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ABSTRACT 

 This study had three main purposes. First, the relationship between Processing 

Speed (Gs) and poor word recognition skills was examined. Second, various formats of 

processing speed tests that measure different types of processing speed (i.e. naming 

facility, perceptual speed, semantic speed, attention and concentration) were administered 

to determine what aspects of Gs were more strongly correlated with word reading 

performance. Pearson correlations and coefficients of determination were used to 

evaluate the strength of the relationships and the shared variance. Third, the study sample 

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

had slow processing speed. 

 Forty-four students in grades 1-3, ages six- to ten-years old were administered the 

Woodcock-Johnson III Achievement reading tests of Letter-Word Identification, Reading 

Fluency, and Word Attack. The subjects were additionally administered the Woodcock-

Johnson III Cognitive Abilities tests of Verbal Comprehension, Visual-Auditory 

Learning, Sound Blending, Visual Matching, Numbers Reversed, Decision Speed, Rapid 

Picture Naming, Pair Cancellation, and Cross Out.  

 The results of the study indicated processing speed, as measured by the Gs Cluster score, 

was strongly correlated with word reading, r = .749, r2=.56. The Gs tests of Visual Matching, (r = 

.663, r2 = .44) and Decision Speed (r = .811, r2 = .66) were most strongly correlated with poor 

word reading skill. The Basic Reading Skills Cluster and the Test of Letter-Word Identification 

were both moderately correlated at various strengths with different formats of Gs tests. Tests of 

Visual Matching, Rapid Picture Naming, Pair Cancellation and Cross Out all had a moderate, 

significant correlation. 
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 Lastly, 37.5% of the poor readers (SS<85 on any of the measures of reading) also 

had low Gs scores (SS<85).  

 The results from the study demonstrate the need for further exploration of the 

impact of poor Gs on the development of reading skills, as well as determination of the 

most effective interventions for poor readers with slow processing speed.  
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CHAPTER 1 
 

INTRODUCTION 

 An important question that has plagued researchers over the past century is, Why 

do some children have so much trouble learning to read? In an attempt to answer this 

question, researchers have tried to identify the specific cognitive and linguistic factors 

that could impede the development of word recognition skills. Although progress has 

been made, the various correlates of reading failure are still not fully understood.  

 One well established cause of reading disability is poor phonological awareness 

(Adams, 1990; Badian, 1998; Ball & Blachman, 1991; Foorman, Francis, Shaywitz, 

Shaywitz, & Fletcher, 1997; Wagner & Torgesen, 1987). Some children, however, have 

trouble learning to recognize and pronounce words despite having good phonological 

awareness skills. Thus, researchers have attempted to identify other correlates of reading 

failure. Another established correlate of reading failure has been identified as rapid 

automatic naming (RAN; Manis, Doi, & Bhadha, 2000; Wolf & Bowers, 2000). RAN 

involves the ability to name various simple stimuli rapidly. Considerable research has 

demonstrated that slow RAN speed is a powerful predictor of poor reading (Denckla & 

Rudel, 1974, 1976a, 1976b). There are still, however, some poor readers who have 

adequate phonological awareness, as well as average performance on RAN tasks.  

One other possible cognitive correlate of reading failure is processing speed (Kail, 

Hall, & Caskey, 1999). Within the Carroll-Horn-Cattell (CHC) theory of cognitive 

abilities, processing speed has been defined as the ability to perform automatic cognitive 

tasks quickly, particularly under timed conditions (McGrew & Flanagan, 1998). Since 
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limited research has explored the relationship of processing speed to reading disability, 

but a few researchers and many practitioners have noted this connection, the intent of this 

study is to explore the role of processing speed as a predictor of poor word recognition 

skills.  

Research Questions 

 The purpose of this study is to investigate the specific role of processing speed as 

it relates to poor reading performance. This study will attempt to answer the following 

questions: 

1. What is the relationship between processing speed and poor word recognition 

skills?  

2. Are certain measures of processing speed more correlated with reading 

performance?  

3. What percentage of poor readers has low processing speed?  

 Processing speed has not been included as a potential cognitive correlate of 

reading in many studies that have investigated the causes of reading difficulty. When 

investigation into the causes of reading failure have not included all possible cognitive 

correlates of reading, it is possible that other contributing factors have been overlooked. 

The failure to include a broad set of cognitive and linguistic abilities when attempting to 

examine the correlates of reading can lead to specification errors where the identified 

abilities appear to be more important than they really are (McGrew, personal 

communication to N.Mather, June 7, 2007). To avoid this type of error, this study 
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includes evaluation of several different cognitive correlates that are commonly associated 

with reading failure.  

Significance of the Study 

 This study contributes to the growing body of research that attempts to enhance 

our understandings of the cognitive correlates of reading failure. Specifically, the role of 

processing speed will be addressed. The function of poor general processing speed in a 

causal model of reading failure has led to some conflicting opinions. While some 

research findings have indicated that there is no difference in the developmental course of 

processing speed in children with and without learning disabilities (Weiler, Forbes, 

Kirkwood, & Waber, 2003), other studies have demonstrated that children with learning 

impairments process information more slowly than children without learning 

impairments (Duffy, McAnulty, Wolff & Waber, 1999; Waber et al., 2001; Weiler, 

Bernstein, Bellinger, & Waber, 2000). Children with slower processing speeds have 

included children with the inattentive subtype of Attention Deficit/Hyperactivity Disorder 

(Weiler, Bernstein, et al., 2000), children with poor academic achievement, and children 

referred for evaluations for academic failure, but were then found to have normal levels 

of achievement (Harris, Forbes, Weiler, Bellinger, & Waber, 2001; Morgan, Harris, 

Bernstein, & Waber, 2000; Waber et al., 2001; Weiler, Bernstein, et al., 2000). In 

general, however, the number of research studies that have explored the relationship 

between slow processing speed and poor word recognition is limited.   
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Definition of Terms 

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

that includes general intelligence (g), nine broad cognitive abilities, and more than 100 

narrow cognitive abilities. Within, this theory, processing speed (Gs) is identified as one 

of the nine broad abilities.  

Choice Reaction Time: Choice reaction time measures the time taken to decide and 

respond to which of a set of presented stimuli is the correct. 

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

automatized naming skills (Bowers & Wolf, 1993). 

Long-Term Retrieval: The process of storing information and fluently recalling the 

information at a later time. 

Naming Speed /Rapid Automatized Naming (RAN): The speed at which names are 

retrieved in identifying colors, letters, digits and objects; slow RAN scores appear to 

differentiate  individuals with dyslexia from typical readers (Denckla & Cutting, 1999; 

Wolf, Bowers, & Biddle, 2000).  

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

(Mather &  Goldstein, 2008). 

Phonological Processing: Phonological processing is an oral language ability that refers 

specifically to the ability to perceive and manipulate speech sounds (phonemes).  

Phonological Awareness: Phonological awareness involves the identification and 

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

the awareness of the individual sounds (phonemic awareness).  
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Processing Speed (Gs): Processing speed involves the ability to maintain focus and work 

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

processing speed involve the rapid scanning of different types of visual symbols. 

Simple Reaction Time: A measure, usually in milliseconds, of the time taken to make a 

response following the presentation of a stimulus.  

Verbal Comprehension: The ability to reason and the ability to communicate knowledge, 

especially in a verbal format, based on past experience and previously acquired 

knowledge. 

Word Recognition:  The ability to identify printed words accurately. 

Research Limitations 

 This study is an exploratory study that includes several established cognitive 

correlates of reading failure; however, the major limitation is the depth of examination of 

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

limited to the use of only one test from the Woodcock-Johnson Tests of Cognitive 

Abilities (WJ III COG, Woodcock, McGrew, & Mather, 2001/2007c). In addition, the 

focus of the study is only on the relationships of these abilities to word recognition skill.  
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Introduction 

 Results from numerous research studies have suggested that poor phonological 

processing is the main causal factor that underlies difficulties in the acquisition of word 

recognition skills (e.g. Catts, 1996; Foorman, et al., 1997; Torgesen, Wagner, Rashotte, 

Burgess, & Hecht, 1997; Vellutino & Scanlon, 1987; Wagner & Torgesen, 1987). Poor 

phonological processing, however, is not the cause of poor reading in all cases. Some 

students have intact phonological processing skills but still have difficulty developing 

efficient word recognition skill even after intensive interventions. These students have 

been described as “unexpected treatment resisters” (Blachman, 1994; Rudel, 1985; 

Torgesen, Wagner, & Rashotte, 1994).  

Based on the knowledge that students can possess good phonological skills and 

still have significant reading difficulties, some researchers have attempted to explain 

reading failure by examining other possible correlates of poor reading such as naming-

speed deficits (e.g., Bell, McCallum & Cox, 2003; Bowers & Wolf, 1993; Plaza & 

Cohen, 2003; Wolf & Bowers, 1999). Naming speed, also known as rapid automatized 

naming (RAN), is measured by asking an individual to rapidly name a series of repeating 

objects, letter, digits, or colors. Wolf and Bowers (1999) proposed the double-deficit 

hypothesis, which acknowledged the role of phonological deficits but also included 

naming-speed deficits as another correlate of reading failure.  



18 

When discussing the double-deficit hypothesis, Wolf and Bowers (1999, 2000) 

noted that a poor reader could have two areas of inadequate processing difficulties – one 

that is phonological and one that is non-phonological. They further speculated that RAN   

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

scanning of print, or the rate at which children induce orthographic patterns from print. 

These sub-processes then comprise part of a global speed mechanism identified as 

cognitive processing speed.  

Thus, phonological awareness and RAN are viewed as two largely independent 

correlates of reading failure, resulting in three subtypes of students:  1) those with 

phonological processing deficits only, 2) those with naming-speed deficits only, and 3) 

those who are most impaired that have both naming-speed and phonological deficits – or 

the double-deficit students. Wolf (personal communication, July 20, 2006) noted that 

even with these three subtypes identified, the reasons for failure in approximately 12% of 

students with poor reading have still not been identified.  

Other researchers have attempted to partition the sources of naming variance by 

isolating the measurable variables in RAN. Anderson, Podwall, and Jaffee (1984) 

measured RAN articulation and pause durations. They found that articulation duration 

and cognitive processing speed on three RAN subtests to be different between readers 

with dyslexia and adequate readers. Similar findings were noted by other researchers 

suggesting that RAN contains elements of processing speed (Abrams & Balota, 1991; 

Meyer, Osman, Irwin, & Yantis, 1988).  
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The Relationship of RAN to Processing Speed 

 The utility of naming-speed as an indicator of reading disabilities stems from the 

early work in the neurosciences by Geschwind (1965) and tested and developed by 

Denckla (1972) and Denckla and Rudel (1974, 1976a, 1976b). The original RAN tests 

were developed by Denckla and Rudel. Kail and Hall’s (1994) research demonstrated that 

naming time (speed) was predicted by measures of processing speed; however, the work 

of Torgesen et al. (1997) subsumed naming speed as a type of phonological process. 

Most researchers, however, believe that naming-speed deficits are largely independent of 

phonological processes (e.g. Bowers & Wolf, 1993; McBride-Chang & Manis, 1996; 

Wolf & Bowers, 1999). Findings from studies of reading disabilities in children who 

speak German and Dutch, languages with more transparent phoneme-grapheme 

relationships, have  indicated that slow speed is  the central reading problem in word 

recognition and a contributing factor to performance on reading comprehension tests (van 

den Bos, Zijlstra & van den Broeck, 2003; Landerl, 2001).  

 A clear distinction between RAN and Gs is that RAN exclusively measures 

naming facility –the ability to rapidly name colors, letters, digits and objects. Naming 

facility is just one of the narrow cognitive abilities subsumed in the broad cognitive 

ability of Gs.  These various abilities are discussed in detail in Chapter 3 in the discussion 

on the theoretical framework of this study. 

Purpose 

 The intent of this study is to explore the relationship between processing speed 

and poor reading achievement. Although researchers have noted connections between 
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poor processing speed and reading, little research has been conducted to explore these 

connections. 

Method 

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

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

Academic Search Alumni edition. Keyword search terms included two terms; one from 

the set of cognitive processing speed, processing speed, global processing, information 

processing speed or cognitive speed ; and one from the set  reading, dyslexi*, reading 

disabili*, or learning disabili*. Combinations of the terms were also submitted to narrow 

searches. The searches yielded a total of 62 related articles of which 38 were directly 

related to the study questions or provided valuable background information. A secondary 

search of references from the related articles yielded an additional three articles for 

consideration, of which one was selected for inclusion in the review. 

Conceptualizing Speed: Models of Information Processing and Intelligence 

 Historically, the basis for differing approaches in measuring and defining the 

construct of speed stems from the variety of information processing paradigms developed 

using the construct of reaction time (Meyer, Irwin, Osman & Kounios, 1988). The 

seminal models of information processing (e.g. McClelland, 1979; Meyer, Yantis Osman 

& Smith., 1985; Meyer, Irwin, et.a.., 1988; Ratcliff, 1988; Schwarz, 2003; Sternberg, 

1969) have identified four main constructs of speed, however not all of the models define 

or measure these concepts in the same manner. The four constructs of speed in these 

models are: (a) processing speed, (b) inspection time, (c) reaction time, also identified as 
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response time, and (d) rapid automatized naming (RAN). Kail and his colleagues have 

mapped the developmental path of information processing speed (Kail, 1991; Kail & 

Bisanz, 1982; Kail & Park, 1992; Kail, Pellegrino, & Carter, 1980; Salthouse & Kail, 

1983). They found that the speed with which an in individual processes information 

changes in a very predictable way over the course of the lifetime. Kail and colleagues 

were able to demonstrate that information processing speed increases rapidly through 

early childhood, increases less rapidly during adolescence and peaks in early adulthood, 

and gradually decreases thereafter (Salthouse & Kail, 1983). Similar findings have been 

presented by McGrew, Schrank and Woodcock (2007).   

 

 Figure 2.1. WJ III Cognitive Factor Growth Curves by Age. 

Note. Gs = processing speed; Gc= verbal comprehension; Gsm = short-term memory;  
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Gf = fluid reasoning; Ga = auditory processing; Gv = visual processing; Glr = long-term 

retrieval. From “Woodcock-Johnson III Technical Manual,” by K.S. McGrew and R.W. 

Woodcock, 2001, p. 55. Copyright 2001 by the Riverside Publishing Company. 

Studies of Processing Speed (Gs)  

For more than forty years, researchers have conducted studies in an attempt to 

define the correlates of speed. However, defining all the cognitive correlates of speed and 

identifying their value to the global speed mechanism is a research challenge. The global 

speed mechanism is not easily operationalized and cannot be simplistically viewed as a 

list of sub-processes. In fact, there are many cognitive factors that are considered 

conflated measures of speed; RAN and auditory memory are among those most studied 

(R. V. Kail, personal communication, February 4, 2008). In all the research studies 

conducted in the United States in this literature review, Kail and his colleagues, as well as 

others, use two tests from the WJ COG to measure processing speed – Visual Matching 

and Cross Out. While Gs, is the construct being measured, the researchers often call it 

different names - global processing speed, general processing speed, cognitive processing 

speed, and processing speed. What is clear, is that they are all using the same tests to 

measure the same construct. 

Kail (1991). Kail (1991) presented a seminal literature review on processing 

speed that examined speeded studies conducted on pairs of younger and older subjects. A 

search of literature that spanned from 1964-1989 yielded 72  published research studies 

involving response times (RTs) for an experimental condition that involved comparisons 

between a younger and older aged group. A combination of 1,826 pairs of RTs were 
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subjected to a multiplicative model of factor analysis in which all components of task 

response measured were  factored in the equation for analysis. Similar to the findings 

shown in  Figure 1, Kail found through an examination of mean response times and 

multiplicative equation modeling that processing speed increased substantially in early 

and middle childhood, continued to increase, though not as rapidly, in late childhood and 

early adolescence, and leveled off in mid-to late adolescence. 

Weiler, Forbes, Kirkwood, and Waber (2003). Weiler, et al.(2003) compared a 

population of children with and without learning disabilities (LD) to determine if there 

were differences in the development of processing speed. Specifically, Weiler et al. 

(2003) were interested if the relationship between age and processing speed development 

demonstrated by Kail (1991) was different for children with LD.  

 The study included a sample of 122 children with LD in reading and/or 

mathematics aged between 7.5-years and 11.8-years of age, of which 80 were boys and 

42 were girls. Forty-nine children had LD in both areas, while 36 children were LD in 

mathematics and 37 were LD in reading. These children were compared to a non-learning 

disabled (NLD) same-aged cohort of 206 children, ninety-five of which were boys and 

111 were girls. Exclusionary criteria for the sample included, (a) Attention Deficit 

Hyperactivity Disorder (ADHD); (b) a full scale intelligence quotient of <80; (c) a 

history of, or current neurological impairment; (d) diagnosed emotional and/or behavior 

disorder (EBD); (e) English as a Second Language classification; or (f) receiving 

psychoactive medications. Screening measures administered included the Kaufman Brief 

Intelligence Test to measure cognitive ability, the Behavior Assessment System for 
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Children as a screen for EBD, and the Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition (DSM-IV; APA Association, 1994) criteria based questionnaire 

for ADHD.  

