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ABSTRACT 

Fluency is highly correlated with reading comprehension, yet little empirical research has 

investigated the underlying nature of fluency. This study examined the constructs of 

fluency in reading and rapid naming. Alternative models of fluency were compared to 

examine individual differences in skill development for second graders. Fluency skills 

examined included rate and accuracy as one generalized skill; rate and accuracy as two 

unrelated skills; and rate and accuracy as distinct, yet related skills. The hypothesis that 

the development of fluency skills reflected age-related changes in global processing 

speed skills was examined as well. The sample included 179 second-grade children who 

were recruited from two Tallahassee, FL elementary schools, as well as a control sample 

of 44 first-grade children from one of the schools. Confirmatory factor analyses 

supported that rate and accuracy were two distinct, yet related skills. This was found for 

both reading of connected text and rapid naming tasks. The hypothesis that fluency skills 

and global processing speed reflected one skill was not supported by the data. Differences 

in rate and accuracy were examined at an individual level to determine whether poor 

readers would score comparatively low on accuracy and rate, or whether some readers 

might be accuracy- or rate-impaired. For these analyses the bottom third of the second 

grade readers and a control sample of first grade readers was used. The first grade rate 

scores were regressed on accuracy, and vice versa, with a 90% confidence interval 

around the regression line to determine the expected range of rate and accuracy.  Results 

determined that poor readers were more likely to be rate impaired for both reading 

connected text and rapid naming tasks. These findings are consistent with research on 

reading intervention, where it was found that intensive intervention with poor readers 

improves their accuracy, but not their rate performance.  
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INTRODUCTION 

 

In Western society with the demands of the knowledge-based 21-century 

workplace, literacy is playing an increasingly important role (Good, Simmons, & 

Kame’enui, 2001; Meyer & Felton, 1999). Reading is the most skilled activity that a 

child will be taught (Stein, 2001). Children go through several stages in reading, and 

young readers must make the shift from reading words on a word-to-word basis to 

reading rapidly, accurately, and expressively, or, in other words, fluently (Kuhn & Stahl, 

2003). Fluent reading in turn is necessary to achieve reading comprehension (LaBerge & 

Samuels, 1974; Stanovich, 1980), which is the ultimate goal of learning how to read 

(Torgesen, 1998). Understanding which skills are needed for effective reading 

comprehension is especially important in that children who fall behind in the early stages 

of reading almost always continue to be poor readers (Lovett, Bordon, Lacerenza, 

Benson, & Brackstone, 1994; Torgesen, Rashotte, Alexander, Alexander, & MacPhee, 

2003). 

The importance of reading fluency for reading comprehension has been 

demonstrated both in correlational studies and in treatment outcome studies.  Correlations 

between reading fluency and reading comprehension range from .89 to .91 (Fuchs, Fuchs, 

& Maxwell, 1988; Shinn, Good, Knutson, Tilly, & Collins, 1992; Fuchs, Fuchs, Hosp, & 

Jenkins, 2001) in elementary school. Treatment outcome studies that achieved gains in 

decoding accuracy but not in fluency did not achieve substantial gains in reading 

comprehension. Torgesen, Alexander et al. (2001) found that, after an intensive 

intervention, the reading rate of their impaired readers improved when the passages were 

well below grade level, but even at that easy level readers read below the average number 

of words per minute.   

Defining reading fluency. The reading fluency construct may be three decades 

old, but there is a lack of clarity in how it is defined. There are "no consensual definitions 

of what is meant by fluency” (Wolf & Katzir-Cohen, 2001, p. 213). Reading fluency has 

been called an eonomine, "a term so broad and unsatisfactory in meaning that little 

insight and understanding are gained beyond the mere use of the term (Kame’enui & 

Simmons, 2001, p. 204)." Definitions range from broad descriptions that are hard to 
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operationalize to narrow terms that may be too restrictive.  Reading fluency can be 

defined as broadly as: 

"In its beginning, reading fluency is the product of the 

initial development of accuracy and the subsequent 

development of automaticity in underlying sublexical 

processes, lexical processes, and their integration in single-

word reading and connected text. These include perceptual, 

phonological, orthographic, and morphological processes at 

the letter, letter-pattern, and word levels, as well as 

semantic and syntactic processes at the word level and 

connected-text level. After it is fully developed, reading 

fluency refers to a level of accuracy and rate where 

decoding is relatively effortless; where oral reading is 

smooth and accurate with correct prosody; and where 

attention can be allocated to comprehension (Wolf & 

Katzir-Cohen, 2001, p. 219)." 

 

 A narrower definition is rate and accuracy in oral reading (e.g., Kame’enui & 

Simmons, 2001; Shinn et al., 1992; Torgesen et al., 2001). Both rate and accuracy need to 

be addressed, because "fluency as an index of sheer speed without accuracy is a reckless 

indicator of processing... accuracy without fluency invariably exposes accuracy as an 

inflated construct... (Kame’enui & Simmons, 2001, p. 206)." The child who reads a 

passage with two errors in one minute is a different reader from the child who reads the 

same passage in four minutes without errors.  

 Understanding deficits in reading fluency. Measures of rate and accuracy for 

word-level decoding are highly correlated with reading comprehension tasks (e.g., Fuchs 

et al., 2001). What needs to be considered is that rate is calculated only for correct words. 

One type of informal assessment of reading fluency relies on curriculum based 

measurement (Fuchs & Fuchs, 1999). Children are asked to read grade level passages and 

fluency is quantified as the number of words read correctly in a minute (Shinn et al., 

1992; Torgesen et al., 2001). A given low fluency score can be obtained either by reading 

relatively accurately but slowly or by reading less accurately but faster.  Therefore, a low 

fluency score does not clarify if the problem is rate, accuracy, or a combination of both. 

 Using this kind of approach, Torgesen, Alexander et al. (2001) found that the 

reading rate of their impaired readers changed from 78.3 (well below the expected 137-

150 average reading rate at grade level reading) to 122 words per minute when the 
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passages were at a level where the children made fewer than two errors, which was well 

below grade level. Even at this easy level, however, poor readers read below the average 

number of words per minute.  Young and Bowers (1995) compared average and poor 

fifth graders and also found that poor readers were significantly slower than average 

readers on the easiest stories, meaning that when accuracy is addressed, rate is still slow 

for these impaired readers.  

Deficits in rapid naming and reading fluency. Rapid naming has been 

hypothesized to be an early measure of reading fluency or an extension of reading 

fluency (e.g., Kame’enui & Simmons, 2001; Schatschneider, Carlson, Francis, Foorman, 

& Fletcher, 2002), and the theory and research related to deficits in rapid naming might 

provide insight in reading fluency. Rapid naming is typically measured by having the 

participant or examinee read from a list of continuous naming tasks using common 

letters, digits, colors, or objects, which are repeated randomly and presented in a serial 

manner. This naming task was first developed by Denckla and Rudel (1976). Rapid 

naming of letters and digits has been more highly correlated with reading than rapid 

naming of colors and objects, except in kindergarten (Wolf et al., 1986).  

As with reading fluency, impairment in rapid naming results in increased attention 

to the retrieval process, so that less attention will be left for reading comprehension (e.g., 

Wolf, Bally & Morris, 1986). Understanding the relationship between rapid naming and 

reading might be an important step in our understanding of the development of reading 

skills (Torgesen, Wagner, Rashotte, Burgess, & Hecht, 1997), and may ultimately help 

shape intervention efforts (Wolf, 1997). 

 Findings of slower rapid naming in impaired readers could be viewed as another 

"stumbling block" towards learning to read accurately and fluently (e.g., Bowers, Golden, 

Kennedy, & Young, 1994; Bowers, Sunseth, & Golden, 1999; Wolf & Bowers, 1999; 

Wolf, Bowers, & Biddle, 2000). Wolf and Bowers (1999) proposed the double-deficit 

hypothesis, that there are two core deficits in the reading disabled, degraded phonological 

processing and slow rapid naming. On the other hand, Jenkins, Fuchs, van den Broek, 

Espin, & Deno (2003) studied the contributions of context-free or list reading and context 

reading skill to reading comprehension for fourth graders, and found that list reading 

contributed less to comprehension than context reading. When looking at rate, 
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specifically, list reading did not significantly add unique variance to comprehension 

(1%), whereas reading rate in context did add significant variance (42%). 

