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ABSTRACT 

The purpose of this study is to explore the nature of the relationships of several 

cognitive constructs with decoding, spelling and reading fluency in young students of 

different skill levels. Students in first and second grade were assessed in the areas of 

phonological awareness, rapid automatized naming (RAN), visual processing speed, 

memory and semantic knowledge as well as decoding, spelling, and reading fluency. 

Students were assigned to three ability groups (low, average, or high) based on a cluster 

score composed of the three achievement variables. Correlations among all the variables 

were performed for the total and each subgroup. It was hypothesized that there would be 

significant differences in the correlational patterns between at least one of the ability 

groups and the total group. It was also hypothesized that there would be a different 

pattern of correlations between the ability subgroups. The third hypothesis was that a 

comparative review of the correlational patterns by group would provide insight into the 

nature of the developing literacy skills. 

In each case, the null was rejected. Significant findings indicated there were many 

more correlations in the low group than in the high group, indicating these constructs are 

necessary, but not sufficient, for acquiring literacy. The only correlation that was 

significant for the high group, but not the low group, was a measure of semantic 

knowledge, indicating vocabulary skills are related to students becoming early good 

readers. Other findings of interest include an inverse relation in the average group 

between spelling and two, but not three, of the timed constructs. Implications for research 

and practice are discussed. 



CHAPTER ONE 

This chapter provides an introduction and a brief rationale for the study, the 

research hypotheses, definitions of terms, and the limitations of the study. 

Introduction 

Students are seldom identified as having reading disabilities in the early grades. 

Often several years of failure have occurred before most children receive any services. 

Ideally, students who are at risk for failure would be identified much earlier so that 

intervention could begin. Considerable research in reading in the late 90s focused on 

trying to identify the specific cognitive and linguistic factors that could help identify 

young students at risk for reading failure (Scarborough, 1998a, 1998b). Research in the 

last several decades has confirmed the importance of certain cognitive processes in 

learning to read (for reviews, see Adams, 1990; Brady & Shankweiler, 1991; Rack, 

Hulme, Snowling, & Wightman, 1994; Share & Stanovich, 1995). 

The main cognitive processes that are most consistently correlated with literacy skills are 

phonological awareness, rapid automatized naming, and memory. In a review of this 

literature. Share and Stanovich stated: "These deficits are consistently found to be 

domain-specific, longitudinally predictive and not primarily attributable to non-

phonological factors such as general intelligence, semantic or visual processing "(p. 9). 

In addition, a few studies have cited processing speed as a correlated factor. 

The majority of studies have focused upon children who fail to develop accurate 

and fluent word identification, (i.e. decoding) skills (Rack, Snowling, & Olson, 1992; 

Stanovich, 1988; Torgesen, & Burgess, 1998). While most studies have looked at 
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accuracy of decoding, some have also considered rate along with accuracy. Others have 

incorporated measures of spelling and reading comprehension in their measurements of 

literacy. Thus, by the end of the 90s, some researchers were considering the nature of the 

relationship between multiple cognitive variables to multiple literacy variables. 

One aspect that has not been sufficiently addressed is whether the relationships 

among cognitive and academic variables would change for first- and second-grade 

students based on levels of reading skill. Because children are seldom identified as 

having reading-disabilities prior to third grade, the few studies that have investigated 

these relationships with younger children have been longitudinal -the children were 

assessed during early years and assessed again in later years, when it was more apparent 

as to whether or not they possessed a reading disability. A retrospective analysis of the 

early skills has resulted in some consistent differences at early ages between children 

who are later identified as having reading disabilities and those who become average 

readers. 

Conceivably, phonological awareness or visual processing speed could have more 

of an impact at different stages of reading development. As examples, phonological 

awareness may be more related to early poor reading performance than to advanced 

reading performance, or visual processing speed may be more related to advanced 

reading performance than early poor performance. Meyer, Wood, Hart and Felton 

(1998a) reported rapid naming tasks had predictive power only for the poor readers, 

implying that poor readers are qualitatively different from the normal-reading population. 

McBride-Chang and Manis (1996) had similar findings and concluded; "In an unselected 
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sample, such as the one used by Wagner et at. (1994), there probably were not enough 

children on the low end of the reading continuum, as a proportion of the total sample, to 

produce the distinct association of naming speed to word reading. Thus it is possible that 

the unique associations of naming speed and phonological awareness to word reading are 

more prominent in groups of poor readers" (p.335). Differences such as these can be 

masked when correlations of these variables are done with a normally-distributed 

population. 

This study e.xplored the relationships between cognitive and literacy measures in 

first- and second-grade students, based on several composite reading/spelling scores. The 

relationships between the cognitive constructs (phonological awareness, rapid 

automatized naming, processing speed, and memory) were compared with the 

achievement variables (decoding, reading fluency, and spelling) in 121 first- and second-

grade students. A measure of general information was included to address the 

contributions of oral language, primarily vocabulary, to early reading/spelling 

development. 

Rationale 

The central question was to determine whether these relationships changed based 

upon overall reading/spelling achievement. For example, would students with low 

reading/spelling scores show the same pattern of correlations as students with high 

reading/spelling skills? To explore this question, the group was divided into three clusters 

of reading/spelling achievement: low, average, and high. If the pattern of correlations is 

the same for each group, then that would provide evidence for a linear relationship 
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between the achievement and cognitive variables. This could have instractional 

implications. For example, if phonological awareness remains highly correlated for each 

achievement group, then it would be helpful for teachers to continue developing it for all 

K-2 children. On the other hand, if phonological awareness is only positively correlated 

with the lowest group, then that is an indication that poor phonological awareness hinders 

reading/spelling development, but that its contribution diminishes at a certain point, even 

in the early years. If this is true, then the instructional implications would be to develop 

phonological awareness in the lowest group only, while the higher groups could work on 

other areas of literacy development. 

In the same vein, would each of the cognitive constructs (phonological awareness, 

RAN, auditory working memory, processing speed, general information) have the same 

relationship for each achievement group for each of the early achievement variables 

(decoding, spelling, fluency)? Barker, Torgesen and Wagner (1992) found differences in 

orthographic skills related to text type and concluded that fluent access to the visual word 

representations was a likely factor. By including three different types of tasks (decoding, 

spelling and fluency), it should be possible to explore this question. For example, 

phonological awareness might have a significant correlation in the low group for 

decoding, but would it be as significant for fluency? Or processing speed might have a 

significant relationship for fluency for all groups, but not for spelling. The answer to 

these questions would provide a deeper understanding of the influence each cognitive 

variable has in the development of early reading skills in young children: it may be that 

one cognitive variable is a better predictor of one reading/spelling achievement area by 
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different group. For example, the following pattern would have instructional 

implications; If the performance on RAN tasks is correlated with reading fluency for low 

and high groups, but not related to reading fluency in the average group, these findings 

would indicate that areas assessed by RAN tasks can hinder development in fluency if 

low enough, or contribute to greater fluency if high enough. In this case, they would not 

be an important factor for the average achievement group. This would allow teachers to 

target intervention only to the lowest literacy group. If, on the other hand, RAN 

performance is significantly correlated with all achievement groups, then intervention 

would be indicated for a larger group, perhaps even for whole class instruction. 

Additionally, if RAN is not correlated with decoding or spelling for any group, but only 

for reading fluency, it would provide more insight into how this cognitive ability 

influences different aspects of reading/spelling skills. These results would suggest that 

intervention for students with low RAN scores specifically target fluency tasks, not 

decoding or spelling. Finally, if there are significant differences between the literacy 

groups and the larger representative group, not only might it provide evidence of a 

qualitative difference between poor and average readers, but there might be implications 

for the larger body of correlation research done in this area. 

Research Hypotheses 

1) The first major question is whether the pattern of relationships between the 

cognitive and achievement variables will differ in the total sample as compared to the 

literacy groups. When stated as a null hypothesis, the statement would be: There will be 

no significant differences between the total group and any of the literacy groups. 



2) The second major question for this study is whether or not the correlations 

between the cognitive and the achievement variables will differ by level of reading and 

spelling performance. When stated as a null hypothesis, the statement would be: The 

relationships between the cognitive and achievement variables will be the same for each 

group. 

3) The third major question addresses whether a qualitative comparison of the 

significant correlations by literacy ability group provides insight into the nature of the 

emergent literacy skills that merits further investigation. Because no research has been 

done in this specific area, this is an exploratory question. This question is dependent on 

rejecting the null hypothesis of the first two questions. If there are no major differences in 

the correlational patterns by ability group or as compared to the whole group, then a 

comparison of results by ability group is unlikely to provide additional insights into the 

nature of the relationships. If, however, significant differences exist in the correlational 

patterns by ability group, then a closer examination of these patterns may provide some 

insights into the inter-relationships of these developing literacy skills. While the 

limitations of this single study prevent making strong conclusions about these insights, 

the results may be useful for guiding the direction of future studies. The null hypothesis 

for this question is that a qualitative comparison of the correlational patterns by abilit>' 

group yields no implication for future research. 

Definitions 

The following section defines terminology relevant to this investigation. 
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Phonological awareness 

Phonological awareness can be defined as awareness of and access to the sounds 

in a language (Maltingly, 1972) or the knowledge that words are made up of individual 

sounds or phonemes (Snider, 1997). This ability is part of oral language and encompasses 

a host of abilities, including rhyme recognition and production, blending, segmentation, 

and manipulation. At very young ages, it involves simple recognition that the words "bat" 

and "cat" sound alike, or rhyme. At older ages, phonological awareness encompasses 

more complex skills, such as deletion (e.g. "say splint without /n/") or reversal (e.g. the 

ability to determine what word would be produced if the sounds in the word "enough" 

were reversed). 

Rapid automatized naming 

Rapid automatized naming (RAN) is a task originally developed by Denckla 

(1972). Four formats have been used: objects, colors, digits, and letters. A small number 

of these are repeated in a random pattern in series of rows (6 to 8 in each row) and 

columns (with a total of between 30 to 50 on a page.) The person is asked to name the 

symbols as quickly as possible. Although a few errors might be made, the primary focus 

is on the speed of naming all of these common stimuli. 

Memory 

Two types of memory tasks are described in this literature: memory span and 

working memory. The one most commonly reported is short-term memory or memory 

span; the ability to hold information in immediate awareness and to use it within a few-

seconds (Mather & Woodcock, 2001a). Auditory working memory involves performing a 
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mental operation while holding information in immediate awareness. Two measures of 

short-term memory and one of auditory working memory were used in this study. 

Visual Processing Speed 

Processing speed is the ability to perform automatic tasks under speeded 

conditions. This construct is measured using tasks that are easy for most people and the 

difficulty lies in the speeded nature of the task (Mather & Woodcock, 2001a). Because no 

auditory processes are assessed in this study, the construct has been labeled visual 

processing speed for the purposes of this study. 

Decoding. 

Decoding tasks fall into two general categories; word reading and the reading of 

nonwords. Although the literature indicates each task may differentiate types of dyslexia, 

both are related to early reading difficulties. Since the purpose of this study is to see if 

different skills in early reading are differentially related to cognitive constructs, not to 

differentiate between subtypes of dyslexia, both tasks were used. 

Fluency 

For the purposes of this study, a narrow definition of reading fluency has been 

chosen. Meyer and Felton (1999) define fluency as "the ability to read text rapidly, 

smoothly, effortlessly and automatically with little conscious attention to the mechanics 

of reading, such as decoding,"(p. 284). This definition is appropriate for the age group 

of this study and has the additional advantage of being measurable. In this study, 

fluency was assessed by rate of reading sentences and marking whether they were true or 

false. 
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Spelling 

Spelling is defined as single-word spelling. Several measures were used, in group-

administration of the task. Some degree of orthographic knowledge of English was 

involved in the assessments. 

Limitations of the Study 

The first limitation of this study is the sample size for the number of variables 

involved. The relatively small sample size with the large number of variables precludes 

more sophisticated data analysis techniques, such as multiple regression or structural 

equation modeling. Even for a correlational study, the cell size is small (29-31). This 

potential weakness is offset by use of multiple measures for most constructs, yielding a 

more stable score. The second limitation of this study is that, while the majority of the 

constructs were assessed with two or more measures, three were not. The memory cluster 

score is composed of two short-term memory tasks and only one auditory working 

memory task, thus is not a clear representation of either construct, but rather is a broader 

interpretation of memory. General information is one measure with two distinct subtests. 

The reading fluency measure is the only other construct assessed with a single measure. 

The third possible limitation of the study is the fact that intelligence quotients (IQ) were 

not controlled for, nor assessed. One would assume that this sample is of sufficient size 

so as to represent a normal distribution of intellectual abilities. 
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CHAPTER TWO 

Review of Literature 

This chapter provides a review of the literature relevant to this research study. In 

an effort to cover research most relevant to this study, only studies that address how 

several specific cognitive factors are related to more than one area of literacy are 

reviewed. The four major cognitive variables of interest were: phonological awareness, 

rapid automatized naming (RAN), visual processing speed, and auditory working 

memory. One measure of General information was included in the study so a measure of 

knowledge and vocabulary would be present. The first part of the review will address 

each cognitive variable in reference to emergent literacy and briefly summarize the main 

points. The second section will summarize additional findings for the achievement 

variables in relationship to each other and to the cognitive variables. The third section 

will summarize a few representative studies that have explored the relationships between 

multiple cognitive constructs and literacy skills. These studies either involved 

investigating these relationships in large representative samples or investigating these 

relationships in subjects with and without reading disabilities. To this author's 

knowledge, no one has studied these relationships in emergent readers who are grouped 

by overall literacy ability, except for studies that group students as having or not having 

reading disabilities. While the literature is replete with studies exploring these 

relationships, no study has attempted to answer the question of how interactions in these 

constructs relate to early literacy proficiency. Thus, there are no studies that directly 

relate to the question being asked in this study. 
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Cognitive Variables 

Overview 

Considerable research has addressed the relationship between phonological 

awareness and literacy development. Interest in phonological awareness stems back into 

the early part of the century (Orton, 1937). Orton described students who had trouble 

learning to read because of difficulty with sounds. He described this problem as "word 

deafness." Mattingly (1972) described phonological awareness as more than just implicit 

awareness, but also access to the sounds in one's language. Although phonological 

processing has long been acknowledged to play a role in reading difficulties, it has only 

been recently that the nature of these processes has begun to be understood (Adams, 

1990; Bradley & Bryant, 1983; 1985; Perfetti, 1991; Vellutino, 1979; Vellutino & 

Scanlon, 1987; Wagner & Torgesen 1987.) Three main lines of inquiry which some 

group under phonological processing (e.g. Wagner & Torgesen), began to emerge: 

phonological awareness, rapid naming, and working memory. Research findings for these 

areas will be briefly summarized. 