 The participants were administered computer delivered test batteries to measure 

various aspects of information processing including simple reaction time, choice reaction 

time, and serial search reaction times. While the tests were administered, the students 

were undergoing electroencephalography (EEG) to measure the electrical activity 

produced by the brain during the experimental conditions. Linear regression analyses 

were conducted for continuous data, chi square analyses for categorical data, and non-

linear regression analyses for visual filtering tasks. Additionally, linear regression 

analysis was used to identify if there were group differences in the effect of age on 

response times. A power analysis was performed to identify the minimum and observed 

effect-sizes. 

 The results of the analyses indicated that there were no differences in the 

relationship of age to the development processing speed for children with and without 

LD. These results indicated that the underlying causes of the normal developmental 

changes in processing speed are different than the underlying causes for the relative 

deficiencies in processing speed observed in children with LD.  

Weiler et al. (2003) proposed that a possible underlying etiological reason that 

children with LD process information slower than their NLD peers is a result of poorer 

connectivity across brain regions, as measured by the EEGs of the research participants 

during test conditions. However, slower processing speed did not indicate LD in all cases. 
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Thirty-two percent of children with LD had faster age-adjusted serial search response 

times than the NLD group. Also 16% of children in the NLD group had slower age-

adjusted reaction times than the average of the children in the LD group, leading Weiler 

et al. to conclude that slower-than-average rates of processing speed is neither sufficient 

nor necessary for a learning disability to emerge despite the strong association between 

slow processing speed and LD.  

 To explain this provocative conclusion, Weiler et al. (2003) proposed a dual 

explanation. First, the patterns of connectivity in the brain’s cortex explain both the 

strengths and weaknesses observed in children with LD. Depending upon which brain 

areas were inefficiently connected, some children with processing speed problems may 

not exhibit any difficulties with language, reading, or mathematics. Conversely, given the 

same patterns of cortical connections some children with LD would experience no 

difficulties on measures of processing speed. Second, adequate connectivity in the brain’s 

cortex is the rule rather than the exception; therefore, most but not all children without 

any indication of learning problems would also not have any difficulty on tests of 

processing speed. 

Kail, Hall, & Caskey (1999). In addition to the traditional measures of naming 

speed and global processing speed described in many of the studies in this review, Kail, 

et al. (1999) explored the role of  exposure to print through author and book title 

recognition. Kail and his colleagues were interested in the link between naming speed 

and reading skill.  
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The study participants were recruited from schools in the Midwest United States. 

One hundred sixty eight children, 7-13 years-old, with twenty-four students at each age 

level were included in the study that contained approximately 50% female subjects.  

Participants were administered measures of global processing speed, reading 

ability, naming time, and title and author recognition. Title and author recognition was 

administered as a test of reading recognition. Processing speed was measured on Visual 

Matching and Cross Out tests from the WJ-R COG. Two measures of naming time were 

collected – naming time for digits and naming time for numbers. Naming time was 

assessed through a timed presentation of 50 stimuli in ten rows of 5 each. The time to 

complete the task in seconds and the number of errors were recorded. Reading ability was 

measured using the Reading Comprehension and Reading Recognition tests of the 

Peabody Individual Achievement Test. Title recognition was assessed by presenting 

students with 32 titles of books that are well known in the subjects’ age range. Twelve 

foils were added to this list books and presented to the students. Participants were 

instructed to circle yes if the title was real or no if the title was made up. A list of 16 

authors was prepared with six foils and presented in the same format with the same task 

requirements to the children.  

Kail et al.1999 found that cognitive processing speed would mediate age-related 

changes in phonological awareness, naming speed, and visual-spatial skills because each 

of these constructs may be directly affected by speed of processing. When composite 

scores were used as a predictor in regression analyses with the variables of print exposure 

and processing time, the coefficient of determination, R2,  the results indicated print 
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exposure had little to do with the variance in the naming time composite (.260), however, 

processing time accounted for moderate variance in the naming time composite (.589). 

Conversely, when the variable of age was added to the regression analyses in predicting 

naming times,  moderate to strong variance was accounted for by processing time, print 

exposure, and age (.588,.589,.59) respectively. 

Correlations between naming time and processing time showed the strongest 

correlations among all the constructs measured by Kail and his colleagues (see Table 

2.1). Based on their findings, Kail et al. 1999 suggested that, “the naming–reading link 

may stem from common roots in global processing speed or sequential processing” (p. 

313).  

Table 2.1 
 
Correlations between Naming Time, Reading Recognition, Processing Time, and    
 
Print Exposure 

 
Age (years) N NT-PT NT-PE RR-PT RR-PE 

7-8 43 .58** .07 -.50** .30* 

8-10 44 .54** -.36* -.30* .66* 

10-12 37 .60** -.08 -.32** .47** 

12-13 44 .63** -.30* -.42** .51** 

Note: NT denotes naming time; RR, Reading Recognition; PT, processing time; PE, print 

exposure. 

*p < .05. **p < .01. 
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This idea correlates with Wolf and Bower’s  (1999, 2000) discussions, referred to 

previously in this section, of a second core deficit in the sub-processes of naming speed 

being related to the global speed mechanism, or cognitive processing speed.  

van den Bos, Ziljstra, and van den Broeck (2003). In direct contradiction with the 

results of the Kail et al. (1999) study is an analysis by van den Bos, et al. (2003). The 

researchers investigated how reading speed is related to rapidly naming series of 

numbers, letter, colors, and pictures, and to general processing speed. 

van den Bos et al. (2003) used measures of speed to predict performance on word 

reading skills of a sample of 183 Dutch elementary school children in US equivalent 

grades of two, four, and six. The predominately white, middle-class participants came 

from three schools in a medium-sized city, in two neighboring towns. The mean ages of 

the students were 8.2 years-old for grade 2 students, 10.1 years-old for grade 4 students, 

and 12.0 years-old for grade 6 students.  

 The researchers administered a Dutch speeded word reading test which contains 

116 words that are semantically unrelated. The words are presented in four columns of 29 

words each with increasing difficulty. The test is timed for one minute; however, all 

students were given the opportunity to read all of the first 50 words to yield a word 

reading score that could be compared amongst all participants. The resultant times were 

divided by 50 to yield an individuals’ average time per item (tpi).  

To assess color and picture-name reading, a rapid naming task of five colors 

arranged on a stimulus card of 50 items ordered in 5 columns was administered. In a 

similar manner, five objects were presented for a timed picture naming speeded task. 
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Each task was timed and the total reading time was divided by 50 to yield the tpi score. 

To measure monosyllabic word reading, 25 unrelated, monosyllabic highly frequency 

words were administered and the total reading time was divided by 50 to yield the tpi 

score. Another speed construct measured was continuous naming. Eight tasks, two for 

each stimulus types were administered. The tasks included two sets of numbers and two 

sets of letters, two sets of colors, and two sets of pictures. These were the standard RAN 

measures as developed by Denckla and Rudel (1974). Scores were determined by 

dividing the total naming times by 50 to yield a tpi score. General processing speed was 

measured using the Visual Matching and Cross Out tests from the WJ-R COG.  

 Results of analyses support previously reported data with few exceptions. For 

example, van den Bos et al.2003 noted that among each grade level, the color and picture 

naming tasks took much longer than letter and number naming. They also noted that the 8 

year-olds and 10 year-olds took longer to continuously name 50 separate letters than to 

read an equal number of monosyllabic words. These differences in the two tasks were not 

apparent at age twelve. However, when attempting to investigate the nature of the 

naming-word recognition link, van den Bos et al. were unable to draw the same 

conclusions as Kail et al. (1999). As described previously, Kail et al. found that the 

reading-naming speed link was accounted for by processing speed. van den Bos and 

colleagues did not find this connection. Visual matching speed was not a strong predictor 

of word reading at age 8 (-.21) or age 10 (-.23). However, they did find that visual 

matching speed was a relatively strong predictor of word reading at age twelve (-.36). 
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Kail and Ferrer (2007). Kail and Ferrer (2007) proposed a longitudinal model for 

examining the developmental change observed in processing speed in childhood and 

adolescence. Because one of the best ways for researchers to formulate theories for how 

the various correlates of speed functions developmentally is through longitudinal study, 

Kail and Ferrer (2007) generated four longitudinal models to test for best fit when 

analyzing processing speed research data. The study participants were part of four 

separate studies. The first set of participants was obtained from the Woodcock-Johnson 

Tests of Cognitive Abilities-Revised (WJ-R COG; Woodcock & Johnson, 1989a) 

norming sample that was drawn and retested by McArdle in a previous study. Kail and 

Ferrer looked specifically at the tests of Visual Matching and Cross Out in a sample of 

272 boys and 231 girls from the WJ-R COG norming data. The sample group had been 

tested twice on each test; the mean age at the first testing was 9.56 years, and the mean 

age at the second testing was 11.86 years. From this sample of children, 344 (159 girls 

and 185 boys) were retested by McArdle, Ferrer-Caja, Hamagami, & Woodcock, 2002. 

Retest age criteria included a minimum of 5 years at original testing and no older than 18 

years when retested. The researchers added to the McArdle et al. 2002 sample, groups of 

study participants that participated in the previously described studies by Kail et al. 

(1999), McBride-Change and Kail (2002), and a study by Kail in 1997, which is not 

included in this literature review. These students were retested as follows: (a) forty-six 

participants from the McBride-Chang and Kail study were retested 3.5 years later and 27 

of these were tested again 6 years later, and (b) eighty-six children from the Kail et al. 

and the Kail (1997) study who were between 8-11 years old when first tested were 
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retested 12-15 months later. The resulting four-occasion sample for analysis included 277 

children (140 girls and 143 boys). Of these, 240 were tested on all four occasions, 5 were 

tested three times, 7 were tested twice, and 25 were tested once.  

The researchers used the data from this sample to investigate the shape of the 

function that characterized age-related change in processing speed. Kail and Ferrer tested 

best fit models to generate hypotheses that address the underlying changes that occur in 

processing speed over time. They found that a quadratic fixed model captured age-related 

change in individuals’ growth in processing speed over time. This model may have a 

common biological base to other developmental changes that show the same pattern of 

quadratic change in childhood and adolescence, i.e. total body fat in girls, total cerebral 

volume and processing speed. 

 Kail and Ferrer (2007) noted that the speed at which children and adolescents 

executed basic cognitive processes, e.g. cognitive processing speed, consistently 

predicted performance on a variety of cognitive tasks. The researchers also noted that 

although Visual Matching and Cross Out tests typically define processing speed on the 

WJ III COG, they are not “pure measures” of speed (p.1768). Rather, they are complex 

tasks that induce a set of processes –perceptual, cognitive, mnemonic, and motor 

processes. Increased capacity of working memory, enhanced inductive reasoning, and 

greater accuracy in solving arithmetic word problems were associated with more rapid 

processing speed. 
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            Figure 2.2.  Change in youths’ speed as measured on Cross Out Tests.  

 
 Retrieved February 8, 2008, from Purdue University, Robert V. Kail Ph.D. Web 

 site: http://www2.psych.purdue.edu/~rk/home.html 

Processing Speed and Reading Studies 

 A few researchers have attempted to explain the relationship between processing 

speed and reading achievement. 

 Bjaalid, Høien, and Lundberg (1995). Bjaalid, et al. (1995) conducted a study that 

compared components of word recognition between readers with dyslexia and average 

readers. An experimental group was selected from a full cohort of 1250 students; 

nineteen students with dyslexia, age 15-years, and nineteen normally developing readers, 

also 15-years-old, were matched on all relevant variables except reading ability. 

Exclusion criteria for students with dyslexia included below average intelligence, lack of 

educational opportunity, or sensory or neurological damage. Normally developing 

readers were selected on the basis of average reading ability. 
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Bjaalid et al. (1995) administered two screening measures – the Raven Test of 

non-verbal intelligence and a silent word reading test. The experimental measures 

included three word recognition tests that were computer administered to measure 

accuracy and naming latency, phonological synthesis and phonological awareness tasks, 

letter processing tasks, visual matching tasks, letter naming tasks, and orthographic skill 

tasks. The three word recognition tests are described below. 

Test 1: One hundred twenty high- and low-frequency words presented on a 

computer in a timed exposure; accuracy and naming latency were recorded. 

Test 2: Seventy two regular and irregular word spellings presented on computer in 

various order; accuracy and naming latency were recorded. 

Test 3: Forty high-frequency words presented individually on the computer with a 

brief exposure (100ms); accuracy and latency were recorded. 

Additional testing included two tests of phonology. The first test was a 

phonological synthesis task involving blending speech sounds. For this test, 20 words of 

varying length were presented. The words contained two, three, five, and seven phoneme 

strings. Each phoneme was presented with a 0.5 second interval between presentations of 

the next phoneme. The task was to identify the word or non-word that was presented. The 

second test was a phonological analysis task in which the subjects had to reverse the 

syllables in 10 words and 10 non-words randomly presented. For example, baseball 

would be reversed as “ball-base”. The results of these two tasks were combined into the 

total number correct.  



34 

Two subtests to assess the speed in letter processing that involved visual matching 

and letter naming were also administered. For visual matching, strings of 3-7 letters were 

presented for 45 total items. Each string had one deviant letter in various positions. The 

student had to identify the string containing the deviant letters by pressing a yes-button. If 

the string had identical letters than they pressed a no-button. The other test of letter 

processing, Letter Naming, involved the presentation of letters, one at a time. Subjects 

were required to name each letter as quickly as possible. Naming latencies were recorded. 

All capital and lower case letters contained in the Norwegian alphabet were exposed in 

random order. Reaction times were used as indicators of letter-naming automaticity. 

Letter-processing speed was measured as the reaction times in the two subtests combined 

to yield a single total score of letter processing speed.  

Lastly, orthographic skill was assessed using 72 strings of letters presented for 

100 ms on a computer screen. The subject pressed a yes-button if a regular word was 

presented and a no-button if a non-word was presented. Half the non-words were 

pronounceable; the other half were composed of unpronounceable letter strings. As with 

the other subtests, both accuracy and latency were recorded. The measure of accuracy 

and latency is a standard protocol noted in many of the reviewed studies. In these studies 

the speed of accuracy in naming was a measure of naming speed, or RAN, while the 

latency of the response is described as measuring a more global speed mechanism which 

included the inspection, the retrieval, and the reaction times. 

Bjaalid and colleagues used multiple regression analysis to examine the results 

and, as expected, average readers and readers with dyslexia showed different patterns of 
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loading in a path model of the predictors of word reading ability. Orthographic 

processing (.825) and letter processing speed (-.598) were major factors explaining word 

reading in readers with dyslexia as evidenced by their strong correlations. Phonological 

awareness was less correlated at .390. However, for average readers, phonological 

awareness was correlated at .584 to word reading ability with letter processing speed also 

having a direct relationship at -.550. Findings confirmed a low level of word reading skill 

and phonological processing ability among readers with dyslexia. Both average readers 

and readers with dyslexia showed a significant correlation at the p<0.01 in letter 

processing speed. Major factors explaining word reading in readers with dyslexia were 

orthographic processing (.825); letter processing speed (-0.598); and phonological 

awareness at .390. For average readers, the contribution of orthographic processing skills 

was small and insignificantly related to word reading skill; phonological awareness had a 

.584 correlation to word reading ability and  letter processing speed had a clear and direct 

correlation at (-0.550) 

As expected in readers with dyslexia, study findings confirmed a low level of 

word reading skill and poor phonological processing ability. Both average readers and 

readers with dyslexia showed a significant correlation at the p<0.01 between letter 

processing speed and word reading ability. 

Neuhaus, Foorman, Francis, and Carlson (2001). Another study investigating 

measures of information processing associated with naming speed and letter processing 

speed was conducted by Neuhaus et al. (2001). The researchers conducted a study with 

50 first- and second-grade students, 25 at each grade level, who were primarily English 
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speakers with no articulation disorders, history of retention, or special education history. 

Neuhaus et al. investigated the relationship between the articulation and pause durations 

associated with the 50 stimuli of each RAN subtest administered and, the relations 

between the pause and articulation latencies of the three RAN subtests and reading 

measures administered. Pause times are a measure of linguistic and verbal memory skills. 

Longer pause times have indicated poor memory speed skills for children in previous 

studies (Cowan et al. 1994, 1998). Neuhaus et al. proposed to study the relations between 

RAN pause and articulation components in reading to enhance the interpretation of the 

cognitive processes involved in RAN. Pause latency is the time, measured in 

milliseconds, between the end of the subject’s response to one RAN stimuli to the 

beginning of the response for the next RAN stimuli presented. Articulation latency was 

measured by the onset of audible vocalization naming the RAN stimuli to the offset of 

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

To assess RAN, three charts of random objects, numerals, and high frequency 

lower case letters were presented on a stimulus card of 5 rows with 10 items in each 

rows. Student responses were recorded digitally in controlled test conditions. Times for 

articulation and pause duration between articulations were calculated to the millisecond. 

The total time recorded was the sum of the articulation and pause times. Neuhaus et al. 

(2001) hypothesized that the pause time for letters measured processing speed 

specifically associated with letters and that pause time for objects measured a more 

general processing speed. They also hypothesized RAN pause and articulation times were 

expected to be independent of each other as was previously demonstrated by Hulme, 
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Newton, Cowan, Stuart, and Brown (1999). Neuhaus et al. also hypothesized that RAN 

letter articulation time would not be predictive of reading performance, and that letter 

pause time would be the strongest predictor of word reading as previously demonstrated 

by others (e.g., Anderson, et al.,1984; Obregon, 1994).  

