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Abstract 

The primary purpose of this research was to conduct a quantitative 

review of studies reporting information on the relation between CBM reading 

aloud and reading comprehension tests. Furthermore, this study examined 

moderators affecting the variability in the relation between CBM reading aloud 

and reading comprehension tests. After computer-based information searches, an 

extensive hand search, an ancestral search were conducted, and after exclusion 

criteria were applied, the present meta-analysis contained a total of 250 

correlations from 55 studies. This study showed that the estimated average 

correlation between CBM reading aloud and reading comprehension tests was 

.75 (SE = .02), with a range of .71 to .79. Compared with Cohen’s (1992) 

threshold, the magnitude of the overall estimated average correlation between 

CBM reading aloud and reading comprehension tests was large. However, this 

study also showed that there was statistically significant variability between and 

within the studies used in the meta-analysis. The findings of significant 

variability in the unconditional model led to a series of conditional level-three 

meta-analyses that included potential moderators. Proportion of students with 

disabilities, retelling as a response format, CBM maze as a reading 

comprehension test, and the time difference between CBM reading aloud and 

reading comprehension tests were statistically significant components affecting 

the strength of the relation between CBM and state achievement tests. 
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Educational implications for teachers and researchers, limitation, and directions 

for future research are presented.  
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CHATER ONE 

Introduction 

Currently, one of the primary challenges facing public schools is that many 

children have difficulties learning to read. Despite nationwide efforts to help all 

students, including students with disabilities (e.g., No Child Left Behind [NCLB]), a 

large number of students have consistently experienced serious reading difficulties 

(Oudeans, 2003). According to the most recent report released in 2007 by the 

National Assessment for Educational Progress (NAEP) in reading, 43% of fourth 

graders cannot read at the basic literacy level.  

Because children at risk for early reading difficulties are much more likely to 

continue to have long term-disadvantages in their later reading performance, 

developing proficient reading skills at the early stages is one of the most significant 

skills for children to be successful in school and, subsequently, in post school 

outcomes (Kloo, 2006). Stanovich (1986) proposed that children with lower initial 

scores are likely to show less of an increase over time, whereas children with the 

higher initial scores are likely to show a steep increase over time. This phenomenon 

is often referred to as the “Matthew effect.” There is mounting evidence that shows 

that if children experiencing  difficulty learning to read in the early primary grades 

are able to improve essential reading skills early in their academic career, they are 

better placed to develop subsequent reading skills at a rate comparable to their peers 

(Coyne, Kame'enui, & Simmons, 2004; McCoach, O'Connell, Reis, & Levitt, 2006).  
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Over the past three decades, an overwhelming body of evidence has indicated 

that early identification and intervention allows many children to become competent 

and successful readers (Calhoon, 2005; Denton, Fletcher, Anthony, & Francis, 2006; 

Snow, Burns, & Griffin, 1998). Jitendra et al. (2004), for example, found that using 

single subject design early intervention and increased instructional intensity were 

useful for children with reading difficulties. Thus, it is imperative that children at 

risk of reading failure be identified early and receive appropriately tailored 

intervention prior to the establishment of serious reading difficulties (Busch & 

Reschly, 2007; Kloo, 2006).  

Although research that early interventions for reading difficulties have been 

conducted in the past, an appropriate approach has yet to be found (Speece, 2005). 

Upon reauthorization of the Individuals with Disabilities Education Improvement 

Act (IDEIA, 2004), most school districts can plan to implement a Response to 

Intervention (RTI) approach, which is defined as a systematic way of identifying 

students with specific learning disabilities (D. Fuchs & Fuchs, 2006; Gersten & 

Dimino, 2006). Generally, the primary purpose of RTI is to present a framework for 

providing early intervention for students who are at risk for reading failure and for 

identifying students at risk (D. Fuchs & Fuchs, 2006). Although Speece and 

colleagues (2003) stated that “The response-to-instruction paradigm is in the 

forefront of recommended approaches at the national level” (p. 155), several 

unsolved issues related to RTI still remain (Kavale, Holdnack, & Mostert, 2006). For 

example, before implementing an RTI approach, appropriate assessment tools should 
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be used for investigating whether or not children respond to classroom intervention, 

and children who are not responsive to classroom intervention should be clearly 

defined by empirical evidence (D. Fuchs & Fuchs, 2006).  

Problem Statement 

An emerging research base has suggested that one of important components 

of an RTI framework is to implement a valid and reliable assessment tool to evaluate 

intervention efforts (Busch & Reschly, 2007; Hintze, Ryan, & Stoner, 2003). More 

specifically, an RTI framework requires that appropriate assessments be sensitive to 

small changes in student progress, be quick and efficient to administer so that 

teachers can evaluate the effectiveness of intervention in classrooms, and quantify 

whether or not children show a response to effective intervention (Ardoin, 2006; L. 

S. Fuchs & Fuchs, 1998; Haager, Klingner, & Vaughn, 2007; Justice, 2006).  

Curriculum-Based Measurement (CBM) is a set of standardized assessment 

methods that might satisfy the criteria required for implementing RTI (Ardoin, 2006; 

Fletcher, Lyon, Fuchs, & Barnes, 2007; L. S. Fuchs, 2003; Haager et al., 2007). To 

date, CBM reading aloud has become a valuable assessment tool used to identify 

whether students respond to intervention (Kloo, 2006). Although a wealth of 

research has supported the use of CBM reading aloud within an RTI framework, 

some educators and researchers are hesitant to use CBM reading aloud due to the 

fact that they do not believe that a gain in the number of words read correctly for one 

minute has to do with improved performance on measures of reading comprehension 

(Jenkins & Jewell, 1993; Markell & Deno, 1997; Wiley & Deno, 2005). In addition, 
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they think that some students are able to read fluently but do not simultaneously 

comprehend what they read (Markell & Deno, 1997).  

Within an RTI framework, skepticism by reluctant teachers seems to be a 

serious problem, especially if school districts are encouraging teachers to implement 

CBM reading aloud to identify who need intervention. Thus, the effectiveness of the 

use of CBM reading aloud within an RTI framework is dependent, in part, upon the 

extent to which the measure is a valid indicator of reading comprehension.  

In terms of measurement theory, Messick (1995) stated that validity is not a 

property of the test itself, but rather of the meaning of the test scores. That is, the 

instrument is not declared to be valid, nor are the scores that are generated by the 

instrument. Rather, validity is determined by the pattern of relations between the 

measure and various criterion measures that should be investigated for different 

participants, purposes, or settings. For example, there are many differences in 

participants, administration procedures, and instruments used across CBM studies; 

thus, it is reasonable to expect that estimates of the relation between CBM reading 

aloud and reading comprehension may not be identical across studies. The 

differences across studies may lead to heterogeneous empirical estimates of the 

relation between CBM reading aloud and reading comprehension. 

A review by Marston (1989) supports the validity of the CBM reading aloud 

measure. Marston (1989) summarized 14 studies addressing the validity of CBM 

reading aloud. Criterion-related validity coefficients between CBM reading aloud 

and different published measures of global reading skills ranged from .63 to. 90.   
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Recently, Wayman and her colleagues (Wayman, Wallace, Wiley, Ticha, & 

Espin, 2007) synthesized extensive evidence for the technical adequacy of CBM 

measures in reading, including reading aloud, word identification, and maze. With 

regard to the review of the validity of CBM reading aloud in their study, they 

reported 32 new articles related to the validity of CBM reading aloud published from 

1989 to 2005. The Wayman et al. (2007) review provided an updated, qualitative 

review of the various CBM measures in reading. In the review, the authors reflected 

upon factors that might affect the validity of CBM reading measures, including 

participants and measurement material. Yet, because the Wayman et al. review was a 

qualitative review, the specific effects and relative magnitude of various factors on 

the relation between CBM reading aloud and reading comprehension were not 

examined.  

Significance of the Study 

Based on the limitation mentioned above, it would be useful to quantitatively 

synthesize individual studies into a consequential whole, with consideration for 

various factors affecting the strength of the relation between CBM reading aloud and 

reading comprehension. One appropriate research method, a meta-analytic approach, 

can be used to provide integrative conclusions on the relation between CBM reading 

aloud and reading comprehension. A meta-analysis is a statistical synthesis of a large 

collection of findings from existing research for the objective of summarizing the 

results (Glass, McGaw, & Smith, 1981). The unique feature associated with a meta-
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analysis provides for consideration of the validity generalization of CBM with 

reading comprehension. Such results cannot be provided by a single study.  

In addition to providing evidence for the validity generalization of CBM, a 

meta-analysis allows for examining whether differences in participants, CBM 

administration, and measurement of reading comprehension affect the magnitude of 

the relation between CBM reading aloud and reading comprehension simultaneously, 

with a population effect size (Gall, Borg, & Gall, 2003). Such findings can be 

helpful in investigating which factors contribute to variability in the strength of the 

relation among CBM reading aloud and reading comprehension measures.  

In sum, a well-designed meta-analytic approach could be used to examine the 

validity generalization of CBM as an indicator of reading comprehension. The 

present review will address the research-base for the utility of CBM as an indicator 

of reading comprehension. If evidence is found to support the research-base for 

CBM, it may serve to encourage researchers and teachers who are skeptical about 

the use of CBM reading aloud to use the measures with greater assurance. 

Study Purpose 

The purpose of this study was to conduct a quantitative review of the relation 

between CBM reading aloud and reading comprehension, and to consider factors 

that contribute to the variability in the relation between the two measures. Three 

research questions were addressed in the study.  
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1. What is the estimated average correlation coefficient of the relation 

between CBM reading aloud and reading comprehension? 

2. Is the estimated variance in the average correlation coefficient 

between CBM reading aloud and reading comprehension 

significantly different from zero?  

3. To what extent is the relation between CBM reading aloud and 

reading comprehension affected by characteristics of participants, 

CBM administration procedure, the reading comprehension test 

employed, and study publication? 

 

Definitions of Key Terms 

The following key terms are provided in order to maintain clarity in 

describing certain phenomena related to the relation between CBM reading aloud 

and reading comprehension.  

Curriculum-based Measurement (CBM): A specific set of standardized 

assessment procedures that can be used to monitor student growth in the following 

areas: reading, mathematics, and written expression (Deno, 1985, 2003)  

Oral reading fluency: Oral translation of text with speed and accuracy (L. S. 

Fuchs, Fuchs, Hosp, & Jenkins, 2001).   

Reading comprehension: The level of understanding of a passage after 

reading or listening to the passage.  
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Response to Intervention (RTI): A system of intervention procedure for 

evaluating students’ responsiveness to different levels of research-based 

interventions (Fuchs & Fuchs, 2006).  

Meta-analysis: Statistical analysis of a large collection of findings from 

several studies for the objective of integrating the findings (Glass et al., 1981). 

Effect size: A estimate to quantify the strength of a relation between 

independent and dependent variables (Dunst, Hamby, & Trivette, 2004). 

Validity Generalization (VG): A meta-analytic method that provides the 

overall validity coefficients between test scores and criterion measures from 

different studies (Murphy, 2003). 
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CHAPTER TWO 

 

Literature Review 

                       Introduction 

The purpose of this chapter is to review the research studies related to oral 

reading fluency and its relation to reading comprehension. This literature review is 

divided into seven sections: fluency, theories about reading fluency and 

comprehension, measurement of fluency, curriculum-based measurement, the face 

validity of CBM, the three possible factors contributing to variability in the relation 

between oral reading fluency and reading comprehension, and summary.   

Fluency 

Although it is difficult to have a single definition of reading fluency 

(Breznitz, 2006; Schwanenflugel et al., 2006), fluency generally refers to the ability 

to read accurately, quickly, and with prosody (National Reading Panel, 2000). 