Phonological awareness 

Phonological awareness in young children is known to be a robust predictor of 

early reading development (Liberman, Shankweiler, Fisher & Carter, 1974; Lxmdberg 

Wall & Olofsson, 1980; Mann, 1984; Share, Jorm, Maclean & Mathews, 1984; 

Stanovich, Cunningham & Feeman, 1984). For comprehensive reviews, see: Adams, 

1990; Brady & Shankweiler, 1991; Goswami & Bryant, 1990; Gough, Ehri, & Treiman, 

1992; Sawyer & Fox, 1991. Stanovich et al. found phonological awareness to be a better 
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predictor of early reading skills than mental age or IQ. Bradley and Bryant (1983) and 

Brady and Shankweiler (1991) reported that decoding difficulties are related to a lack of 

awareness of the phonological segments in spoken words. A qualitative review of 

published studies (Rack, Snowling & Olson, 1992) and a meta-analytic review (van 

IJzendoom & Bus, 1994), both documented the consistency of the relationship between 

phonological awareness and early reading. The evidence from the meta-analysis was so 

strong that the authors concluded: "...more than 400 studies with null results would have 

to be available (unpublished or in press) to bring the combined probability level down to 

insignificance" (p.274). Both the qualitative review (Rack et al.) and the meta-analysis 

(van IJzendoom & Bus) also concluded that children with reading difficulties display a 

deficit in pseudo-word reading, when compared to reading-level controls. 

Phonological awareness, while a strong predictor of later reading, is also a skill 

that can be taught. Perfetti, Beck, Bell, and Hughes (1987) reported that phonological 

awareness appears to develop as one learns to read. Perfetti et al. also reported that 

phoneme deletion tasks are especially strong predictors of reading skill. This bi

directional relationship between phonological awareness and reading has been reported 

by others (e.g., Scarborough, 1998a; Wagner, Torgesen & Rashotte, 1994). 

Rapid automatized naming 

Another factor that has received attention as a possible correlate of reading failure 

is rapid automatized naming (RAN). The RAN test was developed by Denckla (1972). 

Denckla and Rudel (1974) observed that students who were slow to identify printed 
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symbols also seemed to struggle with reading development. Studies have repeatedly 

demonstrated that slower scores on RAN tasks are predictive of reading difficulties. 

Two main theoretical perspectives exist in regard to RAN. Some researchers 

classify RAN under the family of phonological skills (e.g., Katz, 1986; Wagner & 

Torgesen, 1987; Wagner, Torgesen & Rashotte, 1994). Others propose that RAN is 

related to a deficit in the timing mechanism needed for integration of phonological and 

orthographic cues (e.g.. Bowers, 1995; Bowers &Wolf, 1993). Although the research is 

inconclusive at this time, most recently, the preponderance of evidence suggests that 

RAN should not be subsumed under phonology. 

The major focus of the RAN research has been on studying these tasks as a 

predictor of which children would become poor readers. Meyer, Wood, Hart and Felton 

(1998a, 1998b) investigated the predictive value of different rapid naming tests between 

disabled and average readers. Meyer et al. concluded that rapid naming tasks only 

predicted poor readers. Some investigators have employed the predictive power of RAN 

with various age groups using the various formats. Walsh, Price, and Gillingham(1988) 

and Wolf (1991) both reported the association with letter naming and word reading 

decreases with age. In a concurrent study of children in third and fourth grade, McBride-

Chang and Manis (1996) found both RAN and phonological awareness were associated 

with decoding skills for poor readers, but RAN was not associated with decoding for 

good readers. Instead, for good readers, phonological awareness and verbal intelligence 

were associated with decoding skills. They concluded, "The present data support the 
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notion that not only age (Walsh et al, 1988; Wolf, 1991) but also reading skill affects the 

association of word reading with naming speed" (p. 335). 

Other investigations using RAN tasks attempted to isolate differences among 

RAN stimuli. Wolf, Bally and Morris (1986) found that rate deficits for color naming 

(non-graphological) lasted longer than rate differences for graphological stimuli(digits, 

letters). Badian (1995) reported that letter naming (graphological stimuli) in preschool 

was a good predictor of reading vocabulary, reading comprehension, and spelling in first 

through sixth grades. Wolf (1986) concluded that RAN tasks (graphological) predict 

word reading in school-age children. 

Memory 

Difficulty with auditory memory has often been described as a characteristic of 

individuals with poor reading performance. In this research, several terms have been used 

to refer to the construct: verbal memory (Snow, Bums & Griffin, 1998), phonological 

memory, (Wagner et al., 1994), articulatory memor>' (Swanson, 1999), and working 

memory (Kail & Hall, 2001). For the purposes of this study, the term auditory memory 

will be used to describe this construct. 

Baddeley (1986) conceptualized two memory register systems (the phonological 

loop and visual-spatial sketchpad) involved in early reading. Wagner and Torgesen 

(1987) place verbal short-term memory as belonging to the family of phonological 

processing. They claim that auditory memory appears to be related to phonological 

awareness in that it involves storage and retrieval of phonologically-coded information. 
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Further evidence for this view was provided by Rapala and Brady (1990) who reported a 

strong relationship between the efficiency of phonological processing and verbal memory 

capacity, but not between phonological processing and nonverbal memory. 

On the other hand, Swanson (1999) reported difficulties in both the articulator)' 

and long-term memory systems in poor readers. He concluded, "This finding is in line 

with the current literature suggesting that the articulator)' system plays an important part 

in accounting for individual differences in reading comprehension. However, the results 

also indicate that executive and LTM (long-term memory) processes play a critical role in 

mediating individual differences in reading comprehension" (p.25). It is important to 

note that Swanson's study involved relationships with reading comprehension as opposed 

to decoding skills. 

Similarly, Ellis (1990) reported that phonological skills aid in the acquisition of 

letter knowledge and that these skills, along with verbal short-term memory, promote the 

development of reading. Cormier and Dea (1997) investigated the aspects of verbal and 

nonverbal working memory and phonological awareness with early reading achievement 

in 103 children in grades 1-3. They reported that tests of verbal memory and direct recall 

predicted reading and spelling achievement whereas the verbal test of backward recall 

predicted pseudo-word identification. Measures of verbal memory contributed to the 

prediction of spelling and reading skills, whereas measures of nonverbal memory only 

contributed to the prediction of the spelling scores. In addition, they reported that 

phonological awareness and working memory predicted specific and significant amounts 
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of variance in both reading and spelling, concluding that both contribute uniquely to 

literacy achievement. 

De Jong (1998) investigated working memory 10-year-old children with reading 

disabilities. He reported that the children with reading disabilities performed worse on all 

measures of working memory capacity than normal-reading children who were matched 

to the reading-disabled group for chronological age and reading age. He concluded that 

the children with reading disabilities poorer performance was related to a diminished 

capacity for concurrent processing and storage of verbal information. 

Processing speed 

Few have directly explored the relationship between processing speed and early 

literacy. Research has supported the concept that a global mechanism is involved in 

facilitating the increase in the rate at which children process information as they develop. 

(Hale, Fry & Jesse, 1993; Kail 1991). In 1992, Kail explored the relationships among 

processing speed, speech rate, and memory and concluded that age and processing speed 

contributed independently to articulation rate. Kail and Park (1994) concluded that the 

age-related changes in processing speed is related to a decrease in the amount of time it 

takes to articulate numbers and letters. In 1994, Kail and Hall explored the question of 

whether a decrease in naming times was due to greater familiarity with named objects or 

the result of a global change in processing speed. They concluded that naming times were 

predicted by the processing speed measures rather than age. This supported their 

hypothesis of a global change in processing speed. Exploring that relationship ftirther, 
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Kail, Hall, and Caskey (1999) questioned whether amount of print exposure explained 

speed time on two RAN tasks. They concluded that RAN times were related to 

developmental changes in processing speed, rather than the amount of print exposure. 

General information 

One measure of general information was included in the study as research has 

documented the relationship between acquired knowledge and reading development 

across the life span. Although a large body of literature exists to support the relationship 

between general verbal ability and reading development (Garcia & Stafford, 2000; 

Vellutino, Scanlon, & Lyon, 2000), this measure was only included so that oral language 

would be represented within the cognitive variables. Consequently, the literature related 

to this domain is only of minor importance to this study. The measure most often used in 

studies is one of vocabulary, since that is the subtest most consistently identified with 

general verbal ability (Sattler, 2001). 

Achievement Variables 

Decoding 

The area of early reading that has been most commonly studied is decoding. The 

vast majority of research has addressed the relationship between phonological awareness 

and decoding. Decoding has been the focus of so much research because dyslexia is 

primarily defined as a problem with rapid and accurate word identification (Lyon, 1995). 

Shankweiler et al. (1999) investigated the relationship of non-word reading, word 

reading, and comprehension in 361 children firom ages 7-5 to 9-5. They reported high 
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correlations between word reading and non-word reading. They concluded that: ".. .skill 

in word identification was almost inseparable from the phonologically anal3^ic decoding 

process that is tapped by nonword reading and, correspondingly, differences in reading 

comprehension were closely associated with differences in decoding skill. The findings 

support the conclusion that bottom-up skills largely drive the reading process in this age 

group." (p. 70). 

Spelling 

Several researchers have found that spelling is a good predictor of word reading 

in early literacy acquisition (Ehri & Wilce, 1987; Lundberg et al.,1980; Maclean, Bryant 

& Bradley, 1987). Morris and Pemy (1984) observed that the encoding tasks necessary to 

produce invented spellings are the opposite process of word-level reading. They 

suggested that the practice of manipulating and sequencing letter-sound relationships in 

invented spelling has a resultant effect on word-level reading. Since then, the benefits of 

phonemic awareness training that incorporated letter-sound relationships on developing 

both beginning reading and spelling skills have been well recognized (Ball & Blachman, 

1988; Foorman, Francis, Novy & Liberman, 1991; Tangel & Blachman, 1992). 

Research on the relationship between emergent reading and spelling supports 

Firth's (1981) model of spelling development. Although spelling skills have been related 

to decoding skills, the relationship is not always in synchrony, especially in the early 

stages of acquisition (Burns & Richgels, 1989; Goswami & Bryant, 1990; Richgels, 

1995). According to Firth's theory, children develop alphabetic knowledge in spelling 
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before they do in reading, while the orthographic knowledge of prefixes and suffixes 

develops in reading before it does in spelliag. This theory is supported by the findings of 

Bums and Richgels (1989) who reported on two types of invented spellers: those who 

were good decoders and those who were not. Thus, not all invented spellers were good 

decoders. On the other hand, they found only one pattern with good decoders: all were 

good spellers. In other words, they found that skills in invented spelling did not always 

accompany good decoding skills, but good decoding skills did accompany good invented 

spelling skills. In a later study, Richgels (1995) found that kindergarteners who were 

good invented spellers were better decoders than kindergarteners who were poor invented 

spellers. 

Fluency 

Finally, a few researchers have included a fluency measure in the early reading 

skill battery. Barker et al., (1992) investigated orthographic as well as phonological skills 

in relation to several reading measures. The reading measures included tasks involving 

non-word reading, imtimed isolated word reading, timed word reading, and oral and 

silent textual reading. They concluded that orthographic skills contributed significantly to 

each type of reading, but textual reading was stronger than word reading. This finding 

lent support for the inclusion of orthographic processing tasks in models of reading. 

Orthographic skills are assessed in the current study indirectly, via the three spelling 

measures. 

In that 1992 article. Barker et al. reported that orthographic skills were 
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independently related to five different types of reading measures; word identification, 

untimed word identification, nonword reading, and textual reading, both silent and oral. 

They reported a stronger relationship between orthographic skills and textual reading and 

concluded that "fluent access to visual word representation plays a special facilitative role 

in the reading of connected text. The mechanism of this facilitative effect seems likely to 

involve processes unique to the sequential processing of written words" (p.343). 

In another investigation of textual fluency. Bowers (1993) conducted a 

longitudinal study of 37 children selected as poor and average readers from grade 2 to 4. 

Each year, the students were asked to reread text (up to 4 times) at a level of difficulty 

appropriate for the child at the time. The phonological awareness task of phoneme 

deletion and a RAN task (digits) were related to text reading. However, after controlling 

for word recognition, only the RAN task was related to reading speed, indicating RAN 

contributes independently to fluent reading. In another study, Bowers and Swanson 

(1991) reported a curvilinear relationship between some isolated naming tasks and word 

recognition speed and accuracy, which also supports the role of rapid verbal retrieval in 

fluent reading. 

Seminal Studies Involving Multiple Cognitive and Multiple Achievement Variables 

The following section provides a more detailed review of the longitudinal studies 

by Scarborough (1989,1990,1991, 1998a, 1998b) and Torgesen and Wagner (Wagner et 

al., 1994; Wagner et al., 1997; and Torgesen et a!., 1997). These investigators have 

conducted multi-year, longitudinal studies considered seminal in exploring the 
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relationships among various cognitive variables and early reading skills. Although the 

present study is not longitudinal, these reports include variables similar to the present 

study, and thus, provide a more comprehensive description of what is known about the 

relationships between multiple cognitive variables and multiple achievement variables. 