Students were also administered the Woodcock-Johnson-Revised (WJ-R; 

Woodcock & Johnson, 1989b)  Basic Reading and Reading Comprehension Clusters at 

five months and 17 months post RAN administration. The testing at five months was at 

the end of their current grade school year. The retesting at 17 months was at the end of 

the next year’s grade level.  

The findings indicated that letter pause time was the most robust predictor of 

reading as demonstrated in the following results: 

Table 2.2   

Intercorrelation of Letter Pause Time and Measures of Reading  

 WJBS-5 WJRC-5 WJBS-17 WJRC-17 

LPT Grade 1 -.84*** -.77*** -.66** -.70*** 

LPT Grade 2 -.46* -.58**   

Note. LPT= Letter Pause Time; WJBS-5=Woodcock-Johnson-R Reading 

Comprehension, 5 months post –RAN; WJBS-17= Woodcock-Johnson-Revised Basic 

Skills, 5 months post-RAN; WJRC-17= Woodcock-Johnson-Revised Reading 

Comprehension, 17 months post-RAN. *p≤.05. **p≤.01. ***p≤.001. 

The researchers demonstrated that pause time for letters predicted all decoding 

and reading comprehension measures for both grades at 5 and 17 months post RAN 
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administration. However, pause times, which loaded on processing speed, were related to 

reading but the relation depended on the type of RAN subtest. RAN objects did not 

significantly predict reading measures for students in grade 1 (-.38 on WJBS-5; -.32 on 

WJRC-5; -.32 onWJBS-17; -.38 on WJRC-17; and for students in grade 2 (-.31 on 

WJBS-5; -.22 on WJRC-5). Conversely, RAN numbers significantly predicted first grade 

students decoding (-.57) and reading comprehension (-.44) at the end of grade 1 and 

second grade students’ decoding (-.43) only at the end of grade two. However, number 

pause time did not predict any of the grade 1 students’ reading measures when they 

reached the end of grade two (-.32 on WJBS-17; -.38 on WJRC-17). The relation 

between pause time for letters and reading was found to be associated with the unique 

demands of letter processing rather than the result of general verbal processing speed. 

This finding is compatible with other studies discussed in this review (e.g., Denckla & 

Cutting, 1999; Kail et al., 1999). Contrary to the results from the Meyer, Wood, Hart, & 

Felton (1998) study, pause time for letters was found to be related robustly to reading 

comprehension. 

 Cutting and Denckla, 2001. Another study that focused on the relationships 

between  rapid serial naming and word reading in average readers was conducted by 

Cutting and Denckla (2001). In this study, Cutting and Denckla developed an exploratory 

model of reading. The model included phonological awareness, orthographic knowledge, 

memory span, articulation, and processing speed. The researchers were interested in three 

questions: 

1. How and why does rapid serial naming contribute to word reading?  
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2. How is rapid serial naming related to the other word reading 

predictors?  

3. Do processing speed and articulation explain rapid serial naming 

performance?  

All students in the study were average readers in grades one through three in an 

affluent suburb of Chicago. Children in the study could not be receiving special education 

services or have ADHD. Students were all native English speakers.  

 The experimental tasks included: (a) the WJ-R Letter-Word Identification test to 

measure word reading skill; (b) the WJ-R COG Cross Out test and Visual Matching test 

to measure processing speed; (c) the RAN letters and numbers; (d) a measure of memory 

span involving the repetition of digits in sequential order of increasing length; (e) a 

measure of orthographic knowledge involving the reading of 68 nonsense words divided 

into six lists of varying degrees of orthographic difficulty; (f) a phoneme deletion task to 

measure phonological awareness; and (g) two measures of  articulation rate in which 

students counted 1 to10 five times in a row and repeated the letters “ABCD” ten times in 

a row.  

 For the initial analyses of the data, raw scores were transformed to standard scores 

and z-scores. Any students whose scores were +/- three standard deviations from the 

norm on any task were eliminated (3 students). The data were then restandardized within 

each grade level and composite measures for each grade level were obtained for rapid 

serial naming, articulation, and processing speed. Further analyses of the composite 

measures at each grade level were conducted to remove the effects of age. The resulting 
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data set was used for all subsequent analyses. Regression analyses were performed to 

determine if the constructs evaluated made similar contributions to word reading 

knowledge at each of the three grade levels. The variance in word reading for grades one 

through three were 71%, 71%, and 58%, respectively. Hierarchical regressions were 

conducted on the entire data set to obtain initial relationships among the constructs as 

predictors of reading. Lastly, the chi-square statistic was used to demonstrate a 

correlation matrix using study data. This analysis, in conjunction with a goodness-of-fit 

index, showed that the model developed from the study data was significantly different 

from the original hypothesized correlation matrix. 

 Results clearly demonstrated that no model or “snapshot” of reading could fully 

explain rapid serial naming. Processing speed contributed to rapid serial naming 

performance and rapid serial naming and orthographic knowledge were significantly 

related due to the effects of processing speed. Path analysis demonstrated that Gs had an 

indirect effect (.56) on word reading and significant direct effects on phonological 

awareness (.31), memory span (.53), and rapid serial naming, as measured by RAN  

(-0.54). However, processing speed had only marginally significant direct effects on 

orthographic knowledge (0.32). The correlation matrix for all subjects demonstrated 

support for the correlation between the processing speed, as measured by the Processing 

Speed Cluster Score.  The Processing Speed Cluster score, which incorporates Tests of 

Visual Matching and Decision Speed, was moderately correlated with letter-word 

identification (.42, p<.01), and weakly correlated with phonological awareness (.33, 

p<.01), orthographic knowledge (.33, p<.01), memory span (.34, p<.01), articulation  
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(-.17, p<.05) and RAN (-.45, p<.01).  

 Cutting and Denckla acknowledged several limitations of the study including a 

small and narrow age range sample of average readers. Further studies should include 

larger sample sizes with poor readers. The model developed was not longitudinal in 

format, only providing preliminary causal relationships in word reading.  

 McBride-Chang and Kail (2002). McBride-Chang and Kail (2002) went beyond 

the exploration of RAN as a sole cognitive correlate of reading to include three other 

areas. The researchers evaluated phonological awareness, visual-spatial skill, naming 

speed, and Gs as cognitive constructs correlated with  reading acquisition. McBride-

Chang and Kail examined the extent to which four cognitive constructs had independent 

and direct influences on reading in both children who were learning to read in the United 

States and children who were learning to read English in Hong Kong as second language 

students. The researchers hypothesized that Gs would mediate age-related changes in 

phonological awareness, naming speed, and visual-spatial skills because each of these 

constructs may be directly affected by the development of processing speed. One hundred 

ninety kindergarten students participated in the study in Hong Kong: sixty students age 3-

years to 4-years old; seventy students age 4-years to 5-years old; and sixty students age 5-

years to 6-years old. In the United States, a total of 128 students, 63 students in 

kindergarten and 65 students in Grade 1 participated in the study. For the purposes of this 

review, the design and methodology of the study on the children in the United States will 

be discussed.  
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 The test design included measures of the four test constructs and well as measures 

of general ability and word reading. To evaluate general ability, the Stanford-Binet 

Intelligence Scale 4th edition vocabulary subtest was administered as an estimate of 

general ability. To evaluate each subject’s word reading ability, the Woodcock Reading 

Mastery Test (WRMT) Word Identification subtest was administered. Phonological 

awareness was evaluated in a syllable deletion task that consisted of 25 English 

compound words or phrases where the student was ask to say the word without a given 

syllable. For example, say the word “monkey” without the “key”. Students were also 

given a test of letter sound knowledge where they were asked to identify a letter and then 

give any sound that letter makes. To assess naming speed, three measures of RAN—

letters, numbers and objects—were administered, twice with an average of the two 

performances recorded. Visual-spatial skills were assessed with two subtests of the Test 

of Visual-Perceptional Skills-Revised. One test examines visual-spatial relationships of 

whole, part, and directionality, while the second subtest  measures visual figure ground 

skills by locating an embedded figure within a  larger, more complicated drawing. 

Finally, the Visual Matching and Cross Out tests of the WJ-R COG were administered to 

assess cognitive processing speed.  McBride-Chang and Kail (2002) arrived at several 

conclusions based on their correlational analyses.  

For the United States children in the study, naming speed and visual-spatial skills 

were linked to speed of processing, but reading was not. Noteworthy was the strong 

correlation for processing speed and phonological awareness, reported for the United 

States study population at .79. Not surprisingly, the co-efficient correlation for 
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phonological awareness to reading was .65, so indirectly reading skills appeared to be 

impacted by processing speed.  

 Vanderwood, McGrew, Flanagan, and Keith (2002). Another study that used the 

WJ-R COG norming sample was conducted by Vanderwood et al. 2002 who studied the 

contribution of general and specific cognitive abilities to reading achievement. Through 

an analysis of the kindergarten through 12th grade norming sample, the authors developed 

a causal model of reading achievement based on the contribution of the Cattell-Horn-

Carroll (CHC) cognitive abilities and achievement abilities related to reading. Three 

thousand four hundred twenty five subjects who had taken all 18 tests of the WJ-R COG 

were used in the study. The cognitive tests administered to the norming population 

included Concept Formation and Analysis-Synthesis which measure fluid reasoning, 

Picture Recognition and Visual Closure which measure visual-spatial abilities, Visual 

Matching and Cross Out which measure Gs, Memory for Names and Visual-Auditory 

Learning which measure long term storage and retrieval, Picture Vocabulary and Oral 

Vocabulary which measure crystallized intelligence and knowledge, Incomplete Words 

and Sound Blending which measure auditory processing, and Memory for Sentences and 

Memory for Words which measure short term memory. For measures of reading 

achievement the Woodcock Johnson-Revised Tests of Achievement (WJ-R ACH; 

Woodcock & Johnson, 1989c) Letter-Word Identification, Word Attack, Reading 

Vocabulary and Passage Comprehension tests were included in the path analysis.  

 The correlations between Gs and the other cognitive constructs were not as strong 

as in the other studies reviewed in this chapter. In this research study, Vanderwood et al. 
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suggested that the reason for the difference between the results of previous research and 

this study was the inclusion of g in the multivariate regression model. The resulting path 

co-efficients may have eliminated the variance that is usually accounted for by Gs. The 

only significant Gs path in this study was a moderate correlation to the Passage 

Comprehension test at grades 5 and 6 (.21, p<.05). The summary of the path analysis in 

regard to Gs is that processing speed does not play a major role in the development of 

reading skills, despite the researchers’ acknowledgement that previous research clearly 

indicated that speed is an important element for reading achievement (e.g. Aaron, 1995; 

Carroll, 1993; McGrew, 1993; Snow & Swanson, 1992).  

 Benson, 2007. In a similar study to Vanderwood et al. (2002), the norming data 

from the Woodcock-Johnson III (WJ III, Woodcock, McGrew, & Mather, 2001/2007a) 

was used for a multiple regression analysis to evaluate the CHC cognitive abilities and 

their relationship to reading achievement. Benson (2007) used the standardization sample 

from the WJ III of 1,861 students in Kindergarten – 12th grade. Two hundred sixty-nine 

students in grades K-3, 275 in grades 406, and 274 in grades 7-12 participated in this 

study. The major difference between this study and the Vanderwood et al. study was the 

inclusion of the Reading Fluency test in developing the causal model of reading. Benson 

also included two tests of narrow abilities in the CHC model, Phonetic Coding and 

Naming Facility, because of their prior research which indicated a direct correlation to 

reading achievement. The resulting causal model demonstrated that g has a strong 

relationship with basic reading skills until about 6th grade -- .74 for grades K-3 and .78 
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for grades 4-6. Also, basic reading skills have a strong and direct effect on reading 

fluency in grades K-12.  

Processing speed had a direct effect on reading fluency that increased as the grade 

level increased. A moderate effect was noted for K-3 (.22), a strong effect for grades 4-6 

(.59), and a stronger effect (.89) for grades 7-12. In turn, reading fluency had a strong 

direct effect on reading comprehension in K-3 (.75), and that effect lessened from 

moderate in grades 4-6 (.38), to weak in grades 7-12 (.17). A limitation of the study noted 

by Benson was that only a single measure of reading fluency was included. 

Powell, Stainthorp, Stuart, Garwood and Quinlan (2007). Another study that 

examined the relationship between RAN and Gs was conducted by Powell et al. (2007). 

However, this study, in addition to measures of Gs on paper and pencil tasks, added 

measures of simple and choice reaction times similar to those conducted by Weiler et al. 

(2003). 

Powell et al. conducted an experimental comparison of RAN and Gs and their 

relationships to reading in a test of 160 children without LD. The researchers were 

interested in whether or not individual differences in RAN were driven by individual 

differences in Gs. In order to answer this question, two groups of children were recruited 

and matched for performance on RAN and phonological awareness measures. The 160 

monolingual English children were divided into two groups, a group with low RAN and a 

group of matched controls. The experimental low RAN group contained thirty-seven 

children that were in Year 3 (Y3) 7.2 – 8.5 years-old, and forty-three children, that were 

Year 4 (Y4) 8.1-9.7 years-old.  
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The low RAN group had a single RAN deficit with RAN performance at least one 

standard deviation below the mean and phonological awareness not less than 1SD below 

the mean. The control group had no deficits in RAN or phonological awareness. Eighty 

children, matched for age with the experimental group, had scores on both RAN and 

phonological awareness measures not less than one standard deviation below the mean. 

These children were selected to be matched as closely as possible on measures of 

phonological awareness and phonological memory—both measured by the 

Comprehensive Tests of Phonological Processing, age, and verbal and nonverbal ability 

as measured by the Vocabulary and Block Design subtests of the Wechsler Intelligence 

Scale for Children-III. 

Test measures for the experimental group included the Cross Out test of the WJ-R 

COG and computerized tests of simple and choice reaction time. The simple reaction 

time test measured the time taken to make a key press response following the appearance 

of a target stimulus. Choice reaction time was measured as the time it took for 

participants to decide which of two target stimuli appeared on the screen by making an 

appropriate key press as quickly as possible. There were two test sessions with 

counterbalanced administration of the two reaction time tasks.  

 To analyze the WJ-R COG Cross Out test, two way ANOVAs were conducted 

using group (low RAN or control) and year (Y3 or Y4) as between group factors and  

number correct (out of 30 total items) as the dependent variable. Choice reaction time and 

simple reaction time were analyzed similarly with group and year as between group 

factors and mean reaction time as the dependent variable. 
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 In investigating Kail and colleagues proposal (Kail et al., 1999) that Gs underlies 

the relationship between naming speed (RAN) and reading, Powell et al. noted that 

children with single RAN deficits had slower processing speeds as measured on the WJ-

R COG Cross Out test than did closely matched controls performing normally on RAN. 

Analyses for between group and year interactions were not significant. On measures of 

simple response time, low RAN children were significantly slower than controls (117.69 

seconds compared to 78.54 seconds in Y3 and 103.44 seconds compared to 70.74 

seconds in Y4). There was a significant main effect for between years, F(1, 155) = 6.545, 

MSE= .006, p<.05 , but the interaction between groups was not significant.  

On choice reaction time measures, no significant group differences and no 

significant interactions between year and group were noted. This negative finding 

suggests that the choice component of the task provided no specific difficulty for the low-

RAN children. However, regression analyses showed that RAN did make a unique 

contribution to reading even after accounting for Gs. Powell et al. concluded from these 

findings that while Gs did predict a small but significant proportion of the variance in 

reading scores (17%), and while Gs is related to RAN performance, Gs does not underlie 

the relationship between RAN and reading. The limitations of this study included only 

one measure of word reading and no measures of fluency. As noted, Benson (2007) found 

that Gs did have a direct effect on fluency.  

Konold, Juel, MacKinnon and Jeffes (2003). In an attempt to discern the strength 

of the predictive role of cognitive and linguistic constructs of reading and identify 

profiles of the successful and less successful younger readers, Konold et al. (2003) 



48 

conducted a path analysis using the Woodcock Diagnostic Reading Battery (WDRB), 

which contains several of the same tests found on the WJ-R COG. One thousand six 

hundred and four children, ranging in age from 5 to 10 years-old were selected from the 

WDRB standardization sample to provide measures of basic reading skills and reading 

comprehension. These tests would serve as the reading outcome variables for determining 

which profiles were most likely to be associated with reading success.  

The achievement oriented reading skills tests that were administered as part of the 

standardization included:  Letter-Word Identification, Word Attack, Reading Vocabulary, 

and Passage Comprehension. An additional six tests from the WRDB that measure 

cognitive constructs related to reading were also administered. They included two 

measures of each of the constructs found to strongly predict reading success in previous 

research, auditory processing, and crystallized ability/comprehension knowledge, as well 

as one measure each of Gs and short-term memory. Auditory processing was measured 

with the tests of Incomplete Words and Sound Blending which together yield a cluster 

score for phonological awareness. Crystallized ability/comprehension knowledge was 

evaluated using the tests of Oral Language and Listening Comprehension tests. 

