it is not known if the findings of the study would apply to children 

of different socio-economic backgrounds who might have a wider range of abilities 

on the constructs under study. 
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Implications 

Implications for Practitioners 

The results of the study could be used to design screening for children who are at 

risk for reading disabilities. In this study. RAN Objects appear to be a poor predictor at 

each grade level. This is an important implication because when designing early 

screening procedures, RAN Objects could be excluded from the evaluation. In contrast, 

RAN digits and letters are powerful predictors of reading. Other cognitive variables, such 

as Phonological Awareness, Short-Term Memory, and Processing Speed should be 

included in early assessments of Reading skills. In addition. Letter Knowledge was 

highly correlated to and a useful predictor of Early Reading skills at each grade level. 

Implications for Researchers 

A future study might evaluate the model longitudinally with larger samples of 

poor and average readers. It would also be very beneficial to include other cognitive 

variables to research the nature of RAN more thoroughly. These variables could be 

orthographic awareness and different measures of processing speed, since the 

relationships between orthographic awareness and Rv^N and processing speed and RAN 

are still not well established. 

The varying formats of RAN require further research to better understand how 

they contribute to the predictions of early reading. In addition, studies with large sample 

sizes would also help clarify the predictive power of the di fferent formats. 
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One recommendation from this study is that future research exploring the 

relationships among cognitive constructs and reading performance should use latent 

variables. Many studies in the past have only used one or two variables for the construct. 

Thus, error is produced by the task specific variance of each measure. With latent 

variables, researchers can reduce the amount of measurement error because only the 

common variance among the variables is examined. 

The purpose of this study was to advance the understanding of RAN and increase 

knowledge of other reading-related variables. While the results of this study contributed 

to the literature, this area of investigation still needs a substantial amount of research 

because the relationships among these variables are not entirely clear. 
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