None of the studies, however, involved the particular grouping in the early grades that is 

used in the present study. Because of this difference, none of these studies directly relate 

to the methodology of the present study. 

Similarities shared by both bodies of work and the present study are; (a) along 

with phonological awareness, at least one other cognitive variable investigated in this 

study was included (RAN, processing speed, or auditor)' working memory); (b) besides 

decoding, at least one other measure of literacy was included (spelling, orthographic 

knowledge, or fluency); (c) subjects were in grades 1 and 2 for at least part of the study; 

and (d) at least at one point in the studies, subjects were grouped by reading ability 

level. 

Scarborough 

Scarborough's (1989,1990, 1991, 1998a, 1998b) longitudinal work is the most 

comprehensive review to date. She has reported on a longitudinal study that assessed 

relationships between multiple cognitive variables and multiple achievement variables for 

students identified as having reading disabilities (RD) and those with normally 

developing reading (NRD). The purpose of this report was to investigate the relationship 

between linguistic and reading readiness skills with later reading achievement. Her 
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original sample of 88 children from the central New Jersey area were all monolingual 

English speakers of norma! inteiligence. Of the original 88,38 children were considered 

at-risk for developing a reading disability, based on family history (either one parent or 

older sibling with a reading disability). The remaining 50 children had no familial history 

of reading disability. 

The study began when the children were in preschool, age two years. Six 

evaluations of preschool development were conducted between the ages of two and five 

years of age. Only the results of the evaluations relevant to this study will be addressed. 

When the subjects were age 30 months, 10 families had withdrawn, leaving a sample size 

of 78, 34 from the at-risk group. At that time, assessments were conducted on the 

remaining children in the areas of language and an IQ score was obtained. The language 

measurements obtained at this time were comprehensive: receptive vocabulary, 

confrontation naming (discrete), speech discrimination, and analyses of spontaneous 

language sample for syntactical and phonological accuracy, as well as lexical diversity. 

At the age of 60 months, children received reading readiness assessments that included 

letter-sound and phonological awareness knowledge. 

By the end of their second grade, 66 students were assessed on several cognitive 

and achievement measures: word and pseudo-word decoding and comprehension, 

spelling, phonological awareness, verbal memory, RAN, and IQ. An additional 12 subjects 

were not assessed, but information about reading achievement was obtained from school. 

The sample was divided into two groups based on a cut off of-1.5 SD below the mean 



34 
reading cluster: 24 students with reading disability (RD) and 54 students with normal 

reading achievement (NRD). 22 of the 24 subjects designated RD came from the at-risk 

group, while only 12 members of the 54 NRD group had the familial history. Six years 

later, when the students were at the end of their eighth grade, 64 students were again 

assessed on a cognitive-achievement batter}'. 

For purposes of reporting the preschool results, Scarborough (1989,1990) formed 

three groups; 20 students with RD from at-risk families, 12 children from at-risk families 

with normal reading achievement, and a control group of 20 children that were selected to 

match the RD group in IQ, socioeconomic status, and gender. 

Scarborough (1990) found that early language skills of the RD group were 

significantly worse than the other two groups, who did not differ from each other. The 

syntax score differentiated between the RD and NRD. Analyses of subsequent language 

assessments revealed that at age 42 months , both vocabulary scores were lower for the 

RD group. 

By 60 months, the RD group is differentiated from the NRD groups by 

confrontation naming (expressive vocabulary) and the Letters and Sounds Test of the 

Stanford Early School Achievement Test. Both were predictive of grade 2 reading 

achievement, after controlling for IQ. Reading readiness skills encompassed in the Letters 

and Sounds Test include letter-identification, letter sound, and rhyme and first sound 

matching. The RD group was weaker in each area of the Letters and Sounds Test. From 

this, Scarborough (1990) concluded that while vocabulary did emerge as a significant 
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predictor, which is consistent with many prior prospective studies (e.g.. Share et al., 1984; 

Stanovich, Cumiingham, & Feemaii, 1984; Wolf & Goodglass, 1986), it was not a useful 

predictor until the children were 42 months old. 

Scarborough (1998b) conducted concurrent and prospective correlations to 

investigate the relationships between the cognitive variables (phonemic awareness, verbal 

memory, rapid serial naming, IQ) and the achievement measures of decoding words and 

pseudo-words, spelling, and comprehension. Phonological awareness was assessed by a 

phonemic deletion task. Verbal memory was assessed by asking students to repeat rare, 

complex words such as "funambulist". The RAN format was objects at both grades. 

Reading measures consisted of the Word Attack, Word Identification, and Passage 

Comprehension tests from the Woodcock-Johnson Psycho-educational Battery (Woodcock 

& Johnson, 1977). The spelling tests used were non-standardized, spelling-to-dictation 

measures. A composite reading and spelling score was also derived from these scores. 

Analyses are based on 55 subjects with complete data sets from second and eighth grade. 

The group size was 19 RD and 36 NRD. 

Concurrent relationships reported indicated moderately strong correlations among 

all the reading and spelling measures at both grades with one notable exception. The 

comprehension measure at grade eight did not correlate with the decoding measures, 

indicating a dissociation between those skills in later school years. Cognitive-linguistic 

skills were only weakly correlated with each other at both grades, although each did 

correlate with at least one reading or spelling measure at both grades, with the exception 
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of RAN in eighth grade. Scarborough (1998b) reported that the results for each of the 

cognitive areas made different contributions to reading-related skills. 

Although different measures were used, Scarborough (1998b) reported stability for 

the cognitive measures between grades 2 and 8: correlation for phoneme deletion .49; 

verbal memory .66, RAN .51 and IQ .68. The correlations between the second and eight 

grade reading and spelling scores showed significant stability of individual differences. 

The composite reading and spelling score had the strongest correlation, and 

comprehension had the weakest. By eighth grade, 58% of the students assigned to the RD 

group still met the classification, and 97% of students assigned to NRD remained in that 

group. 

Scarborough (1998b) conducted a series of multiple regressions, where the 

achievement scores from eighth grade were examined in relation to the four cognitive-

linguistic measures from grade 2. The achievement scores from grade 8 were also 

examined in relation to the achievement scores from grade 2. Except for comprehension, 

she found that reading/speiiing skills in eighth grade were predicted better by the 

reading/spelling skills in second grade, than by the cognitive-linguistic variables. 

Comprehension was predicted slightly better by the cognitive-linguistic measures, 

especially the rapid serial naming task. However, when comprehension score at grade two 

was entered first into a hierarchical multiple regression, the addition of the other variables 

did not produce a rise in explained variance. She concluded, "It was clear from these 

analyses that knowing a second grader's phonemic awareness, verbal memory, rapid serial 
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naming and IQ scores did not yield a more accurate prognosis than simply knowing about 

the child's reading ability" (p. 125). 

However, once the sample was separated into two groups, RD and NRD, the 

results varied. Scarborough (1998b) found different predictor variables for eighth graders 

with and without reading disabilities. For eighth-grade normally-achieving students, the 

results were the same as for the combined group: literacy scores in grade two were the best 

predictors. In general, for the RD group, the correlations between the reading/spelling 

measures at grades two and eight were considerably lower than the correlations with the 

cognitive measures. For eighth-grade students with reading disabilities, the RAN scores in 

grade two were the single best predictors. Phonemic awareness and verbal memory were 

only weakly related to reading measures at grade eight, although phonemic awareness was 

related to eighth-grade spelling. She also reported a finding related to second grade IQ: an 

inverse relationship with IQ and decoding/spelling in eighth grade (i.e. students with 

reading disabilities who had higher IQs and slower RAN scores, also had the lowest 

performance on the pseudo-word reading and spelling.) 

Wagner and Torgesen 

In their longitudinal study, Wagner et al. (1994) explored the nature and 

development of young children's phonological processing abilities and their causal 

relations with word decoding. This study involved subjects from kindergarten through 

grade two. They began with 288 randomly sampled subjects from six elementary schools 

in Florida. By second grade, the subject pool was 244 students, of whom 53% were 
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female. Ethnic composition was 75% Caucasian with the remaining 25% mainly African 

American. All children were fluent English speakers. 

Cognitive variables were grouped into the following latent variables; 

phonological analysis ("the ability to break whole words into constituent 

phonemes")(p.75); phonological synthesis ("the ability to blend isolated phonemes 

together to form whole words") (p. 76); phonological memory ("the ability to use 

phonologicaJ codes to represent information for short-term storage") (p.76): isolated 

naming ("rapid naming of items represented in isolation'") (p.76) and serial naming (RAN 

tasks). Each of these constructs was assessed using multiple measures, which were then 

combined to form latent variables. They explained that: "A latent variable consists of the 

common variance among the tasks that represent the latent variable in the model. Because 

latent variables consist of common variance, task-specific variance including 

measurement error does not enter into the analysis" (p.76). Achievement variables 

included two measures of word decoding and two measures of pre-reading knowledge. 

They also included a vocabulary test to provide some measure of verbal ability. 

They examined the casual influences of the different cognitive variables on 

decoding skills by grade. They found that the cognitive variables in kindergarten had an 

influence on first-grade decoding skills, and the cognitive variables in first grade had an 

influence on second-grade decoding skills. This was true even when they included the 

prior year's decoding skills as an autoregressive cause. 

Their second question dealt with whether the cognitive variables all shared 
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variance, which they found that they did. This is part of the reason that they believe these 

abilities should be subsumed under the concept of phonological processes. However, they 

did find that each of these abilities had a different developmental rate and were 

unexpectedly stable across time; while decoding did not appear to have a causal influence 

on later phonological processing skills, letter-name knowledge did. They concluded that 

the relationships are bi-directional; phonological processing skills have a causal 

relationship to word decoding, whereas letter-name knowledge has a more limited 

influence on later phonological processing skills. 

In a continuation of this work, Wagner et al. (1997) examined the relationships 

between phonological processing abilities and word-level reading skills. They continued 

to follow the subjects in the prior study through grade four. Each year, subjects were 

given a battery of measures in the areas of: phonological awareness (elision, 

segmentation, blending); RAN (digits and letters); reading (decoding real and pseudo-

words) and vocabulary. They formed latent variables of phonological awareness (analysis 

and synthesis), phonological memory, phonological naming (RAN), and word-level 

reading (decoding). In addition, they also developed a variable to control for the 

autoregressive effects of the earlier grade's reading skill. In conjunction with the 

vocabulary measure, these formed the variables used in the analyses. 

The purpose of this study was to explore the nature of these relationships as the 

subjects progressed from beginning to skilled readers. They found that the cognitive areas 

of phonological awareness, memory, and rapid naming were remarkably stable over time. 
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When they correlated fourth-grade scores in phonological awareness, memory, and rapid 

naming with kindergarten scores in those areas, they found remarkable stability: the 

lowest correlation was .55 (naming), and the highest was .77 (memory). Because there 

was so much consistency across one year, they analyzed the data in two-year periods in 

order to observe growth. They conducted structural equation modeling for three time 

periods: kindergarten through second grade, first through third grade and second through 

fourth grade. The results indicated the following four main findings: (a) for each time 

period, individual differences in phonological awareness influenced later individual 

differences in word-level reading; (b) individual differences in naming and vocabulary 

independently influenced later decoding initially, but this influence waned with 

development; (c) individual differences in memory did not influence decoding in any 

time period; and (d) a significant proportion of the total variance was accounted for by 

the variables, indicating adequacy of the model. However, as the subjects developed from 

beginning to skilled readers, the proportion of variance attributed to phonological 

awareness, naming and memory declined, while the control variables of vocabulary and 

the autoregressor of prior reading increased. 

They also concluded that individual differences in letter-name knowledge were 

related to later individual differences in phonological awareness and naming. They did 

not find any relationship between individual differences in decoding skill and later 

phonological awareness. This last finding is further confirmation of the initial findings in 

the Wagner et al. (1994) study. Based on the results of both studies, Wagner et al. (1997) 
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concluded: " In general, our results suggest that the influence of individual differences in 

phonological processing abilities on subsequent reading skills is developmentaily limited 

for naming and less so for phonological awareness" (p.477). As they explored the overall 

patterns of relationships, they also concluded, "We did not find evidence of marked 

divergence in levels of performance between high and low performers with development. 

In fact, the standard deviations of the phonological and reading measures were roughly 

comparable from second through fourth grade, as opposed to increasing uniformly" 

(p. 477). 

In another report on this longitudinal work, Torgesen, Wagner, Rashotte, Burgess 

and Hecht (1997) followed the subjects from the prior two reports through fifth grade. In 

this report, they covered two overlapping developmental periods. The first period covered 

the subjects from grades 2 to 4; the second period covered the same subjects from grades 

3 to 5. The reasons given for the overlapping periods is that one year might not provide 

sufficient growth in skills. They had 215 children in the first analysis, 201 in the second; 

with 53% female, 26% minority members in both analyses. 

The main goal of their study was to determine the extent to which individual 

variations in phonological awareness and RAN skills contributed to changes in individual 

reading skills for each of the two-year periods. Including all but the memory measures 

described in the prior report, they added measures of passage comprehension, a computer 

generated word-reading speed task, a word-reading efficiency task, and two spelling 

recognition tasks (one where they had to choose the correctly spelled word out of two 
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phonetically similar pairs and one where they had to identify whether a presented word 

was spelled correctly). In this report, they did not develop or use latent variables. Instead, 

tliey developed the following unit-weighted constructs: phonological awareness, rapid 

naming, word-reading speed (their measure of fluency), orthographic accuracy, and 

orthographic speed. In addition, Torgesen et al. also developed a variable to control for 

the autoregressive effects of the earlier grade's reading skill. Thus, in the first period, 

there was an additional variable of the second grade-reading level as an autoregressive; in 

the second period, there was an additional variable of the third-grade reading level. 