Fluency is widely viewed as essential for elementary grade students because it is one 

of the distinguishing features of skilled reading (Schwanenflugel et al., 2006). The 

National Institute for Literacy (2001) stated that fluency serves as a bridge between 

word recognition and comprehension. Despite its importance in developing reading, 

fluency has been referred to as a “neglected” area of reading (National Reading 

Panel, 2000). Anderson (1981) viewed oral reading fluency as the missing ingredient 

in reading. Perhaps effective interventions for improving reading fluency are not 

widely recognized (Chard, Vaughn, & Tyler, 2002). Zutell and Rasinski (1991) 
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argued that oral reading fluency is not perceived as a central issue in pre-and in-

service teacher training course. In fact, Rasinski (1994) found that some teachers did 

not focus on reading fluency as it related to overall reading performance and failed 

to improve reading fluency in reading instruction. Empirically, Pinnell et al. (1995) 

reported that 44% of fourth graders in their nationally representative sample 

population read at a non-fluent reading level.  

Yet, in recent years, there has been increased awareness of fluency (J. Miller 

& Schwanenflugel, 2006; Rasinski, Blachowicz, & Lems, 2006), perhaps due in part 

to the findings of the National Reading Panel that revealed fluency as one of the key 

dimensions in successful reading development (Rasinski et al., 2006).  

Given that the ultimate goal of reading is to comprehend what is being read, 

it is important to examine the precise role reading fluency plays in reading 

comprehension (Kuhn & Stahl, 2003). Researchers have suggested that fluency may 

be a necessary component of good reading comprehension (Lynn S. Fuchs & 

Douglas. Fuchs, 1992; Nathan & Stanovich, 1991; Rasinski et al., 2006; Skinner, 

Neddenriep, Bradley-Klug, & Ziemann, 2002). However, to date, the relation 

between oral reading fluency and reading comprehension is not clear.  

Theories about the Relation between Oral Reading Fluency and Reading 

Comprehension 

There are several theories that enhance the understanding of the relation 

between oral reading fluency and reading comprehension. These theories have 
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traditionally been associated with automaticity, text phrasing or chunking theory, 

and expression or prosody (Kuhn & Stahl, 2003; Rasinski et al., 2006).  

Automaticity. The theory of automatic information processing in reading 

proposed by LaBerge and Samuels (1974) is one of the most frequently cited 

frameworks for conceptualizing oral reading fluency as an index of overall reading 

competence, including reading comprehension (L. S. Fuchs et al., 2001; Jenkins, 

Fuchs, van den Broek, Espin, & Deno, 2003; Sargent, 2002; Schwanenflugel, 

Hamilton, Kuhn, & Stahl, 2004; Therrien, 2004). The theory of automatic 

information processing focuses on the importance of automaticity for fluent reading. 

In the theory of automatic information processing, automaticity is referred to as the 

ability to identify words with minimal conscious attention. According to this 

theoretical basis, the very complex skill of reading is composed of various 

component processes that occur simultaneously, including word identification and 

reading comprehension. The theory of automatic information processing assumes 

that individuals can devote only a limited amount of attention to word identification 

and reading comprehension. That is, individuals can only attend to one thing at a 

time, but individuals may be able to process many things at a time so long as no 

more than one requires attention (LaBerge & Samuels, 1974). For this reason, if the 

capacity of attention is used for word identification, the execution of high-level 

processes such as reading comprehension is impossible. Therefore, less skilled 

readers who have difficulties reading text effortlessly and automatically might not 

possess enough attentional capacity for reading comprehension because the 
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attentional resources these readers use to decode words are unavailable for higher-

level thinking such as reading comprehension.  

Similar to LaBerge and Samuels’ (1974) theory of automatic information 

processing in reading, Perfetti’s (1985) verbal efficiency theory maintains an 

information processing approach to understanding the notion that reading processes 

occur in a limited cognitive capacity. However, Perfetti’s theory extends LaBerge 

and Samuels (1974) theory to suggest that reading comprehension is related to the 

efficiency of cognitive processes such as working memory, recognition, and lexical 

access. Within Perfetti’s (1985) theory, fluency is likely to be considered an 

“effective reading speed” which itself is viewed as an outcome of comprehension, 

rate of reading, and decoding accuracy. According to Perfetti’s (1985) theory, 

learning and practice result in becoming more efficient, which allow cognitive 

resources such as working memory to be freed up to focus on higher-level demands 

of reading. Perfetti’s (1985) theory provides some guidance for the speed of 

processing in regard to reading fluency (Breznitz, 2003).  

Taken together, both LaBerge and Samuels’ (1974) theory of automatic 

information processing and Perfetti’s (1985) verbal efficiency theory appear to rely 

on a bottom-up model of reading where lower-level skills such as word decoding 

must be in place before high-level skills such as reading comprehension can occur. 

However, although improvements in word identification are associated with 

enhanced performance on reading comprehension, mastering bottom-up skills will 

not automatically yield gains in reading comprehension, presumably due to the fact 
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that other key elements of successful comprehension, such as reasoning skills, 

attention, and so on, have not been enhanced (Cutting & Scarborough, 2006).  

Stanovich (1980) suggested that individual differences in reading fluency 

development can be best accounted for by an interactive-compensatory model of 

reading fluency. Unlike the bottom-up approaches mentioned above, Stanovich’s 

(1980) interactive-compensatory model assumes that it is not necessary for higher-

level processes to await the completion of all lower ones. Thus, the interactive-

compensatory model implies that a deficiency in a lower-level process such as word 

recognition can be compensated for by a higher-level conceptual process such as the 

use of context. Based on this theory, a reader who has difficulties relying on one 

source of information (e.g., orthographic, phonological, semantic, or syntactic 

sources) must try to use information from multiple sources for basic word 

identification, regardless of his or her level in the processing hierarchy. Thus, 

Stanovich’s (1980) theory proposes that bottom-up approaches (text-driven) and top-

down approaches (meaning-driven) activate simultaneously when a word is 

encountered in sentence context (Jenkins et al., 2003; Yang, 2006). With regard to 

context facilitation, Stanovich (1980) proposes that readers who have deficient 

word-identification skills may actually utilize context more to identify unfamiliar 

words, whereas skilled readers may also use context, but they may do it to 

understand what they read due to the fact that their word-identification skills activate 

rapidly and efficiently.  
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Chunking theory or text phrasing. Newell and Rosenbloom (1981) proposed 

a chunking theory, in which response and stimulus components are chunked. In this 

theory, complex stimuli are perceived and responded to as single units, rather than 

complex tasks (Breznitz, 2006). In the area of reading, chunking, often referred to as 

text phrasing, is the process in which the brain stores the largest meaningful unit of 

information collected while reading. Both reading fluency and comprehension can 

be improved when students develop the ability to divide large textual information 

into appropriate phrases (Gerrell & Mason, 1983). Based on this theory, fluent 

readers must successfully segment incoming textual information into syntactically 

meaningful units or phrases (Rasinski, 1994). By grouping words, fluent readers can 

make the gradual transition from identifying each word to reading meaningful 

phrases (Talada, 2007). Schreiber (1980) argued that merely pronouncing words 

quickly and automatically is not viewed as a feature of fluent reading. Instead, he 

suggested that fluent readers have to go beyond accurate single-word reading and 

learn to group words together in meaningful phrases. This means that text phrasing 

or chunking while reading can be considered one of the fundamental features of 

fluent reading.  

Based on the chunking theory, oral reading behaviors of children who have 

difficulties phrasing text are often characterized as choppy, slow, or word-by-word, 

and as oral reading without expression (Rasinski, 1994). Due to such difficulties 

phrasing text, these readers are unlikely to mark appropriate phrase boundaries with 

pauses or with the prosodic features that normally accompany syntactic units 
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(Rasinski, 1994). Therefore, given that a fluent reader is one who groups text into 

syntactically meaningful phrases, it seems reasonable to assume that this phrasing of 

text indicates that the reader has an understanding of what is being read (Kuhn & 

Stahl, 2003; Rasinski et al., 2006).  

Measurement of Fluency 

Without appropriate assessment tools, teachers or researchers cannot 

accurately identify students who have difficulties learning to read, nor can they 

evaluate effective interventions (Hintze et al., 2003). As previously mentioned, 

fluency has been considered the neglected aspect of reading. Specifically, little 

attention has been paid to the valid and reliable assessment of reading fluency 

(Pikulski & Chard, 2005). In fact, little research has focused on the way of assessing 

fluency and on criteria that are needed to identify whether a student has acquired 

fluency (Rasinski et al., 2006). However, interestingly, despite the fact that little 

attention has been devoted to measurement of reading fluency, over the past 30 years, 

a large body of research has examined the use of fluent reading as an indicator of 

general reading proficiency. This approach to measurement has come to be known as 

curriculum-based measurement (Deno, 1985) 

Curriculum-Based Measurement 

Curriculum-based measurement (CBM) is a specific set of standardized 

assessment procedures that can be used to monitor student growth in the following 

areas: reading, mathematics, and written expression (Deno, 1985, 2003). CBM 

measures were developed to establish a special education instructional model 
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whereby teachers could use an ongoing data collection system to formatively 

evaluate their instructional programs (Deno, 2003). Thus, the use of CBM allows 

teachers to evaluate and modify student’s instructional programs in order to 

accelerate student achievement (Deno, 2003; Marston, 1989). More than 25 years of 

multiple studies have supported the validity and reliability of CBM measures as 

indicators of growth in basic academic skills (Marston, 1989; Wayman et al., 2007). 

In reading, research on CBM has concentrated mainly on reading aloud 

because it appears to reflect the complicated process of reading based on several 

reading theories mentioned above (Fuchs, Fuchs, & Compton, 2004). In CBM 

reading aloud, students are asked to read aloud from a passage for 1 minute. CBM 

reading aloud scores are based on both rate and accuracy of reading; for rate, 

teachers count the number of words that students read correctly, usually for 1 min. 

For accuracy, teachers count substitutions, omissions, insertions, and 

mispronunciations of words. The final CBM score, words read correctly per minute 

(WRCM), is calculated by subtracting the number of errors from the total number of 

words read correctly.  

CBM reading aloud has several unique advantages over traditional 

assessments. First, because CBM reading aloud is designed for efficiency, CBM 

reading aloud can be frequently administered, rather than relying on a yearly 

assessment such as statewide achievement tests (Deno, 2003; Shroder, 2002; Stoner, 

Carey, Ikeda, & Shinn, 1994). Second, because CBM reading aloud measures can be 

given on a repeated basis, they can be used to examine change in student academic 
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performance so that intervention effectiveness can be evaluated (e.g., Crawford, 

Tindal, & Stieber, 2001; Deno, 2003; Jenkins & Jewell, 1993; Shinn, Good, 

Knutson, Tilly, & Collins, 1992). Third, CBM can be used to compare individual 

student performance to the average of other students in the class, school, or district 

because educators can establish their own peer references using a representative of 

students in the same grade or in the same classroom (Deno, 2003). Finally, unlike 

traditional norm-referenced tests, CBM reading aloud provides schools and districts 

with an inexpensive framework for identifying students who are at risk (Deno, 2003; 

Wiley & Deno, 2005). 

Face Validity of CBM Reading Aloud 

Despite a well-established body of research demonstrating that CBM reading 

aloud is a reliable and valid indicator of student performance in reading, some 

teachers are reluctant to accept that CBM reading aloud is a general indicator of 

reading proficiency, including reading comprehension (L. S. Fuchs & Douglas. 

Fuchs, 1992; Hamilton & Shinn, 2003; Skinner et al., 2002). Questions about the 

face validity of CBM reading aloud may arise in part because some educators may 

believe that the number of words read correctly is not related to students’ reading 

comprehension (Markell & Deno, 1997). In other words, the educators may believe 

that increased performance on CBM reading aloud has to do with a reflection of a 

student’s decoding skills, not an indicator of a student’s reading comprehension 

skills (Hamilton & Shinn, 2003).  
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Stanovich (1986) defined word callers as children who efficiently decode text 

into its spoken forms without comprehension of the passage. Although reports of 

these children are common (Markell & Deno, 1997), the empirical research 

supporting this phenomenon is surprisingly sparse. Recently, a study by Hamilton 

and Shinn (2003) investigated the oral reading fluency and reading comprehension 

performances of word callers to identify whether the students read fluently but did 

not understand what they read. Hamilton and Shinn (2003) hypothesized that 

because the estimated correlation coefficients between CBM reading aloud and 

reading comprehension measures from studies is not close to one (1), it is plausible 

that some students who read fluently do not comprehend what they read. This study 

included sixty-six third grade students and their twenty-nine teachers from twenty-

five elementary schools in five school districts. In this study, teachers were asked to 

divide student participants into two groups: word callers (WC) and similarly fluent 

peers (SFP). SFP were students who had similar rates of fluency as students in the 

WC group, but who had higher levels of reading comprehension as judged by the 

teachers. Results revealed that SFP group earned significantly higher scores on 

reading comprehension tests than those for WC group. However, in addition, there 

were significant differences in the oral reading fluency rates between the two groups. 