Processing speed was measured with the Visual Matching test and Short-term Memory 

was measured using the Memory for Sentences test. The guiding questions for this study 

were:  

a) How similar are the profiles of those children who have difficulty learning to 

read?  
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b) Do the profiles of successful and less successful readers vary among children 

6-9 years of age?  

c) Is a processing speed deficit a stronger predictor for reading failure than other 

cognitive indicators of reading?   

In order to identify normative profiles through cluster analysis, Konold et al. 

(2003) examined the six tests composing the reading achievement measures and the 

constructs of phonological awareness and oral comprehension. This analysis yielded six 

normative profile types, described as follows: 

1. Average reading ability (prevalence = 25%). Children in this cluster    

    demonstrated a relatively flat profile, with scores reflecting average reading    

     ability. This type demonstrated the highest rate of prevalence. 

2. Below-average reading ability (prevalence = 11%). This profile demonstrated 

    the lowest rate of prevalence. Similar to Profile 1, it was relatively flat 

    with no remarkable patterns of dips or rises across subtests. 

3. Average reading ability with Comprehension Knowledge (Gc) and Short-term   

     Memory (Gsm) strengths (prevalence = 15%). Elevations were observed on   

     three of the six tests used to form clusters, two of which measured Gc  (Oral   

     Vocabulary and Listening Comprehension) and one of which measured Gsm  

     (Memory for Sentences). There were more males and fewer females than  

     expected in this cluster. 

4. Above-average reading ability (prevalence = 13%). Similar to Profiles 1 

    and 2, Profile 4 failed to demonstrate any noteworthy dips or rises. This profile 
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   was the highest in terms of elevation (i.e., general ability), and it failed to                

    demonstrate any unusual demographic representation. 

5. Average reading ability with strengths in Auditory Processing (Ga) (prevalence 

     = 16%). Children with this profile obtained average scores on most tests but    

    had definitely elevated scores on measures of Ga (i.e., Incomplete Words and   

    Sound Blending). 

6. Average reading ability with elevated Processing Speed (Gs) (prevalence =    

     17%). Of the three profiles demonstrating average ability with notable        

     elevations, Profile 6 yielded strength on a measure of Gs (i.e., Visual    

     Matching). There were fewer males and more females than expected in this  

     profile. (p. 103).  

 Cluster comparisons were then conducted by age. For the purposes of this review, 

the performance on profile 6 of the students with elevated Gs, is discussed. 

 Konold et al. had one hypothesis in regard to the performance of students in 

cluster 6, the researchers expected Gs would be an important predictor of reading success 

in the early years. A MANOVA was conducted at each age level to assess whether the 

four reading achievement measures varied across the six profiles. After adjustments were 

made to control for Type I error rates across groups, the researchers noted that scores on 

the achievement measures varied significantly as a function of the profile types across all 

six age groups (p<.001). Additional comparisons were completed within each grade level 

with each reading achievement measured serving as the dependent variable. After 

controlling for Type 1 errors, and testing for effect size, Konold et al. noted that 
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significant differences were observed among profiles on all four reading achievement 

measures.  

 Findings in regard to the children with average abilities and Gs strengths (Profile 

6) indicated these children were more successful on both measures of basic reading skills 

and on Passage Comprehension at age 6 than their peers with average ability and no 

secondary strengths. Profile 6 children 7- to 9-years of age were more successful on all 

reading achievement measures with one exception, the Word Attack test at 8 years of age. 

At age 7, children with Gs strengths also out performed children with strengths in short-

term memory and crystallized ability on the Word Attack and Letter-Word Identification 

tests (Basic Reading Skills). At age 10, children with Gs strengths only performed better 

than children of average ability with no secondary strengths (Profile 1) on reading 

comprehension tasks (i.e., Passage Comprehension and Reading Vocabulary tests).  

 The researchers, in their examination of the path analyses results, drew several 

conclusions in regard to the role of Gs and other cognitive constructs identified as 

correlates of reading ability. First, children ages 6 and 9 with strengths in either Gs or Ga 

outperformed children with no secondary strengths and, additionally, outperformed 

children with secondary strengths in either comprehension or short-term memory. The 

occurrence of these strengths in Gs and in Ga, at the same developmental ages, suggested 

to Konold et al. (2003) that not only should Ga be regarded as affecting reading ability, 

but also Gs. They concluded that further examination of the role of Gs as cognitive 

mediator of reading ability will help provide a more detailed and thorough inspection of 

the complex cognitive functions that are involved in reading acquisition.  
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Rationale for Use of the WJ III 

The Cattell-Horn-Carroll (CHC) theory. The CHC theory of cognitive abilities is 

identified by researchers as one of the most validated models of cognitive abilities 

(Alfonso, Flanagan, & Radwan, 2005; Flanagan & Ortiz, 2001; McGrew & Flanagan, 

1998; McGrew & Woodcock, 2001). CHC theory is grounded in a body of historical 

analytic research, as well as developmental studies of cognitive abilities, neurocognitive 

analyses, and research on genetic heredity research to substantiate its validity (Horn & 

Noll, 1997). The theory is an amalgamation of the Cattell-Horn Gf-Gc theory (Horn & 

Noll, 1997) and the Carroll three-stratum theory of cognitive abilities (Carroll, 1997). 

Carroll indicated the cognitive abilities consist of three levels or strata: general 

intelligence, g (stratum III), broad cognitive abilities (stratum II), and narrow cognitive 

abilities (stratum 1). Evans, Floyd, McGrew, and Leforgee (2001) described the CHC 

theory as a hierarchical framework of cognitive abilities.  

The CHC model has been described as a theory of intelligence that currently 

comprises nine broad abilities (Horn, 1991): Fluid Reasoning (Gf), Comprehension 

Knowledge (Gc), Visual Processing (Gv), Auditory Processing (Ga), Correct Decision 

Speed (CDS), Processing Speed (Gs), Short-term Memory (Gsm), Long-term Retrieval 

(Glr), and Quantitative Ability (Gq). More than 100 narrow CHC abilities have been 

identified and defined (McGrew, 2005). The four constructs of speed denoted in the 

information processing models described earlier in the chapter include, (a) Processing 

Speed, (b) inspection time, (c) reaction time, and (d) RAN. These four constructs are all 

operationalized in the CHC model under various intelligences. For example, choice 
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reaction time and simple reaction time are included in the CHC model under 

Decision/Reaction Time or Speed (Gt). RAN is subsumed under Gs as a measure of 

Naming Ability. The CHC model provides a strong foundation for understanding the 

cognitive and psycholinguistic characteristics of learning to read (Benson, 2007; Evans, 

et al., 2001; Konold et al., 2003). 

CHC theory and reading achievement. Several cognitive abilities are highly 

correlated with reading achievement both as measured within the design of the WJ III 

Battery, and independently. The WJ III Battery consists of tests of cognitive abilities and 

tests of achievement. The design of the WJ III Battery is unique in that its cognitive and 

achievement assessments have been shown to be highly predictive of reading 

achievement, whereas other measures in use have not demonstrated as strong a 

correlation (e.g., the Wechsler Intelligence Scale for Children –Fourth Edition and the 

Wechsler Individual Achievement Test-Second Edition, as reported by Glutting, Watkins, 

Konold, &  McDermott, 2006.)  In order to avoid making specification errors when 

developing models of reading, (i.e. omitting an important ability that is predictive of 

reading) all potentially important relations among CHC cognitive and psycholinguistic 

abilities and reading achievement are researched. CHC theory and its relationship to 

reading achievement have been examined as operationalized on the WJ III Battery in two 

studies described below. 

 Evans, Floyd, McGrew, and Leforgee (2001). Evans et al. (2001) used multiple 

regression analyses to explore the relationship among several WJIII COG clusters and the 

WJ III Basic Reading Skills and Reading Comprehension clusters for children ages 6- to 
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19-years old. To evaluate the cognitive constructs of the CHC theory, seven tests from 

the WJ III COG were selected: Comprehension-Knowledge (Gc), Fluid Reasoning (Gf), 

Visual-Spatial Thinking (Gv), Auditory Processing (Ga), Processing Speed (Gs), Short-

term Memory (Gsm), and Long-term Retrieval (Glr). Also administered were two clinical 

clusters that measured the ability to perceive and manipulate speech sounds, Phonemic 

Awareness and Phonemic Awareness-3, and a Working Memory clinical cluster. 

Subsamples of students were divided into 14 different age groups spanning 1 year of age 

starting at age 6 and going through age nineteen. The WJ III W-score, a transformation of 

the raw score, was the metric analyzed in the regression analyses.  

 In the initial regression analyses the predictor variables were the seven CHC 

factor clusters included in the study. The first model developed used the Basic Reading 

Skills cluster as the criterion measure. In the second model, the Reading Comprehension 

Cluster was the criterion measure. Additional regression analyses were conducted to 

investigate the relations between the three clinical clusters and the two reading 

achievement clusters. Results, as they related to each of the seven CHC cognitive 

constructs, are described below:  

1. Comprehension-Knowledge and Reading: A strong link between general 

language development and reading achievement exists in literature (e.g., 

Vellutino, Scanlon, & Lyon, 2000). Results of the initial regression analyses 

supported this relationship. Evans et al. further state that the link between Gc 

and reading achievement is robust and increases as a function of age, with a 

notable increase after age eight. Therefore, it can be surmised that Gc  may be 
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less important for early reading acquisition, or at least until basic reading 

skills are established. 

2. Short-term Memory, Working Memory and Reading: This study, unlike 

previous studies of Gsm and its correlation to reading, included a Working 

Memory cluster that added measures of Working Memory and Memory Span. 

Initial analyses showed both Working Memory and Memory Span had 

moderate relations with Basic Reading Skills across all age groups, while 

moderate relations between Memory and Reading Comprehension lacked the 

same correlational strength in early school years.   

3. Auditory Processing and Reading: Research studies on the role of Auditory 

Processing in reading have demonstrated the strong link between phonological 

and phonemic awareness skills to reading achievement (e.g., Torgesen et al., 

1997; Vellutino & Scanlon, 1987; Wagner & Torgesen, 1987). Evans et al. 

2001 demonstrated a moderate correlation for Auditory Processing and for 

Phonemic Awareness with Basic Reading Skills. This correlation is the 

strongest from ages 6- to 9- years old. When comparing Ga to Reading 

Comprehension measures, similar, though slightly less strong, comparisons 

are noted during the same age span.  

4. Long-Term Retrieval (Glr) and Reading: Analyses of Glr showed moderate 

correlation with both reading clusters during the early academic years. Evans 

et al. proposed that based on the design of the test of Visual-Auditory 

Learning which measures Glr, results may actually reflect the extent to which 
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individuals engage in practice and memory searches for association in an 

effort to combine new material to be remembered. The findings indicate that 

Glr provides a unique contribution to the prediction of reading achievement. 

While measures of RAN were not included in this study, Evans et al. discuss 

the RAN research, and how it fits with the CHC model. WJIII COG tests of 

Retrieval Fluency and Rapid Picture Naming require speeded retrieval of 

words, while Rapid Picture Naming requires rapid identification of common 

objects. These tests measure a factor subsumed under Glr, Naming Facility 

(McGrew & Woodcock, 2001). There are similar definitions (Denckla & 

Cutting, 1999; Meyer et al., 1998) and measures for the CHC narrow 

cognitive ability of Naming Facility and RAN as developed by Wolf and 

Denckla (2005). The moderate correlation of the Glr cluster and early reading 

achievement suggests there are memory storage and retrieval abilities that are 

related to, but different from RAN that may be essential when learning to 

read.  

5. Processing Speed (Gs) and Reading: Gs was moderately correlated to both 

Basic Reading Skills and Reading Comprehension from ages 6- through 10-

years old. These results are consistent with the seminal articles in the area of 

Gs research described earlier in this chapter (e.g., Kail, 1991; Kail et al., 1999; 

Weiler et al., 2003).  

6. Fluid Reasoning (Gf) and Reading:  Few studies have examined the role of Gf  

(e.g., logical thinking and reasoning skills) to reading achievement. While past 
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studies of the WJ-R COG cluster (McGrew, 1993) demonstrated that Gf  was 

significantly correlated to reading comprehension from early school years 

through early adulthood, weaker relations were noted when comparing  the 

WJ III COG measures of Gf  and the WJ III measures of Reading 

Comprehension. Neither reading cluster was strongly relating to fluid 

reasoning in the current study. Evans et al. 2001 surmised that while the two 

measures are nearly identical in the WJ-R and WJ III, other cognitive clusters 

now account for more variance in predicting correlations. While it appears 

logical that reading comprehension must draw upon reasoning abilities, the 

analyses performed by Evans et al. did not demonstrate any unique or 

significant contribution of Gf to the prediction of reading achievement. 

7. Visual-Spatial Thinking (Gv) and Reading: Consistently weak correlations 

were observed between Gv and reading achievement from age 6 through 19 

year-old. Evans et al. noted that while some studies have demonstrated the 

importance of immediate visual memory and visual processing abilities to 

reading achievement in populations of children with Learning Disabilities 

(e.g., Kavale & Forness, 2000), within the context of all seven factors of the 

CHC clusters, Gv does not add anything unique or significant to the prediction 

of reading achievement.  

 The model developed by Evans et al. (2001) upholds the phonological-core deficit 

model of reading disability (Stanovich, 1988; Stanovich & Siegel, 1994). From the 

analyses of the correlations between the measures of CHC cognitive abilities and reading 
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achievement in this study, it is appears that other abilities may influence reading 

development and may co-occur with deficits in the phonological core processes. Evans et 

al. proposed that children who do not respond to treatment, or are the most resistant to 

intervention, may also be deficient in other cognitive abilities that typically are not 

specified in reading research. The authors conclude with a recommendation to organize 

future reading research according to CHC theory to restrict specification error that is 

present in the current reading research. 

 Floyd, Keith, Taub, and McGrew (2007). Another study that examined the role of 

CHC theory specific to reading decoding ability was conducted by Floyd et al. (2007). 

Floyd et al. looked specifically at the effects of the CHC cognitive abilities on reading 

decoding skills. The differences between the studies by Evans et al. (2001) and Floyd et 

al. are the inclusion of general intelligence (g) in the analyses and the measurement of 

only reading decoding skills. Also, Floyd et al. used 18 tests from the WJ III COG: four 

tests from the Woodcock-Johnson III Tests of Achievement (WJ III ACH; Woodcock, 

McGrew & Mather, 2001/ 2007b), and six tests and one composite from the Woodcock-

Johnson III Diagnostic Supplement (WJ III DS; Woodcock, McGrew, Mather, & 

Schrank, 2003, 2007).  

 Analyses were conducted to: (a) determine which CHC cognitive abilities best 

explained reading decoding skills, (b) identify the magnitude of the effects of CHC 

cognitive abilities on reading decoding skills, and (c) determine how cognitive ability 

effects change from preschool years through early adulthood (ages 5-39 years-old). 

Means and standard deviations were derived for five age defined subgroups from the 
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participant sample. The Spearman Model (Spearman, 1927), which includes g as the 

influence on reading decoding skills was used for analysis of the five age subgroups. The 

portion of the model associated with reading decoding skills factor (letter-word 

identification and word attack) demonstrated agreement with the consensus definition for 

reading decoding skills in reading research (Perfetti, 1994; Shankweiler et al., 1999).  

Another  model of analysis used was the Two-Stratum Model (Jensen, 1998) 

which includes g and the seven CHC broad abilities examined in the Floyd et al. (2007) 

study: Gf, Gv, Gs, Glr, Ga, Gsm, and Gc. Lastly, the Three-Stratum Model (Jensen, 

1998) which consists of the seven broad CHC factors in the Two-Stratum Model plus 

additional subsumed narrow ability factors from Glr, Ga, Gsm, and Gc, was used. The 

narrow abilities consisted of Naming Facility, Associative Memory, Phonetic Coding, 

Speech-Sound Discrimination/Resistance to Auditory Stimulus Distortion, Memory 

Span, Working Memory, Lexical Knowledge, Listening Ability and General Information. 

 Standardized path coefficients were determined and indicated the proportion of 

standard deviation units that reading decoding skill changes as a function of one standard 

deviation change in the g factor. Results from  the Floyd et al. study indicated  that a 

direct, significant and large effect of g factor on the reading decoding factor was present 

for the five age subgroup: .73 (ages 5 to 6), .77 (ages 7 to 8), .69 (ages 9 to 13), .82 (ages 

14 to 19), and .88 (ages 20 to 39). In the two-stratum model the effects of the CHC broad 

abilities on reading decoding skills and developmental changes in the effects of these 

abilities were interesting in relation to Gs. For the youngest age group, the Gs and Glr 

factors showed large direct effects (.38 and .49, respectively). For ages 7 to 8, the effects 
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from Gs were significant, but declined in magnitude to .20, and the effects of Glr 

insignificant. By ages 9 to 13, Gs also became a nonfactor. The correlation of Gc to 

decoding skill was insignificant at ages 5 to 6, and increased in magnitude from age 7 to 

8 (.37), from age 9 to 13, (.40), from age 14-19 (.52) and from age 20 to 39 (.58). Gsm 

showed similar patterns of increasing magnitude, .37 in the age 7 to 8 group, .40 in the 

age 9 to 13 group, declining slightly to .37 in the age 14 to 19 group and becoming 

insignificant in the 20 to 39 year-old group. Ga was insignificant to decoding skill from 

ages 5 to 19, showing a large effect (.38) in the 20 to 39 age group. In the analyses for the 

Three-Stratum Model across the five age groups, the indirect effects of g contributed to 

the following direct and of the CHC broad and narrow abilities on reading decoding skill:  

memory span (.24 at age 9 to 13; .36 at age 14-19; .33 at age 20 to 39), listening ability 

(.57 at age 7 to 8), general information (.52 at ages 9 to 13; .54 at ages 14 to 19; .53 at 

ages 20 to 39), associative memory (.43 at ages 5 to 6), processing speed (.46 at ages 5 to 

6; .32 at ages 7 to 8) and phonetic coding (.16 at ages 20 to 39).  