 

Speed specific accounts of deficits in rapid naming and reading fluency. 

Individual differences in performance on rapid naming tasks can be explained in part by 

the global developmental change in speed of processing. The age-related changes in 

global speed may explain the faster performance on rapid naming tasks (Kail & Hall, 

1994). Global speed, also called processing speed, is measured by timed tasks such as 

finding two identical digits in each of 60 rows of six digits. Kail and Hall (1994) 

measured age, global speed, rapid naming, and reading. They compared several models 

by using structural equation modeling techniques, and concluded that age-related growth 

in rapid naming reflected a general growth in a global mechanism that determines the 

speed of cognitive processing, and that rapid naming skills did not have a direct causal 

effect on reading skills.  

In a later study, Kail, Hall, and Caskey (1999) administered global processing 

speed, title and author recognition, rapid naming, and reading ability tasks to determine 

the relation between naming speed, global processing, and reading. They found that 

global processing speed predicted naming time, rather than print exposure. Again, they 

concluded that if rapid naming speed was a measure of automaticity, naming speed would 

have been predicted by print exposure. Based on their findings they concluded that 

naming speed is a measure of global processing speed. There were limitations to their 

study, however. The two print exposure tasks were title recognition and author 

recognition tasks. Performance on these print exposure tasks was very low for almost half 

of the children, indicating that the task was not sensitive enough and there was a 

significant floor effect for the three youngest age groups (7, 8, and 9 years old).  

If rapid naming were a measure of global processing speed rather than an early 

reading measure, one would expect that which stimuli were used in the rapid naming task 

would not make a difference. Yet letters and digits are more highly correlated with 

reading than colors and objects (e.g., Meyer, Wood, Hart, & Felton, 1998; Schatschneider 

et al., 2002). These findings argue against the hypothesis that rapid naming’s relation to 

reading is based on general processing speed alone.  
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Skill-acquisition accounts of reading fluency. The ability to read is the result of 

the acquisition of a complex set of skills. A general theory of skill acquisition that can be 

applied to learning how to read is ACT* (e.g., Anderson, 1983; Anderson, 1993). 

According to this theory, an unskilled person will use declarative knowledge to approach 

an unknown problem in the initial stage. Declarative knowledge represents the conscious 

application of new rules. For example, a beginning driver might have to attend to his 

right foot, and consciously choose the right or left pedal in order to accelerate or brake, 

respectively. Once the driver becomes more experienced, he will not need to attend to his 

right foot. He will have transitioned into the procedural stage in which the application of 

rules happens automatically.  According to ACT*, skill acquisition represents the 

transition (through practice) from declarative knowledge to procedural and automatized 

knowledge. If applied to reading skills acquisition, how fluently a child reads will be 

determined by the strength of encoding of the lower level reading skills. Once the child is 

in the procedural stage of reading, she will read at a higher rate and more accurately.  

LaBerge and Samuels (1974) have historically been credited with the concept of 

reading fluency, with their theory of skill acquisition and the role of automaticity in basic 

reading skills. Almost a full century before that, however, Cattell (1886, as cited in Wolf 

& Katzir-Cohen, 2001) had highlighted speed in letter and word naming as important 

determinants of reading. LaBerge and Samuels’ (1974) paper renewed interest in reading 

fluency. According to LaBerge and Samuels, skilled reading requires both accurate and 

relatively automatic retrieval of information. Comprehension of the reading material is 

facilitated by freeing up attentional capacity. An individual, no matter what the cognitive 

task is, has limited attentional resources, which means that attention focused on other 

aspects of reading such as decoding would be unavailable for comprehension. By 

becoming a fluent reader who needs little attention for decoding, the reader can 

concentrate on the meaning of the text, and enhance her comprehension.  

An interactive approach to the development of reading skills was developed by 

Posner and Snyder (1975). According to Posner and Snyder, reading acquisition is 

affected by two independently acting processes. They posit that through practice, a 

beginning reader develops an automatic-activation process that builds slowly by exposure 

to print. This process refers to the activation of a memory location by a stimulus that 
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spreads automatically to semantically related memory locations and therefore does not 

require attentional capacity. The second process, the conscious-attention process, relies 

on context beyond the simple word recognition level and does require attentional 

capacity. It uses semantic context by formulating a prediction about the upcoming words. 

In good readers with well-developed automatic-activation skills, the conscious-attention 

mechanism does not need to be activated to read words, and attention is freed up to 

enhance comprehension and integration of new knowledge.  

The interactive-compensatory model (Stanovich, 1980, 2000) describes how 

meaning is constructed from text. Information is available from multiple sources such as 

orthographic, phonological, semantic, and syntactic aspects of the text. Stanovich 

proposes that these sources represent a hierarchy, where the latter two represent more 

difficult skills than the first two. When a reader cannot rely on one source of information, 

he compensates by using information from another source. A beginning reader might use 

a source higher up in the hierarchy of knowledge sources to compensate for a deficit in a 

lower level skill. A concern of using this compensation is that the reader may rely overly 

much on another source, and compromise construction of meaning.  

The verbal efficiency model (Perfetti, 1985) is a sequential processing model 

(Meyer & Felton, 1999). A core proposal of the verbal efficiency theory is that the level 

of reading comprehension depends on how efficient local processes operate. Local 

processes are those that enable encoding and integration, such as working memory, 

semantic encoding, and lexical access. Perfetti used the economy terms of product and 

cost to describe the concept of verbal efficiency: it “is the quality of a verbal processing 

outcome relative to its cost to processing resources (Perfetti, 1985, p. 102).” The product 

would be the degree of reading process outcome whereas the cost is the required 

processing resources necessary to produce that outcome. In this model, learning and 

practice translate to becoming more efficient, which allows cognitive resources such as 

working memory to be freed up to focus on higher-level demands of reading. Conversely, 

a reader who has a slower rate of word recognition will not be able to hold larger units of 

text in working memory, therefore compromising comprehension. The strong association 

between reading comprehension and reading fluency supports verbal efficiency theory, 

whether fluency is measured by list reading or reading in context (Jenkins et al., 2003).  
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The theories described above have in common the idea that the more developed 

the lower level skills such as phonological processing and word recognition are, the more 

the reader is able to focus attention on higher level skills such as comprehension and text 

integration (Fuchs et al., 2001; Kuhn & Stahl, 2003).  

Speed-accuracy trade-offs: Do speeded measures necessarily measure speed? 

Speed in the form of reaction time latencies has been a staple of studies of cognitive 

phenomena, including reading, for over a century (e.g., Stanovich, 1980). A typical study 

might compare average latencies to respond to a task in one condition with average 

latencies to respond to the same task in another condition. It soon became apparent that 

even though error rates might be low overall, it was important to examine both error rates 

and latencies across conditions because of speed-accuracy tradeoffs. The speed-accuracy 

tradeoff refers to readers’ choice of reading fast at the cost of making mistakes, or 

reading accurately at the cost of slower rate. A manipulation might increase the difficulty 

of a task in one condition but subjects might continue to respond at the same latency at 

the cost of accuracy. Comparing only latencies across conditions would mask evidence of 

processing differences that would be evident in error rates.  

For the rapid naming tasks, the stimuli are familiar to most participants, and error 

rates are expected to be low. Errors are either not recorded (e.g., Wolf, 1986) or used as a 

basis for not administering the task (Wagner, Torgesen, & Rashotte, 1999). Performance 

is interpreted as a measure of speed.  However, both speed and accuracy are affected by 

manipulations such as using more visually confusable letters (Compton, 2003). Because 

accuracy is near ceiling on rapid naming tasks, interpreting poor performance as a 

problem in speed per se may be problematic, in that the problem may actually be general 

to speed and accuracy, but the accuracy problem may be masked by ceiling effects in 

accuracy.  

The Present Study 

 The purpose of the present study was to compare alternative models of fluency at 

reading connected text and at context-free rapid naming of symbols. For each task, a 

model that specified fluency to be indistinguishable from general skill was compared to a 

model that specified fluency to be comprised of the two distinguishable though related 

components of speed and accuracy. Other models were used to determine the extent to 
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which speed of reading connected text was related to speed at rapid naming and to global 

perceptual motor speed, and the extent to which accuracy at reading connected text was 

related to accuracy at rapid naming. Finally, the performance of poor readers was 

examined to determine whether individuals exist whose speed was slower than expected 

based on their accuracy (i.e., rate disabled), or whose accuracy was lower than expected 

based on their speed (i.e., accuracy impaired).  