They reported that second grade individual differences in both phonological 

awareness and rapid naming explained significance variance (highest construct for 

phonological awareness was reading comprehension, with 29% of the variance explained, 

followed by word identification, with 25% of the variance explained; while the highest 

construct for RAN was reading speed, with 39% of the variance explained) in fourth-

grade reading skills when the autoregressive effects of second-grade reading were not 

considered. However, when these effects were taken into account, only phonological 

awareness accounted for any significant variance (highest construct was 19% variance 

explained for fourth-grade reading comprehension, followed by 14% for variance 

explained for fourth-grade word identification) in fourth-grade reading skills. Second 

grade RAN skills accounted for 1% of the fourth-grade reading comprehension when the 

autoregressive effects of second-grade reading ability were considered. 
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From the results of the analyses performed for the first period, they concluded: 

"Both phonological awareness and rapid naming ability made significant contributions to 

the prediction of fourth-grade reading skill independently of each other and of general 

verbal ability. However, when the level of reading skill in second grade was taken into 

account, only individual differences in phonological awareness continued to be important 

in explaining variability in fourth-grade outcomes" (p. 176). 

Because they also wanted to investigate the relations among these variables in 

poor readers, they repeated the analyses using the subjects that fell within the bottom 

20th percentile in performance on the word identification construct in second grade. This 

resulting sample of 43 subjects were approximately one year behind their peers, with an 

average reading level grade of 1A in the middle of their second grade. They also 

performed a separate analysis to control for the autoregressive effects of second-grade 

reading for this subgroup. 

A comparison of the scores between the whole group and the bottom 20th 

percentile, indicated the greatest difference was in the area of phonological awareness. 

For example, phonological awareness only explained 3% of the variability in growth of 

reading comprehension skills in the whole sample, but phonological awareness accounted 

for 19% of this variability in the bottom 20^^ percentile. They also noted that individual 

differences in RAN scores did not explain the variability in the growth of orthographic 

reading scores. They repeated all the analyses for a third subgroup, the bottom 10^ 

percentile (N=21) and obtained the same results with the bottom 10*^ percentile as they 
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had with the bottom 20"' percentile. 

Then they repeated all the analyses for the period covering third through fifth 

grade. The findings were similar to those obtained for the first period in that third grade 

individual differences in both phonological awareness and rapid naming explained 

significance variance (highest for phonological awareness was word analysis, with 20% 

of the variance explained, while the highest for RAN was reading speed, with 15% of the 

variance explained) in fifth-grade reading skills when the autoregressive effects of third 

grade reading were not considered. However, when these effects were taken into account, 

only phonological awareness accounted for any variance (highest was 2% for word 

identification, word analysis, and reading comprehension) in fifth-grade reading skills. 

They also performed the analyses for a subgroup, consisting of the bottom 20"' percentile 

in reading ability (N=41) in third grade. This subgroup had an average grade equivalent 

performance of 1.9 on the word identification construct. 

The results were similar to those obtained for the first period. When the 

autoregressive effects of third-grade reading ability were not considered, both 

phonological awareness and rapid naming accounted for a significant variance in fifth-

grade reading skills. (For phonological awareness, the highest construct was word 

analysis which explained 24% of the variance; for RAN, the highest construct was 

reading speed which explained 18% of the variance. However, when the analysis was 

conducted using the autoregressor, only phonological awareness continued to explain the 

variance (highest construct was orthographic accuracy, with 8% of the variance 
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explained, followed by word analysis and reading speed, with 7 % of the variance 

explained. They concluded:" For this sample of poor readers, rapid naming ability 

explained a signi ficant proportion of variance in orthographic accuracy in fifth grade 

when the effects of third-grade reading accuracy were not included. However, with the 

autoregessor included, it was individual differences in phonological awareness that 

accounted for unique variance in the outcome measure. This suggests that the processes 

important for orthographic development that are indexed by naming speed were fully 

captured by the word-reading measure at third grade" (p. 178). 

When they repeated these analyses for the lowest group, the bottom lO"' 

percentile, the pattern remained the same, except the relationships were stronger. The 

autoregessor explained 70% of the variance in orthographic accuracy and 57% of the 

variance in orthographic speed. However, even with the autoregessor in the equation, 

rapid naming ability explained 15% of the variance in speed of response on the 

orthographic reading measure, while phonological awareness explained 12%, which did 

not reach significance. Neither RAN nor phonological awareness explained variance in 

orthographic accuracy, when the autoregressor was in the equation. They concluded that 

performance on rapid naming tasks did not provide a complete explanation of variability 

in fourth- and fifth-grade orthographic accuracy beyond that explained by prior level of 

word-reading ability. This finding was true for the whole sample, as well as for the 

subsets of moderate and severely impaired poor readers. 
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CHAPTER THREE 

This chapter describes the subjects, assessment instruments, and statistics used 

during the study. 

Subjects 

Subjects consisted of 57 first grade students and 64 second grade students from 

four area elementary schools in an average-sized southwestern city. Students were part of 

a larger cohort (Bos, Mather, Narr, & Babur, 1999). Subjects in first grade consisted of 

30 girls, 27 boys. Subjects in second grade consisted of 34 girls and 30 boys. English was 

the first language of al l but three of the participants, although all participants were 

identified as English-proficient at the time of testing. Racial information was obtained 

fi-om student records at the schools, which are reported voluntarily by the families. Using 

this information, 100 of the students were identified as Caucasian, 9 were African-

American, 6 were Asian, and 1 was Native American. In a separate question, 17 of the 

subjects' parents identified themselves as Hispanic. 

Subjects were invited to participate by stratified random sampling. Teachers in the 

schools participating in the research study were asked to rank all the students in their 

classrooms into high, average, and low groups based on their perception of the students' 

literacy skills. In order to follow the instructions for use of the standardized assessments, 

students had to be proficient in English. Thus, students who were not proficient in 

English, were not asked for parental consent. Once consents were obtained, students were 

selected for participation based on earlier teacher ranking. 
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As reported in the Bos et at. (1999) study, the students were part of an 

experimental grant. Students from two of the schools had teachers who had received 

specialized training in phonological awareness activities for early literacy. Students in the 

remaining schools formed a control group. An independent sample t-test was performed 

for each grade level on each achievement assessment. No significant differences were 

found, so the students in the experimental schools and control schools were combined. 

All achievement assessments were administered to all students in April and May. The 

first grade students received the cognitive battery in the fall, while the second grade 

students received the cognitive battery in the spring. 

Cognitive Assessments 

Phonological awareness 

Subjects received the Test of Sound Blending from the Woodcock-Johnson III 

Tests of Cognitive Abilities (WJ III COG) (Woodcock, McGrew, & Mather, 2001a). This 

auditory processing task is designed to measure the ability to synthesize phonemes 

(sounds) after listening to a series of individual syllables or phonemes. Subjects are 

instructed to listen to the stimuli, then blend the sounds into a word. Subjects also 

received the WJ III COG Test of Incomplete Words, which is designed to provide 

additional information about auditory processing. Subjects listen to an audio recording of 

a word that is missing at least one phoneme, then are asked to verbally produce the word. 

These tests were combined to form a single cluster score, called Phonological Awareness. 

Subjects received the Blending Words subtest from the Comprehensive Test of 
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Phonological Processing (CTOPP) (Wagner, Torgesen, & Rashotte, 1999). This task is 

similar to the Sound Blending task in that students are asked to listen to segments of a 

word on audio cassette and verbally state the complete word. 

Subjects also received the CTOPP subtest of Blending Nonwords. The task is the 

same as the Blending Words and Sound Blending, except that when the syllables or 

phonemes are combined, they form a nonsense word. 

Figure 1 

Phonological Awareness Distribution 

Phonological awareness 

In order to allow for comparison between measures, the raw scores were 

converted into z-scores. An Independence Model Chi-Square was performed to determine 
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if the scores from the different assessments fit a model for a construct. The comparative 

fit index (CFI) for these scores was .553, indicating a moderately close relationship 

among each of the assessments. The scores were then combined, without unit weighting, 

to form a single variable, named phonological awareness. Figure 1 demonstrates the 

distribution. 

Rapid automatized naming 

Subjects were given the CTOPP Rapid Object Naming subtest. This task is 

designed to measure the speed at which a person can name common objects. In this task, 

students are presented with 36 pictures of recurring common objects (fish, star, chair, 

boat, key, pencil) arranged in nine columns and four rows. On Form A, students are 

asked to begin naming the objects in the top row, from left to right and to continue onto 

the following rows in the same fashion until finished. When finished, the student follows 

the same procedure on the following page, called Form B. Students are timed with a 

stopwatch and errors are noted. 

Subjects were given the CTOPP Rapid Digit Naming subtest. This task is 

designed to measure the speed with which a subject can measure a series of numbers. The 

format is the same as the Rapid Object Naming, with nine columns and fours rows and 

two forms. Administration and scoring was also the same. 

Subjects were also given the CTOPP Rapid Letter Naming subtest. This test is 

designed to measure the speed with which a subject can name letters on two pages. 

Administration and scoring followed the same format and procedure as the preceding 
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naming tasks. 

In order to allow for comparison between measures, the raw scores for the six 

subtests (RON-a, RON-b, RDN-a, RDN-b, RLN-a, RLN-b) were converted into z-scores. 

An Independence Model Chi-Square was performed to determine if the scores from the 

different assessments fit a model for a construct. The comparative fit index (CFI) for 

these scores was 1.0, indicating an extremely close relationship between each of the 

assessments. The scores were then combined, without unit weighting, to form a single 

latent variable, named RAN. Figure 2 demonstrates the distribution. 

Figure 2 

RAN Distribution 
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RAN 



51 
Memory 

The Memory for Sentences test from the WJ III COG Diagnostic Supplement 

(Woodcock, McGrew, Mather, & Schrank, 2003) was given to all students. In this test, 

students hear a sentence and are asked to repeat the sentence. After initial instruction, 

stimulus items are presented via cassette tape. Sentences are ordered so they increase in 

length and complexity. When they reach a ceiling, administration stops. 

The WJ III COG Memory for Words test was given to all subjects. Initially, a 

student hears a single word and is asked to repeat it. After initial instruction, stimulus 

items are presented via cassette tape. As testing progresses, students hear an increasing 

number of unrelated words and are asked to repeat them. Testing is discontinued when a 

ceiling is reached. 

The WJ III COG Auditory Working Memory test was given to all subjects. In this 

test, subjects are presented with a mix of two types of stimuli: common objects and 

digits. The subjects are instructed to recall the items, but to name the objects first, 

followed by the digits. After initial instruction, items are presented via audio-cassette. 

The number of objects and digits increases until students reach a ceiling, when testing is 

discontinued. 

In order to combine the results from these memory assessments, scores were 

converted into z-scores. An Independence Model Chi-Square was performed to determine 

if the scores from the different assessments fit a model for a construct. The comparative 

fit index (CFl) for these scores was .758, indicating a close relationship among each of 
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the assessments. The scores were then combined, without unit weighting, to form a single 

variable, named memory. Figure 3 demonstrates the distribution. 

Figure 3 

Memory Distribution 
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Memory 

Visual processing speed 

Subjects were given the Visual Matching test from the WJ III COG. The purpose 

of this test is to assess the speed with which subjects can visually scan and discriminate 

numbers. Subjects are presented with a page with rows of numbers. Subjects are 

instructed to circle the two identical numbers in the row. Numbers begin with single 

digits and proceed in difficulty to triple digits. The task is to locate and circle as many as 

possible in the three minute time period. The number of rows matched correctly forms 
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the raw score. 

Subjects were given the Cross Out test from the W Jill COG Diagnostic 

Supplement. The purpose of this test is to assess the speed with which subjects can 

visually scan and discriminate the five identical shapes and designs presented in rows. It 

is similar in design, administration, scoring, and time to the Visual Matching test, except 

the stimulus items are shapes, for example a triangle with a dot in the center. 

The subjects were given the WJ III COG Decision Speed test. This test measures 

the speed of processing simple concepts and the ability to make conceptual decisions 

quickly. Subjects are presented with four pages of 10 rows of line drawings. There are 

seven drawings in each row. Subjects are asked to circle the two drawings in each row-

that are most conceptually related. Scoring is the number of correct matches in a three-

minute time period. 

In order to allow for comparison between measures, the raw scores for the three 

tests were converted into z-scores. An Independence Model Chi-Square was performed to 

determine if the scores from the different assessments fit a model for a construct. The 

comparative fit index (CFI) for these scores was .801, indicating a close relationship 

among each of the assessments. The scores were then combined, without unit weighting, 

to form a single variable, named visual processing speed. Figure 4 demonstrates the 

distribution. 



Figure 4 

Visual Processing Speed Distribution 
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General information 

Subjects received the WJ III COG General Information. This test is designed to 

measure general verbal knowledge, particularly semantics knowledge. There are two 

subtests, one where subjects are presented with a question "Where would you find... 

(object)?" and one where the prompt is "What would you do with...(object)?" This test 

was chosen because correlations have been made with vocabulary knowledge and 

reading. Most studies that have reported these correlations have involved use of 

confrontation tasks, either receptive or expressive for the vocabulary measure. This task 

was chosen rather than a more typical vocabulary task because it offers the potential to 
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assess a subject's knowledge in greater depth than a confrontation vocabulary test. In 

addition, since subjects had more flexibility in their responses, the effects of word-

retrieval problems would be minimized. The scores from both subtests were combined to 

form a single cluster score, per instructions in the WJ III COG manual. In order to allow 

for comparison between measures, the raw scores were converted into z-scores. Since 

these two subtests were already part of a standardized battery, no other analysis of the 

construct was performed. Figure 5 demonstrates the distribution. 