 These two studies demonstrated the strength of the CHC theory’s capacity to 

demonstrate how various cognitive abilities affect reading decoding skills through the 

consideration of both broad and narrow factors related to reading across the lifespan.  
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CHAPTER 3 

METHODOLOGY 

Research Design 

 This primary purpose of this study was to investigate the relationship between 

processing speed and reading achievement in readers with the poorest performance on 

several diagnostic measures. In addition this study attempted to identify a cognitive 

profile of the readers at the highest risk for failure based on the test findings. Participants 

in the study included students ages 6-years old through 9-years old, due to the high 

predictive value that Gs and RAN hold for this age group.  

Selection of Participants 

 A total of 53 students from two separate schools in two separate locales 

participated in the study. The selection criteria included students with an age range of six 

years through nine years old, who were enrolled in grades one through three, and spoke 

English as their first language. All enrolled students in the two research site schools that 

fit the selection criteria were sent invitations to participate (See Appendix C.1 for a 

sample of recruitment forms). Parents/guardians then had the opportunity to grant 

permission for their child to participate. Permission was also sought from each study 

participant during the testing sessions. 

 Nineteen students were recruited from the first site school, a private school in 

Scottsdale, Arizona. These students participated in a special program for students with 

LD and receive small group instruction throughout their core academic areas. Specialized 
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reading instruction and related services are provided. Thirty-three students were recruited 

from the second site school, a small K-12 science and mathematics charter school in 

Tucson, Arizona. These students were not identified as special education and did not 

receive special education services.  

Table 3.1 

Number, Gender and Mean Age of Recruited Students  

Location Males Females Mean Age and Range Standard Deviation 

Scottsdale, AZ 12 7 8.7 years (6.9– 9.11) 1.09 

Tucson, AZ 14 19 7.2 years (6.0-9.6) 1.06 

 

Data Collection and Instruments 

Screening Procedures 

 All participants were administered screening tests to identify those students who 

were at-risk for reading failure based on their test scores on the WJ III ACH tests of 

Letter-Word Identification, Word Attack, and Reading Fluency. Students from the school 

in Scottsdale, Arizona who received standard scores below 85 on any of these subtests 

were identified as poor readers at-risk for reading failure and included in the study. A 

total of 17 students from the Scottsdale school were included in the study. In the case of 

the second school site in Tucson, Arizona, scores below 85 on screening measures of 

parent-referred children or teacher identification as at-risk for reading failure in 

conjunction with or independent of poor performance in school-wide reading program 
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evaluations, were used to identify the students for the research study. Teachers identified 

30 students from grades 1-3 who were of greatest concern. Three additional students were 

parent-referred for the study. Teachers ranked students based on their concern for 

students’ failure due to lack of progress or areas of difficulty as determined by the teacher 

on reading program evaluations or teacher designed materials. Twenty-six of the thirty 

students ranked by the teachers had been placed in accelerated reading instruction 

programs at the beginning of the school year based on district benchmark testing 

conducted at the end of the previous school year (2006-7). A total of 27 students from the 

second site school in Tucson were identified as at-risk readers by their teachers. 

Table 3.2 

Number, Gender, and Mean Age of Study Participants 

School Location Males Females Mean Age and Range Standard Deviation

Scottsdale, AZ 11 6 8.4 years (6.10 – 9.11) 1.03 

Tucson, AZ 11 16 7.7 years (6.1-9.6) 1.07 

  

Study Procedures 

 Study participants were administered the WJ III COG tests of Visual Matching, 

Visual-Auditory Learning, Rapid Picture Naming, Verbal Comprehension, Sound 

Blending, Numbers Reversed, Decision Speed, Rapid Picture Naming, and Pair 

Cancellation and the WJ III DS Cross Out test.  

 The WJ III COG and ACH are standardized, norm-referenced assessments 

designed to measure g, specific cognitive abilities, oral language, and academic 
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achievement. The WJ III technical manual (McGrew & Woodcock, 2001) describes in 

depth empirical evidence supporting the CHC interpretation of the WJ III. The CHC 

theory of cognitive abilities has received varying predictive value of reading achievement 

due mainly to the diagnostic instrument used. It was found by researchers that operational 

measures of  the CHC abilities obtained from the WJ III COG were significantly related 

to the components of reading achievement  (Evans et al., 2001; Floyd et al., 2007) as 

measured by the WJ III ACH. Test analysis of the WJ III COG has shown that both 

methodologically and empirically, the WJ III Battery has externally validated predictive 

value of reading achievement (Benson, 2007; Evans et al., 2001; Floyd et al., 2007, 

Konold et al., 2003). For the purposes of this study, nine measures of cognitive abilities 

and three measures of academic achievement were used (See Appendixes A.1 and A.2 for 

a complete description of each measure and corresponding test).  

 All testing was conducted as per the examiner’s manuals and answers were 

recorded on test protocols. Also, tests were scored as outlined in each test’s respective 

examiner’s manuals. The test administration was counterbalanced to avoid potential 

effects of practice in speeded tasks. To mitigate the order effects that practice would have 

in performing the speeded tasks, complete counterbalancing was done to present the tests 

in all possible orders so that no two subjects took any of the tests in the same order; tests 

were also arranged to not be followed by each other more than once. To accomplish this, 

the table of Latin squares was used (Fisher & Yates, 1963).    
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 Statistical Analysis 

 A Pearson correlation was performed to assess whether standard scores attained 

by participants on the Processing Speed Cluster of the WJ III COG correlated with word 

recognition skills in students identified as poor readers. For comparison purposes, other 

related cognitive correlates of reading measured by the WJ III COG were also evaluated 

using Pearson correlations.  

 A correlation reflects the dynamic quality of the relationship between variables – 

not a causation relationship; therefore, a Pearson correlation, Pearson r, was used to 

evaluate the research question, “What is the relationship between processing speed and 

word recognition in poor readers?” The Pearson r is a coefficient of correlation that 

indicates the direction and degree of association between two variables (Weber, 2001). 

Even though the sample size of this study is constrained to a smaller subsample to answer 

the research questions, the restriction of range does not affect the correlation if the 

relationship between the two variables is linear. Lord and Novick (1968) state, “It is well 

known that the size of a correlation coefficient depends very much on the nature of the 

population in which measurements are made” (p. 129). Because of the assumptions made 

in the correlational relationship, it is important the measuring instrument is a reliable and 

valid measure of the variables (Steinburg, 2008).  

 The Woodcock-Johnson III Normative Update (Woodcock, McGrew, Schrank & 

Mather, 2007) was used to score the test results obtained by the participants. It is a 

recalculation of the WJ III normative sample which provides the most current comparison 

to the U.S. population based on the 2005 U.S. Census statistics. The reliability and 
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validity of the WJ III Battery, as reported in the technical manual of the WJ III NU 

(McGrew, Schrank & Woodcock, 2007), allows for the correlations observed to be based 

on reliable test measures, thus providing a valid measure of the relationships examined in 

the research questions. Raw scores obtained were entered into the WJ III NU  

Compuscore and Profiles Program (Schrank & Woodcock, 2007) to yield standard scores 

and other relevant data for interpretation of the results.   

 To further analyze the correlation, the coefficient of determination, r2  was 

computed in order to discuss the shared variance among the variables being evaluated. In 

correlational studies such as this, scatter plots can be useful in adding to the discussion of the 

correlational relationship’s strength and direction. This is an additional helpful way to look at 

correlational studies because we are not seeking a cause-and -effect relationship between 

independent and dependent variables (Steinburg, 2008). The third research question, what 

percentage of students with low processing speed has poor word recognition was 

calculated by using the following formula: 

 A × 100 = % of poor readers with low processing speed 
 B 
 
 Whereas, A = the number of students with standard scores <85 on the Processing 

Speed Cluster who also have standard scores on the Basic Reading Skills (BRS) cluster 

or standard scores on component test(s) of the BRS <85, divided by, B, the total number 

of students who have either standard scores on the BRS cluster or standard scores on 

component test(s) of the BRS <85. 
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Reliability 

 Reliability is important for any experimental study, but is also vital for the 

interpretation of correlational studies. In order to ensure the results obtained on test 

measures are accurate and can be compared to the standardization sample, procedures in 

administration and scoring must be identical to those presented to individuals in the 

norming sample.  

Procedural Reliability 

 Procedural reliability checks were conducted during data collection at both school 

sites in an effort to control for possible threats to internal validity. A graduate student was 

trained to conduct direct observations of assessment procedures carried out by the 

investigator during testing. Procedural reliability was collected through direct 

observations, using a checklist of steps to be used during each session. See Appendix B 

for the procedural reliability data sheets for the WJ III COG and WJ III ACH.  

 Procedural reliability measures were taken during 20% of the WJ III ACH 

screening sessions and during 20% of the WJ III COG study testing sessions.  

 Procedural reliability was calculated using the following formula:  

# of teacher behaviors observed  X   100     =   % of procedural reliability 
total # of teacher behaviors expected    

 Procedural reliability was achieved during 20% of testing sessions with an 

average reliability of 100 percent. 

Scoring Reliability  

 Scoring reliability was conducted for all testing instruments across screening and  

testing sessions as described by Wolery, Ault, Doyle, Gast, and  Griffen (1991).  
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 Inter-rater scoring data was collected by using a point-by-point method of comparison. 

While the researcher conducted the assessment, the trained observer conducted a parallel 

scoring of each testing instrument administered during the observation period. After each 

assessment session, scoring data collected by the instructor and the independent observer 

were compared. The independent observer then determined the number of inter-rater 

agreements and disagreements with respect to errors and the total number of correctly 

scored items. The observer then independently determined the percentage of inter-rater 

agreement using the following formula: 

 Total # of Agreements       X    100   =   % of Agreement 
Total # of Agreements + Disagreements 

 Scoring reliability was achieved during 20% of testing sessions with an average 

reliability of 99.6% percent. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Introduction  

 This chapter discusses the results of the study and is organized around the major 

questions. It also includes a discussion of an unexpected finding, which is not unusual 

considering inquiry into school settings can involve many variables that contribute to 

student performance. In this study, the Tucson site school provided some interesting 

contradictions between teacher perception of students’ reading ability and their 

performance in reading programs based on placement determinations made from 

benchmark testing.   

 This chapter will be organized into four sections. The first section evaluates results of 

Pearson r correlation analysis in response to the first research question. Included in this section  

will be the results of whole data set evaluation as well as subsets of the data containing data on 

research subjects who achieved standard scores <85 on the test Letter-Word Identification, the 

measure of word recognition used to answer  the research question. The second section will 

present the Pearson r correlational analysis in response to the second research question, including 

a report of the coefficient of determination, scatter plots and related discussions. The third section 

demonstrates the calculation and discussion regarding the percentage of students with poor Gs 

who also have poor reading ability. The fourth and final section is a discussion of the 

contradictory findings found at the Tucson site school. 

Section 1: Correlational Analysis of Study Question 1 

 Study Question 1 asks, what is the relationship between processing speed and 

poor word recognition skills? In order to analyze this question, the standard score earned 
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by each student on the WJ III ACH test of Letter-Word Identification was examined. If 

the standard score was below 85 on this subtest, the students’ data was selected for 

inclusion in the correlational analysis with the variables of the Processing Speed Cluster 

and the Letter-Word Identification test. Additionally, the relationship between students 

with standard scores below 85 on the Processing Speed Cluster and their corresponding 

standard scores on tests of Letter-Word Identification, Basic Reading Skills Cluster, 

Word Attack, and Reading Fluency were also analyzed. To place these results in the 

frame of reference of all cognitive correlates evaluated in the study, the correlational 

matrix for the entire sample on all test variables is presented first, followed by 

presentation of students with Processing Speed Cluster Standard Scores below 85 on all 

cognitive correlates measured. This is followed by the specific correlation matrices that 

will answer the research question. 

Whole Data Set Variable Means and Standard Deviations 

 To begin to analyze the data collected, calculation  of each site school’s results on 

test variables is reported in a table of standard scores (SS), means (M),  and standard 

deviations (SD). As shown in Table 4.1, the Scottsdale site school participants have lower 

overall SS in all the cognitive correlates of reading evaluated. This is an expected result 

as these students are all identified as having learning disabilities and attend a private 

school for students with LD. The students from the Tucson site school were not classified 

as LD, though they were ranked by their teachers as poor readers at-risk for reading 

failure.  
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 Pearson correlations were performed to assess whether SS in word recognition, as 

measured by the test of Letter-Word Identification, were significantly correlated with the 

SS from the other cognitive correlates of reading assessed. The cognitive correlates 

assessed were: Processing Speed Cluster, Verbal Comprehension (Gc), Visual-Auditory 

Learning (Glr), Sound Blending (Ga), Visual Matching 2 (Gs), Numbers Reversed 

(Gsm), Decision Speed (Gs), Rapid Picture Naming (Gs), Pair Cancellation (Gs), and 

Cross Out (Gs). Also, Pearson correlations and co-efficients of determination were 

conducted to describe the correlational relationship and shared variance in word 

recognition, as measured by the test of Letter-Word Identification, with Reading Fluency 

and Word Attack Skills (See Table 4.3).  

 Moderate correlations were seen between Letter-Word Identification and the 

following cognitive correlates of reading: Processing Speed (Gs) Cluster (.505), Verbal 

Comprehension (Gc, .563), Sound Blending (Ga, .626), Visual Matching 2 (Gs, .550), 

Numbers Reversed (Gsm, .491), Pair Cancellation (Gs, .520), and Cross Out (Gs, .479) 

[See Table 4.2]. A strong correlation was noted between Letter-Word Identification and 

Visual-Auditory Learning (Glr, .708). All correlations were significant at the p<0.01 

level (2-tailed).  

 To understand the shared variance among the test measure of word recognition, as 

measured by the test of Letter -Word Identification, and the other test variables representing the 

other known cognitive correlates of reading, the coefficient of determination was calculated. The 

coefficient of determination is represented by the following formula:  r2
Letter-Word Identification •other 

variable. The result, rounded to the hundredths place in this case, illustrates the percentage of the 

variance in word recognition that can be explained by the variance in the variable it is being 
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correlated with. The stronger the correlation, the more variance can be explained. The more the 

two variables share in common, the more information about performance on one score can be 

explained by the other score (See Table 4.3). 
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Table 4.1 

Standard Scores, Means, and Standard Deviations of Test Site Schools 

  Tucson Site School Scottsdale Site School 

Variables   Mean SD N Mean SD N 

Verbal Ability  101.04 13.45 27 89 15.53 17 

Cognitive Efficiency  102.22 9.78 27 78.35 15.25 17 

Processing Speed  104.22 12.28 27 80.06 15.11 17 

Perceptual Speed  100.63 8.89 27 75.35 16.62 17 

Basic Reading Skills  102.93 13.74 27 88.65 13.04 17 

Verbal Comprehension 101.34 13.45 27 89 15.53 17 

Visual-Auditory Learning 98.56 14.64 27 75.53 16.97 17 

Sound Blending  114.41 15.81 27 106.47 12.59 17 

Visual Matching (2)  96.44 20.01 27 74.18 16.9 17 

Numbers Reversed  102.85 10.98 27 84.06 16.74 17 

Decision Speed  108.07 14.95 27 90 13.79 17 

Rapid Picture Naming 98.15 10.01 27 82.88 12.97 17 

Pair Cancellation  101.6 5.92 27 94.53 7.09 17 

Cross Out   101.26 9.78 27 82.18 15.45 17 

Letter Word ID  105.96 11.59 27 87.47 13.5 17 

Reading Fluency  99.78 12.93 27 83.65 14.31 17 

Word Attack  100 16.59 27 90.53 13.58 17 
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 Table 4.2 

Correlational Matrix for Study Variables  

Variable Gs Cluster BRS VC V-A Lrng SB VM2 NR D. Speed RPN Pair Can CO LWI RF WA 

Gs Cluster 1 .403(**) .338(*) .652(**) .256 .943(**) .542(**) .901(**) .522(**) .703(**) .724(**) .505(**) .377(*) .201 

BRS .403(**) 1 .530(**) .559(**) .695(**) .462(**) .411(**) .278 .338(*) .488(**) .400(**) .942(**) .777(**) .914(**) 

VC .338(*) .530(**) 1 .496(**) .345(*) .315(*) .386(**) .318(*) .503(**) .470(**) .386(**) .563(**) .607(**) .430(**) 

V-A Lrng. .652(**) .559(**) .496(**) 1 .361(*) .644(**) .454(**) .561(**) .515(**) .538(**) .629(**) .708(**) .586(**) .306(*) 

SB .256 .695(**) .345(*) .361(*) 1 .284 .475(**) .191 .215 .353(*) .491(**) .626(**) .419(**) .642(**) 

VM 2 .943(**) .462(**) .315(*) .644(**) .284 1 .545(**) .705(**) .440(**) .649(**) .686(**) .550(**) .395(**) .242 

NR .542(**) .411(**) .386(**) .454(**) .475(**) .545(**) 1 .449(**) .482(**) .544(**) .571(**) .491(**) .275 .239 

D. Speed .901(**) .278 .318(*) .561(**) .191 .705(**) .449(**) 1 .548(**) .658(**) .657(**) .379(*) .299(*) .136 

RPN .522(**) .338(*) .503(**) .515(**) .215 .440(**) .482(**) .548(**) 1 .512(**) .512(**) .397(**) .380(*) .226 

Pair Can .703(**) .488(**) .470(**) .538(**) .353(*) .649(**) .544(**) .658(**) .512(**) 1 .595(**) .520(**) .333(*) .359(*) 

CO .724(**) .400(**) .386(**) .629(**) .491(**) .686(**) .571(**) .657(**) .512(**) .595(**) 1 .479(**) .313(*) .224 

LWI .505(**) .942(**) .563(**) .708(**) .626(**) .550(**) .491(**) .379(*) .397(**) .520(**) .479(**) 1 .848(**) .760(**) 

RF .377(*) .777(**) .607(**) .586(**) .419(**) .395(**) .275 .299(*) .380(*) .333(*) .313(*) .848(**) 1 .616(**) 

WA .201 .914(**) .430(**) .306(*) .642(**) .242 .239 .136 .226 .359(*) .224 .760(*)  .616(**) 1 
Note. n=44. Gs Cluster - Processing Speed Cluster, BRS - Basic Reading Skills Cluster, VC – Verbal Comprehension, V-A Lrng – Visual-Auditory Learning, SB – Sound Blending, VM2 – 

Visual Matching 2, NR – Numbers Reversed, D. Speed – Decision Speed, RPN – Rapid Picture Naming, Pair Can – Pair Cancellations, CO – Cross Out, LWI – Letter-Word Identification, 

RF – Reading Fluency, WA – Word Attack. 