 The following eight questions were examined: 

1. Question One: To what extent are individual differences in reading accuracy and 

reading rate the result of (a) a single underlying skill or (b) two distinct, yet 

related skills? 

2. Question Two: To what extent are individual differences in rapid naming rate and 

rapid naming accuracy the result of (a) a single underlying skill or (b) two 

distinct, yet related skills? 

3. Question Three: To what extent are individual differences in reading rate related 

to individual differences in rapid naming rate? 

4. Question Four: To what extent are individual differences in reading accuracy 

related to individual differences in rapid naming accuracy? 

5. Question Five: To what extent are individual differences in reading rate related to 

individual differences in global speed? 

6. Question Six: To what extent are individual differences in naming rate 

attributable to individual differences in global speed? 

7. Question Seven: How common are poor readers whose reading rate is lower than 

their reading accuracy would predict, and conversely, how common are poor 

readers whose reading accuracy is lower than their reading rate would predict 

(i.e., “rate impaired” versus “accuracy impaired”)? 

8. Question Eight: How common are poor readers whose naming rate is lower than 

their naming accuracy would predict, and conversely, how common are poor 

readers whose naming accuracy is lower than their naming rate would predict 

(i.e., “naming rate impaired” versus “naming accuracy impaired”)? 
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METHOD 

 

Participants 

 The initial sample included 183 second graders recruited from two public 

elementary schools in Tallahassee that served children from diverse racial and 

socioeconomic background. The percentage of children receiving free or reduced lunch 

was reported as 24% at both schools. One hundred and nineteen participants were from 

one public school, and the remaining 64 from the second school. These participants were 

involved in a larger study that included additional measures besides the ones reported 

here. This larger study tested approximately 200 second grade students and 200 fourth 

grade students on a large array of reading skills to identify sources of individual and 

developmental differences in reading comprehension. Four second grade children were 

excluded from the analyses because they scored lower than 78 (1.5 standard deviation 

below the mean) on the Vocabulary subtest of the Stanford-Binet Intelligence Test – 

Fourth Edition, leaving a total of 179 second graders in the analyses.  

 The second grade children in the present study ranged from 7 years, 0 months to 9 

years, 3 months, with a mean of 8.02 (sd =  .45). Ninety-three (52%) of the children were 

male and 89 female. One hundred sixteen (64.9 %) were Caucasian, 45 (25.1%) African 

American, 11 (6.1%) were Hispanic, and 5 (2.8%) were Other. The racial make up of two 

children was unknown. Data from all 179 second grade children were included in the 

confirmatory factor analyses. The 50 second grade readers scoring at the bottom 30% on 

Word Identification subtest of the Woodcock Reading Mastery Tests - Revised were 

identified as poor readers for the analyses addressing the existence of rate- or accuracy-

impaired readers. It should be noted that these readers were poor readers compared to the 

other readers in this sample, not necessarily compared to readers in the population. 

 A sample of 46 first graders served as reading age-matched controls for these 

analyses. These children were from the first public school. Two first graders were 

excluded from the analyses because their score was 1 ½ standard deviation below the 

mean on the Stanford-Binet Vocabulary Test-Fourth Edition, leaving a total of 44 

controls. They ranged in age from 6 years, 1 month to 7 years, 10 months, with a mean of 

7.18 (sd = .58). Twelve of the children were male (27.3%), and 32 (72.7%) were female.  
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Thirty children (68.1%) were Caucasian, 8 (18.2%) African American, 5 (11.4%) were 

Hispanic, and 1 (2.3%) was Asian. This compares with the state of Florida as follows: 

According to the 2000 Census date, 78% is Caucasian, 14.6% African American, 16.8% 

Hispanic, 1.7% Asian, and 3.4% Other. The total is more than 100%, because people can 

record more than one race. 

Measures and Procedure 

 Following parental consent, all children were tested individually by trained 

graduate and undergraduate research assistants in a quiet location at the child’s school. 

Because the second grade battery for this research was part of a larger battery, the testing  

sessions were broken up in three parts of approximately one hour each, with the tests that 

are part of this study randomly interspersed in the larger battery. The first grade 

children’s battery consisted of three short reading passages and one rapid naming 

measure as well as a word identification task and a vocabulary task. The battery was 

administered in one session of approximately 30 minutes. All tests were administered in a 

fixed order. 

Reading fluency. The reading fluency measures consisted of oral reading 

passages based on the curriculum based measurement method (CBM, Fuchs & Fuchs, 

1992). The 179 second grade readers were assessed with three passages at second grade 

reading level. The 44 first grade readers were assessed with one passage at first grade 

reading level. The examiner or a trained research assistant administered the passages 

individually. The students were asked to read aloud for 1 minute for each passage. Words 

pronounced correctly or self-corrected within 3 seconds were counted as correctly read. 

Omissions, repetitions, insertions, substitutions, and mispronunciations of words were 

scored as errors. Reading rate was calculated by counting all words read, whether 

correctly or not, in the one minute. Reading accuracy was calculated as percent of words 

read correctly. The formula used was 100 – ((words read incorrectly x 100)/total words 

read). The CBM Rate and Accuracy scores for each measure were used separately as 

observed variables in the confirmatory factor analyses. Research has shown that the CBM 

is both a reliable and valid measure. Fuchs et al. (2001) found a criterion validity 

coefficient of .91 for their oral reading fluency task. Burns, Tucker, Frame, Foley and 
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Hauser (2000) found the interrater reliability for second grade to be .99, internal 

consistency .96, and test-retest reliability .90.  

Rapid naming. For second graders, two versions of the Rapid Alternating 

Stimulus Task (RAS) (Wolf & Denckla, 2005) were administered: One version consisted 

of 50 alternating digits and letters, presented in 10 rows of five stimuli. The second 

version consisted of 50 alternating digits, letters, and colors, presented in 10 rows of five 

stimuli. First graders were only administered the alternating digits and letters version. 

Children were asked to read the stimuli out loud as fast as they can. The interviewer 

recorded the time and the errors made by the child. This created both a rate and an 

accuracy score. Naming rate was computed to reflect number of symbols read per minute, 

in order to be able to make a meaningful comparison with reading rate. For this, the 

following formula was used: (60/seconds needed per administration) x 50. Naming 

accuracy was configured similarly to reading accuracy: 100 – ((symbols read incorrectly 

x 100)/50).  

Reading. The Word Identification task of the Woodcock Reading Mastery Tests – 

Revised was administered. This test requires individuals to decode visually presented 

words and pronounce them out loud. This reading test is untimed. Word identification 

was used to determine level of reading, with 50 second grade readers identified as in 

approximately the bottom 30% of the sample of second graders.  

Global speed. Visual matching and decision making speed of the Woodcock-

Johnson Tests of Cognitive Ability-Third Edition were administered to measure general 

processing speed. Visual matching is a test in which an examinee is asked to locate and 

circle the two identical numbers in a row of six numbers. The task proceeds in difficulty 

from single-digit numbers to triple-digit numbers. Decision making speed is a task where 

the examinee is asked to locate as quickly as he can those two pictures that are most 

similar conceptually (e.g., bird and egg; shoe and sock) in a row of 8 pictures. Both tests 

have a 3-minute time limit.  