Figure 5 

General Information Distribution 
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Achievement Assessments 

Decoding 

Subjects received the Letter-Word Identification test from the Woodcock-Johnson 

III Tests of Achievement (WJ III ACH) (Woodcock, McGrew, & Mather, 2001b). This 

test measures word reading, beginning with letter reading and progressing onto 

increasingly difficult words. Subjects also received the WJ III ACH Word Attack test. 

Word Attack is designed to measure skills in reading unfamiliar words, or nonsense 

words that follow the phonetically consistent patterns of English orthography. It also 

begins with reading letters, and progresses onto low-frequency words and nonsense 

words. These two tests form a cluster score of basic reading skills on the WJ III. 

Students also received the Sight Word Efficiency subtest on the Test of Word 

Reading Efficiency (TOWRE) (Torgesen, Wagner & Rashotte, 1999). It assesses the 

number of words that can be read within 45 seconds. There are two forms to this test. All 

students were assessed with both forms. In order to allow for comparison between 

measures, the scores were converted to z-scores for calculation. 

Students were also assessed using the Phonemic Decoding Efficiency (PDE) 

subtest from the TOWRE. This test is similar to the Word Attack on the WJ III ACH, but 

it is timed. It measures the ability to read nonsense words that follow English 

orthography within 45 seconds. There are two forms for this test and students were 

assessed using both. In order to allow for comparison between measures, the raw scores 

were converted to z-scores for calculation. 
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Decoding Distribution 
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An Independence Model Chi-Square was performed to determine if the scores 

from the different assessments fit a model for a construct. The comparative fit index 

(CFI) for these scores was .939, indicating an extremely close relationship among each 

of the assessments. The scores were then combined, without unit weighting, to form a 

single latent variable, named decoding. Figure 6 demonstrates the distribution. 

Spelling 

Subjects received the Spelling test from the WJ III ACH. This is a standardized 

spelling test that begins with pre-writing skills of drawing lines, progresses to writing 

upper and lower case letters, onto spelling of increasingly difficult words. In order to 
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allow for comparison between measures, the raw scores were converted into z-scores. 

Subjects received the Spelling of Sounds test from the WJ III ACH. This test is a 

measure of spelling ability for low frequency or nonsense words. It also begins with 

spelling of letters, then, as the subject listens to an audio tape, he or she is asked to spell 

letter combinations of the nonsense or low frequency words. In order to allow for 

comparison between measures, the raw scores were converted to z-scores. 

Subjects received the Developmental Spelling Analysis (DSA) (Gansky, 1994). 

This is an informal measure designed to measure spelling of real words. This test has 

several levels that are based on Henderson and Beers'(1980) general scheme for stages of 

spelling acquisition. Because each level is designed to correspond to a developmental 

stage in spelling acquisition, the students in first grade were assessed on a different form 

than the students in second grade. Of the larger cohort, 300 first-grade students received 

the DSA-Letter Name form and 300 students in second grade received the DSA-Within 

Word Pattern form. Using this larger sample, raw scores were analyzed and converted 

into z-scores for both grades in order to allow for comparison between measures. 

An Independence Model Chi-Square was performed to determine if the scores 

from the different assessments fit a model for a construct. The comparative fit index 

(CFl) for these scores was .982, indicating an extremely close relationship among each of 

the assessments. The scores were then combined, without unit weighting, to form a single 

latent variable, named spelling. Figure 7 demonstrates the distribution. 
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Speliing Distribution 
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Reading fluency 

Students were given the test of Reading Fluency from the WJ III ACH per 

instructions from, the manual (Mather & Woodcock, 2001b). This task requires subjects 

to read simple sentences, determine the veracity of the sentence, and circle yes/no. 

Sentences begin from very easy to moderate difficulty. Raw scores are determined by the 

number of correct responses within a three-minute time limit In order to allow for 

comparison among measures, raw scores are converted into z-scores. Since this was a 

single measure, no other statistics were performed to assess the construct. Figure 8 

demonstrates the distribution 
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Reading Fluency Distribution 
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Grouping Statistics 

Literacy cluster 

The three achievement variables (decoding, spelling and reading fluency), were 

combined without unit weighting, to form one broader early literacy variable-called 

literacy. The rationale for creating this literacy cluster was three-part: to establish a 

broader based and more stable score for early literacy, to check the distribution of literacy 

skills with a broad-based cluster score and, if the distribution followed a normal pattern, 

to use the literacy cluster to separate the subjects into literacy achievement groups. Figure 

9 demonstrates the distribution. 



Figure 9 

Literacy Cluster Distribution 

61 

i 

-400 
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Because the literacy cluster demonstrates a normal distribution, it is appropriate to 

consider breaking into ability groups. The method of ability grouping in the literature is 

usually determined prior to subject selection; subjects are chosen because they have 

already been identified as either normal readers or readers with disabilities (e.g. 

Scarborough, 1998a, 1998b). Because this study involves younger subjects, none have 

been identified as having reading disabilities. The method of grouping readers in younger 

grades most commonly used in public schools is by quartile. Federal funds for reading 

interventions in grades one and two are usually established for students in the lowest 

quartile on reading measures (e.g. Title I). Because this is a common method of grouping 

; 
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reading ability in these grades, that method could reasonaMy be adopted. However, since 

these skills (decoding, spelling and text fluency) are continuous variables making the 

literacy cluster a continuous variable, it would be preferable to create groups that are 

statistically different, rather than simply establishing an arbitrary point, such as is used in 

quartiles. 

K-means cluster analysis 

In order to establish if the literacy cluster does demonstrate true differences in 

groups, a K-Means Cluster analysis was conducted. The results indicated three clusters 

with the following distributions: low group, 31 subjects; average group, 60 subjects; high 

group, 29 subjects. This pattern also identifies the students by quartiles, with the low 

group in the bottom 25th percentile rank, the average group in the 25th to 75th percentile 

rank, and the high group above the 75th percentile. Thus, the cluster analysis produced 

groups similar to students identified for intervention in public schools. Table 1 

demonstrates the distances between each of the three groups. 

Table 1 

K-Means Cluster Proof 

Cluster 1 2 3 
1 2.287 4.790 
2 2.287 2.503 
3 4.790 2.503 

As Table 1 indicates, each group is separate from the other group, with roughly 

equal distances between group 1, group 2, and group 3. This confirms the justification 
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for grouping the students into quartiles. and then combining the middle two quartiles into 

an average group. Using the results of the cluster analysis, subjects were then assigned to 

a group membership, called low, average, and high. Based on these three subgroups, the 

next chapter will describe the Pearson-r correlations within the entire group and in each 

subgroup to address the relationships among the cognitive and achievement variables 

based on literacy skill. 
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CHAPTER FOUR 

This chapter will summarize the findings of the data analysis in relation to the 

hypotheses that were described in Chapter One. 

Results of Correlations 

The first step involved computing Pearson-r correlation coefficients using the 

entire group, with all the cognitive cluster variables and all the achievement cluster 

variables. Table 2 summarizes the results of the total group Pearson r- correlations. 

Table 2 

Total Group Correlation Matrix 

riAi^. . PAW llllBBIIII RF 
.375** 

. m .000 
N 119 

Speed .121 .152 
sig .190 .096 

118 120 
Mem, .358«» .436** .384* « 

. .  m. .000 .000 .000 
119 121 120 
.153 .401** .358** .600** 
.097 .000 .000 .000 

1 N 119 121 120 121 
i^—w Ml** .519** 215** .530** .387** 

.000 .000 .002 .000 .000 
N 119 121 120 121 121 

• Spell .493•* .454*» .076 .347** .104 .726** 
.000 .000 .407 .000 .255 .000 

N 119 121 120 121 121 121 

.w , .409** .214** .428** .490** .510*» .707** .385** 
.000 .019 .000 .000 .000 .000 .000 

N 119 121 120 121 121 121 121 
Lit. .613** .501 .243** .505** .325*» .948** .891« .698** 

.000 .000 .007 .000 .000 .000 .000 .000 
119 121 120 121 121 121 121 121 

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 
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Most of the variables are related. In fact, when using the total group, the only 

possible relationships that do not show a significant correlation are: visual processing 

speed-RAN; visual processing speed-phonological awareness; visual processing speed-

spelling; RAN- general information; spelling-general information. Every other possible 

relationship showed a significant correlation to the .01 level. The fact that visual 

processing speed showed fewer correlations than the other measures is consistent with the 

relatively small amount of literature on the subject; compared to the other cognitive 

variables of RAN and phonological awareness, reports of the relationship of visual 

processing speed to early reading have been less robust. The other significant results are 

consistent with other research that indicates that all of these vari ables are correlated with 

reading achievement. Thus, in general, the total group results are consistent with the vast 

body of literature from the last two decades on this area. 

Since the second hypothesis involves looking at the pattern of relationships based 

on level of early literacy skill, the Pearson-r correlations were determined for each group 

identified earlier using the K-means cluster analysis of low, average, and high. As is 

demonstrated in Table 3, most of the variables demonstrate significant correlations in the 

low group. Again, this is consistent with the literature on reading disabilities, which 

reports low performance in these areas. While it is unlikely that all students in this low 

group will be identified as having reading disabilities, it is possible that their performance 

on early literacy tasks is similar to that of older children with reading disabilities, since 

members of both groups have limited literacy skills. Thus, the findings that most 
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variables demonstrate significant correlations are consistent with the Eterature on reading 

disabilities, which has identified all of these factors as correlated mth low 

reading/literacy skills. This also indicates tha't, in many ways, children who struggle in 

the early stages of acquiriag literacy skills show similar correlational patterns to older 

cMldrea with reatliag disabilities. 

Table 3 

Low Group Correlation Matrix 

IIIIIIM PAW iiiiilliiii Infoim Spsll RF 

PAW 4.
 

Sig .019 

j , N 31 
Speed .150 .302 

• Sig . .421 .098 
i N 31 31 
I Mem. .337 .299 .314 
1 Sig .064 .102 .085 

j N 31 31 31 
Infomi .221 .358* .278 .713** 

1 Sig .232 .048 .130 .000 

1 N 31 31 31 31 
.612** .518** .254 .403* .386* 

1 Sig .000 .003 .168 .025 .032 
i N 31 31 31 31 31 
j___ .157 .214 -.001 .115 -.09 .339 

1 Sig .398 .135 .996 .539 .59 .062 
' N 31 31 31 31 31 31 
^ RF .234 .069 .462** .252 .306 .402* -.059 

Sig .206 .711 .009 .172 .094 .025 .754 
n-N 31 31 31 31 31 31 31 

Lit. All** .437* .234 .172 .115 .786** .807** .402* 
Sig .007 .014 .205 .355 .537 .000 .000 .025 
N 31 31 31 31 31 31 31 31 

'••• „ . .ition is significant at the 0.05 level (2-taiied). 
** Correlation is significant at the 0.01 level (2-taiied). 

In contrast to the low group, the average group shows differences in the 
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correlations. This would also serve as an indication that there is differentiation of skills 

even in young children who are in the first three years of their education. Even in grades 

1 and 2, children who are in the average group, display some differences in the pattern of 

correlations than do children in the lowest group. For example, memory/reading fluency 

are correlated in the average group, but not in the whole, low, or high groups. Ail 

possible correlations for the average group are presented in Table 4. 

Table 4 

Average Group Correlation Matrix 

.063 
.637 

-.062 -.121 
.637 .367 

.330* • -.041 
.008 .010 .757 

.237 -.132 

.066 .317 .004 .000 

.290® .227 .036 .163 .132 
.026 .079 .787 .209 .311 

.040 .132 -.008 -.182 
,766 .009 .310 .019 .953 .160 

-.064 -.111 
.395 .001 .003 .629 .020 .000 .025 

IB -.049 .260* .155 .198 .173 
.010 .243 .712 .000 .000 .043 .126 .183 

60 

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-taiIed). 
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At even greater contrast to the average and low groups, subjects in the high group 

displayed the least number of significant correlations. Of all possible correlations, only 

seven correlations were significant in the highest group, compared with 14 significant 

correlations in the low group, 16 significant correlations in the average group, and 30 

significant correlations in the whole group. This difference serves to demonstrate. 

Table 5 

High Group Correlation Matrix 

[RAN PAW Speed Mali. Infor uecoo SjwiT RF 
AW -.004 

.982 
29 

-.309 -.122 
, Sig .103 .528 

H 29 29 
-.083 .141 .223 
.668 .464 .245 
29 29 29 

Inform -.355 .432* .181 .243 
.059 .019 .349 .204 
29 29 29 29 

Dccode .065 .181 .166 .236 .483** 
.736 .348 .391 .219 .008 

N 29 29 29 29 29 
Spell .231 -.046 -.180 .121 .055 -.037 

, Sig .228 .812 .349 .533 .779 .849 
29 29 29 29 29 29 

.103 -.270 .056 .233 .222 .664 .066 
.. Big. .593 .157 .773 .225 .248 .000 .732 

N 29 29 29 29 29 29 29 
Lit. .192 .011 .028 .280 .400* .810** .514** .749 
Sig,,, .320 .953 .886 .141 .032 .000 .004 .000 

29 29 29 29 29 29 29 29 

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 

that, even in young children, those who have higher than average literacy skills display a 
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different pattern of relationships among cognitive and achievement skills. Table 5 

demonstrates the significant correlations for the high literacy group. 

Mere reporting of the n umber of correlations for each subgroup does not permit 

an overall view into the patterns of correlations. A more efficient way of comparing the 

patterns of significant correlations across the different subgroups is to view all the 

significant correlations for each group next to each other. Table 6 summarizes all the 

significant relationships for the total, low, average and high groups. 

Comparing these patterns of relationships should facilitate examination of the 

research questions. The three major research questions are briefly reviewed: 

1) The first major question is whether the pattern of relationships between the 

cognitive and achievement variables will differ in the total sample as compared to the 

literacy groups. When stated as a null hypothesis, the statement would be: There will be 

no significant differences between the total group and any of the literacy groups. 