In other words, the SFP group also read more correct words in 1 min than the WC 

group. However, as noted by Wayman et al., (2007) stated, the Hamilton and Shinn 

(2003) study was based on teacher judgments and only included students in third 
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grade. Because few studies have focused on the face validity of CBM reading aloud 

using experimental group designs, further research should be conducted on this issue. 

The Three Considerations of Variability in the Relation between CBM Reading 

Aloud and Reading Comprehension 

Although as reflected in the qualitative reviews of the validity of CBM 

reading aloud measures, the strength of the relation between CBM measures and 

reading comprehension is generally fairly strong, what is not clear is whether other 

variables may serve to mediate that relationship. In other words, does the strength of 

the relationship rely on mediating factors? There is considerable variation in how 

studies on the relation between oral reading fluency and reading comprehension are 

designed and conducted. Specifically, difference can be seen in participants, CBM 

administration, and reading comprehension measures.  

Characteristics of participants. The first consideration of variability in the 

relation between CBM reading aloud and reading comprehension is associated with 

conditions related to the characteristics of participants (Shroder, 2002). Some studies 

have examined whether the relation between oral reading fluency and reading 

comprehension increases or decreases with increasing grade levels (e.g., Kranzler, 

Brownell, & Miller, 1998; Schilling, Carlisle, Scott, & Ji, 2007). For example, 

Yovanoff and colleagues (2005) conducted structural equation models and multiple 

regression analyses to examine the relative importance of oral reading fluency and 

vocabulary in the prediction of reading comprehension in Grades 4 to 8. In this 

study, the oral reading fluency measures’ passages administered were prose passages 
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at the students’ appropriate grade-level. Similarly, for reading comprehension tests, 

students’ grade-level appropriate reading comprehension passages were used. In this 

study, Form A of the district fluency and comprehension tests was used for 

participants from half the schools in the district, and Form B was used for 

participants from the other half. This study showed that although both oral reading 

fluency and vocabulary are likely to be good indictors of reading comprehension, 

regardless of grade, oral reading fluency declined with increasing grade levels.   

The purpose of a recent study by Hosp and Fuchs (2005) was to investigate 

the strength of the relation between CBM reading aloud and specific reading skills 

across grades. Participants were dispersed almost equally across grades 1 through 4. 

Passage comprehension subtests from the Woodcock Reading Mastery Test-Revised 

(WRMT-R) were used as a measure of reading comprehension. For each grade, 

correlations were calculated between the average of two CBM reading aloud scores 

and the raw scores on the WRMT-R. The results of this study indicated that no 

significant difference was found in comparisons across grades with regard to the 

relation between CBM reading aloud and comprehension.  

In contrast, a research study of three hundred thirty-five students in grades 2 

through 6 found that overall correlations between CBM reading aloud and two 

reading achievement tests decreased after Grade 4 (Jenkins & Jewell, 1993). Results 

of this study showed that correlations between CBM reading aloud and reading 

comprehension measured by the Gates-MacGinitie were .86, .82, .86, .68 and .63 in 

Grade 2, 3, 4, 5, and 6, respectively, and correlations between CBM reading aloud 
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and reading comprehension measured by the Metropolitan Achievement Tests were 

.84, .67, .82, .65, and .58 in Grade in 2, 3, 4, 5, and 6, respectively. The results 

indicated that the relation between CBM reading aloud and reading comprehension 

declined with increasing grade levels.  

Recently, Schilling and colleagues (2007) examined the validity of fluency 

measures from the Dynamic Indicators of Basic Early Literacy Skills (DIBELS) as 

predictors of students’ reading proficiency. Participants in this study were 

approximately 2500 students in Grades 1 through 3. DIBELS subtests were 

administered in the fall, winter, and spring and the reading subtests of the Iowa Tests 

of Basic Skills (ITBS) were administered in the spring. Correlational analysis was 

conducted to investigate the strength of the relation between DIBELS subtests and 

ITBS across grade levels. This study showed that for the second grade, the 

correlation coefficients of oral reading fluency and reading comprehension were .68, 

.75, and .75 for fall, winter, and spring, whereas for the third grade, the correlation 

coefficients of oral reading fluency and reading comprehension were .63, .65, and 

.63 for fall, winter, and spring. The findings from this study revealed that there were 

positive correlation coefficients between oral reading fluency and reading 

comprehension. However, the magnitude of the correlation of oral reading fluency 

and reading comprehension declined from the spring of second grade through the 

spring of third grade.  

In an attempt to synthesize research studies on the relation between CBM 

measures and statewide achievement tests in reading, as previously mentioned, Yeo 
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(in press) conducted a multilevel meta-analysis, including twenty-seven articles with 

effect sizes. This meta-analysis indicated that proportions of both English language 

learners and students receiving special education services were statistically 

significant components contributing to a decrease in the relation between CBM 

measures and statewide achievement tests. However, in contrast to what was 

expected, no effect was found for grade level, proportion of Caucasian students, or 

proportion of students receiving free lunch. 

In sum, the magnitude of the relation between CBM reading aloud and 

reading comprehension is likely to be affected by characteristics of participants.  

Characteristics of CBM administration. The second consideration in the 

relation between CBM reading aloud and reading comprehension is associated with 

characteristics of CBM administration. Although one of the primary advantages of 

using CBM reading aloud is that CBM reading aloud is administered under 

standardized procedures, it is difficult to confirm whether standard instructions are 

interpreted in the same way by researchers or educators, which may be importantly 

associated with performance in studies using CBM reading aloud (Colon & 

Kranzler, 2006). In addition, it is difficult to assume that the standardized procedures 

of using CBM reading aloud control all potential components related to 

measurement error variance (Christ, 2006).  

With regard to different methods of calculating CBM reading aloud scores, 

Ardoin and colleagues (2004) examined whether the use of the median of three 

passages explained more variance of students’ scores on the Woodcock-Johnson-III 
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passage reading comprehension subtests than the use of a single passage. In this 

study, 77 third grade students were assessed on CBM reading aloud, CBM maze, 

reading subtests of the Iowa Test of Basic Skills (ITBS), and reading subtests of the 

Woodcock-Johnson-III. Results of this study showed that the median scores were 

found to not explain significantly larger magnitudes of variance in students’ scores 

on the Woodcock-Johnson-III passage reading comprehension subtests than were 

single passage scores.  

A study by McGlinchey and Hixson (2004) examined the relation between 

oral reading fluency and a statewide assessment test, the Michigan Educational 

Assessment Program (MEAP). In this study, during the first five years, only one 1-

minute probe was administered due to a lack of trained assessors. The median score 

of three one-minute probes was used during the final three years of the study. This 

study showed that the strength of the relation between CBM reading aloud and 

statewide achievement tests, when three passages were administered, were similar to 

the strength of the relation between the two measures when only one passage was 

used.  

In addition to different methods for calculating CBM reading aloud scores, 

the nature of the text has been shown to differentially affect the CBM reading aloud 

performance (Ardoin, Suldo, Witt, Aldrich, & McDonald, 2005; L. S. Fuchs et al., 

2001; Shinn, Gleason, & Tindal, 1989; Shroder, 2002; Young & Bowers, 1995). 

With regard to passage difficulty, a study by Hintze, Daly, and Shapiro (1998) 

investigated the effects of using grade-level versus goal-level material to monitor 
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student progress using CBM reading aloud. In this study, CBM reading aloud 

passages from grade-level and goal-level material were administered to 80 students 

in Grades 1 through 4, twice a week for ten weeks. Ordinary-least squares regression 

was used to calculate each student’s growth rate and school day. Each dependent 

variable was characterized by an indicator of slope. Individual student performance 

on CBM probes was combined and averaged by grade due to the fact that the 

primary analysis in this study involved group comparisons. Results of this study 

revealed that the amount of improvement or growth rate was not consistent across 

grade and the type of passages used for progress monitoring, meaning that the grade-

level material was more sensitive to growth rate across time, whereas goal-level 

material was appropriate to generalize reading abilities across more various groups 

of progress-monitoring materials.  

With regard to the difference between generic and curriculum-dependent 

passages, Hintze, Shapiro, and Lutz (1994) investigated whether there were 

statistically significant differences between oral reading rates produced from 

traditional basal curricula versus those constructed from literature-based reading 

materials. A total of 48 students from third grade participated in this study. All 

participants were assessed twice weekly over a nine-week period with CBM passage 

probes from each basal reading series. Within each series, an indicator of slope was 

calculated using an ordinary-least squares regression for each student. Results of this 

study indicated that passage probes developed from the traditional basal materials 

were more sensitive to growth rates over time than those developed from the 
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literature-based basal materials. These results implied that educators and school 

psychologists should pay attention to the effects of curriculum on CBM reading 

aloud.  

Powell-Smith and Bradley-Klug (2001) monitored students’ CBM reading 

aloud over time using two different types of reading probe material: Generic and 

curriculum-dependent passages. Participants included thirty-six students in Grade 2 

from fourteen classrooms in six schools. All students were administered CBM 

reading aloud passage probes twice weekly over a 5-week period. In this study, 

growth rate and level of CBM reading aloud were viewed as the dependent 

measures. Growth rate of CBM reading aloud was calculated using an ordinary-least 

squares regression for both the basal and generic set. The level and growth rate data 

were analyzed using two-tailed dependent measures t-tests. Results indicated that 

students read significantly more words correct in the generic reading passages than 

in the curriculum-dependent passages. Yet, no significant difference was found 

between the two types of passages in terms of growth rate.  

Based on the research results mentioned above, the nature of the CBM text 

may potentially provide variance in the relation between CBM reading aloud and 

reading comprehension tests.  

Characteristics of different measures of reading comprehension. A final 

consideration in the relation between CBM reading aloud and reading 

comprehension is associated with characteristics of different measures of reading 

comprehension. Given that measures of reading comprehension vary in terms of 
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technical adequacy such as reliability and validity and in the format used to identify 

the degree of understanding in written material, it seems plausible that the relation 

between CBM reading aloud and reading comprehension is affected by 

characteristics of the measures of reading comprehension. A study by Cutting and 

Scarborough (2006) is important in examining the differences in measures of reading 

comprehension. Participants included 97 students in Grades 1 through 10. The 

comprehension subtests from three commonly used instruments, the Gates-

MacGinitie Reading Test-Revised (MacGinitie, MacGinitie, Maria, & Dreyer, 

2000), the Gray Oral Reading Test-Third Edition (Wiederholt & Bryant, 1992), and 

the Wechsler Individual Achievement Test (Wechsler, 1992), were administered to 

investigate the unique contributions of word recognition/decoding and oral language 

skills to reading comprehension. Regression analysis was employed to investigate 

the potentially separate contributions of different aspects of oral language 

proficiency. The results of this study revealed that the unique contributions of word 

recognition/decoding and oral language skills to reading comprehension varied 

across reading comprehension measures, with the exception of oral language 

proficiency between the Wechsler Individual Achievement Test and the Gray Oral 

Reading Test-Third Edition which showed no difference. The findings of this study 

indicated the apparent nonequivalence of comprehension measures that affect 

variability in the strength of the relation between oral reading and reading 

comprehension tests (Cutting & Scarborough, 2006). However, because empirical 

research is surprisingly sparse, there has been increasing inconsistency and 
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controversy as to whether the contribution of reading fluency to reading 

comprehension might differs with the reading comprehension measure administered.  

Summary 

Although fluency has been referred to as a neglected reading skill, recently, 

fluency has been receiving a great deal of attention from both researchers and 

teachers (Miller & Schwanenflugel, 2006; Rasinski, Blachowicz, & Lems, 2006). 