**  Correlation is significant at the 0.01 level (2-tailed). 

*  Correlation is significant at the 0.05 level (2-tailed). 
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Table 4.3  

Shared Variance Among Cognitive Correlates of Reading and Letter-Word Identification 

Variable LWI r2  Variable LWI r2

Gs Cluster .505(**) .26  D. Speed .379(*) .14

VC .563(**) .32  RPN .397(**) .16

V-A Lrng. .708(**) .50  Pair Can .520(**) .27

SB .626(**) .39  CO .479(**) .23

VM 2 .550(**) .30  NR .491(**) .24

Note. n=44. Gs Cluster - Processing Speed Cluster, VC – Verbal Comprehension, V-A 

Lrng – Visual-Auditory Learning, SB – Sound Blending, VM2 – Visual Matching 2, NR 

– Numbers Reversed, D. Speed – Decision Speed, RPN – Rapid Picture Naming, Pair 

Can – Pair Cancellation, CO – Cross Out. ** Correlation is significant at the 0.01 level 

(2-tailed). * Correlation is significant at the 0.05 level (2-tailed). 

Students with Poor Word Recognition Skills Correlational Matrix and Scatter Plots  

 As noted in Table 4.1, the diversity of the data set allows for meaningful interpretation of 

correlations due to the fact the data set was not restricted to one school site or a constricted range 

of data points. With that in mind, answering research question 1, What is the relationship between 

processing speed and poor word recognition skills?, requires the examination of data scatter plots 

to examine the nature of the relationship between the two variables as they are restricted in 

number and constricted in range. The Pearson r correlations between poor word recognition as 

measured by SS <85 showed a strong relationship, though due to the small n, they were not 

significant at the p<.05 level. The coefficient of determination indicated a moderate to strong 
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shared variance for poor word recognition, as measured by the Letter-Word Identification Test, 

with all three measures of Gs (see Table 4.4).  

Table 4.4   
 
Correlation of Letter-Word Identification SS <85 with Gs Cluster Scores and Component 
Tests 
  
  Gs Cluster VM2 Decision Speed

LWID 

      r 
 

 

.749 

 

.663 

 

.811 

     r2 

Sig. (2- tailed) 
 

.56 

.087 

.44 

.152 

.66 

.050 

     n  6 6 6 
Note. LWID – Letter-Word Identification, Gs – Processing Speed, VM2 – Visual Matching  

2. 
 Conversely, a Pearson correlation was performed to assess whether word recognition skill 

as measured by the Letter-Word Identification Test was correlated with poor Gs as measured by a 

SS<85 on the Processing Speed Cluster. Thirteen data points (n=13) met the criteria for inclusion 

in this analysis. The correlation between poor Gs and word recognition skill was not statistically 

significant and the correlation was weak, r (.386). The r2 was .15, thus, about 15% of the variance 

in word recognition ability could be predicted from poor processing speed. The scatter plot of 

word recognition and tests of Gs as measured by the WJIII COG, suggest a weak, positive 

correlation (See Figure 4.1). 
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 Figure 4.1. Scatter Plot of SS on Letter-Word Identification test to tests in the Processing    

             Speed Cluster for Students with Gs SS<85. 

Section 2: Correlational Analysis of Study Question 2 

 Study Question 2 examines if certain measures of Gs are more correlated with 

reading performance. The analysis included all Gs measures identified by the WJIII COG 

Assessment Service Bulletin: Specification of the Cognitive Processes Involved in 

Performance on the Woodcock-Johnson III (Schrank, 2006). These tests include Visual 

Matching, Decision Speed, Rapid Picture Naming, Pair Cancellation and Cross Out.  
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 Pearson correlations were performed on the data set to assess whether measures of 

Gs were correlated with measures of reading performance. Moderate correlations were 

noted between several variables as described below: 

  Visual Matching and the Basic Reading Skills Cluster, r (.462) p <.01 (two-

 tailed). The r2 was .21; thus, about 21% of the variance in performance on the 

 Visual Matching 2 test could be predicted from Basic Reading Skill Cluster 

 performance; 

 Rapid Picture Naming and Basic Reading Skills Cluster, r (.338) p <.05 (two-

 tailed). The r2 was .11; thus, about 11% of the variance in performance on the 

 Rapid Picture Naming test could be predicted from Basic Reading Skill Cluster 

 performance; 

 Pair Cancellation and Basic Reading Skills Cluster, r (.488) p <.01 (two-tailed). 

 The r2 was .24; thus, about 24% of the variance in performance on the Pair 

 Cancellation test could be predicted from Basic Reading Skill Cluster 

 performance; 

 Cross Out and Basic Reading Skills Cluster, r (.400) p <.01 (two-tailed).  The r2 

 was .16; thus, about 16% of the variance in performance on the Cross Out test 

 could be predicted from Basic Reading Skill Cluster performance; 

 Visual Matching 2 and Letter-Word Identification, r (.550) p <.01 (two-tailed). 

 The r2 was .30; thus, about 30% of the variance in performance on the Visual 

 Matching 2 test could be predicted from the Letter-Word Identification test; 
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 Pair Cancellation and Letter-Word Identification, r (.520) p <.01 (two-tailed). 

 The r2 was .27; thus, about 27% of the variance in performance on the Pair 

 Cancellation test could be predicted from the Letter-Word Identification test; and,  

 Cross Out and Letter-Word Identification, r (.479) p <.01 (two-tailed). The r2 

 was .23; thus, about 23% of the variance in performance on the Pair 

 Cancellation test could be predicted from the Letter-Word Identification test. 

Decision Speed was the only measure of Gs that did not have a moderate correlation to 

any of the Reading measures. See Table 4.5 for a complete correlational matrix on 

measures of Reading and Gs tests. 

  A scatter plot for BRS and Gs Cluster scores clearly shows a positive linear 

relationship between the two variables (See Figure 4.2). 
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Table 4.5 
 
Correlational Matrix for Tests of Processing Speed from the WJIII COG and Measures of Basic Reading Skills from the WJIII ACH 
 
 

    

Basic 
Reading 

Skills 
Letter-Word 
Identification 

Reading 
Fluency 

Word 
Attack 

Visual 
Matching 2 

Decision 
Speed 

Rapid Picture 
Naming Pair Cancellation Cross Out 

Basic Reading 
Skills 

r 1 .942(**) .777(**) .914(**) .462(**) .278 .338(*) .488(**) .400(**) 

  Sig. (2-tailed) . .000 .000 .000 .002 .068 .025 .001 .007 
  r2 

 .89 .60 .84 .21 .08 .11 .24 .16 
 

Letter-Word 
Identification 

r .942(**) 1 .848(**) .760(**) .550(**) .379(*) .397(**) .520(**) .479(**) 

  Sig. (2-tailed) .000 . .000 .000 .000 .011 .008 .000 .001 
  r2 .89  .72 .58 .30 .14 .16 .27 .23 
Reading Fluency r .777(**) .848(**) 1 .616(**) .395(**) .299(*) .380(*) .333(*) .313(*) 
  Sig. (2-tailed) .000 .000 . .000 .008 .049 .011 .027 .038 
  r2 .60 .72  .38 .16 .09 .14 .11 .10 

 
Word Attack r .914(**) .760(**) .616(**) 1 .242 .136 .226 .359(*) .224 
  Sig. (2-tailed) .000 .000 .000 . .113 .379 .140 .017 .143 
  r2 .84 .58 .38  .06 .18 .05 .13 .05 

 
Visual Matching 2 r .462(**) .550(**) .395(**) .242 1 .705(**) .440(**) .649(**) .686(**) 
  Sig. (2-tailed) .002 .000 .008 .113 . .000 .003 .000 .000 
  r2 .21 .30 .16 .06 0 .50 .19 .42 .47 

 
Decision Speed r .278 .379(*) .299(*) .136 .705(**) 1 .548(**) .658(**) .657(**) 
  Sig. (2-tailed) .068 .011 .049 .379 .000 . .000 .000 .000 
  r2 .08 .14 .09 .18 .50  .30 .43 .43 

 
Rapid Picture 
Naming 

r .338(*) .397(**) .380(*) .226 .440(**) .548(**) 1 .512(**) .512(**) 

  Sig. (2-tailed) .025 .008 .011 .140 .003 .000 . .000 .000 
  r2 .11 .16 .14 .05 .19 .30  .26 .26 
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Basic 
Reading 

Skills 
Letter-Word 
Identification 

Reading 
Fluency 

Word 
Attack 

Visual 
Matching 2 

Decision 
Speed 

Rapid Picture 
Naming Pair Cancellation Cross Out 

           
Pair Cancellation r .488(**) .520(**) .333(*) .359(*) .649(**) .658(**) .512(**) 1 .595(**) 
  Sig. (2-tailed) .001 .000 .027 .017 .000 .000 .000 . .000 
 r2 .24 .27 .11 .13 .42 .43 .26  .35 

 
Cross Out r .400(**) .479(**) .313(*) .224 .686(**) .657(**) .512(**) .595(**) 1 

 Sig. (2-tailed) 
.007 .001 .038 .143 .000 .000 .000 .000 . 

 r2 
.16 .23 .10 .05 .47 .43 .26 .35 1 

 
Note. n=44. **  Correlation is significant at the 0.01 level (2-tailed) ;  *  Correlation is significant at the 0.05 level (2-tailed). 
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Figure 4.2  Scatter Plot of Processing Speed Cluster and BRS Cluster Score n=44. 

Section 3:  Research Question 3 

 Research Questions 3 asks, What percentage of poor readers have poor 

processing speed?  To calculate this, the following formula was used: 

  A × 100 = % of poor readers with low processing speed 
  B 
 
 Whereas, A = the number of students with standard scores <85 on the Processing 

Speed Cluster who also have standard scores on the Basic Reading Skills (BRS) cluster 

or standard scores on component test(s) of the BRS  <85, divided by, B,  the total number 
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of students who have either standard scores on the BRS cluster or standard scores on 

component test(s) of the BRS  <85. 

 Eight students had SS <85 on the Processing Speed Cluster and had either BRS 

SS <85 or SS <85 on any of the component tests of the BRS cluster – Letter-Word 

Identification, Reading Fluency and Word Attack. Seventeen students had SS on either 

the BRS cluster or component tests of the BRS and may or may not have had processing 

speed deficits.  

 8  × 100 = 47% of poor readers in this study also had low Gs. 
 17 

 Additionally, since many of the traditional views of dyslexia are one of auditory 

processing deficit, the percent of students with poor auditory processing skill as measured 

on the measure of Ga (Sound Blending) who also have poor reading skill/by total number 

of students with poor auditory processing skill indicated by a SS <85 was examined. 

Only one student in 44 had a SS <85 on the measure of Ga. However, that student did not 

have any standard scores <85 on the BRS Cluster or on any component tests of the BRS 

cluster.  

Section 4: Unexpected Findings  

Introduction 

 Since the implementation of No Child Left Behind Act of 2001, schools are held 

accountable for student performance on high stakes test measures administered annually 

to all but the students with the most severe disabilities. In Arizona, the site of the two 

study schools, the Arizona’s Instrument to Measure Standards (AIMS) is administered in 

Grades 3-8 yearly to measure student proficiency in Arizona Academic Content 



84 

Standards in Writing, Reading, Mathematics, and Science. These tests are required by 

state and federal law. Student results are used by the state education department to rank 

schools by their performance. Schools that are under performing are penalized, enter into 

a period of “corrective action” where they are to demonstrate measureable improvements, 

and face take over by the state department of education if they continue to under perform. 

These are high stakes tests – a poor rating may cause districts to lose enrollment to higher 

performing public and charter schools and spend more funds for mandated remedial and 

mandated improvement initiatives.    

 The AIMS tests are norm referenced, providing student national percentile 

rankings in the areas of Reading, Language Arts, and Mathematics. To further make sure 

students are on track for meeting the AIMS standards and demonstrating adequate yearly 

progress, all Arizona students take benchmark testing, known as the Measure of 

Academic Progress (MAP Testing) in the Fall, Winter, and Spring. Students in 

kindergarten through second grade are tested on other similar benchmark assessments to 

yield literacy and mathematics achievement information (e.g. Terra Nova, Dynamic 

Indicators of Basic Early Literacy Skills [DIBELS], etc.). The results of all this testing – 

benchmark data points three times a year (MAP testing) and data on annual measures of 

growth one time per year (AIMS testing), can be helpful to school district statistician’s 

and those trained to interpret test measures. However, in reality, the smaller charter and 

private schools that access this data are often untrained to interpret data and make data-

based decisions; this lack of expertise may in actuality impede instructional progress and 
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impact teacher perceptions of students’ abilities. This was clearly the case at the Tucson 

school site. 

Teaching to the Test in Tucson 

 The Tucson school site students receive 5 days per week of literacy instruction. 

Reading, grammar, written language, and spelling skills are taught intensively 4 times per 

week for 60 minutes. All grade levels use a basal program that provides weekly or unit 

assessments in spelling, reading comprehension, and conventions of written language. On 

the fifth day, the 60 minute session is devoted to AIMS test preparation in grades three 

through eight. Students in Kindergarten through second grades also participate in weekly 

test preparation sessions ranging from 30-minutes in Kindergarten and first grade, to 45-

minutes in second grade. As a result, students do fairly well on their benchmark and 

AIMS testing. This test preparation regime has been in place for 3 years with good 

results. The Tucson site school has been ranked by the Arizona Department of Education 

as “meeting” or “exceeding expectations” for the majority of students in the school. 

According to the Arizona Department of Education (2007) website, for the past three 

academic years, the Tucson site school received an Arizona LEARNS ranking of 

“excelling” and has met NCLB requirements for adequate yearly progress. Arizona 

LEARNS is a rating system for both public and charter schools in Arizona. Almost every school 

has been evaluated, based on three years performance on the AIMS tests, as being one of the 

following four categories: (a) underperforming--needs to meet state performance and state 

progress goals, (b) maintaining performance--meets state performance goals, and needs to 

meet state progress goals, (c) improving--exceeds state performance and state progress 
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goals, and (d) Excelling K-8--90% of pupils achieved one year of academic progress in 

all subject areas of the Arizona measure of academic progress, and ninety percent passed 

all subject areas of the AIMS test (Arizona Department of Education, 2007). 

 These results were so impressive, the school decided to split the first, second and 

third grades into two sections – an excelling section for all students who received 

exceeding the standard ratings on end of the year Terra Nova testing (grade 2) or had 

exceeded the benchmarks for measures of initial sounds, letter naming, phoneme 

segmentation, nonsense words, and oral reading fluency on the DIBELS in kindergarten 

and grade 1.  

Teacher Referral of Students at Risk for Reading Failure 

 As described in Chapter 2, the Tucson school site teachers referred the students they 

believed to be the poorest readers in their respective grades who were also at risk for reading 

failure. Reasons for selection of these students by the teachers included:  (a) lack of progress, (b) 

difficulty with oral reading and comprehension assignments, (c) inability to decode longer words, 

(d) poor phonic skills, and (e) difficulty reading sight words. Of all the students referred by 

teachers in grades 1 through 3 to participate in this study, fifty-six percent were referred from the 

accelerated classrooms (n=17), eleven percent were referred by parents (n=3), and thirty-three 

percent were referred from  the “non-accelerated” classrooms (n=10).  