2) The second major question is whether or not the correlations between the 

cognitive and the achievement variables will differ by level of reading and spelling 

performance. When stated as a null hypothesis, the statement would be: The relationships 

between the cognitive and achievement variables will be the same for each group. 

3) The third major question is whether a qualitative comparison of the significant 

correlations by literacy ability group provides insights into the nature of emergent literacy 

skills that merit further investigation. The null hypothesis to this question is that a 

qualitative comparison of the correlational patterns by ability group yields no directions 
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for iiture research. 

Table 6 

Summary of Significant Correlations by Literacy Group 

Ciagaltrfe io  Acfcieveiseiil Total Average High 

RAN/ Decode .642** .672** .290* 

RAN/Spelling .493** 

RAN/Reading fluency .409** 

RAN/ literacy cluster .613** .472** 

PAW/Spelling .454** .332** 

PAW/Decoding .518** 

PAW/Reading fluency .214** 

PAW /Literacy cluster .501** .437** .326* 

Processing speed/Decoding .275** 

Processing speed/Spelling -.302* 

Process speed/ Fluency .428** .462* * .409** 

Process speed/Literacy .243** 

Memory/Decoding .530** .403* 

Memory/Spelling .347** 

Memory/Reading fluency .297* 

Memory/Literacy cluster .505** 

Gen. Information/Decoding .387** .386* .483** 

Gen. Information/Fluency .510** .607** 

Gen. Info /'Literacy cluster .325** .400** 
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Achievemt'ot to Achievement Total Low Average 

Decoding/Spelling .726** 

Decoding/Reading fluency .707** .402* .286* .664** 

Decoding/Literacy cluster .325** .786** .731** .810** 

Spelling/Reading fluency .385** -.379** 

Spelling/Literacy cluster .891** .807** .680** .514** 

R. Fluency/Literacy cluster .698** .402* .260* .749** 

Csgnitive to Cognitive • ii Low High 

RAN/PAW .375** .419* 

RAN/Memory .358** 

PAW/Memory .436** .336** 

PAW/ General information .401** .358* .432* 

Processing speed/Memory .384** .330** 

Processing speed/ Gen. inform. .358** .365** 

Memory/ General information .600** .713** .513** 

•^Correlation is significant at the 0.05 level (2-tailed) 
** Correlation is significant at the 0.01 level (2-tailed). 

As is demonstrated by Table 6, both null hypotheses for the first two questions are 

rejected in that there are different patterns of relationships between the total group and 

each subgroup and amongst the subgroups. Results for the third question can only be 

addressed by looking at the summary of results by variable. 
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Summary of Cognitive Variables 

Rapid automatized naming 

The following summarizes all the significant correlations with rapid automatized 

naming (RAN): RAN/decoding are significantly correlated in the total group, the low 

and average groups. RAN/ phonological awareness and RAN/literacy cluster are 

significantly correlated for the total and low groups. This is consistent with existing 

literature that indicates poor RAN scores are good predictors of problems with reading, 

however, high RAN scores do not predict good reading. RAN/spelling, RAN/fluency and 

RAN/ memory are significantly correlated in the total group only. 

Phonological awareness 

The following summarizes significant correlations with phonological awareness: 

PA/spelling and PA/memory are significantly correlated in the total and average groups. 

PA/decoding and PA/RAN are significantly correlated for the total and low groups. 

PA/fluency is significantly correlated for the total group only. PA/literacy cluster and 

PA/general information are significantly correlated with the total, low, and high groups. 

Visual processing speed 

The following summarizes the significant correlations with visual processing 

speed: Visual processing speed/decoding and visual processing speed/literacy cluster are 

significantly correlated in the total group only; visual processing speed/fluency are 

correlated for the total, low, and average groups. Visual processing speed/memory and 

visual processing speed/general information are significantly correlated for the total and 



73 
average groups. Visual processing speed/spelling is negatively correlated for the average 

groups only. 

Memory 

The following summarizes the significant correlations for memory: 

memory/decoding are significant in the total and low groups, which would indicate 

memory skills have an impact on developing phonological awareness. Memory/spelling, 

memory/literacy cluster, and memory/RAN are significant in the total group only. 

Memory/ general information are correlated in the total, low, and average groups, which 

is consistent with the literature. Memory/fluency is significant in the average group 

only, indicating that working memory skills may contribute to the ability to develop 

fluent reading. Memory/decoding are correlated in the total and low groups. 

Memory/phonological awareness and memory/ visual processing speed are correlated in 

the total and average groups only. Memory/ general information are correlated in the 

total, low, and average groups. Memory/reading fluency are significant in the average 

group only. 

General information 

The following summarizes the significant correlations for general information: 

General information /decoding and general information /phonological awareness are 

significantly correlated for the total, low, and high groups but not the average group. 

General information/fluency and general information /visual processing speed are 

significantly correlated for the total and average groups. General information /memory 
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are correlated for the total, low, and average groups, which is consistent with the 

iiterature. General information /literacy cluster are correlated for the total and high 

groups only, indicating a strong relationship for the high group. This is consistent with 

the literature that reports advanced vocabulary in good readers. It also suggests that a 

reciprocal relationship exists between vocabulary and reading; vocabulary acquisition 

facilitates reading and reading further enhances vocabulary. 

Summary for Achievement Variables 

Decoding 

The following summarizes the significant correlations for decoding; 

Decoding/RAN are significant for the total, low, and average groups, which is consistent 

with the literature. Decoding/phonological awareness is significant for the total and low 

groups, a finding that is also consistent with the literature. Decoding/visual processing 

speed and decoding /spelling are significant for the total group only which is consistent 

with the literature on decoding/spelling that reports the two skills, while not completely 

synchronous in development, may be somewhat reciprocal in nature in the early stages of 

development. 

Decoding/memory are significant for the total and low groups. Decoding/ general 

information are significant for the total, low, and high groups, indicating low skills in one 

may hinder acquisition of the other and good skills in one may facilitate acquisition of the 

other, but average skills in either has no effect on the other. Decoding/reading fluency 
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are significant for all groups, which is to be expected given the close nature of the tasks. 

Since decoding is one variable in the literacy cluster, it is also significant for all groups. 

Spelling 

The following summarizes the significant correlations for spelling; 

Spelling/RAN, spelling/memory, and spelling/decoding are significant for the total group 

only. Spelling/phonological awareness are significant for the total and average groups 

only. Spelling/visual processing speed are negatively correlated in the average group 

only. Spelling/RAN, spelling/memory, and spelling/decoding, are significant in total 

group only. Spelling/reading fluency are positively correlated for the total group, but are 

also negatively correlated for the average group. This aspect will be discussed in detail in 

another section. Since spelling is one variable in the literacy cluster, this relationship is 

also significant for each group. 

Reading fluency 

The following summarizes the correlations for reading fluency: reading 

fluency/RAN, reading fluency/ phonological awareness are correlated in the total group 

only. Reading fluency/visual processing speed are correlated in total, low, and average 

groups. Reading fluency/ general information are correlated in total and average groups. 

Reading fluency/decoding are correlated in all groups: total, low, average, and high. 

Reading fluency/spelling are positively correlated in the total group, but negatively 

correlated in the average group. Since reading fluency is one variable in the literacy 

cluster, this relationship is also significant in each group. 
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Literacy cluster 

The followijig sumnaarizes the significajit relatioasMps for the literacy cluster by 

group. Since decoding, spelling and reading fluency formed the literacy cluster, these 

relationships are significant for all groups. In possible correlations with the cognitive 

variables, literacy cluster/RAN are significant in total and low groups only; literacy 

cluster/phonological awareness are significant for the total, low, and average groups. 

Literacy cluster/memory and literacy cluster/visual processing speed are significant for 

the total group only. General information/literacy cluster are significant for the total and 

high groups only. 

Limitations 

Before beginning the discussion of the results, it is necessary to address the 

greatest limitation of this study once again: the limitation of unequal cell sizes. The 

largest cell is the total group (n=121), with the average group the next largest (n=61), 

then the low group (n=31) and finally, and the smallest cell size is the high subgroup 

(n=29). Technically, even the smallest cell (high group, n=29) is of sufficient size for a 

Pearson-r correlation. However, the difference in the cell sizes results in a difference in 

statistical power. The largest (total group) is four times the size of the smallest, and even 

the next largest (average group), is twice the size of the smallest. Thus, while each cell is 

technically large enough to run the Pearson-r, considerable differences exists in statistical 

power among the groups. The resultant effect of this is that the risk of a Type II error is 

much greater in the smaller groups (low, 31; high 29) than in the larger groups (total. 



121; average, 61). In other words, it is possible that a relationship exists between 

variables in the smaller groups, but there is insufficient statistical power to detect the 

relationship. Since the total group is twice the size of the average group, the 

same possibility exists. 

Using that rationale, every time a significant relationship is obtained for the total 

group, but not any of the subgroups, the possibility that a significant relationship exists in 

the subgroups cannot be discounted. Significant relationships meeting these criteria are: 

RAN/spelling, RAN/reading fluency, RAN/memory; phonological awareness/reading 

fluency, visual processing speed/decoding, visual processing speed/literacy cluster, 

memory/spelling, memory/literacy cluster, and decoding/spelling. 

In the same vein, relationships reported as significant for both total and average 

groups, but not for the low and high groups, may also be subject to the Type II error 

possibility. At the least, the possibility that a significant relationship does exist in the 

smaller groups, if it does in both of the largest groups, cannot be discounted. Significant 

relationships meeting these criteria include: Phonological awareness/spelling, 

phonological awareness/memory, visual processing speed/memory, visual processing 

speed/ general information and general information/reading fluency. 

Lest one is tempted to discard all the significant relationships reported as 

inconclusive, it should be noted that of the 32 relationships reported, only 15 met these 

criteria. Thus, more than half the significant findings involved at least one of the two 
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smallest groups. Therefore the discussion of the results will focus on the remaining 17 

relationships involving the smallest groups. 

Relationships reported as significant for the low group (n=31), but not the high 

group (n=29) are unlikely to be affected by the inequality in sample size, since the sizes 

are almost the same. This is even more likely to be true when the significance is reported 

to be of the .001 level, as it is in every case where total, average, and low groups are 

significant: RAN/decoding, phonological awareness/literacy cluster, visual processing 

speed/reading fluency, and memory/general information. 

Patterns Consistent with Reading Disabilities Literature 

Decoding and literacy cluster 

RAN/decoding are significant for the total (p>.01), low (p>.01) and for the 

average group (p>.05), but are not significant for the high group. This finding indicates 

the relationship between RAN tasks and decoding tasks are only relevant in the very early 

stages of learning to read, less so in young readers who have obtained some proficiency 

in word-level decoding. The fact that RAN/literacy cluster and RAN/phonological 

awareness are only significant for the total and low groups further supports that 

conclusion. 

Phonological awareness/decoding are significant for the total (p>.01) and low 

(p>.01 )groups only, while phonological awareness/literacy cluster are significant for the 

total (p>.01), low (p>.01 ),and the average group (p>.05 ). These results are similar to 

those obtained between RAN and these achievement variables, which is not surprising 
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considering that RAN/phonological awareness are sigmficant in the total md low groups. 

The findings suggest two conclusions: First, that phonological awareness is relevant to 

decoding skills in the earliest stages of reading; and second, that RAN/phonological 

awareness have considerable shared variance and may be different measures of the same 

underlying construct. This is one contention at the center of the debate over the 

relationship between RAN and phonological awareness. These results would support the 

view that RAN and phonological awareness may be different ways of assessing the same 

underlying construct. 

Memory/decoding are significant for the total group (p>.01) and the low group 

(p>.05), but not for the higher groups. In general, it appears that decoding in the low 

group is strongly correlated with RAN, phonological awareness, and memory. This is 

highly consistent with the literature on reading disabilities; these three factors have been 

strongly correlated in groups of older subjects who have been identified as having 

reading disabilities. Since it is unlikely that all subjects in the low group have reading 

disabilities, one implication of this finding is that young students who have not acquired 

basic decoding skills display a qualitatively similar profile to older students with reading 

disabilities. This would imply that the relationship between decoding/RAN/phonological 

awareness/memory in students with reading disabilities is that of a delay, rather than 

deviance from the norm. It further implies that the interventions used to assist students 

with reading disabilities would be of benefit to these younger children who are struggling 

to acquire decoding and early literacy skills. 
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General mfomation 

General information also displayed a consistent relationship to both decoding and 

literacy cluster. General information is largely a measure of semantic knowledge, thus 

results in this area need to be addressed from the research involving vocabulary skills. 

Vast amounts of literature have consistently correlated good vocabulary skills with good 

literacy skills. General information/decoding are correlated for the total (p>.01) and high 

(p>.01), and low (p>.05)groups, general information/literacy cluster are correlated to 

both the total (p>.01) and high (p>.01)groups. These findings suggest that both young 

and older good readers have advanced knowledge of words. The finding that general 

information/memory are significantly correlated in the total (p>.01), low (p>.01), and 

average (p>.01) groups further suggests that short term and auditory memory skills are 

related to early knowledge of words. 

Another related finding is that of the relationship between general 

information/phonological awareness. This relationship is significant for the total (p>.01), 

low (p>.05),and high (p>.05)groups, but not for the average group. This would suggest 

that poor word knowledge is accompanied by poor sound awareness in the low group, 

while high word knowledge is accompanied by high sound awareness in the high group, 

or possibly vice versa, poor sound awareness is accompanied by poor word knowledge 

and high sound awareness is accompanied by high word knowledge. It is also interesting 

that there appears to be no relationship in the average group, which has more statistical 
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power, than either the high or low groups. These findings suggest that a low vocabulary 

inhibits literacy development and a high vocabulary facilitates it. 