Given that the ultimate goal of reading is to comprehend what is being read, it is 

imperative to examine the precise role oral reading fluency plays in reading 

comprehension (Kuhn & Stahl, 2003). As shown, the relation between fluency and 

reading comprehension is established by theoretical frameworks and empirical 

research outcomes. Yet, so far, the nature of the relation between the two measures 

remains unclear.  

Over the past 25 years, a wealth of research has indicated that CBM is a valid 

and reliable indicator of student performance in reading. However, the lack of face 

validity of CBM may discourage teachers or researchers from use of the measures. 

Two previous qualitative reviews (Marston, 1989; Wayman et al., 2007) of the 

validity of CBM reading measures have supported the validity of the measures as 

general indicators of reading proficiency; however, qualitative reviews have 

limitations. In a quantitative review using meta-analysis, a specific number 

representing the magnitude of the relationship between CBM reading aloud and 

reading comprehension can be generated. Furthermore, the effects of mediating 

variables on that relationship can be examined.   
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From previous research, three potential influences on the relation between 

oral reading fluency and reading comprehension were identified: characteristics of 

CBM, characteristics of participants, and characteristics of reading comprehension 

tests. Therefore, these three characteristics are considered in the investigation of the 

relation between CBM reading aloud and reading comprehension.  
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CHAPTER THREE 

Methodology 

The purpose of the present study was to quantitatively review the research on 

the relation between one-minute CBM reading aloud measures and reading 

comprehension. A meta-analytic methodology was employed in this study to 

integrate statistical findings on the relation between CBM reading aloud and reading 

comprehension and to draw conclusions based upon the existing evidence. This 

chapter describes the processes for searching the literature, selecting the studies, 

calculating correlation coefficients, and analyzing the quantitative data from studies 

used in this meta-analysis.  

Data Collection 

A three-step process was used to locate a broad range of studies from which 

qualifying studies were selected to use in this meta-analysis. First, computer-based 

information searches were conducted using the following key words: curriculum-

based measurement, reading aloud fluency, reading aloud, reading fluency, CBM, 

DIBELS, comprehension, and reading comprehension. These key words were 

searched using the following electronic databases: PsycINFO, ProQuest, Dissertation 

Abstracts, and ERIC. The computer search for studies was not limited by any 

published year range. Second, in addition to the electronic searches, the following 

journals were hand searched to locate additional articles that met the inclusion 

criteria: Exceptional Children, Journal of Special Education, Journal of Learning 

Disabilities, Learning Disabilities Research & Practice, Remedial and Special 
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Education, School Psychology Review, Psychology in the Schools, School 

Psychology Quarterly, Journal of Educational Psychology, Reading and Writing 

Quarterly, and Reading Research Quarterly. Finally, an ancestral search of studies 

of reference lists of identified studies and previous reviews was conducted to 

identify additional potentially eligible studies.  

Inclusion and Exclusion Criteria 

For articles to be included in the literature review, the following conditions 

had to be met: 

(1) The study had to report information on the relation between CBM 

reading aloud and reading comprehension measures. Thus, studies that 

included only CBM reading aloud measures or only reading 

comprehension were excluded. CBM reading aloud measure was defined 

as the number of words read correctly in one minute (Deno, 1985; Shinn, 

1989). Although one-minute CBM reading aloud samples are used in 

most studies, some studies included longer samples such as two minutes 

or three minutes. These studies were included in the meta-analysis to 

investigate whether different time duration was a statistically significant 

moderator in estimating the relation between CBM reading aloud and 

reading comprehension tests.  

(2) Studies were included only if they employed a standardized CBM 

approach for obtaining oral reading samples. Studies that used 
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commercial oral reading tests such as the Gray Oral Reading Test were 

excluded because the purpose of these tests is usually the assessment of 

oral reading proficiency rather than the use of reading fluency as an 

indicator of reading comprehension.  

(3) Studies were included that reflected a variety of response formats for 

reading comprehension tests such as multiple choice, combined multiple 

choice and open-ended questions, retelling, cloze, maze, and orally 

answering. In this meta-analysis, reading comprehension was defined as 

the level of understanding of a passage through reading or listening.   

(4) The study had to be conducted without the inclusion of reading fluency or 

reading comprehension interventions. The use of an intervention might 

make it difficult to examine the ‘pure’ strength of the relation between 

the two measures; therefore studies including reading fluency and reading 

comprehension interventions were excluded. Studies that provided 

information about the relation between CBM reading aloud and reading 

comprehension within a control group or from a pretest were not 

excluded in this study.   

(5) The study had to provide the reading comprehension scores, rather than 

reading composite scores. Thus, studies that reported only combinations 

of scores, such as the Total Reading-Full Scale of the Woodcock Reading 

Mastery Tests, were excluded. In addition, studies providing growth rates 
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on the reading comprehension were excluded because such studies did 

not provide the correlation between CBM reading aloud and reading 

comprehension tests.   

(6) The study had to investigate the relation between CBM reading aloud and 

reading comprehension for participants in grades K-12.  

(7) The study had to be a group design investigation. Thus, studies with a 

single subject design or qualitative data were excluded.  

(8) The study had to provide the quantitative information necessary to 

calculate an effect size. Thus, the articles such as review articles that did 

not provide statistical information were excluded. 

(9) The study had to be conducted using reading in English.  

(10) The study had to be a peer-reviewed article, doctoral dissertation, or 

master’s thesis.  

Coding System 

Once all eligible studies were identified and collected, a coding system was 

developed. The coding system was divided into two major sections: descriptors and 

specific information about the quality of the study. The first section (descriptors) 

was developed based on a study conducted by Yeo (in press). Table 1 presents the 

first section of coding protocol.   
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Table 1 

 Coding of Study Descriptors 

Category Interpretation of Descriptors 

Participants   
Grade scores The grade level was recorded 

Sample sizes The sample size was recorded 

Female ratio The percentage of female students was recorded 

ELLs ratio The percentage of ELLs was recorded 

Caucasian ratio The percentage of Caucasian students was recorded 

Free lunch ratio The percentage of students receiving free lunch service was 

recorded 

Students receiving 

special education 

services 

The percentages of students who received special education 

services was recorded 

School The type of school was recorded as (1) private school, (2) 

public school or (3) not obtainable  

CBM  

Administration time The time duration of CBM reading aloud was recorded as (1) 

1 minute or (2) more than 1 minute.  

Number of Passage The number of passages used was recorded.  

Type of passage The type of passage was recorded as (1) standardized 

passage, (2) curriculum passage, (3) other, or (4) not 

obtainable 

Use of grade level 

passage 

 

This category was used for identifying whether the CBM 

passages were at the students’ grade level. The use of grade 

level passages was coded as one (1) and the use of non-

grade level passages as a zero (0) 

Similarity in materials 

for CBM measures 

and comprehension 

tests 

This category was used for identifying whether the CBM 

passages were developed with the same materials used to 

develop the reading comprehension test. If the materials 

were the same, it was coded as a (1), whereas if the 

materials were different it was coded as zero (0).  

Who administered 

CBM measures 

Assessors who administered CBM was recorded as (1) 

graduate students, (2) researchers, (3) classroom teachers, 

or (4) other  

Type of reliability 

(CBM) 

The type of reliability of CBM was recorded as (1)alternate-

form reliability, (2) test-retest reliability, (3) internal 

consistency, or (4) not obtainable 
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Source of the 

reliability of CBM 

The source of the reliability of CBM was recorded as (1) data 

generated within the study, (2) previous studies, or (3) 

technical report or manual 

Reading comprehension  

Response formats The response format of reading comprehension was recorded 

as (1) multiple choices, (2) combination of multiple choice 

and open-ended questions, (3) retelling, (4) orally 

answering, (5) Cloze, (6) Maze, or (7) other 

Name of reading 

comprehension tests 

The name of each reading comprehension tests was recorded 

 

Time difference 

between CBM and 

reading 

comprehension tests 

The time difference between CBM and reading 

comprehension tests was recorded (monthly) 

Type of reading 

comprehension tests 

The type of reading comprehension tests was recorded as (1) 

criterion-referenced test, (2) norm-referenced test, (3) 

mixed tests, or (4) not obtainable 

Type of administration The type of administration was recorded as (1) group, (2) 

individual, or (3) not obtainable 

Type of reliability 

(Reading 

comprehension) 

The type of the reliability of reading comprehension test was 

recorded as (1) alternative-form reliability, (2) test-retest 

reliability, (3) internal consistency, (4) Kuder Richardson 

20, (5) Split-half reliability, or (6) not obtainable 

Source of reliability The source of the reliability of reading comprehension test 

was recorded as (1) data generated within the study, (2) 

previous studies, or (3) technical report or manual 

Study level  

Author names The authors of the study 

Type of publication The type of publication of the study was recorded as (1) 

journal article, (2) doctoral dissertation, or (3) master’s 

thesis  

Year of publication The year presented on the study was recorded (yearly) 

Sampling procedure The method of sampling procedure was recorded as (1) 

random sampling, (2) convenience sampling, or (3) not 

obtainable 

Correlation coefficient 

between CBM and 

reading 

comprehension 

The correlation coefficients between CBM reading aloud and 

reading comprehension tests were recorded 

Number of correlation 

for a study 

The number of correlation for each study was recorded 
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In the quality section, a numerical rating of the study was assigned based on 

criteria developed by Thompson and colleagues (2005). Those criteria were: a) 

measurement, b) practical and clinical significance, c) avoidance of some common 

macro-analytic mistakes, and d) confidence interval for reliability coefficients, 

statistics, and effect sizes (see Appendix D).  

A Meta-Analytic Approach 

Meta-analysis. Over the past 30 years, meta-analysis has become essential in 

the synthesis of education and psychology outcome research (Jenson, Clark, Kircher, 

& Kristjansson, 2007; Rosenthal, Hoyt, Ferrin, Miller, & Cohen, 2006). Meta-

analysis is defined as a research method designed to conduct quantitative summaries 

of research findings (Rosenthal et al., 2006). In 1976, the term meta-analysis was 

coined in an address made by Gene Glass to the American Educational Research 

Association (Oswald, 1999). Glass developed meta-analysis as a statistical method 

for integrating, reviewing, and summarizing empirical research findings in the 

various areas. Recently, meta-analytic research has expanded considerably and 

important progress has been made in meta-analytical statistical methods (Lipsey & 

Wilson, 2001).  

There are several potential advantages of conducting meta-analysis over 

individual studies in education. First, unlike narrative literature reviews that 

qualitatively evaluate and synthesize research results conducted in a particular area, 

meta-analysis refers to a quantitative literature review that results from integrating 
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findings by using a common metric, such as the standardized mean difference or the 

Pearson correlation coefficient (Kisamore, 2003; Rosenthal et al., 2006). A common 

metric makes it possible to compare across individual studies that are conducted in 

different settings with different measures (Hunter & Schmidt, 2004; Lipsey & 

Wilson, 2001). Second, meta-analysis allows for examining potential moderator 

variables that contribute to variance in effect sizes (DeCoster, 2004; Kisamore, 

2003). Third, meta-analysis allows researchers to generate new theories and 

questions from various research studies through a quantitative review of related 

papers (Kim, 1999). Because the main goal in science is the production of 

cumulative evidence, the use of meta-analysis allows researchers to develop a 

framework that attempts to explain the phenomena of education (Hunter & Schmidt, 

2004; Stanovich, 2004). Finally, meta-analysis can be used to provide guidance for 

evidence-based practice (Jenson et al., 2007; Rosenthal et al., 2006). Because current 

national polices such as IDEIA and NCLB require teachers to implement evidence-

based practices in their classroom (Justice, 2006), meta-analysis has become 

valuable to research in education.  