Vocabulary. The vocabulary subtest of the Stanford-Binet Intelligence Scale – 

Fourth Edition was administered to estimate level of intelligence. Children are asked to 

look at a picture, and tell the examiner what it is a picture of. For later items the children 

are shown a word, and the examiner asks: “What does … mean?” 
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RESULTS 

 

Evaluation of Statistical Assumptions 

  To identify univariate outliers, the criterion of median plus or minus two times the 

interquartile range was used. The following outliers were identified in the second grade 

sample: For decision speed, five were low, three were high. For visual matching, two 

were low and six were high. For the first CBM passage, no outliers were found for 

reading rate, but 12 were low for reading accuracy. For the second CBM passage, one 

was high for reading rate, 12 were low for reading accuracy. For the third CBM passage, 

four were high for reading rate, and 14 were low for reading accuracy. For the rapid 

naming of letters and numbers, one was low and one was high for rate, and eight were 

low for accuracy. For the rapid naming of letters, numbers, and colors, one was low for 

rate and nine were low for accuracy.  The following outliers were identified for each 

variable in the first grade sample: Two participants scored high for the CBM rate 

measure, and one scored high for the naming rate task. Outliers were handled by bringing 

them to their respective fences (i.e., median plus twice the interquartile range for high 

scores, and median minus twice the interquartile range for low scores). After this was 

done, the normality of the distributions of individual variables was evaluated by 

examining their skewness and kurtosis.  The criterion for both skewness and kurtosis was 

set at > 1.0. These values are reported in see Table 1 for second grade and in Table 2 for 

first grade. Correlations between the observed variables are reported in Table 3 for 

second grade and Table 4 for first grade. Most variables had a normal distribution. The 

rapid naming variables provided an exception. For second grade, the first rapid naming 

variable for rate was not normally distributed (kurtosis = 5.8), as was the first rapid 

naming variable for accuracy (skewness = -1.2; kurtosis = 1.3); and the second rapid 

naming variable for accuracy (skewness = -2.3; kurtosis = 7.7). For first grade, the rapid 

naming variable for accuracy was not normally distributed as well (skewness = -1.7; 

kurtosis = 5.5). Transformation of the rapid naming variables using both log and square 

root transformations did not improve the distribution, so the untransformed data was used 

in the analyses. There were no missing values in the data set.  
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  For the second grade, the correlation between the three CBM rate variables was 

high, averaging .91, suggesting the reliability of the measure was well in the acceptable 

range. The correlation between the three CBM accuracy variables was moderate, with an 

average of .67, indicating CBM accuracy had a more moderate reliability. The correlation 

between the two naming rate variables was moderate as well, .73, indicating an 

acceptable yet moderate reliability of the measure. The correlation between the two 

naming accuracy variables was unacceptably low, at .16. This suggests that the outcome 

of the data analyses using naming accuracy needs to be interpreted with caution. The 

most likely explanation for this low correlation is that the naming accuracy measure had a 

ceiling effect. The correlation between the two global speed measures, Decision Speed 

and Visual Matching, was .54. This moderate correlation is consistent with the notion that 

the two variables measure a different aspect of global processing speed.  

Model Comparisons 

  The sample size of 179 exceeds the accepted recommendation for confirmatory 

factor analyses of 8 to 10 participants per parameter (Tabachnik & Fidell, 1996). The 

ratio of cases to parameters in this study ranged from 11:1 to 22:1. For each model, six 

goodness of fit indices are presented in Table 5. More than one fit index is reported, 

because each index reflects a different facet of a model fit (Kline, 1998). 

 

 

 
  

Table 1  

Descriptive Statistics of Observed Variables for Second Grade 

     Mean    SD    Rxx   Skewness    Kurtosis 

CBM1Rate    112.7    37.1   .91**    0.28     -0.28  

CBM2Rate     97.9    37.2    .91**    0.30     -0.17 

CBM3Rate    107.6    44.1   .91**    0.38     -0.45 

CBM1Accuracy     95.1      0.3   .67**   -0.13     -0.27 

CBM2Accuracy     93.8      0.3   .67**   -0.19      0.40 

CBM3Accuracy     92.5      0.3   .67**   -0.30     -0.05 

RAS1Rate       91.3    20.4   .73**    0.28           5.8 

RAS2Rate       76.7    16.8   .73**    0.04      0.01 

RAS1Accuracy     96.8      3.4   .16*   -1.2      1.3 

RAS2Accuracy     97.1      3.3   .16*   -2.3      7.7 

Decision Speed     22.8      4.7   .54**    0.11      0.71 

Visual Matching     27.7      5.1   .54**    0.31          0.29  
Note.  N = 179. No missing values. Rxx = correlation was calculated by averaging correlation between CBM1, 2 and 3 passages as well 

as between rapid naming measures, both for rate and accuracy. CBM1 – Curriculum Based Measurement, passage 1, etc. RAS1 – 

Rapid Alternating Stimulus Task, letters and numbers. RAS2 – Rapid Alternating Stimulus Task, letters, numbers, and colors. *p < 

.05.  **p < .01. 
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Table 2  

Descriptive Statistics of Observed Variables for First Grade 

     Mean    SD     Skewness    Kurtosis 

CBM Rate       76.9    23.4     0.67      0.64  

CBM Accuracy     90.1     5.1    -0.64     -0.74 

RAS Rate       81.7    14.8     0.53           0.15 

RAS Accuracy     94.5      4.5    -1.70      5.50 
Note. N = 44. No missing values. CBM – Curriculum Based Measurement; RAS – Rapid Alternating Stimulus Task, letters and 

numbers.  

 

 

 The first goodness of fit index is chi-square (χ2). The higher the probability 

associated with this statistic, the closer the fit of the model to the data. The next index, 

χ2/df, divides the  χ2 statistic by the degrees of freedom, to address its sensitivity to 

sample size: A significant χ2 may result from a large sample, even though the differences 

between observed and implied covariances are small (Kline, 1998).  The acceptable 

minimal value for χ2/df is generally reported to be smaller than 3 (Kline, 1998). The third 

index is Goodness-Of-Fit Index (GFI). Values over .90 are considered indicative of a 

good fitting model. The fourth index is Comparative Fit Index (CFI). A good fitting 

model has a CFI >.95. The fifth index is the Root Mean Square Error of Approximation 

(RMSEA). The discrepancy is expressed per degree of freedom, making it sensitive to the 

number of estimated parameters in the model. A value of < .05 indicates a good fit of the 

data, and values of .08- 1.0 represent mediocre fit of the data. Probability associated with 

the  test should have p >.50. The last goodness of fit index is the Tucker-Lewis Index 

(TLI). It is comparable to the CFI with an adjustment incorporated to address the 

complexity of the model. It ranges from 0 - 1 with a value of .95 or over indicating a 

good fitting model. 

 Question One. To what extent are the individual differences in reading accuracy 

and reading rate the result of (a) a single underlying skill or (b) distinct, yet related skills? 

This question was examined by comparing the fit of two models. In the One General Skill 

model, individual differences in both reading rate and reading accuracy were attributable 

to a single underlying latent variable, Reading Fluency.  For this model, the three reading 

rate and the three reading accuracy variables of the CBM passages were indicators of the
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Table 3  

Correlations between Observed Variables for Second Grade 

    CBM1R  CBM2R CBM3R CBM1A  CBM2A  CBM3A  RAS1R  RAS2R  RAS1A  RAS2A  DS  VM 

CBM1Rate   1          

CBM2Rate   .923** 1           

CBM3Rate   .919** .911**    1 

CBM1Accuracy   .583** .536**  .482** 1 

CBM2Accuracy   .485** .553**  .445** .618**  1 

CBM3Accuracy   .649** .628**  .661** .671** .711**  1 

RAS1Rate   .501** .488**  .480** .332**  .303**  .394**  1 

RAS2Rate   .486** .514**  .470** .292**  .298**  .296**  .733**  1 

RAS1Accuracy   .010     -.013    -.028  .214**  .218**  .223**  .319**  .059   1   

 RAS2Accuracy   .063  .078   .099  .019   .134  .063   .226**  .290**  .166*  1  

 Decision Speed   .191* .130   .173*       -.074             -.142         .002   .008   .064        -.199**      -.053  1 

Visual Matching    .285** .261**  .258** .182*  .093  .265**  .067   .048         -.066      -.123  .530** 1 
Note. N = 179. CBM1 – Curriculum Based Measurement, passage 1, etc. RAS1 – Rapid Alternating Stimulus Task, letters and numbers. RAS2 – Rapid Alternating Stimulus Task, letters, numbers, and 

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

 
 
 
 
 

Table 4 

Correlations Between Observed Variables for First Grade 

     CBM rate   CBM accuracy  RAS rate    RAS accuracy 

CBM Rate       1                    

CBM Accuracy    .606**    1      

RAS Rate      .333*     .157     1            

RAS Accuracy   -.07      .185     .45**     1 

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



 

single latent variable. The six goodness-of-fit indices all indicate a poor model fit (see 

Table 5).  The Two Skills model examined whether the skills underlying reading rate and 

reading accuracy were distinct yet related. The three reading rate observed variables of 

the CBM passages formed the latent variable Reading Rate, and the three reading 

accuracy observed variables formed the latent variable Reading Accuracy. The 

correlation between the two factors reading rate and reading accuracy was unrestricted, 

and was found to be .70. The model fit to the data was also relatively poor, though 

significantly and substantially better than the fit of the first model, with the goodness of 

fit indices showing significant improvement but still no good fit to the data (see Table 5). 