 Means and Standard Deviations of Tucson Site School Students   

 The standard scores achieved by the students at the Tucson site school across the test 

variables clearly indicated that nearly all the students (24/27) were performing on grade level as 

measured by the test variables on WJ III ACH BRS. The following number of SS were below 85 

on the cognitive correlates of reading assessed in this study: (a) one student on the Processing 
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Speed Cluster, (b) two students on the Verbal Comprehension, (c) four students on the test of 

Visual-Auditory Learning, and (d) one student on Numbers Reversed. See Table 4.6 for means 

and standard deviations across all test variables for all Tucson site school students in the study. 

Table 4.6  

Mean and Standard Deviations of Tucson Site School Students   

Test Variable M SD 

Processing Speed  104.22 12.28 

Basic Reading Skills 102.93 13.74 

Visual-Auditory Learning 98.56 14.64 

Sound Blending 114.41 15.81 

Visual Matching (2) 96.44 20.01 

Numbers Reversed 102.85 10.98 

Decision Speed 108.07 14.95 

Rapid Picture Naming 98.15 10.01 

Pair Cancellation 101.60 5.92 

Cross Out 101.26 9.78 

Letter-Word Identification 105.96 11.59 

Reading Fluency 99.78 12.93 

Word Attack 100 16.59 



88 

 

The Use of Assessment Data to Make Placement and Instructional Planning Decisions 

 Assessment is an important undertaking of teachers and schools in today’s classrooms. A 

primary use of assessment data collection in schools is to meet the requirement for federal and 

state compliance (Individuals with Disabilities Education Improvement Act of 2004 and NCLB). 

One of the most powerful and appropriate uses for assessment data is instructional planning 

(Hosp & Ardoin, 2008).  

 Hosp and Ardoin (2008) identify the following uses for benchmark assessment data that 

is collected by schools: (a) for comparison to national norms to determine acceptable rates of gain 

relative to other schools/districts with similar demographics, (b) to determine within district 

performance at various school sites, and (c) to identify students who are not responding to the 

general instruction and thus need intervention. Hosp and Ardoin caution that benchmark 

screening assessments often do not provide enough information to plan instruction because they 

focus on quick samples of performance rather than on in-depth assessment. However, they do 

provide a useful starting point for further assessment that will aide instructional planning. The 

types of instructional planning that can be informed by further assessment include what-to- teach 

planning decisions based on what the student has and has not mastered, and how- to- teach 

decisions that identify types of strategies and instruction a student needs (Hosp & Androin, 2008; 

Howell, Hosp, & Kurns, 2008).  

 The teachers and administration at the Tucson site school used the results of benchmark 

testing to identify students as “accelerated” and performing above grade level expectations. This 

is suggested by the literature reviewed to be an inappropriate use of the data as it lacks treatment 

validity. Decisions based on data must rely on the constructs being measured (Fuchs, Fuchs, & 

Speece, 2002). A snapshot of how a student performs on isolated brief measures of reading and 
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mathematics is not sufficient for the type of program decision made at the Tucson site school 

resulting in the high number of average achieving students being identified as at-risk reader s by 

their teachers and referred to the study.  

 Another key aspect to the interpretation of the assessment result data at the Tucson site 

school is the time spent in weekly test preparation. The validity of what is being measured is 

called into question. The possibility that high-states testing programs can inflate or produce 

illegitimate results has been demonstrated (Shepard & Dougherty, 1991; Popham, Cruse, Rankin, 

Sandifer, and Williams, 1985).  
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CHAPTER 5 

Conclusions 

Summary of the Literature 

  The major findings of the past forty years of research in the field of cognition 

have help to define and map the complicated processes that underlie how information is 

processed by the brain (e.g. McClelland, 1979; Meyer, Irwin, et al., 1988; Meyer, Osman, 

et al., 1988; Ratcliff, 1988; Schwarz, 2003; Sternberg, 1969). One of the many processes 

that underlie information processing is speed. Kail and his colleagues as discussed in 

depth in Chapter 2, charted the developmental path of information processing speed in 

the 1980’s and early 1990’s. McGrew and colleagues also substantiated the growth curve 

for Gs in their work with the CHC theory of cognition as the framework for the 

development of the WJ III COG (McGrew, Schrank, & Woodcock, 2007; McGrew & 

Woodcock, 2001). Information processing increases rapidly through early childhood, 

slows down during adolescence reaching its peak in early adult hood, and then gradually 

decreases (Salthouse & Kail, 1983). Studies with LD and NLD populations have also 

demonstrated that the developmental curve for Gs is the same in both populations.  

 In an attempt to discern where Gs delays originate, researchers have used EEGs to 

measure brain wave activity. Researchers interested in the relationship of Gs to reading 

and performance on the cognitive correlates of reading, examined large data sets from 

norming samples for the Woodcock-Johnson Batteries or they tested large numbers of 

young children (ages 5-12) on reliable tests for assessing Gs. Major findings include:  
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1. Delays in Gs may be indicative of brain areas which are inefficiently 

connected (Weiler et al. 2003). 

2. Gs mediates age-related changes in other cognitive constructs which are 

directly affected by speed --RAN, Ga, naming speed, and visual-spatial skills 

(Kail et al., 1999). 

3. Global processing speed is correlated with performance on naming speed 

(Kail et al., 1999; Wolf & Bowers, 1999; 2000);  

4. The speed at which children and adolescents execute basic cognitive processes 

consistently predicts performance on a variety of cognitive tasks (Kail & 

Ferrer, 2007). 

5. The pause time between naming stimuli in naming tasks, (which loads on Gs) 

is the most robust predictor of reading decoding and comprehension at certain 

ages depending on the stimuli (Neuhaus et al., 2001). 

6. Gs contributes to rapid serial naming and rapid serial naming and 

orthographic knowledge are significantly related due to the effects of Gs 

(Cutting & Denckla, 2001).  

7. Large data set path analyses indicate varying relationships amongst the 

cognitive correlates of reading in relation to the role of Gs depending on 

which tests were used in the path analysis (Benson, 2007; Konold et al., 2003; 

Vanderwood et al., 2002).  

 The literature on the role of Gs in predicting reading achievement is largely 

correlational and examines the relationship between the various cognitive correlates of 
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reading and reading performance. The field is poised to begin an exploration into 

applying this information to interventions or strategies that will assist children with Gs 

deficits that do not show adequate progress or an adequate response to the interventions 

in place. More importantly, the effect of all the cognitive correlates to reading needs to be 

thoroughly understood by practitioners who teach and evaluate children. As is discussed 

in the next section, children can present with average reading skill but have patterns of 

cognitive delay that impede learning and impact the rate of progress they will make, as 

well as, the quality of response to intervention that may be attained. 

Findings of the Study 

 Summary of correlations. There were several interesting correlational findings in 

this study. Observations of relationships between research questions yielded the 

following information: (a) there is a strong relationship between Gs and poor word 

recognition, r (.749), and within the subset of students with poor Gs and poor word 

recognition skill, (n=6) there is a strong relationship between poor word recognition and 

Visual Matching r (.663), and Decision Speed r (.811); (b) there is a moderate to strong 

shared variance for poor word recognition with the Gs cluster score and component tests 

r2 (.56), Visual Matching r2 (.44), and Decision Speed r2 (.66); (c) there is a weak, 

positive correlation between poor Gs and word recognition skill; (d) the tests of Visual 

Matching, r (.462) p<.01 (two-tailed), Rapid Picture Naming r (.338) p<.05 (two-tailed), 

Pair Cancellation r (.488) p<.01(two-tailed),  and Cross Out r (.400) p<.01(two-tailed), 

all have moderate and significant correlations with Basic Reading Skills Cluster scores; 

and (e) the tests of Visual Matching (.550) p<.01(two-tailed), Pair Cancellation (.520)  
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p<.01(two-tailed), and Cross Out (.479) p<.01(two-tailed), all have moderate and 

significant correlations with the  Letter-Word Identification test measuring word 

recognition. Also scatter plots for BRS and Gs Cluster scores show a positive linear 

relationship.  

 Measures of Gs and their relationship to BRS component tests. As measured by 

the WJ III, and as seen on similar cognitive assessments, not all tests of Gs have a strong 

relationship with reading. The tests that contribute to the Gs Cluster score on the W JIII 

battery are Visual Matching and Decision Speed. The additional measures of Gs 

evaluated in this study that examine other narrow CHC abilities are: Pair Cancellation, a 

measure of attention and concentration; Rapid Picture Naming, a measure of naming 

facility; and Cross Out, a measure of perceptual speed. All of these aforementioned tests 

have varying relationships with reading as measured by the WJ III BRS Cluster. The tests 

of Visual Matching (.242), Rapid Picture Naming (.226), Pair Cancellation (.359) and 

Cross Out (.224) have a weak relationship with Word Attack, while Decision Speed 

(.136) has no relationship.  

 Reading Fluency is a measure of automaticity in a timed condition. As expected, 

all test measures of Gs had a moderate relationship with Reading Fluency: Visual 

Matching (.395, p<.001, two-tailed), Rapid Picture Naming (.380, p<.05, two-tailed), Pair 

Cancellation (.333, p<.05, two-tailed) and Cross Out (.313, p<.05). The largest 

correlations were seen in word recognition skills as measured by the test of Letter-Word 

Identification and the Gs tests of –Visual Matching (.550, p<.001, two-tailed), Pair 

Cancellation (.520, p<.001, two-tailed), and Cross Out (.479, p<.001, two-tailed). Also 
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weakly correlated with Letter-Word Identification were Decision Speed (.379, p<.001, 

two-tailed) and Rapid Picture Naming (.397, p<.05, two-tailed) . 

 Measures of Gs in students with poor word recognition skills.  As previously 

reported, when comparing the strength of relationships between students with poor word 

recognition skills and different formats of Gs measures, the test of Decision Speed was 

strongly correlated r (.811) and had a strong shared variance r 2(.66). This robust finding 

may be explained by the type of Gs measured –semantic processing speed.  The Decision 

Speed test requires the students to make a speeded symbolic/semantic comparison 

amongst an array of objects in a row and decide which two are most similar conceptually. 

The layer of semantic decision making required on this test is a distinct feature of this 

format of Gs test.  The participants in this subset, n=6, were all identified as LD. 

Theorists agree that reading involves many different types of processes, from the early 

uptake of visual information, to orthographic and semantic processes, to (in the case of 

reading aloud) the motor processes involved in articulation (e.g. van den Bos, et al., 

2003; Cutting & Denckla, 2001; Hess & Radtke, 1981; Joshi & Aaron, 2000; Powell, et 

al. 2007; Wolf, 1991). Students with LD commonly struggle with language processes; 

helping to substantiate the 66% shared variance between Decision Speed performance 

and poor word recognition skill in students with poor Gs.   

 Percentage of poor readers with low Gs. The results of this study are in alignment 

with the observations noted by Weiler et al.(2003). Weiler et al. concluded, based on their 

research with EEGs of students with and without LD that slower-than-average rates of 

processing speed are neither sufficient nor necessary for a learning disability to emerge 
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despite the strong association between processing speed and LD. The dependent variable 

appears to be which areas of the brain are inefficiently connected. Therefore, some 

children with processing speed problems may not have academic difficulties, whereas 

children with processing speed problems may have moderate to severe academic 

difficulties. Within the context of this study, 47% of the students identified as poor 

readers (SS<85) also had low processing speed scores (SS<85). Conversely, 33% of 

students with Gs SS<85 were average readers as measured on the BRS Cluster and 

component tests with SS >85.   

 As noted in the results section, only one in forty-four students in the study 

performed poorly on measures on phonological awareness as measured on the test of 

Sound Blending. This finding contradicts with what is well established in research and 

practice –many students with reading disabilities are likely to have phonological 

awareness delays. While this result is unexpected, it is explainable. The average 

performance on the measure of Ga by nearly all the students in both schools speaks to the 

trainability of phonological processing skills. The students with the most severe reading 

deficits from the Scottsdale site school received intensive training in programs that stress 

the development and acquisition of phonological processing skills. The students all 

received instruction from highly skilled reading specialists in a variety of research-based 

programs found to be effective for students with reading difficulties, such as the 

Lindamood® Phoneme Sequencing Program for Reading, Spelling, and Speech 

(Lindamood-Bell, 2006); Retrieval, Automaticity, Vocabulary, Elaboration, Orthography 

(RAVE-O; Wolf, Miller & Donnelly, 2000); Wilson Fundations® (Wilson Reading 
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System, 2002a) and Wilson Reading System® (Wilson Reading System, 2002b). Also, 

the Tucson site school has incorporated phonics based basal reading programs into their 

classrooms and use programs in kindergarten and first-grade that focus on the 

development of phonological awareness skills. 

Limitations of the Study 

 This study has two major limitations. One surrounds the inherent limitations of 

correlational studies that apply to this research study. These limitations include the effect 

of restriction in the range of scores, the effect of restriction in score range based on the 

small sample size, and the effect of sample heterogeneity or homogeneity.  

The other limitation is that this study is exploratory; the study is correlational and 

not experimental, reporting only relationships between variables and not causation.  Also, 

the study includes only one measure of word recognition and one measure of each of the 

cognitive correlates of reading with the exception of Gs, as discussed in Chapter Three. 

 A correlation coefficient tells us about the relationship between variables, but it 

does not tell us which variable, if either, caused the relationship. With a correlation, X  

can cause Y; Y can cause X; or a third variable, Z can cause both  X and Y.  In any of these 

cases, the correlation will be the same.  

 Heterogeneity refers to a sample’s diversity (Warner, 2008). In this study, the two 

site schools contained students that differed from students at the other site school. The 

Scottsdale site school’s students were all identified as having learning disabilities. As 

discussed in Chapter 4, section one, these students had lower standard scores in all 

cognitive correlates examined (See Table 4.1). Since research question one focused on a 
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restricted range of students, the n was low and the resulting within group correlation was 

low. Restriction in score range decreases the correlation because only part of the full 

range of scores on both variables is available for the calculation (Warner, 2008). There 

was heterogeneity between groups, and between group analyses did yield stronger 

correlations, as was demonstrated in analysis of the entire data set in the determining the 

correlation for research question two.   

Implications 

 Implications for practitioners. The use of benchmark assessments and data for 

instructional planning is an area that needs further development for practitioners. As seen 

at the Tucson site school, data was used in appropriately to place students in programs, 

instead of being used as a guide for instructional planning. Teaching to the test has 

become a necessity for many schools trying to succeed in an environment of high stakes 

testing that rewards high performing schools and penalizes schools that are under-

achieving. Practitioners must interpret the data carefully, making sure they understand 

what is being measured and how to use the data effectively and appropriately. Careful 

collection and interpretation of data are a foundational assumption of, and vital to, 

instructional planning decisions and the evaluation of students receiving services in a 

Response to Intervention model. 

  In regard to the study findings, it was interesting to note the average to above 

average auditory processing skills demonstrated in the majority of students at both site 

schools. Word recognition skills, as measured on the Letter-Word Identification test were 

also average in the 38/44 research participants. These scores may be indicative of the 
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trainability of phonological awareness skills and reflect recent focus on developing 

phonemic awareness, phonics, and sight words as emphasized in the report of the 

National Reading Panel (National Institute of Child Health and Human Development, 

2000). Continued implementation of evidence-based interventions with procedural 

integrity will support students in their development of reading skills. The findings also 

indicate that even when the phonological weaknesses are resolved, certain children 

continue to experience reading difficulties because of other factors.  

 Implications for assessment and evaluation of learning disabilities. The findings 

also strongly suggest varying profiles among children with both average and low reading 

skills. As earlier stated, all but one student in the study had average ability on measures 

of auditory processing – observed by Vanderwood et al.2002 to have a relationship to 

word attack skills. Yet, 17 of the students are classified as having learning disabilities in 

reading, exhibiting discrepancies severe enough and reading skills low enough to warrant 

placement in a specialized school. The varying profiles and levels of difficulty of the 

students at the Scottsdale site school underscore the importance of a complete cognitive 

evaluation in assessing children for their learning strengths and weaknesses. 

 For illustrative purposes, cognitive profiles of students with average skills in Ga 

and BRS, who are having great difficulty in reading, are presented. One student is from 

the Tucson site school and the other student is from the Scottsdale site school. 

 Scottsdale site school student. Sam presents as a student with age appropriate 

reading skills on classroom criterion referenced measures of individual performance (see 

Appendix D.1 for complete score report). Sam’s teachers report he has a great deal of 
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difficulty with learning new information, applying new and learned skills quickly and 

efficiently, and generalizing new and learned information.  

 Sam (pseudonym) performed in the average range on the WJIII ACH tests of 

Letter-Word Identification (SS 89), Reading Fluency (SS 91) and Word Attack (SS 93). 