Despite some advantages mentioned above, there are also some limitations to 

meta-analysis. First, a meta-analysis can be seen as comparing apples and oranges, 

meaning that the mixing of studies with different measures and research designs may 

provide a statistically significant result that may be not meaningful (DeCoster, 2004; 

Lipsey & Wilson, 2001). Second, meta-analytic researchers sometimes do not take 

into account the qualitative difference among research studies (DeCoster, 2004). 
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Third, the persistent problem of a meta-analysis has to do with the “file drawer” 

problem. This means that most published studies report significant results, whereas 

studies with nonsignficant findings are not reported. As a result, such a problem can 

result in biased effect sizes in meta-analysis. Finally, although meta-analysis is 

viewed as objective due to the use of quantitative methods, it is also subjective 

because findings from meta-analysis can be affected by researchers’ decisions such 

as the inclusion criteria (DeCoster, 2004).   

Effect size. Meta-analysis is based on effect size statistics, which allows for 

examining the strength of relation between variables (Rosenthal et al., 2006). 

Although there are the various types of effect sizes, they generally fall into two main 

types (Lipsey & Wilson, 2001); standardized differences between group means and 

correlation coefficients. When both independent and dependent variables (or 

predictor and criterion variables) are continuous (e.g., test scores), the correlation 

coefficient is viewed as the effect size metric.  

With regard to the interpretation of the effect sizes, correlation coefficients 

less than or equal to 0.10 are regarded as small, correlation coefficients equal to 0.30 

are viewed as medium effects, and correlation coefficients greater than or equal to 

0.50 are considered large (Cohen, 1988). In this study, correlation coefficients were 

used as the effect size metric due to the fact that all studies contained correlations 

between two continuous variables, CBM reading aloud and reading comprehension.  

Fixed and mixed-effects meta-analysis. There are two meta-analytic 

techniques from which researchers can choose a fixed-effects model and a mixed-
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effects model. It is critical to consider whether studies are treated as fixed or mixed 

effects because each different model eventually results in statistically different 

outcomes and confidence intervals for the estimated average correlation coefficients 

(Hunter & Schmidt, 2004; Rosenthal et al., 2006). In general, application of a fixed-

effect model is based on the assumption that the observed effect sizes from a fixed-

effects model provide information about the results of these particular studies but 

provide no information about the generalizability of effect sizes to other studies that 

may be done later (Hedges, 1998; Rosenthal et al., 2006). Unlike the fixed-effects 

model, mixed-effects model allows for estimating the population of studies because 

it is assumed that the current set of studies is randomly sampled from a larger 

population of studies (Sheu & Suzuki, 2001). In this study, the author was interested 

in the average correlation of the large population; a mixed-effects model was 

conducted to examine the relation.  

In terms of the variability of effect size, the fixed-effects model is assumed to 

reflect only sampling error, whereas the mixed-effects model is assumed to have two 

sources of variability: variance attributable to sampling error and a random-effects 

variance, which involves differences in effect size due to systematic differences 

between studies (Rosenthal et al., 2006).  

The general form of the fixed-effects model is: 

                      ~                  (1) 
jj er += ρ je ),0(
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where represents the observed correlation coefficient in study j, is the true 

correlation coefficient, and is the residual in study j attributable to sampling 

error, which is assumed to have a normal distribution with a variance of . Based 

on Equation (1), it is assumed that the deviation of the observed correlation 

coefficient from the true correlation coefficient is attributed to sampling error alone, 

meaning that correlation coefficients from each study are homogenous (Van den 

Noortgate & Onghena, 2003). However, given the fact that the studies used in a 

meta-analysis are not exactly equal regarding the population of the participants, 

measures used, or research designs, the assumption that all studies estimate a 

common correlation coefficient seems somewhat unrealistic (Van den Noortgate & 

Onghena, 2003). That is, the fixed-effects model assumes that variability of the true 

correlation coefficient is zero, meaning that this model does not take unexplained 

heterogeneity within the estimated true correlation coefficient into account. Due to 

this weakness, fixed-effects models have seldom been conducted in research in 

psychology or education (Rosenthal et al., 2006).  

In contrast with the fixed-effects model, the random effects model makes the 

assumption of predictability of true correlation coefficients realistic. The general 

form of the random-effects model is: 

          ~ ,  ~      (2) 
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where represents the observed correlation coefficient in study j, is the mean 

true correlation coefficient,  is the deviation of the true correlation coefficient in 

study j from the mean true correlation coefficient which is assumed to be 

theoretically normally distributed with a mean of zero and a variance of , and 

is the residual in study j attributable to sampling error which is assumed to be have a 

normal distribution with a variance of  (Van den Noortgate & Onghena, 2003). 

Equation (2) indicates that the variance in observed correlation coefficients is 

divided into two different components: variance in the true correlation coefficient 

among studies and sampling error. Therefore, in contrast to the constant value used 

in the fixed-effects model, the use of the mixed-effects allows for describing a given 

relation between two variables in the population (Kisamore, 2003). Despite the 

advantages of using the mixed-effects model, to date, few researchers in education or 

psychology have used a mixed-effects meta-analysis due to lack of specialized 

computer programs such as Hierarchical Linear Models (HLM) or SAS PROC 

MIXED (Sheu & Suzuki, 2001).  

In 1985, Raudenbush and Bryk suggested that a meta-analysis could be 

viewed as a special case of the level-two multilevel analysis within HLM. According 

to the basic concept of HLM, Equation (2) can be expressed as the level-two model: 

                           ~             (3) 
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             ~             

(4)  

where represents the true correlation coefficient for study j. Equation (3) and (4) 

refer to the level-one and level -two model, respectively. In other words, Equation 

(3) provides information (Level 1) about sampling error, whereas Equation (4) is 

related to information (Level 2) about variability between-studies.  

A more general mixed-effects model includes moderators in the level-two 

model, which is also called a conditional model. In general, the conditional 

multilevel meta-analysis is required to examine which variable is affecting the 

strength of the relation between the two measures (Baron & Kenny, 1986). Thus, if a 

mixed-effects model has several moderators affecting the relation between the two 

variables, the level-two model can be represented as: 

               ~      (5) 

                       =           ~  

where ,…, are values of the moderators ,…, for the j
th

 study, 

,…, are study level fixed regression coefficients, is the mean true correlation 

coefficient,  is the level-two random error, which is theoretically normally 

distributed with a mean of zero and a variance of .  

The level-two meta-analysis just mentioned above is appropriate for studies 

with one effect size (correlation coefficient). Yet, it is common for a study to provide 
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several effect sizes due to different samples within the same study (Beretvas & 

Pastor, 2003). It appears that the level-two meta-analysis does not fit studies with 

multiple effect sizes because the effect sizes between samples within an individual 

study are not completely independent. In this situation, the level-three meta-analysis 

should be employed to satisfy the assumption of variability in correlation 

coefficients within studies. That is, unlike the level-two meta-analysis, the level-

three meta-analysis can take into account the interdependence of correlation 

coefficients between samples within the same study (Beretvas & Pastor, 2003). 

Beretvas and Pastor (2003) provide equations regarding the level-three meta-

analysis. That is, in the level-three meta-analysis, a Level 1 equation is: 

               ~          (6) 

where i  refers to the effect size (correlation coefficient) for sample i, j represents an 

indicator of the study, is the true correlation coefficient of sample i in study j, 

and represents sampling error assumed to be normally distributed with a mean of 

zero and variance of v. 

Level 2 can be represented as: 

              ,             ~        (7) 
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where refers to the mean correlation coefficient for study j and represents 

the within study error term assumed to be theoretically normally distributed with a 

mean of zero and a variance of .  

Lastly, level 3 can be written as:  

               ,         ~       (8) 

where  represents the overall mean correlation for the population and 

represents the sampling variability between studies assumed to be normally 

distributed with a mean of zero and a variance of . Because most studies used in 

this meta-analysis provided multiple correlations, the level-three meta-analysis was 

used.  

Despite the advantages of using the level-three meta-analysis, there are some 

disadvantages to its use. Beretvas and Pastor (2003) pointed out that the level-three 

meta-analysis creates the problem of deciding whether to treat a predictor as a Level 

2 or Level 3 predictor. Therefore, researchers have to consider the advantages of 

diminishing power by removing studies in which predictors are significant at Level 

2, versus sustaining the power and losing the ability to examine whether a variable 

acts as a moderator of between-studies variance (Beretvas & Pastor, 2003).  

Validity generalization. Meta-analytic techniques have been applied to 

examine psychometric issues as well as substantive research questions (Murphy, 

2003; Van den Noortgate & Onghena, 2003). Schmidt and Hunter (1977) proposed 
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Validity Generalization (VG) as a special application used to examine the variability 

of score validities across test administrations. VG is viewed as a meta-analytic 

method that integrates the overall validity coefficients between test scores and 

criterion measures from different studies (Murphy, 2003). The basic rationale of VG 

is that correlation coefficients from multiple studies seem to vary randomly from 

study to study (Murphy, 2003).  

Given the fact that the sample correlation between two measures is not an 

unbiased estimate of the population correlation coefficient, Schmidt and Hunter 

(1977) suggested that the validity coefficient is generalizable if the statistical 

artifacts could be successfully excluded. In other words, when the statistical artifacts 

are controlled, validity coefficients can be stable and similar across time and 

situations (Levine, Spector, Menon, Narayanan, & Cannon-Bowers, 1996). Schmidt 

and Hunter (1977) identified seven sources of study artifacts that affect the size of 

the study correlation: sampling error, criterion unreliability, predictor unreliability, 

range restriction on the predictor, criterion contamination and deficiency, clerical 

errors, and imperfect predictor construct. Yet, according to Schmidt and Hunter 

(1977), statistical artifacts are proper only for the first four artifacts. This meta-

analysis corrected for sampling error, criterion unreliability, and predictor 

unreliability because it was impossible to have the population standard deviation of 

CBM reading aloud that is necessary to calculate range restriction.  

Schmidt and Hunter asserted that if at least 75 % of variance in observed 

validities can be explained by the first four statistical artifacts, then the variance of 
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the population of correlation coefficient is assumed to be zero, meaning that the 

uncorrected artifacts would likely account for the remaining 25% of variance 

(Schmidt & Hunter, 1977). Despite its importance for considering the artifacts 

proposed by Hunter and Schmidt (2004), some researchers have criticized their VG 

approach based on overall empirical evidence or theoretical weaknesses. First, some 

researchers have asserted that if the number of studies is small, corrections for 

artifacts may not be suitable (Allen, Eby, Poteet, Lentz, & Lima, 2004; Spector & 

Levine, 1987). Second, the use of corrections may overestimate effect sizes (Hox, 

2002; Hunter & Schmidt, 2004). Third, Callender and Osburn (1981) criticized the 

use of the 75 percent rule because it is not affected by the number of studies that go 

into a meta-analysis. In addition, a study by Oswald (1999) showed that the 75 

percent rule was biased against situational specificity, meaning the stability of 

Schimidt and Hunter’s 75 percent rule was very low. Due to the weaknesses inherent 

in the 75 percent rule, few researchers using meta-analysis rely on its use any longer 

(Kisamore, 2003). Likewise, the 75 percent rule was not used in this meta-analysis.  

Calculation of Correlation Coefficients  

As previously mentioned, the index used to represent study findings in this 

meta-analysis was the correlation coefficient between two continuous variables (i.e, 

CBM reading aloud and reading comprehension) because the main purpose of this 

study was to examine the relation between CBM reading aloud and reading 

comprehension test scores.  
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There has been some controversy as to whether a meta-analysis should be 

based on r, the observed correlation in validation studies, or z, the result of Fisher’s r 

to z transformation (Murphy, 2003). Some researchers have chosen to use z rather 

than r due to the fact that the sampling distribution of r is somewhat skewed (Kim, 

1999; Lipsey & Wilson, 2001; Rosenthal et al., 2006). Yet, Hunter and Schmidt 

(1990) showed that the mean of the sampling distribution of r is typically less biased 

than the mean of the sampling distribution of z. In addition, when a global 

correlation coefficient is computed in z, there are some difficulties interpreting the 

result in terms of the original (r) units (Murphy, 2003). For those reasons, r as an 

effect size metric was more appropriate than z for the present study.  