A secondary analysis was done to address the lack of model fit. It was hypothesized that 

rate and accuracy from the same passage would be more related than rate from one 

passage and accuracy from another. Therefore, covariance was allowed between the pairs 

of errors associated with the two observed variables (i.e., rate and accuracy) related to 

each CBM passage (See Figure 1). This improved the model fit to the data substantially, 

with e.g., the GFI increasing from .76 for the General Skills model to .90 for the Two 

Skills model without error covariance to .98 to the Two Skill model with error covariance 

(see Table 5). The first model was nested in the unrestricted third model. In order to 

compare the two models meaningfully the same covariance was added to the One 

General Skill model. This did not improve the model significantly (χ2 
(6, N = 179) = 

170.4). Then the models were compared by a chi-square difference test. One General 

Skill model χ2
(6, N = 179) = 170.4

 
– Two Skills model χ2

 (5, N = 179) = 10.2 = χ2
(1, N = 

179) = 160.2. The second, reanalyzed model (see Figure 1) was found to be superior at 

the p < .001 level to the reanalyzed One General Skill model. These findings were 

confirmed when examining the standardized residual covariances for the second model. 

The highest value was -.479. Byrne (2001) reported values under 2.58 as acceptable. All 

statistical indicators confirmed that the best fitting model represented that reading rate 

and reading accuracy, as measured by CBM reading passages, are distinct, yet related 

skills, at the second grade reading level.  
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Table 5  

Goodness of Fit Indices for Models in Question One, Two, Three, Four, Five, and Six 

      χ2   df  p   χ2/df  GFI  CFI RMSEA     TLI 

 
Reading Accuracy and Rate 

One General Skill   187.9  9  .00   20.9  .76   .83   .33    .73  

Two Skills      67.3  8  .00     8.4  .90   .94   .20   .90    

Two Skillsa       10.2  5  .07     2.0  .98   .99   .08   .99 

 

Naming Accuracy and Rate 

One General Skill     36.6  4  .00     9.1  .91   .82   .24   .73  

Two Skills       34.0  3  .00   11.3  .92   .83   .24   .66 

Two Skillsa           3.8  1  .05     3.8  .99   .99   .13   .91  

 

Reading and Naming Rate 

One General Skill      97.4  5  .00   19.4  .85   .90   .32   .80 

Two Skills      5.2  4  .26     1.3  .99   .99   .04   .99 

 

Reading and Naming Accuracy 

One General Skill    7.3  5  .19    1.5  .98   .99   .05   .98  

Two Skills      3.4  4  .49      .85  .99   1.0   .00   1.0 

 

Reading Rate and Global Speed 

One General Skill       58.5  5  .00   11.7  .89   .93   .25   .86 

Two Skills      5.3  4  .26    1.3  .99   .99   .04   .99  

 

Naming Rate and Global Speed 

   

Single Factor         60.4  4  .00   15.1  .87   .70   .28   .56 

Two Factor       2.1  3  .50       .7  .99   1.0   .00   1.0  

Note. χ2= Chi Square; df = Degrees of Freedom; GFI = Goodness of Fit Index; CFI = Comparative Fit Index; RMSEA = Root Mean 

Square Error of Approximation; TLI = Tucker-Lewis Index. a Error covariance is added to address passage effect. 

 

 

 

 

Question Two. This question examined the extent that individual differences in 

rapid naming rate and rapid naming accuracy were the result of (a) a single underlying 

skill or (b) two distinct, yet related skills. Two models were compared, with the first 

model nested in the second, unrestricted model. In the first model the four observed 

variables, rapid naming rate and rapid naming accuracy for both Rapid Alternating 

Stimulus tasks form one latent variable: Naming Fluency. In the second model the two 

observed rapid naming rate variables form the latent variable Naming Rate and the two 
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Figure 1. Two Factor Model for Reading Fluency. The best-fitting model for Question One: Reading rate 

and reading accuracy are two distinct, yet related skills. The ovals represent latent factors, the rectangles 

represent observed factors, and the circles represent error associated with the observed variables.  
 

observed rapid naming accuracy variables form the latent variable Naming Accuracy (see 

Figure 2). Similar to the rationale for a passage effect in the previous analyses, a task 

effect was added to both models by allowing covariance between the pairs of errors 

associated with the two observed variables related to each RAS task. This improved the 

fit to the data for both models. The Goodness of Fit indices of these models are reported 

in Table 5. 

A moderate correlation between accuracy and rate, r = .41, was found. The models were 

compared by a chi-square difference test. The One General Skill model χ2 
- the Two 

Skills model χ2 
= χ2 

(3, N = 179) = 32.8. This difference is significant at the p<.001 level, 

meaning that the data fits the second model significantly better. The restricted model, the 
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Two Skills model, is considered the best fitted model. These findings suggest that for 

these data rapid naming rate and accuracy reflect two distinct and moderately related 

skills. 

 

Naming Rate 
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Figure 2. Two Factor Model for Naming Fluency. The best-fitting model for Question Two: Naming rate 

and naming accuracy are two distinct, yet related skills. The ovals represent latent factors, the rectangles 

represent observed factors, and the circles represent error associated with the observed variables. 
 

 

 

 

  Question Three. Question Three examined to what extent are individual differences 

in reading rate related to individual differences in rapid naming rate? In the One General 

Skill model the five observed variables, the three rate variables associated with the three 

CBM passages, and the two rate variables from the two RAS tasks all were indicators of 

a single latent variable: Rate. The Goodness of Fit indices are presented in Table 5. They 
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indicate a poor fit to the data to the One General Skill model. In the Two Skills model, 

the two observed variables of rate in rapid naming form the Rapid Naming Rate latent 

variable, and the three observed variables of rate in reading form the Reading Rate Latent 

variable (see Figure 3). The models were compared by a chi-square difference test. The 

One General Skill model χ2 
- the Two Skills model χ2

 = χ2
(1, N = 179) = 92.2. The 

second model was found to be superior at the p < .001 level to the One General Skill 

model. An examination of the standardized residual covariances revealed a highest value 

of .291, confirming the good fit to the data to the Two Skills model. The correlation 

between rapid naming rate and reading rate was .60, a moderate and significant 

correlation, indicating that reading rate and rapid naming rate, at the second grade level, 

are distinct, yet related skills.  

 

Rapid Naming Rate 

 

Reading Rate 
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Figure 3. Two Factor Model of Reading and Naming Rate. The best-fitting model for Question Three: 

Reading rate and naming rate are two distinct, yet related skills. The ovals represent latent factors, the 

rectangles represent observed factors, and the circles represent error associated with the observed variables. 
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 Question Four. Question Four examined to what extent individual differences in 

reading accuracy were related to individual differences in naming accuracy? In the One 

General Skill model the five observed variables, the three accuracy variables associated 

with the three CBM passages, and the two accuracy variables from the two RAS tasks all  

form one latent variable: Accuracy. The Goodness of Fit indices are presented in Table 5. 

These indicate a moderate fit of the data. In the Two Skills model, the two observed  
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Figure 4. Two Factor model of Reading and Naming Accuracy. The best-fitting model for Question Four: 

Reading accuracy and naming accuracy are two distinct, yet related skills. The ovals represent latent 

factors, the rectangles represent observed factors, and the circles represent error associated with the 

observed variables. 
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variables of accuracy in rapid naming form the Rapid Naming Accuracy latent variable, 

and the three observed variables of accuracy in reading form the Reading Accuracy latent 

variable (see Figure 4). The second model had better goodness of fit indices, indicating a  

good fit of the data. The models were compared by a chi-square difference test. The One 

General Skill model χ2 
- the Two Skills model χ2

 = χ2
(1) 3.9. The second model was 

found to be superior at the p < .05 level to the One General Skill model. An examination 

of the standardized residual covariances showed that the highest value of .663, again 

confirming the Two Skills model as a good fitting model. The correlation between rapid 

naming accuracy and reading accuracy was .38, confirming that these are distinct, yet 

moderately related skills at the second grade level. 