However, the most useful interpretive data from the WJ III Battery that helps to predict 

the quality of performance on tasks similar to the tested ones is the Relative Proficiency 

Index (RPI). The RPI is a comparative score predicting how much proficiency the subject 

would be expected to have as compared to the predicted 90% proficiency rate the 

subject’s average referenced group (age or grade) peer would experience (McGrew & 

Woodcock, 2001). Sam’s RPIs on the aforementioned WJ III ACH tests are as follows: 

(a) BRS Cluster -51/90, (b) Gs Cluster 62/90, and (c) Perceptual Speed – 52/90. The RPI 

scores explain why Sam has a great deal of difficulty quickly and efficiently performing 

many simple cognitive tasks and has difficulty with reading and scanning visual symbols 

quickly.  

 Tucson site school student. In the classroom, Tami (pseudonym) presents as quiet 

and well mannered student. Her main difficulty in school surrounded completing reading  

tasks. Tami has a history of not doing well on subject area tests, difficulty completing 

academic tasks, and presents with a lack of sustained, focused attention. Teachers 

suspected Tami was having attention issues or perhaps reading difficulties. Based on 

reading achievement testing done as part of the research study, Tami was performing 

within the average range. If testing on measures of reading achievement alone were 

conducted by the teacher, it should conceivably show that she was performing within the 
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average range for her age. The teacher might try a behavior management system to 

reward on-task behavior or perhaps break tasks into smaller, less time consuming 

activities in an attempt to increase time on-task and test performance.  

 However, what the teacher doesn’t know is that Tami has a complicated cognitive 

profile with patterns of weakness and strengths.  Conducting only achievement testing on 

a student with a history of academic difficulty is not adequate to diagnose areas of 

weakness and plan intervention. Tami, as exhibited by her cognitive profile attained on 

the WJ III COG (see Appendix D.2 for complete score report), has severe areas of 

difficulties that cannot be diagnosed on criterion referenced or achievement tests alone. 

Tami’s RPI on the WJ III COG, demonstrates difficulties  in the following areas: (a) 

Cognitive Efficiency Cluster, which is determined by performance on tests of Gs and 

tests of short-term memory,  (SS 85, RPI 65/90); (b) BRS Cluster (SS 92, RPI 62/90); (c) 

Numbers Reversed (SS 81, RPI 31/50), a measure of short-term memory; and (d) Word 

Attack (SS 89, RPI 43/90).  

 These profiles are just two out of fifteen profiles of students with average range 

standard scores on measures of reading achievement that have a complicated cognitive 

profile that is indicative of a student who is struggling academically. Sam’s is receiving 

the specialized help he needs due to previous cognitive assessment, however,  Tami’s 

patterns of cognitive strengths and weaknesses were not evaluated before this study. She 

has experienced failure and lack of progress that is impacting her motivation and skill 

acquisition.  
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 These profiles suggest that without a thorough cognitive assessment when 

considering a child for special education services, some children with reading disabilities 

may go undiagnosed, or not receive the best suited interventions for their patterns of 

strengths and weaknesses. Children have limited windows of opportunity to learn to read 

and as practitioners we cannot afford to spend that time with ineffective interventions or 

lack of valid information on which to base our selection of instructional methods. 

 Implications for researchers. The role of Gs in the development of word 

recognition skills in poor readers warrants further exploration. It was clear from this 

study that a relationship exists between the two variables, particularly for students with 

poor reading skill. However, quantifying the causation of the relationship, examining 

how that relationship can be impacted through intervention, and identifying what types of 

interventions are most efficacious for students with poor Gs and poor word recognition 

skills, need to be evaluated experimentally.  

 In order to evaluate these questions, which is postulated to pertain to a relatively 

small subset of students with poor Gs identified as poor readers, the collection of large 

data sets of individual students is required. Investigations into the use of existing 

normative data sets and the conduction of large-scale studies or smaller, collaborative 

studies appear warranted. Researchers are also urged to include Gs measures, as well as 

measures of all known cognitive correlates of reading in order to avoid specification 

errors when interpreting results.  
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 Most importantly, the design, development and testing for efficacy of reading 

interventions and instructional methods need to address the unique needs of students with 

poor Gs who have difficulty learning to read.   
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APPENDIX A.1 

WJ III COG Test Constructs and Descriptions 

Test 

Primary Broad CHC Factors, 

Narrow CHC Abilities 

Description 

 

Verbal Comprehension  

Comprehension-Knowledge (Gc) 

   Lexical knowledge 

   Language development 

Pictures and words are used to identify objects, 

demonstrate knowledge of antonyms and 

synonyms; completing verbal analogies. 

 

Visual-Auditory Learning 

   Long-Term Retrieval (Glr) 

   Associative memory 

 

Learning and recalling pictographic 

representations of words organized in sentence 

format. 

 

Sound Blending 

   Auditory Processing (Ga) 

   Phonetic Coding 

 

Synthesizing language sounds (phonemes) 

presented, with one-second pauses between 

delivery, in order to reproduce the whole word. 

Visual Matching 

   Processing Speed (Gs) 

   Perceptual Speed 

Rapidly locating and circling identical numbers 

from a set of numbers; three-minute time limit. 
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Test 

Primary Broad CHC Factors, 

Narrow CHC Abilities 

 

Numbers Reversed 

   Short-Term Memory (Gsm) 

   Working memory 

Description 

 

 

 

Holding a span of numbers delivered in strings 

of increasing lengths presented at one-second 

intervals. 

Rapid Picture Naming 

   Processing Speed (Gs) 

   Naming facility 

Recognizing familiar objects and rapidly 

retrieving and articulating their names; three-

minute time limit. 

Pair Cancellation 

   Processing Speed (Gs) 

   Attention and concentration 

Identifying and circling instances of a repeated 

pattern (a soccer ball and a dog) rapidly; three-

minute time limit. 

Cross Out  

   Processing Speed (Gs) 

   Perceptual speed   

Rapidly locating and marking five identical 

pictures from a defined set of similar pictures; 

three-minute time limit. 

Decision Speed 

    Processing Speed (Gs) 

    Semantic processing speed 

Locating and circling two pictures most similar 

conceptually in a row. 

 

Note. From “Woodcock-Johnson III Normative Update Technical Manual,” by K.S. 

McGrew, F.A. Schrank and R.W. Woodcock, 2007, p. 58-9. Copyright 2007 by 

Riverside Publishing.  



105 

APPENDIX A.2 

WJ III ACH Test Constructs and Descriptions 

Test Name  

Curricular Area 

Narrow CHC Ability 

Description 

 

Letter-Word Identification 

   Reading 

   Reading decoding 

 

 

Identification of printed letters and words 

of increasing difficulty. 

Reading Fluency 

   Reading 

   Reading speed 

Reading of printed statements rapidly and 

circling yes or no in response to the 

statement’s validity. 

 

Word Attack 

   Reading 

   Reading decoding 

   Phonetic coding: Analysis & synthesis 

Reading phonically regular non-words. 

Note. From “Woodcock-Johnson III Normative Update Technical Manual,” by K.S. 

McGrew, F.A. Schrank and R.W. Woodcock, 2007, p. 65-66. Copyright  2007 by 

Riverside Publishing.  
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APPENDIX B 

Procedural Reliability Checklist WJ III COG and WJ III ACH 

WJ III ACH   
 
L-W ID 
 

 Read directions provided 
 Conducted practice exercised 
 Error correction procedures followed 
 Used suggested starting point 
 Established Basal – 6 lowest-numbered items administered are correct, or page 

with item 1. 
 Test through Ceiling – 6 highest numbered administered incorrect or through 76 
 Scored Item as indicated, 1= correct response; 0= incorrect response 

 
READING FLUENCY 
 

 Read directions provided 
 Conducted sample items 
 Conducted practice exercised 
 Error correction procedures followed 
 Started with item 1 
 Timed for 3 minutes or  recorded exact finishing time in minutes and seconds 

 
WORD ATTACK 
 

 Read directions provided 
 Conducted practice exercised 
 Error correction procedures followed 
 Used suggested starting point 
 Established Basal – 6 lowest-numbered items administered are correct, or page 

with item 1. 
 Test through Ceiling – 6 highest numbered administered incorrect or through 76 

Scored Item as indicated, 1= correct response; 0= incorrect response 
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WJ III COG 

 
VERBAL COMPREHENSION (record for each subtest) 
 

        Read directions provided 
       Conducted practice exercised 
  Error correction procedures followed 
  Used suggested starting point 
  Established Basal – 3 lowest-numbered items administered are  
     correct, or page with item 1. 
  Test through Ceiling – 3 highest numbered administered incorrect  
  Scored Item as indicated, 1= correct response; 0= incorrect   
    response 

 
VISUAL-AUDITORY LEARNING 
 

 Circled each word that subject missed 
 Told word after 5-second pause and circled  
 Recorded the number of errors for each test story on test record 
 Immediately corrected errors and pointed to next symbol 
 Did not allow practice or review 
 Began with Introduction  

 
SOUND BLENDING 
 

 Presented sample A orally; presented sample B and all test items from the audio 
recording 

 Paused recording when subjected needed additional time to respond 
 Began with Sample Item A 
 Scored Item as indicated, 1= correct response; 0= incorrect       

response 
 Correct response must be pronounced as unbroken word. 
 Ceiling 6 highest numbered administered incorrect 

 
VISUAL MATCHING 2 
 

 Read directions provided 
 Conducted practice exercises and sample items 
 Error correction procedures followed 
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 Administered with 3-minute time limit using stopwatch or second hand 
 

 
NUMBERS REVERSED 
 

 Read directions provided 
 Conducted practice exercises and sample items 
 Error correction procedures followed 
 Administered Items 1-10 orally; remaining with audio recording 
 Basal established with 3 lowest-numbered items in a group correct OR until group 

with Item 1 has been administered. 
 Ceiling established with 3 highest-numbered items in a group incorrect OR until 

group with Item 30 has been administered. 
 

DECISION SPEED 
 

 Read directions provided 
 Conducted practice exercises and sample items 
 Error correction procedures followed 
 Timed for exactly 3 minutes – record exact finishing time in minutes and seconds 

if finished early 
 One point for each correctly identified pair 
 Begin with Sample A 

 
RAPID PICTURE NAMING  
 

 Read directions provided 
 Conducted practice exercises and sample items 
 Error correction procedures followed 
 Timed for exactly 2 minutes – record exact finishing time in minutes and seconds 

if finished early 
 Scored Item as indicated, 1= correct response; 0= incorrect       

response 
 Begin with Sample A 
 Follow 2-second pause rule 
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PAIR CANCELLATION 
 
 

 Read directions provided 
 Conducted practice exercises and sample items 
 Error correction procedures followed 
 Timed for exactly 3 minutes – record exact finishing time in minutes and seconds 

if finished early 
 One point for each correctly identified pair 
 Follow 2 or fewer correct rule if applicable 

 
CROSS OUT 
 

 Read directions provided 
 Conducted practice exercises and sample items 
 Error correction procedures followed 
 Timed for exactly 3 minutes – record exact finishing time in minutes and seconds 

if finished early 
 One point for each correct row with 5 identical drawings correctly identified 
 Start with Sample Item A 
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APPENDIX C.1 

Recruitment Forms  

Recruitment Script Cognitive Correlates of Reading  

Each school site principal will send a note home introducing the study with the following script: 

Dear Parents/Guardians of students in Grades 1-3: 

A University of Arizona graduate student is conducting her dissertation research entitled 
“Cognitive Correlates of Reading” at our school site.  Ms. Annmarie Urso will be investigating 
contributing factors to reading difficulties and will be assessing students in grades 1-3 who are 
between the ages of 6-10 years old.  

Your son or daughter is being invited to voluntarily participate in the research study so Ms. Urso 
can collect information on factors that contribute to reading development in young readers. Our 
school is interested in this research project as it will help us identify students who are at-risk for 
reading failure and will yield a profile of student strengths and weaknesses in reading so we can 
provide the best instructional programming to meet individual needs. 

 What is involved?  Children who participate in the study must already be enrolled in the 
school and speak English as their first language. Each child who participates will work with Ms. 
Urso for 30 minutes on a variety of activities that measure reading abilities. It is important to 
understand that student participation or nonparticipation in the research project will, in no way, 
affect students’ participation in school programming.   

 Potential Benefits and Concerns.  The information gathered in this study will be 
summarized with you and your child and, if you provide permission, with the administrators at 
your child’s school. The information, if shared with the school, will be used to make informed 
decisions about the best ways to continue to help your child with reading instruction and 
intervention.  We will schedule the 30 minutes of testing activity so your son or daughter does not 
miss important lessons. 

 Participation is voluntary.  Your son’s or daughter’s participation in this study is 
completely voluntary.  There will be no penalty if you do not wish your son or daughter to be in 
this study, and he or she may withdraw at any time from the study and refuse to participate in the 
testing.  The project has been approved by the school’s superintendent as well as the school 
principal.   

 Information is confidential.  All information will be held as confidential as is legally 
possible.  Only the researcher will see student test results.   Once data collection has been 
completed, your child’s name will be removed from all testing and replaced with a number so that 
he or she can no longer be connected to any specific test outcomes.   
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 Questions?  We would appreciate it if you would return the form on the next page 
whether or not you would like your child to participate, so that we know that this information has 
reached you.  You may keep the attached copy of this letter for your records.  If you have any 
questions, please feel free to call Ms. Annmarie Urso (744-6143).  The University of Arizona 
Human Subjects Protection Program can also answer questions about rights of participants in 
research (520-626-6721; if out of state or long distance, use the toll-free number 1-866-278-
1455).   

Thank you for your consideration.   

Sincerely,  

Annmarie Urso     xxxxxxxxxxx 

Ph.D. Candidate    Principal      

Department of Special Education,   Name of school 

Rehabilitation and School Psychology Phone number 

University of Arizona     

Phone Number 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
 
Please cut, complete, and return the lower portion of this permission form to your child’s 
classroom teacher.  
  
Please check the appropriate boxes and send this form along with any other required forms back 
to school with your son or daughter: 

 I have read and I understand the recruitment letter.  I give consent for my child to 
participate in the study and have signed and attached the parent/guardian consent 
form. 

 I would like more information before giving consent for my child to participate in 
this study.  Call me at ____________________________ 

 I do not which my child to participate in this study. 
 

 ____________________________________ _______________ 

Parent/Legal Guardian’s Signature   Date 

____________________________________  _______________ 

Student’s name     Homeroom Teacher 
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Human Subjects Approval Letter 
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APPENDIX D.1 

WJIII NU SCORE REPORTS 

Scottsdale Site School Student 

Age: 9 years, 1 month                    Grade: 3.6                                            Sex: Male  

COG/DS norms based on age 9-1; ACH norms based on age 9-0 

CLUSTER/Test Raw W        AE       RPI        SS (90% Band)     PR 

VERBAL ABILITY (Std)    -  486       8-0     78/90       91    (83-99)              28 

COG EFFICIENCY (Std)    -  497       9-5     92/90    103     (95-112)           59 

PERCEPTUAL SPEED    -  474       6-10   52/90      67     (59-76)               1 

BASIC READING SKILLS    -  471       8-0     51/90      90     (87-93)              25 

Verbal Comprehension    -  486       8-0     78/90        91    (83-99)             28 

Visual-Auditory Learning  34-D 477       5-4     46/90        61   (54-68)              0.5 

Sound Blending  25   522        21      99/90     126  (116-136)           96 

Visual Matching  22-2 472       6-9      44/90      67   (60-75)                 1 

Numbers Reversed  15   522     15-6      99/90    121  (111-130)             92 
 
Rapid Picture Naming  85   487       7-6      80/90      92    (88-96)               29 
   
Cross Out  11   475       7-0     59/90      75    (62-88)                 5 
 
Letter-Word Identification  38   460       8-0     34/90       89    (85-93)               23 

Reading Fluency  25   485        8-1     82/90      91   (83-99)                28 

Word Attack  13   482        8-0     68/90      93   (89-97)                33 
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APPENDIX D.2 

Tucson Site School Student 

Age: 8 years, 3 months                          Grade: 2.6                                            Sex: Female 
  
WJ III NU Compuscore and Profiles Program, Version 3.0 
All Norms based on age 8-3  

CLUSTER/Test Raw W     AE       RPI        SS (90% Band)     PR 

VERBAL ABILITY (Std)    -      483     7-8      84/90    95 (87-102)             36 

COG EFFICIENCY (Std)    -  474    6-10    65/90      85 (76-94)                16 

PERCEPTUAL SPEED    -  485    8-18      8/90      97 (88-107)              43 

BASIC READING SKILLS    -  462    7-8      62/90      92 (89-96)                31 

Verbal Comprehension    -  483    7-8      84/90      95 (87-102)              36 

Visual-Auditory Learning  34-E 484    6-3      71/90      80 (74-86)                  9 

Sound Blending  18   500    9-6      93/90    104 (93-115)              61 

Visual Matching  30-2 486    8-1      89/90      98 (89-107)              45 

Numbers Reversed   6   462    6-1      31/90      81 (70-92)                10 

Rapid Picture Naming  84   486    7-5      85/90      95 (91-99)                37 

Cross Out  14   484    8-0      88/90      97 (83-112)              43 

Letter-Word Identification  38   460    8-0      79/90      97 (93-100)              41 

Reading Fluency  31   489    8-8      92/90     104 (96-112)             61 

Word Attack   7   464    7-2      43/90      89 (84-94)                23 
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