In addition to choosing an appropriate effect size metric, it is important to 

select the appropriate type of reliability to correct for measurement error (Murphy & 

DeShon, 2000). When inappropriate reliability estimates are used to correct for 

measurement error, there may be a loss of accuracy in the results (Hunter & 

Schmidt, 2004). There are four general types of reliability: test-retest reliability, 

alternative-form reliability, internal consistency reliability, and interrater reliability. 

Of the four reliabilities, some researchers express concern over the use of interrater 

reliability because it is largely influenced by the training, education, and skills of 

scorers, rather than the nature of the instrument (Crocker & Algina, 1986; Hunter & 

Schmidt, 2004; Yeo, Kim, Wayman, & Espin, 2008). A study by Murphy and 

DeShon (2000) used Generaliability theory (G-theory) to show that interrater 
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correlations can either overestimate or underestimate reliability coefficients. 

Therefore, all types of reliability except for interrater reliability were used in this 

meta-analysis to correct for measurement error. 

The calculations for each study were viewed as the calculations used in 

correcting the correlation for artifacts explained in Chapter Two. First, I computed 

the artifact attenuation factor for each artifact. That is, the statistical artifacts were 

considered in order to calculate clean individual correlation coefficients. The 

equation of the predictor unreliability is: 

                  

                              (9) 

where represents the reliability coefficient of predictor test scores for the ith 

study; 

                                                      (10) 

where represents the reliability coefficient of predictor test scores for the ith 

study (Hunter & Schmidt, 2004). 

Using  and , the corrected study correlation  is calculated. The 

corrected correlation for the ith study is: 
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where is the uncorrected correlation for the ith study (Hunter & Schmidt, 2004).  

The variance around the estimated corrected correlation for the ith study is: 

                 

                   (12) 

where is the sample size of the ith study (Raju, Burke, Normand, & Langlois, 

1991). 

In sum, both and were used in this study to obtain an estimate of the 

population correlation using multilevel meta-analysis. 

Effect Coding 

This study included categorical independent variables with more than two 

levels as primary moderator variables. For example, Table 1 shows that the type of 

the response formats of reading comprehension tests is categorized into seven levels: 

(1) multiple choice, (2) combination of multiple choice and open-ended questions, 

(3) retelling, (4) orally answering, (5) cloze, (6) maze, or (7) other. In fact, in this 

study, it was important to examine if the different response formats were related to 

the strength of the relation between CBM reading aloud and reading comprehension 

tests. The appropriate way to examine how the different response formats affect the 

relation between CBM reading aloud and reading comprehension tests is to use 

effect coding rather than dummy coding. Effect coding is very similar to dummy 
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coding except that a particular reference group is given the value -1 instead of zero 

as used with dummy coding (Hair, Anderson, & Tatham, 1995). A dummy variable 

represents a binary variable that takes a value of 0 for the reference group and 1 for 

comparison groups. For example, if a researcher is interested in gender differences in 

expected reading scores, females might be assigned a score of 1 and male assigned a 

score of 0. As a result, dummy coding allows one to test differences between means 

for the reference group and the comparison group. Unlike dummy coding, effect 

coding is an appropriate method when a researcher does not have a specific 

reference group (DeCoster, 2006). That is, within an effect coding system, any group 

that a researcher is not interested in is assigned -1, which is referred to as the missing 

group. Adding a missing group allows one to examine the deviation of the mean of a 

specific subgroup from the grand mean of all subgroups (DeCoster, 2006). For 

example, within the context of reading comprehension test response formats, the 

subgroup “other response formats (#7)” was coded -1 because the difference 

between the grand mean of all response formats and the mean of other response 

formats (# 7) was less important than the rest of response formats. As a result, such a 

missing group makes it possible to compare the mean of a specific subgroup with the 

overall mean of all subgroups, not a reference group.  

Effect coding is not suitable when groups are of unequal size. To correct for 

unequal sample sizes, the following weighted effect coding formula should be used: 
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BGroupofSizeSample

AGroupofSizeSample
htcodingweigEffect =  

where Group A represents a specific group of interest and Group B is viewed as the 

omitted group that is not of interest. Because the subgroups (e.g., response formats 

and type of tests) of the categorical variable (reading comprehension tests) used in 

this study did not have equal sample sizes, the weighted effect coding was used for 

this meta-analysis.  

Coding Reliability 

To support the accuracy of coding the variables within the studies used in 

this meta-analysis, one doctoral student was hired to serve as an independent rater. 

The coder was trained to use the coding sheet. These training sessions involved three 

main areas: 1) a review of methodological issues (e.g., effect sizes), 2) definitions of 

the study variables, and 3) guided practice and feedback (Hooper, 2007). Coder 

reliability was checked by coding every 5
th

 study. The kappa coefficient proposed by 

Cohen (1960) was used to assess the degree of agreement after the removal of 

chance agreement, and it was calculated as follows:  

 

where is the proportion of units in which there is agreement and is the 

expected agreement (i.e., the proportion of units for which agreement is expected 
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under the null hypothesis of independence). On average, the coding reliability was 

94% or above, except for the quality (69%) of the study proposed by Thompson and 

colleagues (2005). For that reason, the quality of study as a moderator was excluded 

in the present meta-analysis.  

Analysis of Outliers 

Extreme effect sizes considered as outliers may dramatically decrease or 

increase the findings of the average effect sizes from meta-analysis and may make 

them misleading (Lipsey & Wilson, 2001). Before conducting a meta-analysis, 

potential outliers should be excluded from the analysis to avoid this problem. One of 

the commonly used methods for handling outliers is to exclude them from the effect 

size distribution (Lipsey & Wilson, 2001). Thus, in this study, each correlation that 

was more than two standard deviations from the average of all the correlations was 

viewed as an outlier and was excluded from the analysis. In addition to considering 

two standard deviations, the time difference in administration between CBM reading 

aloud and reading comprehension was used for identifying outliers. This is because 

in general long intervals between two different measures can lead to a decrease in 

the estimated correlation between the two measures.  

Data Analysis 

As previously mentioned, most studies on the relation between CBM reading 

aloud and reading comprehension tests yielded multiple correlations, suggesting that 
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multiple effect sizes per study are nested within studies. This means that meta-

analytic data in the present meta-analysis is hierarchically structured. Therefore, 

multilevel meta-analysis was used to satisfy the assumption of interdependence 

within the individual study (Beretvas & Pastor, 2003).  

The data were analyzed through a multi-step process. First, an unconditional 

multilevel meta-analysis was employed to calculate the overall mean correlation 

coefficient between CBM reading aloud and reading comprehension tests and to 

investigate whether significant variances within studies (Level 2) and between 

studies (Level 3) existed. If variances within studies and between studies are not 

statistically different from zero, it means that effect sizes for each study are identical. 

In this case, it would be not necessary to conduct any additional analyses such as a 

moderator analysis. In contrast, if observed variances in effect sizes within studies 

and between studies are significantly different from zero, a moderator variable 

analysis (a conditional multilevel model) would be clearly required to account for 

significant variance in the effect sizes using moderator variables.   

Thus, the second stage of analysis would be a conditional multilevel meta-

analysis, where moderators that affect the relation between CBM reading aloud and 

reading comprehension tests are identified.   

The third stage of analysis would be the multilevel meta-analysis with more 

moderators added to explain the amount of variance not explained by sampling error 

(DeCoster, 2004).  
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All models mentioned above were fitted using SAS PROC MIXED 

procedure with restricted maximum likelihood estimation.    
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CHAPTER FOUR 

Results 

The purpose of this study was to examine the relation between CBM reading 

aloud and reading comprehension tests. This chapter summarizes the results of the 

present meta-analysis. Results are organized into the following five sections. The 

first section will summarize results of the study search. The second section will 

summarize the results of descriptive statistics with regard to characteristics of 

participants, CBM administration, reading comprehension measure, and study 

publication. The third section will provide the results of the heterogeneity test which 

provides the overall mean correlation between CBM and reading comprehension 

tests and examines moderator variables affecting the variance in the relation between 

CBM reading aloud and reading comprehension. The fourth section will provide the 

results of the conditional model for the four categories. The final section will present 

the results of the multiple regression model, which explains the amount of variance 

due to sampling error and moderator variables. 

Results of Study Search 

An electronic database, a hand-search, and an ancestral search were 

conducted to identify articles for the meta-analysis. A total of 108 studies were 

identified to use in examining the relation between CBM reading aloud and reading 

comprehension. The studies were collected between March 2008 and May 2008. Of 

the108 studies identified, 53 studies were eliminated due to the following reasons: 
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1. The study was conducted with interventions to improve fluency or reading 

comprehension (n = 26) 

2. The study used a commercial reading fluency test (n = 1) 

3. The study provided only a combination score of reading skills (n = 4) 

4. The study provided a growth rate on the reading comprehension test, not 

reading comprehension scores (n = 1) 

5. The study assessed the relation between CBM reading aloud and reading 

comprehension on participants who were not in grades K-12 (n = 3) 

6. The study was a single subject design investigation (n = 7) 

7. The study did not provide quantitative information to allow for calculation 

of an effect size (n = 3) 

8. The study was related to languages other than English (n = 5) 

9. The study was not a journal article, master’s thesis, or dissertations (n = 3) 

(see Appendix A for list of excluded studies) 

The remaining 55 studies contributed data for the meta-analysis.  

Corrections for Measurement Unreliability 

As mentioned in Chapter 3, information on the reliability of both the CBM 

reading aloud and reading comprehension measures is needed if one is to correct an 
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observed correlation for measurement unreliability. Unfortunately, studies used in 

this meta-analysis sporadically reported information on the reliability of the CBM 

reading aloud and reading comprehension. Information on the number of studies 

reporting reliability is presented in Table 2. In this study, reliability was divided into 

two categories: reliability based on analysis of the data within the study and 

reliability based on either a prior study or test manual. In this meta-analysis, if a 

study reported both types of reliability, the reliability that was empirically evaluated 

based on data generated within the study was used in making corrections for biases 

induced in data by measurement error (Hunter & Schmidt, 2004; Thompson et al., 

2005). If a study reported only reliability based on either a previous study or a test 

manual, then that reliability was used. Finally, if a study did not present any 

information on reliability, the correction was accomplished by use of a weighted 

average reliability presented in Table 2 (Ilies, Nahrgang, & Morgeson, 2007).  
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Table 2 

Number and Percentage of Studies Reporting Reliability of CBM Reading Aloud and 

Reading Comprehension Tests 

Types of Reliability CBM Reading Aloud Reading Comprehension 

Number 

of Studies 

% Weighted 

Reliability 

Number 

of Studies 

% Weighted 

Reliability 

Based on analysis of the data 

within the study 

14 25.45  13 23.63  

     Test-retest reliability 4 7.27 .91 1 1.81 .86 

     Alternate-form reliability 8 14.54 .93 3 5.45 .78 

     Split-half reliability 0 0  4 7.27 .92 

     Cronbach’s alpha 1 1.81 .63 4 7.27 .93 

     Undetermined 1 1 - 3 5.45 .89 

Based on a prior study or test 

manual 

15 27.27  24 43.63  

Test-retest reliability 9 16.36 .93 3 5.45 .90 

   Alternate-form reliability 4 7.27 .92 4 7.27 .88 

   Split-half reliability 0 0 - 3 5.45 .89 

   Cronbach’s alpha 0 0 - 8 14.54 .94 

No information 25 45.45 - 16 30.36 - 

Mixed 1 1.81 .91 7 12.72 .90 

Weighted mean reliability   .92   .86 

Total 55       100 55       100 

Note. Mixed is coded as studies reporting multiple reliabilities. 