  Question Five. This question was partially determined by the outcome of Question 

One.  As described above, it was found that reading rate and reading accuracy are two 

distinct, yet related skills. Therefore, the following question was examined: To what 

extent are the individual differences in reading rate attributable to individual differences 

in global speed? The One General Skill model had five observed variables: Two 

representing global processing speed (decision speed and visual matching speed), and the 

three reading rate variables of the three CBM passages. All five formed one latent 

variable: Processing speed. The One General Skill model had a poor fit of the data. The 

Two Skills model had two latent variables: Global speed (with observed variables 

decision speed and visual matching), and Reading Rate, with the three rate variables of 

the CBM passages (see Figure 5). The goodness of fit indices indicated a good fit to the 

data (see Table 5). A chi-square difference test showed the superiority of the unrestricted 

second model: The One General Skill model χ2 
- the Two Skills model χ2

 = χ2
(1, N = 

179) = 53.2, significant at the p < .001 level. An examination of the standardized residual 

covariances revealed a highest value of -.459, indicating a good fit. The correlation (.30) 

between global speed and reading rate suggested that, in second grade readers, global 

processing speed and reading rate are distinct and weakly related skills. 
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Figure 5. Two Factor Model for Reading Rate and Processing Speed. The best-fitting model for Question 

Five: Processing speed and reading rate are two distinct, yet related skills. The ovals represent latent 

factors, the rectangles represent observed factors, and the circles represent error associated with the 

observed variables. 
 

 

  Question Six. This question was partially determined by the outcome of 

Question Two.  As described above, it was found that naming rate and naming accuracy  

are two distinct, yet related skills. Therefore, the following question was examined:       

To what extent are the individual differences in naming rate attributable to individual  

differences in global speed? The One General Skill model had four observed variables: 

Two representing global processing speed (decision speed and visual matching speed), 

and the two naming rate variables of RAS tasks. All four formed one latent variable: 

Processing Speed. The Goodness of Fit indices are presented in Table 5. For the One 

General Skill model the goodness of fit indices indicated a poor fit to the data to the 
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model. The Two Skills model had two latent variables: Global Speed (with observed 

variables decision speed and visual matching), and Naming Rate, with the two rate 

variables of the RAS tasks (see Figure 6). The goodness of fit indices indicated a good fit.  
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Figure 6. Two Factor Model for Naming Rate and Processing Speed. The best-fitting model for Question 

Six: Processing Speed and naming rate are independent skills. The ovals represent latent factors, the 

rectangles represent observed factors, and the circles represent error associated with the observed variables. 
 

 

 

A chi-square difference test shows the superiority of the unrestricted second model: The 

One General Skill model χ2 
- the Two Skills model χ2

 = χ2
(1, N = 179) = 58.3, significant 

at the p < .001 level. An examination of the standardized residual covariances showed a 

highest value of .559, confirming that the second model was a good fit of the data. The 

correlation between the latent variables was nonsignificant (r = .08). This suggests that 

global speed and naming rate are two independent skills, rather than distinct, yet related 
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skills. In order to model the latent variables as independent, further restrictions had to be 

added to the model. When attempted, these resulted in models with a lesser fit of the data. 

Therefore, the Two Skills model was presented without further restrictions to the 

parameters and with its nonsignificant correlation.  

  Question Seven and Eight. Questions Seven and Eight asked how common are 

individuals whose rate is discrepant from their accuracy and how common are individuals 

whose accuracy is discrepant from their rate, respectively. Those scoring lower than 

expected on one variable given their performance on the other variable were labeled 

impaired, whereas those scoring higher than expected indicated a relative strength in that 

area. Given that the second graders were the bottom third of the larger sample, the 

reading-age control sample consisted of first graders. The scores of the fifty second 

graders scoring lowest on the Word Identification Task of the Woodcock Reading 

Mastery Test and the forty-four first grade controls were used for the regression analyses 

in both Question Seven and Question Eight. Descriptive statistics and results of 

significance testing are reported in Table 6.  A t-test comparison between the means of 

the bottom scoring second graders and the first graders on the Word Identification Task 

revealed no significant differences between the two groups on this task. For second 

graders the means of the three CBM passage scores on both rate and accuracy were 

calculated and used, and the means of the two RAS measures on accuracy and rate. The 

first graders had been administered only one CBM passage and one RAS measure. The 

means between the second and first grade did not differ for the CBM Accuracy and Rate 

and the RAS Rate scores. On the RAS Accuracy score, however, the means differed 

significantly, with second graders scoring a higher accuracy rate than first graders. This is 

consistent with the finding that there was a ceiling effect for RAS Accuracy. This ceiling 

effect was not observed for the first grade.  

 A summary of the regression results for first grade is presented in Table 7. These 

results show that little variation is accounted for when regressing RAS Accuracy on Rate, 

and RAS Rate on Accuracy (R
2
 = .06 for both regression analyses). Because of the small 

amount of variation explained, the regression line and confidence interval cannot provide 

a robust means to determine outliers. Interpretation of the data in Question 8, therefore, 

needs to take this into account. This means that one cannot conclude with certainty that 
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second graders who score lower than expected on RAS rate given their RAS accuracy 

scores, and vice versa, score lower than expected on RAS accuracy, given their RAS rate 

scores, are rate or accuracy impaired. 

 

 

Table 6 

T-test comparison of means for lowest scoring Second Graders and First Grade controls 

       Mean (SD)G2   Mean (SD)G1   t difference  p 

Word Identification    45.5 (7.1)    46.5 (9.5)    -0.55    0.59    

CBM Accuracy     90.7 (3.6)    90.11 (5.1)    0.67    0.51    

CBM Rate       72.3 (24.9)   76.9 (23.4)   -0.91    0.36     

RAS Accuracy     96.5 (2.7)    93.0 (4.7)      3.5    0.0001 

RAS Rate       77.1 (16.0)   81.7 (14.8)   -1.46    0.15    

      
Note: G2 = Second Grade. G1 = First Grade.  

 

 

 

 Beginning with Question Seven, to determine which children were rate impaired 

in reading, a linear regression analysis of first grade reading accuracy on reading rate was 

performed, with a 90% confidence interval around the regression line. Second grade 

participants scoring below the confidence interval were classified as rate impaired on the 

basis of scoring lower on rate than their reading accuracy score would predict. The results 

are presented graphically in Figure 7, and counts and percentages of rate-impaired and 

accuracy-impaired students are presented for reading and for rapid naming in Table 8. 

 

 

Table 7  

Summary of Regression Results for First Grade 

       b   Beta   R2   p 

CBM Accuracy on Rate   0.132  .606   .367  .000             

CBM Rate on Accuracy   2.781  .606   .367  .000            

RAS Accuracy on Rate   0.772  .245   .060  .109 

RAS Rate on Accuracy   0.078  .245   .060  .109           
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Table 8 

Summary of Results of Rate versus Accuracy Impairment  

         n      %    

Reading Rate Impaired      6     12       

Reading Accuracy Impaired      1      2        

Naming Rate Impaired     11     22     

Naming Accuracy Impaired     0       0      
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Figure 7. Reading accuracy by reading rate. 

 

 

 

  Six second graders (12%) had scores falling below the confidence interval, 

indicating that their scores on reading rate were lower than their scores on accuracy 

would predict. Three of these second graders also scored in the bottom third on accuracy, 

whereas the other three scored in the middle third on accuracy. One second grader scored 

higher on reading rate than the accuracy score would predict, indicating a relative 
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strength. Conversely, to find the accuracy impaired, a simple linear regression of first 

grade reading rate on reading accuracy was performed, with a 90% confidence interval 

around the single observations. Second graders falling below this confidence interval on 

accuracy would be considered accuracy impaired. Results are presented graphically in 

Figure 8. Only one second grader scored lower than expected on accuracy given the score 

on rate. Two children scored higher than expected on accuracy. 
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Figure 8. Reading rate by reading accuracy. 