Unexpected Patterns 

Lack of significant relationships 

The variables that did not show a correlation for any group are perhaps just as 

interesting in understanding these patterns. Visual processing speed, for example, did not 

show any correlations for any group with either RAN or phonological awareness. This is 

unexpected in that both visual processing speed tasks and RAN tasks are timed; however 

RAN tasks are involved in rapid word retrieval, whereas the tasks in visual processing 

speed are visual and motor in nature. The fact that there were no correlations between 

visual processing speed and another timed task, RAN, indicates that these are separate 

constructs with little shared variance. 

Unexpected direct relationships 

Visual processing speed and reading fluency, another timed task, did demonstrate 

significant correlations for the total group (n=121), low group (n=31) and average group 

(n=60). This pattern was displayed by RAN/decoding (significant for the total, low, and 

average groups), but not RAN/spelling (only significant for the total group). (Visual 

processing speed/decoding were only significant for the total group and inversely 

correlated for visual processing speed/spelling in the average group.) These findings 

suggest two conclusions. The first one is further evidence that RAN and visual processing 

speed are different constructs and assess different skills. The other conclusion is that 
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spelling/decoding, which appear to be in synchrony in older children, do appear to have a 

different developmental pattern in these beginning readers/spellers. This is consistent 

with some research regarding the reading and spelling performance of young children. 

Unexpected inverse relationships 

This pattern becomes more interesting when one considers visual processing 

speed/spelling results which demonstrated only one group correlation (the average group) 

and it was a negative correlation, indicating an inverse relationship. However, spelling 

and reading fluency were also negatively correlated in the average group and positively 

correlated in total group. As discussed earlier, one possible explanation for the lack of a 

significant correlation for the low and high groups could be related to group size. It is 

possible that a Type II error occurred in the low and high groups, since these groups had 

a smaller N and significantly less statistical power (low group n=31 and high group 

n=29). Since the other two groups were larger (average group n- 60, total group n= 121), 

it is much more likely that any significant relationships that exist will be uncovered. 

Even if that is the case, it still leaves the question of why the spelling/visual 

processing speed is inverse for the average group and the spelling/reading fluency 

relationship is inverse in the average group but positively correlated in the total group. 

Since both inverse relationships involve spelling for the average group (n=61), it appears 

that something is happening with regard to spelling in the average group. One possible 

explanation is that both the negative correlations with the average group involve spelling 

and a timed task (visual processing speed/reading fluency). Considering the development 
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of each skill across groups might shed some insight onto this question. Figure 10 

illustrates these reiationsMps, 

Figure 10 

Mean Values for Spelling, Reading Fluency and Processing Speed by Group 

SPELL 

GROUP MEMBERSHIP 

At the bottom of Figure 10, the number 1 represents the mean for the low group, 

the number 2 represents the mean for the average group and the number 3 represents 

the mean for the high group. As demonstrated by this figure, the average group 

mean for spelling is slightly above the task mean (standard score of 0). On the other 

hand, the means in the average group for two of the timed constructs are slightly below 

the task mean of zero. In other words, both timed constructs, (reading fluency and 
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visual processing speed) are just below the task mean. Thus, when compared to peers, the 

subjects in this average group displayed slightly above the norm on spelling skills and 

slightly below the norm on reading fluency and processing speed. Since both scores are 

less than one standard deviation above or below the mean, these scores are still well 

within the range of average scores overall. 

Another way to look at these relationships is to consider a bar chart demonstrating 

the scores for each group in spelling and reading fluency. Figure 11 demonstrates the 

inverse relationship between reading fluency and spelling in this average group. The 

reading fluency mean in the average group is slightly below the task mean (-.25), while 

the spelling mean is slightly above the task mean (+.50). Since reading fluency is a timed 

task and spelling is not, this suggests that the average group might be slow but accurate. 

If the relationship were reversed, with the spelling below mean and the reading fluency 

above mean, one could hypothesize the opposite, that the average group's literacy skills 

were fast but inaccurate. However, the idea that some literacy skills in the average group 

are slow but accurate is consistent with some beliefs about the development of early 

literacy. Before children reach automaticity for reading and writing at the word level, 

they often read and write by phonemic segments, rather than by total word. Thus, they 

will be slower, but more accurate readers and spellers until their orthographic knowledge 

increases and they reach automaticity, which is the point at which they both read and 

spell total words accurately and efficiently. 
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This hypothesis can be further supported by the correlation between the spelling 

and visual processing speed for the average group. These results found no relationship 

between these two factors for the total group (n=121), low group (n=31) or high group 

(n=29), but did find a significant inverse relation for the average group (n=60). 

Figure 11 

Mean Scores for Spelling and Reading Fluency by Group 
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Once again, the means are close for the average group with the timed measure, 

visual processing speed slightly below the task mean (-.25) and the spelling measure 

slightly above the task mean (+.50). In fact, this chart looks very much like the prior chart 

depicting the relationship between spelling and reading fluency. This would suggest that 
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reading fluency and visual processing might be significantly correlated, which they are 

for the total group, low, and average groups. This relationship is depicted in Figure 12, 

which demonstrates the mean scores for each of these factors in each group. 

Figure 12 

Mean Scores for Spelling and Visual Processing Speed by Group 
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The inverse relationship between spelling and the two timed tasks for the average 

groups strongly suggests that students in the average group are slow but accurate in their 

approach to spelling. This is especially interesting because these were the only inverse 

relationships encountered anywhere in all the possible relationships. However, because 

RAN tasks, which are also timed, showed a very different pattern (significant only for the 
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total group with regard to reading fluency and with spelling), one cannot conclude that a 

simple timing mechanism is the only factor involved. Rather, what visual processing 

speed and fluency tasks share in common is more than just the timed nature of the tasks: 

they also involve a pencil/paper motor response, as does spelling. However, if that were 

the common factor, then one would expect the average group to show a direct correlation, 

not an inverse relationship. Again, the conclusion that seems most valid is that average 

literacy group spellers are somewhat slower on visual-motor tasks, but display more 

accuracy than the low group. The idea that this average group is perhaps being more 

deliberate in their spelling attempts is further supported by the finding of a significant 

relationship between phonological awareness/spelling in the average group, but not in the 

low group. 

It is also interesting that this is not the pattern of results observed between 

spelling and decoding. In older children, spelling skills and decoding skills appear to be 

parallel constructs, except in the case of students with dyslexia. Many people with 

dyslexia do eventually become proficient readers, but they tend to remain poor spellers 

throughout their lives. The fact that there is a different pattern between spelling/reading 

fluency (negative correlation for the average group, positive correlation for the total 

group) and spelling/decoding (positive correlations for all groups) indicates that spelling 

skills not only do not develop parallel with decoding skills in the very early years of 

literacy acquisition, but that they also rely on somewhat different cognitive constructs at 

that stage of literacy acquisition. Measurements used to assess reading fluency and visual 
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processing speed all rely on rapid visual recognition of patterns and shapes with a rapid 

pencil-paper response, whereas RAN tasks, which also rely on rapid visual recognition of 

pattern and shapes, have the additional requirement of rapid verbal retrieval. 

Implications for Research 

The third hypothesis addressed whether a qualitative comparison of the significant 

correlations by literacy ability group provides insight into the nature of the emergent 

literacy skills that merits further investigation. The null hypothesis to this question is that 

a qualitative comparison of the correlational patterns by ability group yields no directions 

for further research. The null is rejected. 

Clearly, some of the limitations of this study suggest that conclusions need to be 

drawn with caution. However, some of the findings are interesting enough to warrant 

further investigation. The finding of this pattern of an inverse relationship in the average 

group between spelling and two, but not three, of the timed measures merits much more 

investigation. It could simply be some undiscovered flaw in the method, and thus this 

finding needs to be replicated. If replicated, it does indicate that average students in the 

early grades are deliberate in their approach to reading/spelling tasks. It fijrther suggests 

that the factor of key importance in the relationships between R AN tasks and one literacy 

task, spelling, is not that of timing. 

Many of the findings reported here are consistent with much of the research: the 

relationships with decoding/phonological awareness/RAN/memory in the low group is 

highly consistent with literature on subjects with reading disabilities, indicating students 



with reading disabilities have similar correlational patterns as younger students who are 

learning to decode. This ftirtlier suggests these young students who have not acquired 

decoding skills would benefit from interventions that have been proven to be successful 

with older struggling readers. 

The relationships between general information/ decoding (significant for total, 

low, and high groups), and general information/literacy cluster (significant for total and 

high groups) is consistent with the literature on vocabulary and literacy. In general, a 

robust vocabulary coincides with high reading abilities, while a limited vocabulary 

coincides with poor reading abilities. 

Summary of Hypotheses 

From an analysis of the data, it appears clear that all three null hypotheses are 

rejected: there are differences between the total group and the subgroups; there are 

differences in the correlational patterns within the subgroups; and a comparative study of 

the different correlational patterns provided insight into the development of the different 

emergent literacy skills. 



CHAPTER FIVE 

The purpose of this chapter is to discuss the limitations of the study, to summarize 

the results, and to address implications for future research and practice. 

Limitations of the Study 

The greatest limitation of this study is that of unequal group sizes. The unequal 

sizes limit the conclusions that can be drawn when the results are significant for the two 

larger groups (total, n=121; average, n=61) but not for either of the two smaller groups 

(low, n~31; high n=29). Because of the disparity of group sizes, there is a resultant 

disparity in statistical power. Because the total group has four times as many subjects as 

the smaller groups, and the average group has twice as many subjects as the smaller 

groups, the possibility of a Type II error cannot be discounted when a significant result is 

obtained in the larger groups but not in the smaller groups. Thus, no conclusions about 

group differences can be made in those situations. However, the differences in group 

sizes affect only 15 of the 32 significant relationships reported in this study. For the 

remaining 17 significant relationships, this is not a limitation; in fact, it could even be 

viewed as a strength. The possibility that a Type II error has occurred is even less likely 

when there is significance reported for one of the smaller groups but not for the one of 

the larger groups. 

This limitation could have been avoided by grouping the subjects by quartiles. If a 

normal distribution exists in the literacy cluster, then grouping subjects by quartiles 

would not have been an unreasonable approach to analyzing the data. In fact, there is 
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practical precedence for quartile grouping in schools; identification for interventions such 

as Title I, is accomplished by grouping students into quartiles. 

Grouping subjects by quartiles, however, has limitations as well. In a normally 

distributed population, literacy skills exist on a continuum. Thus, grouping students into 

quartiles may or may not produce groups that are distinctive. If the groups are not 

distinctive, any analysis of the differences in correlation patterns would be of limited 

value. 

Another option, the one used in this study, is the statistical cluster of K-means. 

The K-means cluster analysis estimates differences between groups. As noted in chapter 

three, the K-means cluster for this study produced three groups with equivalent distances 

from each other, indicating that not only do three different groups exist, but that they are 

equally different from each other. In other words, the average group is as different from 

the low group as it is from the high group. The results of the K-means cluster also 

essentially classified the subjects into quartiles: the bottom 25*^ percentile rank forms the 

lowest group, the 25* percentile rank to the TS"* percentile rank forms the average group, 

and the 75® to 100**^ percentile rank forms the highest group. Thus, the results of the K-

means cluster did group the subjects into quartiles, however, it also indicated that the 

middle two quartiles are essentially the same group. Thus, the correlations could have 

been conducted using each quartile as a group, but since the middle two quartiles are 

essentially the same group, any group differences in significance would have been the 

result of a statistical artifact. Inherent in the use of K-means cluster is an excellent 
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possibility of obtaining uneven group sizes; in fact, if a normal distribution were sampled 

and the measurement instruments are valid, then one should obtain uneven group sizes. 

Since any method of grouping students has limitations, the question becomes 

which set of limitations are less relevant to the questions addressed in the study. The 

quartile choice results in artificially creating two groups out of what is truly only one 

group, rendering any resultant differences in correlational patterns invalid, while the K-

means cluster allows one to address the first two questions and allows some comparative 

analysis of the third. Clearly, the K-means cluster choice for grouping presented the 

better solution. However, for future work, a way to minimize the disparities in group 

sizes would be to deliberately attempt to obtain twice as many low and high functioning 

subjects as average. There would still be no way to ensure that the groups will remain as 

planned, thus group disparities would probably still exist, but just not be as large. 

Another limitation of the study is the results of the Independence Chi-Square 

Goodness of Fit for the phonological awareness cluster. The CFI of .553 is not as high as 

those in the other constructs, indicating that the combination of measures used to assess 

this construct were not as robust as the measurements used for the other variables. That 

cluster consisted of the results of four measurements: Two from the WJ III ACH, Sound 

Blending and Incomplete Words; and two from the CTOPP, Blending Words and 

Blending Nonwords. When the data were collected, none of these instruments were 

published. Thus the relationship among the measurements was only theoretical and had 

not been confirmed by statistical analysis. Since then, statistical analyses have been 
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conducted that indicate that the WJIIACH Incomplete Words is not as strong a 

measurement of the construct of phonological awareness as the other measures. The 

Woodcock-Johnson III Technical Manual (McGrew & Woodcock, 2001) reported .33 for 

the inter-correlation between Incomplete Words and Sound Blending in the 6- to 8-year 

old range. In contrast, they reported .45 as the inter-correlation between Sound Blending 

and Sound Awareness (another measurement of phonological awareness). The reported 

inter-correlation between Incomplete Words and Sound Awareness was .25. These 

relatively low correlations indicate that the Incomplete Words test is likely to have 

resulted in a lower CFI than anticipated and may be measuring other abilities , as well as 

phonological awareness. 