 

Analysis of Outliers 

The 55 studies yielded 257 correlation coefficients between CBM reading 

aloud and reading comprehension tests. Before conducting analyses of the overall 
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mean correlation, outliers were checked in the distribution of correlation coefficients 

between the two measures. As seen in Table 3, 8 potential outliers came from 6 

different studies based on the criterion of two standardized deviations from the mean 

(mean = .71, SD = .02) of all of the correlations between CBM reading aloud and 

reading comprehension. The amount of time between the two measures was also 

considered to identify potential outliers, along with standardized scores. The study 

by Bishop and League (2006) was initially identified as an outlier based on the 

criterion of two standard deviations from the mean. However, CBM reading aloud 

was administered 36 month before reading comprehension tests. It seemed as though 

the low correlation coefficient from Bishop and League’s study may have been due 

to the long interval between the two measures. Therefore, it was decided to retain 

Bishop and League’s study. Seven outliers were removed from the analyses and 250 

correlations from the 55 studies were used for this meta-analysis.  
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Table 3 

Potential Outliers According to Two Standard Deviations Criteria 

 

 

Studies 

 

Number of 

Correlations 

 

Corrected 

Correlation 

 

Z score 

Difference in time 

between CBM and 

Reading comprehension 

(Month) 

 

Decision 

Talada (2007) 1 .22 -2.66 1 Deleted 

Vadasy, Sanders, 

and Peyton (2006) 

1 .13 -3.18 1 Deleted 

Tindal and 

Marston (1996) 

1 .34 -2.06 1 Deleted 

 2 .22 -2.66 1 Deleted 

Paleologos (2006) 1 .24 -2.56 1 Deleted 

Bishop and League 

(2006) 

1 .15 -3.06 36 Retained 

Markell (1991) 1 .27 -2.40 1 Deleted 

 2 1.29 3.07 1 Deleted 

Note. The corrected correlation was calculated by using Equation 12 presented in Chapter two. 

 

Descriptive Analysis 

Table 4 presents the descriptive statistics for each numerical moderator 

variable.   
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Table 4 

Descriptive Statistics for Each Numerical Moderator for Each Study 
Moderators Mean Median SD Mode Min Max 

Participants 

Sample size 

Female (%) 

Caucasian students (%) 

Free lunch (%) 

ELLs (%) 

Students receiving special 

education services (%) 

 

CBM 

Number of passages 

 

Reading comprehension  

Administration of time 

between measures 

comprehension (Months) 

 

Publication 

Number of correlations per  

study 

 

1045.30 

.50 

.50 

.52 

.18 

.12 

 

 

 

 

1.98 

 

 

3.76 

 

 

 

 

 

5.70 

 

79 

.49 

.44 

.50 

.01 

.06 

 

 

 

 

1 

 

 

1 

 

 

 

 

 

4 

 

3741.89 

.01 

.02 

.25 

.03 

.01 

 

 

 

 

1.12 

 

 

8.83 

 

 

 

 

 

5.24 

 

91 

.49 

.44 

.30 

.00 

.00 

 

 

 

 

1 

 

 

1 

 

 

 

 

 

1 

 

8 

.36 

.00 

.00 

.00 

.00 

 

 

 

 

1 

 

 

1 

 

 

 

 

 

1 

 

1779

8 

.83 

1 

1 

1 

1 

 

 

 

 

6 

 

 

48 

 

 

 

 

20 

Note. SD = Standard Deviation.  

 

An overview of the descriptive information for each study used in the present 

meta-analysis is presented in four separate tables. Table 5, 6, 7, and 8 provide 

information on characteristics of participants, CBM administration, reading 

comprehension tests, and publications, respectively.  

Characteristics of participants. The mean, median, standard deviation, mode, 

minimum and maximum number of participants are shown in Table 4. The samples 

totaled 34,839 students from the 55 studies. The mean sample size was 1045.30 (SD 

= 3741.89). The grade levels used in the present meta-analysis included grades 1-8 

and grade 10. Of the 55 studies, only 8 studies provided information on the average 
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grade level for participants. The number of students for grade 1, 2, 3, 4, 5, 7, 8, and 

10 was 3,639, 4,376, 19,974, 1,655, 1,443, 1442, 1,613, 1,390, and 25, respectively. 

The overall mean grade was 3.51 (SD = 1.55). 

As seen in Table 5, of the 250 coefficients, the number of correlations with 

low female ratios made up 41%; the number of correlations from studies with high 

female ratios made up 7%. Thirty seven percent of the correlations were calculated 

with low Caucasian student ratios, and fifteen percent were calculated with high 

Caucasian student ratios, and over half of the correlations were from studies not 

reporting information on Caucasian student ratios. Of the 250 correlation 

coefficients, 17% were from samples with low free lunch ratios, 13% were from 

samples with high free lunch ratios, and the majority of the correlation coefficients 

(69%) were from studies not providing the free lunch ratio of the participants. 

Twenty-nine percent were from samples with low ELLs (English Language 

Learners) ratios, while 3% were from samples with high ELLs ratios. Approximately 

67% of the correlation coefficients were from studies not reporting the ratio of ELLs. 

Over half of the correlations were from samples with low ratios of students receiving 

special education services. Approximately, 43% of the correlations were related to 

studies that did not report information on the ratio of students receiving special 

education services. Approximately 42% were from studies not reporting information 

on the type of school although the majority of the studies reporting the type of 

school reported on public schools. 
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Table 5 

Characteristics of Participants 

Variable Number of 

Correlations 

% Variable Number of 

Correlations 

% 

Sample Size 

1-50 

51-100 

>100 

 

65 

92 

93 

 

25.89 

36.65 

37.45 

Free lunch (%) 

   Low ratio (<60%) 

   High ratio (>59%) 

   No information 

 

44 

34 

172 

 

17.52 

13.54 

69.92 

Grade level  

1 to 3 

4 to 7 

8 to 10 

 

139 

99 

12 

 

55.90 

39.30 

4.80 

ELLs (%) 

 Low ELLs ratio (<60%) 

 High ELLs ratio (>59%) 

 No information 

 

72 

9 

169 

 

29.08 

3.58 

67.33 

Female (%) 

 Low female ratio (<60%) 

 High female ratio (>59%) 

 No information  

 

102 

19 

129 

 

41.03 

7.56 

51.39 

Students receiving special 

education services (%) 

Low ratio (<60%) 

 High ratio (>59%) 

 No information 

 

 

138 

3 

109 

 

 

55.37 

1.19 

43.42 

Caucasian students (%) 

   Low ratio (<60%) 

   High ratio (>59%) 

   No information 

 

93 

39 

118 

 

37.45 

15.53 

48.01 

Type of school 

Private school 

 

Public school 

 

No information 

 

17 

88 

145 

 

 

6.77 

35.45 

57.76 
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Characteristics of CBM reading aloud. Table 6 presents the descriptive 

information on the CBM reading aloud measures. Approximately half of the 

correlations were calculated with CBM scores from one reading passage, and 

approximately 40 % of the correlations were calculated with CBM scores from three 

reading passages. As seen in Table 4, the average number of passages used in the 

studies was 1.98, with a standard deviation of 1.12. With regard to the method of 

calculating CBM scores, there were three methods used: median (36%), mean (10%), 

and raw scores (50%). Fifty-three percent of the correlations were from standardized 

passages, whereas 23.5 % of the correlations were calculated with passages taken 

from the school or district curriculum. For fifteen and a half of percent of the 

correlations, CBM reading aloud passages were created based on materials used in 

reading comprehension tests.  
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Table 6 

Characteristics of CBM 

Variable Number of Correlation % 

Number of passage   
1 

2 

3 

>3 

No information 

125 

12 

102 

5 

6 

50.19 

4.78 

40.63 

1.99 

2.39 

Median or mean as outcome  

Median  

Mean 

CBM scores (raw scores) 

No information  

 

92 

25 

125 

8 

  
36.65 

9.96 

50.19 

3.18 

Method of selecting CBM passage  

Standardized passage 

Curriculum passage 

Others 

No information 

 

133 

59 

56 

2 

 

53.38 

23.50 

22.31 

.79 

Use of same passages used in reading 

comprehension tests 

  

Yes 

No 

39 

       211 

15.50 

84.50 

Who measures CBM 

Researchers 

Graduate students 

Teachers 

Others 

No information 

 

60 

89 

28 

52 

1 

 

24.70 

35.48 

11.15 

20.71 

.39 
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Characteristics of reading comprehension tests. Table 7 presents the 

descriptive information on the reading comprehension tests. With regard to the 

response format, 43.42% of the 250 correlations were calculated with multiple-

choice questions, whereas 23.50% of the correlations were associated with cloze. 

Approximately eighteen percent was from Woodcock tests (Wookcock-Johnson 

Psychoeducational Battery-III or Woodcock Reading Master Tests-

Revised/Normative Update), 14.34 % the Stanford Achievement Test (7, 8, 9, or 10), 

and 10.35% a CBM maze. The majority of the correlations had an interval of only a 

few months between the administration of the CBM reading aloud measures and the 

reading comprehension test. Table 4 shows that the mean difference in time between 

the two measures was 3.76 months (SD =. 8.83). With regard to the type of 

administration, 52.58% of the correlations were from individually administered 

reading comprehension tests, whereas 45.01% of the correlations were from group 

administered reading comprehension tests. 
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Table 7 

Characteristics of the Reading Comprehension Tests 

Variable Number of 

Correlation 

% Variable Number of 

Correlation 

% 

Response formats 

Multiple choice 

Combination of multiple 

choice and open-ended 

questions 

Retelling  

Orally answering 

Cloze  

Maze 

Mixed a 

 

108 

12 

 

19 

15 

60 

29 

7 

 

43.42 

4.78 

 

7.56 

5.97 

23.50 

11.50 

2.78 

Time difference between CBM and 

reading comprehension tests (Month) 
  

0-5 

5-10 

>10 

No information 

200 

7 

35 

13 

80.0

6 

1.00 

13.9

1 

5.10 

Type of test 

Criterion 

Norm-referenced test 

Mixed b  

No information 

 

130 

63 

55 

2 

 

51.7

9 

25.4

9 

21.9

1 

.79 

Name of reading comprehension 

tests 

SAT (7,8,9, and 10) 

ITBS  

WJ  

Gates-MacGinite 

DIBELS Retelling  

CBM maze 

Degree of Reading Power 

Test 

CAT 

FACT  

Others 

 

 

36 

19 

46 

6 

14 

26 

12 

8 

16 

5 

 

 

14.34 

7.57 

18.32 

2.39 

5.58 

10.35 

4.78 

3.19 

6.37 

27.09 

Type of administration 

Group 

Individual  

No information 

 

112 

132 

6 

 

45.01 

52.58 

2.39    

Note. SAT =Stanford Achievement Test, ITBS= Iowa Tests of Basic Skills, WJ= Wookcock-

Johnson tests, CAT= California Achievement Tests, FACT= Florida Comprehensive Assessment 

Test 

a 
Reading comprehension tests using various response formats were assigned the level of Mixed.  

b
 Reading comprehension tests related to both criterion and norm-referenced tests were assigned the 

level of Mixed. 
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Characteristics of study publication. Table 8 presents the descriptive 

information of the studies’ publications. Of the 55 selected studies, there were 25 

theses or dissertations and 30 published journal articles. The majority (76.36%) of 

studies were published from 2001 to 2008. On average, each study reported 5.70 

correlations (SD = 5.24) as was indicated in Table 4.  

 

Table 8 

Characteristics of Publication 

Variable Number of Studies % 

Publication outlet   
Journal 

Doctoral dissertation 

Master thesis 

30 

21 

4 

54.54 

38.18 

7.27 

Year of publication 

1980-1990 

1991-2000 

2001-2008 

 

2 

11 

42 

 

3.63 

20.00 

76.36 

Number of correlations 

1-5 

5-10 

>11 

 

36 

13 

6 

 

65.45 

23.63 

10.90 
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Unconditional Meta-Analysis (Homogeneity Analysis) 

As described in the Chapter 3, an unconditional meta-analysis was used to 

estimate the overall mean correlation between CBM reading aloud and reading 

comprehension tests and to examine whether variances between and within studies 

were significantly different from zero.  