 

 

 

  Question Eight asked how common are poor readers whose naming rate is lower 

than their naming accuracy would predict, and conversely, how common are poor readers 

whose naming accuracy is lower than their naming rate would predict (i.e., “naming rate 

impaired” versus “naming accuracy impaired”)? This question echoes question seven, 

with rate and accuracy scores from the rapid naming tasks, rather than from the reading 

 28



  

fluency tasks. As mentioned above, these data need to be interpreted with caution, given 

that the regression of first grade RAS Rate on Accuracy and Accuracy on Rate explained 

very little of the variation. To determine which children were rate impaired, first an 

understanding of expected rate performance given accuracy performance was needed. A 

simple linear regression analysis of first grade naming accuracy on naming rate was 

performed, with a 90% confidence interval around the single observations. Second grade 

participants scoring below the confidence interval scored lower on rate than their naming 

accuracy score would predict. The results are presented graphically in Figure 9, and 

summarized in Table 8. The score on rate of 11 (22%) children fell below the expected 

range given their score on accuracy. One child scored higher than expected on rate.   
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Figure 9. Naming accuracy by naming rate. 
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 Turning to identification of accuracy-impaired students, a simple linear regression 

analysis of first grade naming rate on naming accuracy was performed, with a 90% 

confidence interval around the line of prediction. Second grade participants scoring 

below the confidence interval scored lower on accuracy than their naming rate score 

would predict. Figure 10 is a graphical representation of these analyses. Results are 

summarized in Table 8. None of the children scored below expectations on accuracy 

given their rate score, whereas 5 children scored higher than expected. Again, given the 

ceiling effect of second grade performance on naming accuracy, as well as the fact that 

little variation was accounted for by the first grade regression line for the rapid naming 

variable, these findings need to be interpreted with caution. 
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Figure 10. Naming rate by naming accuracy. 
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DISCUSSION 

 

 The importance of reading fluency has been well established. Empirically, studies 

have found that reading fluency is correlated to reading comprehension (Fuchs et al., 

2001). Theoretically, reading fluency is needed to instantaneously and simultaneously 

execute the complexity of tasks needed for reading comprehension (Fuchs et al., 2001). 

Empirical research examining the underlying skills necessary for reading fluency has 

been scarce. This study tried to address this scarcity by comparing alternative models of 

fluency, both of oral reading of connected text and rapid naming of symbols. Accuracy 

and rate were examined both at the group level and at the individual level. 

 One explanation of the overlap between rate and accuracy is individual 

differences in skill development--what the single factor model posited as the only thing 

going on.  The result of the first set of analyses showed that reading fluency was 

comprised of the two distinguishable though related components of speed and accuracy, 

rather than the result of one general skill. If reading fluency reflected one general skill, a 

model where rate and accuracy were constrained to correlate perfectly would have best fit 

the data. The constrained model representing rate and accuracy as one skill was found to 

fit the data poorly, indicating that presenting fluency as one general reading skill 

underestimates its complexity. The unrestrained second model fitted the data well, 

indicating that rate and accuracy reflect two distinct, yet related skills.  

The correlation between reading rate and accuracy indicated an overlap of skills. 

This overlap includes shared processes such as phonological processing, orthographic 

knowledge, and word recognition (Jenkins et al., 2003). The unexplained variance could 

be accounted for in several ways, such as method variance. The speed-accuracy tradeoffs 

described by reading researchers (e.g., Stanovich, 1980) might account for some of the 

individual differences in rate and accuracy. Some readers might make the choice of 

reading with speed, at the cost of some accuracy, whereas others might choose to read 

each word accurately, losing some speed. In order to examine whether the speed-

accuracy trade-off might be partially responsible for individual differences in rate and 

accuracy, future research might want to address this trade-off directly. If, e.g., the 

connected text passages differed in level of difficulty, one could examine whether there 
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were individual differences in how rate and accuracy were affected. Some children might 

adapt to the more difficult passage by reading more slowly, whereas others might read at 

the same rate, and make more errors. Others might read more slowly and have the same 

error rate. The speed-accuracy trade-off hypothesis would predict that a more difficult 

passage would result in either the same rate with a lower accuracy score, or a lower rate 

with an equal accuracy score.  

 When examining the question about the origin of individual differences of rate 

and accuracy in rapid naming, the same results were found: Rapid naming fluency is 

comprised of two related yet distinct skills. The correlation between naming rate and 

naming accuracy was moderate. A ceiling effect was found in the rapid naming task for 

accuracy. This may have been the result of the fact that second grade readers name 

overlearned stimuli in this task. Both the ceiling effect and the poor correlation between 

the two accuracy measures may in part explain the moderate correlation between rate and 

accuracy. Yet the data fit of the unrestrained model, despite the weakness of the naming 

accuracy measures, was significantly better than the fit of the constrained model.  

 After finding that rate and accuracy of reading and naming were two skills with 

both shared and unique processes, further analysis examined the extent of individual 

differences in skills needed for reading rate and naming rate.  It was found that these two 

rate skills were distinct, yet related. The correlation between the two skills was moderate. 

This finding could be explained in part by both the overlap and the differences in tasks: 

The rapid reading of connected text included overlearned stimuli such as short, common 

words, as well as more difficult words that may need more attention, whereas the naming 

task only contained overlearned stimuli. That the two skills related to naming and reading 

rate are distinct can be in part explained by Posner and Snyder’s theory (1975). Reading 

in context would activate the expectancy processes, whereas for the naming task these 

processes would not be activated. Stanovich’s (1980, 2000) interactive-compensatory 

model of reading also would predict that reading and naming rate have distinct 

underlying skills. Given the nature of the naming task, no compensatory processes were 

activated. Perfetti’s (1985) verbal efficiency model would predict the overlap between the 

two variables, since both depend on the efficiency of processing skills such as encoding. 

At the same time, Perfetti’s model could explain the distinction between the two skills: 
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since reading connected text entails more “cost to processing resources,” the potential 

weaknesses or strengths in efficiency will have a larger impact on the reading rate than 

the naming rate.  

When accuracy in reading was compared to accuracy in naming, the results were 

similar, in that the two were found to be comprised of distinct, yet related skills. The 

correlation between the latent variables naming accuracy and reading accuracy was weak. 

Given the ceiling effect in the naming accuracy variables and the significant nonnormal 

distribution of this variable, this finding is not unexpected and more research is needed 

with reading and naming tasks with normally distributed accuracy scores and no ceiling 

effect before a meaningful discussion is possible.  

 These findings give us some more insight in the relation between rapid naming 

and reading fluency. Researchers have long contended that – at least in early grades – 

these two measures would be highly comparable in their ability to predict later reading 

comprehension (e.g., Scarborough, 1998). Given the moderate correlation between the 

underlying skills of rate and accuracy between these two measures, the assumption of 

similarity between the two measures may need to be revisited. These conclusions need to 

be tentative, however, since the data on naming accuracy is compromised by the ceiling 

effect found in the naming accuracy variable.  

 When examining whether individual differences in reading rate were attributable 

to global processing speed, it was found that the correlation between the two was weak, 

and that reading rate and processing speed are two distinct, moderately overlapping skills. 

The overlap between the two skills could be explained by the fact that both tasks were 

timed and had a cognitive processing speed component. The difference between the two 

tasks can be partly explained by the task variation: Reading rate required oral reading, 

whereas the cognitive processing speed tasks required circling two similar objects. When 

examining how much of the individual differences in naming rate were attributable to 

global processing speed, it was found that the two were unrelated skills. These findings 

contradict the research reported by Kail, Hal, and colleagues (Kail & Hall, 1994; Kail et 

al., 1999), who concluded that improvement in rapid naming skills reflected a general 

growth in global processing speed, rather than growth in a reading/naming specific skill. 

If the latter were true, one would expect the correlation between the rapid naming rate 
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and global processing speed variables to be high. That variation in rapid naming rate 

cannot be completely explained by variation in global processing speed confirmed the 

findings of naming researchers such as Meyer et al. (1998) and Schatschneider et al. 

(2002). They found that different stimuli in rapid naming tasks had different predictive 

ability in early reading skills, undermining the assertion that rapid naming skills reflect 

global processing speed skills. 

 The differences between rate and accuracy in reading and naming were examined 

at an individual level to determine whether there were poor readers who were either rate- 

or accuracy-impaired. It was found that poor readers were more likely to be rate 

impaired. This was found both for the reading and the naming tasks. Although these 

findings need to be replicated, the fact that the findings are consistent between the 

reading and naming measures would suggest that children who are struggling in reading 

are more likely to read/name more slowly than their accuracy would predict than that 

they are likely to make more mistakes given their reading/naming rate. The finding that 

reading rate may be the primary deficit in poor readers is consistent with other 

researchers’ findings. For example, Torgesen, Alexander et al. (2001) found that after 

intensive intervention with impaired readers at the two-year follow up, the poor readers 

who had been able to improve their reading accuracy on oral reading fluency tasks were 

not able to reach an average reading rate score. An important caveat here in interpreting 

the data is, however, the small variation explained by the regression analyses of rate on 

accuracy and vice versa for the rapid naming measure.  