Summary of Results 

Most of the results reported here are expected from and supported by the findings 

in the review of literature. Expected findings include the results of positive correlations 

involving general information, a measure of semantic knowledge: The findings suggest 

that the pattern of good readers having advanced knowledge of words is true of young 

readers as well as older good readers. The finding that general information/memory are 

significantly correlated for all but the high group further suggests that short term and 

auditory memory skills are related to early knowledge of words. The relationship 

between general information and phonological awareness suggests that poor word 

knowledge is accompanied by poor phonological awareness in the low group, suggesting 

that performance is impaired by generalized low oral language abilities. 
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The findings of different pattern of results between the timed tasks of visual 

processing speed and RAN, indicates that these are separate constructs. The findings of 

the pattern of an inverse relationship in the average group between spelling and two, but 

not three, of the timed measures merits much more investigation. It could simply be some 

undiscovered flaw in the method, and these findings need to be replicated. If replicated, it 

might be an indication that average students in the early grades are more deliberate in 

their approach to spelling tasks. It further suggests that the factor of key importance in the 

relationships between RAN tasks and spelling is not that of timing. 

Implications for Future Research 

This study provides some insight into the relationships of various cognitive 

variables to developing literacy skills in young children. The fact that there were some 

unexpected results in relation to the different literacy groups suggests that it might be 

worthwhile to examine relationships by subgroup. 

The general patterns that emerged are that in the total group almost all variables 

correlate with each other; this is consistent with the literature on reading disabilities and 

is why these variables were identified for this study. In terms of the subgroups, the low 

group demonstrates 14 significant correlations as compared to the seven significant 

correlations in the high group. Also, the pattern is different. The significant correlations 

that existed in the low group, but not the high group, were RAN/decoding, RAN/literacy 

cluster, phonological awareness/decoding, phonological awareness/literacy cluster, 

processing speed/reading fluency, memory/decoding, RAN/phonological awareness, and 
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memory/general information. The only correlation evident in the high group but not in 

the low group, was general information/literacy cluster. This finding suggests that 

advanced vocabulary knowledge is an important factor for predicting literacy 

development in above average readers. 

If these results are valid, then the common practice in correlational research of 

grouping all normally-achieving readers into one group and all poor readers into another 

group means that valuable insight into the processes involved in acquiring literacy may 

be lost. More importantly, though, if these results are valid, it emphasizes the artificiality 

of such a dichotomous grouping; it appears that younger readers who are in the early 

stages of learning to read are qualitatively similar to older readers with disabilities. 

Information such as this is precisely why it is important for researchers to 

continue investigating the nature of the relationships among the cognitive constructs 

underlying reading/spelling. Understanding these relationships are of much more than 

purely academic interest; as the knowledge base involving these relationships increases, 

so does the efficacy of early identification and intervention. Bishop (2003) makes this 

point in her work investigating early predictors of reading; the more that is known about 

the relationships among these constructs and early literacy skills, the more reliably 

students can be identified at young ages. 

Implications for Practice 

The consistency of the relationships between RAN and phonological awareness in 

the low group supports the current trend in the field of reading instruction to both develop 



96 
phonological awareness explicitly in emergent readers and to pair it with phonics 

instruction. The explicit instruction in phonological awareness supports the development 

of early literacy skills. While there are a few commercial programs available to develop 

skills on RAN tasks, it is not necessarily advisable to directly teach those skills, since the 

nature of the relationship between RAN tasks and early literacy is not determined. It does 

support the idea that rapid visual recognition of letter patterns and words, which can be 

taught using methods designed to increase reading rate, may be helpful to beginning 

readers and spellers. 

The results of this study also relate to a broader question: In clinical practice, why 

not just assess reading? What is the clinical value of assessing all these processes that 

relate to reading, when early scores of reading are the best predictors of later reading? 

From a clinical perspective, low scores in reading are good identifiers of later problems 

with reading/spelling, so reading in the early grades could be assessed on a regular basis 

using curriculum-based measures and dynamic assessment? The argument is being made 

that these measures will adequately identify students for intervention. In fact, national 

trends support this solution, as schools are moving toward a three-tiered model of 

providing intervention. (The lowest tier is in the general education classroom, the second 

tier is a more intensive application, provided to students whose reading/spelling scores 

indicate they are not acquiring the skills easily, and the third tier is special education, 

which is applied to students who have not acquired reading/spelling skills despite the 

earlier interventions.) This model does have some advantages over current practice, most 
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notably that intervention is provided in the earliest grades, instead of waiting for a student 

to fail for several years before being identified as needing intervention. However, the 

model does not solve all the problems: it precludes identification of the gifted child with 

reading disabilities and it does not provide for identification of children who acquire 

decoding/fluency skills, but have problems with reading comprehension at later grades. 

This solution of using only curriculum-based measures to identify students in 

need of intervention may be one solution to the problems with early identification, but is 

of limited use for intensive intervention. The reason is simply assessing literacy skills 

may identify who is struggling, but may not provide sufficient information as to why the 

student is struggling. Thus, the use of curriculum-based measures to identify students 

may be of use for the intervention at the first two tiers, but is unlikely to provide 

sufficiently detailed information to provide a direction for individualized intervention in 

the third tier. 

Consider the following scenario; using a curriculum-based measure, a student is 

identified as needing intervention in first grade. The curriculum-based measure supplied 

the following information: the student has limited grapheme-phoneme recognition, poor 

phonological awareness, and demonstrates reversals in writing several letters and digits. 

In class, (Tier 1), the student is receiving instruction in phonological awareness, 

grapheme/phoneme correspondence for 60 minutes a day, in addition to a more holistic 

language arts program. By the middle of first grade, using curriculum-based measures for 

tracking, this student has been identified as requiring more intensive intervention, so the 
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student is enrolled in small-group instruction and receives an additional 30 minutes a day, 

which provides more opportunity for practice and explanation (Tier 2). By the end of 

second grade, this student has improved on many phonological awareness tasks, but 

continues to show delays in segmenting and blending, especially of multi-syllabic words, 

demonstrates good grapheme/phoneme correspondence in isolation, but continues to have 

very poor spelling. In addition, this student is a very slow reader and continues to guess 

at many longer words when reading. At this time, the student is referred for special 

education. Based on the information provided by the dynamic assessment and 

curriculum-based measures, there is ample evidence that the student is not developing 

literacy skills at a sufficient rate, despite having received excellent classroom instruction 

and small group intervention. Thus, the dynamic assessment and curriculuin-based 

measures were adequate at identifying who is struggling and at charting progress during 

Tier 1 and 2, but what these types of assessments fail to provide is sufficiently-detailed 

information as to the cause of the problem. Placing the student in special education and 

continuing the interventions that have already been attempted is not an intelligent 

solution; there is clear evidence that the methods are inadequate to meet the student's 

needs. More information about the student's performance on tasks that relate to reading 

can often provide a direction for more individualized instruction. 

For example, the psycho-educational evaluation for special education indicates 

this student has normal intelligence overall, but has low scores on auditory memory, 

working memory, visual processing speed, performance on RAN tasks, general 
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information, and vocab^liar}^ Given this additional infomation, the special education 

teacher has enough information to know tliat this studeat requires an intensive multi-

sensory program for decoding, direct instruction and repetition of spelling of high 

frequency words, multi-sensory writing of spelling words, fluency training at the word 

level. The student would also benefit from experiential introduction to new vocabulary 

words, as well as further instruction in syllabication. Thus, more information about a 

student's performance on tasks related to reading allows the special educator to target 

intervention more specifically to each student's needs. Since intervention time is limited, 

and involves causing the student to miss classroom instruction, it is vital that time be 

spent in the most efficacious manner. In many cases, the only way to obtain more 

detailed information about each child's abilities is through a comprehensive psycho-

educational evaluation. 

Curriculum-based and dynamic assessments alone often only are useful in 

identifying students in need of intervention; such assessments are frequently inadequate 

to provide more direction for the intervention. This is an important point to keep in mind 

as the trend in the nation moves toward curriculum-based measures and away from 

standardized assessments. Too often in education, as a new trend begins, everything that 

was done in the past is tossed away, as if it had no value. All assessments, as well as all 

methods, are of value to someone at some time. In fact, the skill of a special educator is 

directly related to in knowing which method to use when, and this skill is dependant on 

having sufficient information about the student's cognitive and linguistic abilities in areas 



that support reading/spelling. This knowledge is further informed by research; as 

researchers learn more about the interaction of the cognitive processes that support 

reading/spelling, educators can apply this knowledge to targeting specific skills for 

intervention. 
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APPENDICES 

.^pendix A-Human Subjects Approval 

THE llNrVERSfTYOF 

Human Subjects Committee ARIZONA. 1622 E. Mabel St. 
P.O. Box 245137 

HEALTH SQENCES CENTER Tucson, Arizona 85724-5137 
(520) 626-6721 

28 September 1998 

Candace Bos, Ph.D. 
Nancy leather, Ph. D .  
Department of Special Education, 
Rehabilitation/School Psychology 
Education Building 
PO BOX 2100S9 

REs HSC A97.50 R:p® - READING INSTRUCTION METHODS OF EFFICACY 

Dear Drs. Bos and Mather; 

We received your 11  September 1993  letter regarding the above 
referenced project. You request the addition of doctoral students 
Nalan Babur, Rachel Friedman, Heidi Silver-Pacuilla, and Deborah 
Rhein as investigators and use of study data for dissertation 
purposes. Approval for these changes is granted effective 28 
September 1998 .  

The Human Subjects Committee (Institutional Review Board) of the 
University of Arizona has a current assurance of compliance, number 
M-1233, which is on file with the Department of Health and Human 
Services and covers this activity. 

Approval is granted with the understanding that no further changes 
or additions will be made either to the procedures followed or to 
the consent form(s) used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee and your 
College or Departmental Review Committee. Any research related 
physical or psychological harm to any subject must also be reported 
to each committee. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerely yours, 

William F Denny, M.D. 
Chairman 
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Appendix B-Consent Form 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE THAT I AM INFORMED 
OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW MY CHILD WILL PARTICIPATE IN 
IT, IF I CONSENT TO ALLOW HERTHIS PARTICIPATION. SIGNING THIS FORM WILL INDICATE 
THAT I HAVE BEEN SO INFORMED AND THAT I GIVE MY CONSENT. FEDERAL REGULATIONS 
REQUIRE WRITTENINFORMEDCONSENTPRIORTOFARTICIPATIONINTHISRESEARCH STUDY 
SO THAT I CAN KNOW THE NATURE AND RISKS OF MY CHILD'S PARTICIPATION AND CAN 
DECIDE TO ALLOW HER/HIM TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND 
INFORMED MANNER 

PURPOSE 
Project RIME. Reading Instructional Methods of ̂ icacy, is designed to further understanding of the best 
ways to teach young children how to read and spell. This will be accomplished by using a staff 
development model designed to increase the knowledge and skills of early elementary and special 
education teachers in leaching early reading and spelling to children. 

My child is being invited to participate voluntarily in the Project RIME. 

SELECTION CRITERIA 
My child is invited to participate because my child's teacher has received special training in leaching 
reading or because my child's teacher will receive this training the following year. Approximately 150 
students and 140 tcachers will be enrolled in this study. 

PROCEDURE(S) 
If I agree to allow my child to participate, I will give my consent to; 
1. Allow my child to be tested approximately 2 hours in the fall and spring, 
2. For the project investigators to provide my child's teacher with information regarding his/her 

perfonnance on the tests and suggest methods that may assist my child. 

RISKS 
There are no risks to the cliild other than those that some children are anxious about testing. My child will 
be informed that other children in the class will be tested and that the test results will not affect classroom 
grade. 
BENEFITS 
My child's participation in this research project will have the benefit of helping educators to understand 
the best way to teach reading. 

CONFIDENTIALITY 
My child's records will be maintained under a number. At no time will my child be identified by name. 
Only the investigators will have access to these files. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 
There will no cost to me nor my child for participation in this project. 

Project RIME 
PARENTAL CONSENT FORM 

I can obtain further information from Candace Bos, Ph.D. and Nancy Mather, Ph.D. at 621-0938 or 
621-0943. If I have questions concerning my child's rights as a research subject, I may call the 
Human Subjects Committee office at 626-6721. 
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Appendix B-Consent Form Continued 
AUTHORIZATION 
BEFORE GIVMG MY CONSENT BY SIGNING THIS FOMM, THE METHODS, THE 
mCONXVENBENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME AND MY 
QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND THAT I MAY ASK QUESTIONS AT 
ANY TIME AND THAT I AM FMEE TO WITHDRAW MY CHILD FROM THE PROJECT AT ANY 
TIME WITHOUT CAUSING BAD FEELINGS. MY CHAD'S PARTICIPATION MAY BE ENDED 
BY THE INVESTIGATOR FOR REASONS THAT WOULD BE EXPLAINED. NEW 
INFORMATION DEVELOPED DURING THE COURSE OF THIS STUDY WHICH MAY AFFECT 
MY WILLINGNESS TO ALLOW MY CHILD TO CONTINUE IN THIS MESEARCH PROJECT 
WILL BE GIVEN TO ME AS IT BECOMES AVAILABLE. I UNDERSTAND THIS CONSENT 
FORM WELL BE FILED IN AN AKEA DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE 
WITH ACCESS RESTRICTED TO PROJECTS INVESTIGATORS, CANDACE BOS, PH.D. AND 
NANCY MATHER, PH.D. IN THE DEPARTMENT OF SPECIAL EDUCATION AND 
REHABILITATION. I UNDERSTAND THAT I DO NOT GIVE UP ANY OF MY CHILD'S LEGAL 
RIGHTS BY SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT WILL BE GIVEN TO 
ME. 

Subject's signature date 

Parent/Legal Guardian date 

INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the parent/guardian of the subject the nature of the above project. I 
hereby certify that to the best of my knowledge the person who is signing this consent form 
understands clearly the nature, demands, benefits, and risks involved in his/her child's participation 
and his/her signature is legally valid. A medical problem or language or educational barrier has not 
precluded this understanding. 

Signature of Investigator Date 
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