 One limitation in this study is that no interrater reliability data was collected. 

Another limitation of this study was the restricted range in accuracy scores. Like Jenkins 

et al. (2003) in their sample of fourth grade readers, too many of the second graders 

scored in the perfect or almost perfect range on accuracy. Therefore, the interpretation of 

the analyses with the full sample related to accuracy scores both for reading and naming 

needed to be tentative, and future research examining the relation between the speed and 

accuracy components of reading and naming should ensure more variation in accuracy. 

According to Jenkins et al. (2003), oral reading fluency in normally developing readers 

begins to manifest larger individual differences in fourth grade. This research had a 

sample of second grade readers, which therefore, though no restricted range was found 
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for reading rate, might underestimate relations between variables. When comparing poor 

readers in second grade with first grade normal readers, the poor readers’ standard scores 

on the reading task used to determine reader status was in fact in the average range. In 

order to conclude whether poor readers might be more likely to be rate impaired versus 

accuracy impaired, further examination is needed with participants with true low scores 

on the criterion measure.  
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APPENDIX A 

CURRICULUM BASED MEASUREMENT GRADE 1 

PASSAGE 1 

 Dad and I took a hike in the woods. We walked for a long time and stopped to take a 

rest. We sat down on a log and had a drink of water. A big hill was nearby. 

 Dad said, “Look , there’s an ant hill.” 

 I walked up to the hill and took a closer peek. At first it looked just like a dirt hill. 

Then I noticed a few ants running around. I looked closer. I saw little ants carrying 

pieces of mushroom. The pieces were almost as big as the ants. 

 “What are they doing, Dad?” I asked. 

 “They’re taking food inside the hill. They probably have thousands of ants to feed 

inside.” Dad said, “Watch this.” He gently poked a twig into a small hole on the hill. All 

of the sudden, many ants came out. 

 “The ants are on alert, trying to protect their hill,” he said.  

 I bent down to look closer. Some ants climbed on my shoes. 

 “We better leave now,” Dad said. Dad and I walked and walked until we were home. 

Now, whenever I see one ant, I stop and think about the city of ants they might be 

feeding and protecting. 
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APPENDIX B 

CURRICULUM BASED MEASUREMENT PASSAGE GRADE 2 

PASSAGE 1 

 

 

Jim loved to play baseball.  He was the star player for his team.  The name of the team 

was the Little Cubs and Jim was proud to be one of them.  Jim’s father was the coach of 

the team.  He practiced with Jim every day after school.  Jim had been playing baseball 

for three years.  He played in the little league.  All of his friends knew he would be a 

famous player when he grew up.  Jim wanted to play for a team on TV. 

 Jim was worried about the game on Saturday.  They were playing a big team, the 

Brown School Bears.  The Bears were very good and Jim wanted to beat them.  When the 

two teams were tied 4 to 4, it was Jim’s turn to bat.  He hit the ball and ran to first base.  

There he twisted his leg and he heard a snap.  Jim screamed with pain and fell to the 

ground.  His father ran and tried to help him up.  “I think you have broken your leg,” he 

said.  “I will have to take you to the doctor.” 

 Dad took Jim to the hospital, and the doctor looked at his leg.  It was broken right 

above his ankle.  The doctor put a cast on Jim’s leg.  Then he gave Jim some medicine to 

make him feel better.  Jim tried not to cry but it hurt very badly. 

 Jim’s family tried to cheer him up.  It did not work.  He moped around the house.  He 

watched TV.  Dad asked him to go to practice but Jim did not want to go.  There would 

be nothing for him to do, he told Dad. 

 After a week, Dad made Jim go to baseball practice with him.  At first, Jim sat in the 

stands.  Later he began to help his friends with their swings.  Soon he forgot that he even 

had a broken leg! 

 The next day at practice the team asked Jim to be the second coach.  Jim was so happy 

that he forgot he ad a broken leg and danced around home plate! 
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APPENDIX C 

CURRICULUM BASED MEASUREMENT PASSAGE GRADE 2 

PASSAGE 2 

 

 Ed and Art were brothers.  They were close in age.  Ed was twelve and Art was ten.  

They liked to play together.  They also liked to get into trouble. 

 Their family had a cleaning lady.  The cleaning lady came twice a week.  Her name 

was Katy.  They liked to hide her purse so that she would be late for her ride home.  They 

also liked to hide her glasses.  Katy got very angry but the boys still hid her things. 

 Ed and Art also like to play mean tricks on their older sister.  Her name was Bebe.  

Bebe had a boyfriend named Bob.  She liked to write poems about love.  One night Ed 

and Art stole a poem from Bebe’s room and Bebe chased them all around the house.  She 

yelled for them to give it back to her but the boys laughed and laughed.  They let Bebe 

get close and waved the poem at her.  Then they ran around her in a circle.  She was so 

mad! 

 Then their father came home.  He told Ed and Art to give the poem back to Bebe.  

“Give it back to her,” he said.  “Do not take things from someone else’s room.” 

 Ed and Art kept teasing their sister and the cleaning lady.  They got spankings almost 

every day.  They were such bad boys. 

 One day Ed said they should play in the garage.  “No, we cannot.  We will get into 

trouble.  Dad said we are not allowed to play in the garage.  He is afraid that we will hurt 

ourselves.” 

 “You are just being a scaredy cat,” said Ed.  “There is nothing to be afraid of, I 

promise you, Art.” 

 The two boys went inside the garage.  There were tools on the shelves.  Then they 

climbed up onto the roof where they could see down the street.  Ed felt the roof give in.  

He and Art fell through the roof and onto the floor.  Everyone ran into the garage to see 

what had happened. 

 “We are not hurt,” said Ed with a big grin on his face.  “Well, you will be hurting after 

I give you a spanking,” said their mom.  The tow boys just looked at each other.  It had 

been fun. 
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APPENDIX D 

CURRICULUM BASED MEASUREMENT PASSAGE GRADE 2 

PASSAGE 3 

 

 Matt was running late for school.  He was often late for school.  He grabbed a donut 

for breakfast.  He ate it quickly and licked the sugar off of his fingers.  Then he hugged 

Mom and Dad good-bye.  On the way out the door he patted Lucky on the head.  Lucky 

was his pet dog that he had had since he was a baby.  Lucky was the best dog in the 

world. 

 That day Matt had a test.  He made an “A” on the test, and Matt was very happy.  

When he got home from school he wanted a snack.  He poured a glass of milk and he ate 

a banana.  He did not see Mom and he wondered where she was.  The he looked for 

Lucky.  She was not in the house.  He went out the back door and out into the yard.  He 

called her name many times, but still no sign of Lucky. 

 Then he heard a car drive up.  It was Mom’s car, and Matt ran to tell her about the 

good grade he had made on his test.  When he saw the look on Mom’s face he knew that 

there was something wrong. 

 “Matt, I am afraid I have bad news,” Mom said.  “Lucky was hit by a car this morning 

and she died.  I am so sorry, son.” 

 Matt could not believe it.  He could not believe that his pet Lucky was dead.  He ran to 

his room and cried on his pillow.  Later Mom came into his room with a glass of soda.  

Matt did not want any, and Mom left him alone. 

 The next day after school Matt found a box in the kitchen.  In the box was a little 

puppy with soft brown fur.  Mom told Matt that it could be his new pet if he wanted the 

puppy.  Matt missed Lucky.  He did not want a new dog, he told Mom.  “Very well, then 

I will take her back in the morning,” said Mom. 

 That night Matt heard the puppy crying.  She was lonely inside the big box.  She 

missed her mother.  Matt went to the kitchen and looked for something to feed the dog.  

All he could find was a cookie.  It was a gingerbread man cookie.  Matt fed it to the 

puppy.  The puppy loved the cookie, and she ate it right out of Matt’s hand. 
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 The next morning Matt told Mom that he had changed his mind.  He wanted to keep 

the puppy.  He wanted to name his new pet Ginger because she loved to eat gingerbread 

man cookies! 
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