As shown in Table 9, the unconditional meta-analysis yielded parameter 

estimates for the overall mean and the variability between and within studies. As 

explained earlier, the intercept coefficient in Table 9 is regarded as the overall mean 

correlation between CBM reading aloud and reading comprehension tests. The 

estimated intercept was .75 (SE =.02), meaning that there was a strong association 

between CBM reading aloud and reading comprehension tests. As is also shown in 

Table 9, both variance components for between and within studies were significantly 

different from zero, indicating that the variability between and within study 

correlations was not attributable to sampling error alone (Rosenthal et al., 2006). The 

intra-class correlation (ICC) was calculated to investigate the proportion of the total 

variance in correlations between studies. In other words, the ICC is the magnitude of 

variance in correlations that can be attributed to the between-study level rather than 

the within-study level. The ICC is defined as the ratio of the variance between 

studies (.0162) to the sum of the variance between and within correlations (.0162 + 

.0062 = .0224) (Swanson & Jerman, 2006). Thus, 72.32% of the variance in 

correlations (.0162 /.0224=.7232) was attributable to the between-study level, 
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whereas 27.68% of the variance (.0062 /.0224=.2768) was due to the within-study 

level.  

Table 9 

Unconditional Model for the Relation between CBM Reading Aloud and 

Reading Comprehension Tests  

 Fixed Effect 

 Coefficient SE t Ratio(df) 95% CI 

Lower Upper 

Intercept .75 .02 38.28(54) .71 .79 

 Random Effect 

 Variance 

Component 

SE z value 95% CI 

Lower Upper 

Between studies .0162 .004 4.08 .01 .03 

Within studies .0062 .001 6.19 .005 .009 

Note. All p < .001 SE=Standard Error. CI=Confidence Interval 

 

Conditional Meta-Analysis (Moderator Variable Analysis) 

Based on the results of the unconditional model, an additional moderator 

analysis was required to examine variability between and within studies. That is, the 

use of the moderator analysis allows researchers to examine significant factors 

contributing to heterogeneous correlations. The moderator analysis used in the study 

was divided into four main areas: characteristics of participants, characteristics of 

CBM reading aloud, characteristics of reading comprehension tests, and 

characteristics of study publication. Due to the difference in the amount of missing 
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data for each moderator, a separate meta-analysis was conducted for each of the 

moderators.  

Overall, each moderator was divided into two separate variables. First, 

moderator variables related to CBM reading aloud and study characteristics were 

treated as the between-study moderators, meaning that there were no differences in 

these two characteristics within studies. For example, CBM passages used in one 

study did not vary within the study. In addition, the year of publication was identical 

across multiple correlations from the study. Second, the moderators of reading 

comprehension tests and participants in this study were treated as the within-study 

moderators, indicating that these two characteristics varied within studies. For 

example, a study by Tindal and Marston (1996) used multiple reading 

comprehension tests, meaning that moderator variables related to reading 

comprehension tests involved variance in the within-study.  

Characteristics of participants. Table 10 presents an overview of the results 

of characteristics of participants from the moderator analysis. No variable 

contributed statistically significant variability in predicting the overall mean 

correlations between CBM reading aloud and reading comprehension tests, with the 

exception of the ratio of students receiving special education services,  = .24, p < 

.05. That is, a positive effect was found for the proportion of students receiving 

special education services, indicating that studies with a high ratio of students 

receiving special education resulted in higher correlations between CBM reading 

γ
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aloud and reading comprehension than studies with a low ratio of students receiving 

special education services.  
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 Characteristics of CBM reading aloud. Table 11 provides an overview of 

the results of characteristics of CBM reading aloud from the moderator analysis. 

There was no relation between characteristics of CBM reading aloud and the overall 

mean correlations, meaning that CBM characteristics appeared to have no 

moderating impact on the relation between CBM reading aloud and reading 

comprehension tests. The moderator of one-minute time was excluded from the 

present meta-analysis due to the fact that all but three studies used one-minute CBM 

reading aloud. Also the moderator of passage difficulty level was eliminated because 

only five studies used passages that were not at grade level.  

  

Table 10 

Conditional Model for Analyzing Moderator Variables about Participations 

Variable Coefficient 

( ) 

SE t Ratio(df) 95% CI 

Lower Upper 

Sample size -.0000002 .0000008 -.11(195) -.00002 .000014 

Grade level -.01 .01 -1.46(195) -.02 .003 

Female ratio -.06 .20 -.29(84) -.46 .34 

Caucasian ratio  .02 .06 .29(94) -.11 .14 

Students receiving 

special education 

ratio 

.24 .10 2.50(112)* .05 .44 

Free lunch ratio -.11 .09 -1.26(56) -.29 .07 

ELLs ratio  .08 .08 .96(58) -.09 .24 

Type of school 

(private or public) 

-.03 .10 -.26(19) -.24 .19 

Note. 
*
p < .05

 **
p < .01

***
p < .001 SE=Standard Error. CI= Confidence Interval 

γ
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Characteristics of reading comprehension tests. Table 12 provides an 

overview of the results of characteristics of reading comprehension tests from the 

moderator analysis. With regard to the response format, as previously explained in 

Chapter three, weighted effect coding was used to compare the estimated correlation 

of a specific response format with the overall mean correlation for all level response 

formats. Because it was less important to examine if the estimated mean correlation 

of the level of the mixed response format was significantly different from the overall 

mean correlation of all level response formats, the level of the mixed response 

format (missing group) was coded -1, meaning that the mixed response format was 

excluded in this analysis.   

Table 11 

Conditional Model for the Characteristics of CBM Moderator Variables 

Variable Coefficient 

( ) 

SE t Ratio(df) 95% CI 

Lower Upper 

Number of passages -.01 .02 -.48(190) -.04 .02 

Median (1)or other (0) .04 .04 1.07(189) -.03 .11 

Type of passages 

(standardized (1) or 

curriculum(0)) 

.02 .03 .77(194) -.04 .08 

Use of the same passages used in 

reading comprehension tests 

.02 .03 .52(195) -.05 .08 

Who administered CBM 

(Graduate students(1) or 

others(0)) 

.03 .04 .70 (177) -.05 .11 

Note. 
*
p < .05

 **
p < .01

***
p < .001 SE = Standard Error. CI = Confidence Interval 

γ
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Correlations with maze were significantly higher than the estimated mean 

correlation for all level response formats,  = .10, p < .001. Yet, the use of 

multiple choice questions and retell was negatively correlated with the overall mean 

correlation,  = -.03, p < .05 and  = -.12, p < .001. Correlations with cloze, 

orally responding, or a combination of multiple choice and open-ended questions 

was not associated significantly with the overall mean correlation, suggesting that 

the three response formats had no moderating influence on the strength of between 

CBM reading aloud and reading comprehension tests.  

For the different tests of reading comprehension, like the category of the 

response formats, weighted effect coding was used to compare the mean correlation 

of a specific reading comprehension test with the overall mean correlation for all 

reading comprehension tests. The subgroup, other reading comprehension tests 

(missing group), was coded -1 because the difference between the grand mean of all 

reading comprehension tests and the mean of other reading comprehension tests 

was less important than the rest of reading comprehension tests. CBM maze was 

significant and positively related to the overall mean correlations,  = .11, p < 

.001, meaning that correlations with CBM maze were larger than the overall mean 

correlation for all reading comprehension tests. Conversely, the DIBELS retell was 

a significant negative moderator,  = -.08, p < .05, indicating that the use of the 

DIBELS retell as a reading comprehension test led to a decrease in the strength of 

the relation between CBM reading and reading comprehension. 

γ

γ γ

γ

γ
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The difference in time between the administration of the reading 

comprehension tests and CBM reading aloud measures was negatively related to the 

overall mean correlation between CBM reading aloud and reading comprehension, 

 = .002, p < .05. Such a result implies that the longer the interval between CBM 

reading aloud and reading comprehension tests, the weaker the relation between the 

two measures. The estimated overall mean trend shown in Figure 1 graphically (y = 

.75 + (-.002)*month) depicts a decrease in the strength between the two measures 

when increasing the difference in time.  

For the type of reading comprehension tests, effect coding was used to 

examine if the mean correlation of a specific subtype of reading comprehension tests 

was significantly different from the overall mean correlation for all types of reading 

comprehension tests. The subgroup, other reading comprehension types (missing 

group), was coded -1 because the difference between the grand mean of all reading 

comprehension tests and the mean of other reading comprehension types was less 

important than the rest of reading comprehension tests. Correlations with criterion-

referenced measures were significantly larger than the overall mean correlation for 

all types of reading comprehension tests,  = .02, p < .05, indicating that criterion-

referenced tests were positively related to the estimated mean correlation between 

CBM reading aloud and reading comprehension. Yet, correlations of norm-reference 

tests were not significantly different from the overall mean correlation for all types 

of reading comprehension tests. Finally, as shown in Table 12, analyses of 

γ

γ
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correlations between the two measures varied according to type of administration, 

individual or group. Correlations between the two measures were smaller for 

individually administered tests,  = .05, p < .05, than for group administered tests. γ
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Table 12 

Conditional Model for Analyzing Moderator Variables Regarding Reading 

Comprehension Tests 
Variable Coefficie

nt( ) 

SE t Ratio(df) 95% CI 

Lower Upper 

Response formats 

Multiple choice 

Cloze  

Maze 

Retell 

Orally responding 

Combination of multiple choice and 

open-ended questions 

Mixed responses (missing group) 

 

-.03 

.04 

.10 

-.12 

.06 

-.06 

 

.01 

.02 

.02 

.03 

.04 

.04 

 

-2.40(190)* 

1.96(190) 

4.29(190)*** 

-4.56(190)*** 

1.56(190) 

-1.33(190) 

 

-.05 

-.0003 

.06 

-.18 

-.02 

-.14 

 

-.005 

.08 

.15 

.07 

.13 

.03 

Name of reading comprehension 

  SAT 

  WJtests 

CBM maze 

FCAT 

ITBS 

DIBELS retell  

Degree of Reading Power Test 

Others (missing group) 

 

-.001 

-.00008 

.11 

-.03 

-.05 

-.08 

.11   

 

.02 

.03 

.02 

.04 

.06 

.03 

.06 

 

-.04 (189) 

-.00(189) 

4.59(189)*** 

-.91(189) 

-.78(189) 

-2.31(189)* 

1.65(189) 

 

-.05 

-.06 

.06 

-.11 

-.17 

-.14 

-.02    

 

.04 

.06 

.16 

.04 

.07 

-.01 

.24 

Time difference between the two 

measures 

-.002   .001 2.04(186)* -.005  -.00008 

Types of tests 

  Criterion-referenced test 

Norm-referenced test 

Others (missing group) 

 

.02 

-.01 

 

.01 

.02 

 

2.26(194)* 

-.17(194) 

 

.003 

-.05 

 

.04 

.02 

Type of administration 

Group or individual 

 

.05 

 

.02 

 

2.21(190)* 

 

.005    

 

.09 

Note. 
*
p < .05

 **
p < .01

***
p < .001 SE = Standard Error. CI = Confidence Interval. SAT =Stanford 

Achievement Test; ITBS= Iowa Tests of Basic Skills; WJ= Woodcock-Johnson tests; CAT= 

California Achievement Tests; FACT= Florida Comprehensive Assessment Test 

γ
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Characteristics of study publication. Table 13 provides an overview of the 

results of characteristics of study publication from the moderator analysis. The 

difference between studies published as journal articles and doctoral dissertations 

(master theses) was not significantly different from zero,  = .04, p > .05 

indicating that this factor did not appear to play a key role in moderating the relation 

between CBM reading aloud and reading comprehension tests. Year of publication 

was significant and negatively related to the overall mean correlations,  = -.01, p 

< .05, indicating that more recently published studies were associated with lower 

correlations between the two measures.  

0.560.580.60.620.640.660.680.70.720.740.76
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46MonthEstimate of c

orrelations

γ

γ

Figure 1 

Graphical Representation of the Time Difference between the Two Measures 
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Multiple Regression Meta-Analysis  

A final conditional model was selected to examine the extent to which 

variance is reduced due to the moderators. Given the results from the conditional 

models for the four categories, the final conditional model was conducted with only 

significant moderators, namely, retelling and multiple choice questions for response 

format, CBM maze for name of reading comprehension test, the difference in time 

between the two measures, criterion-referenced tests for type of test, type of 

administration (group or individual), and year of publication.  

Although the ratio of students receiving special education services was a 

significant moderator in the conditional models, the factor was not included due to 

the fact that many studies did not report information on the ratio of students 

receiving special education services. Maze as a response format was not included in 

the final model due to the high correlation between this factor and CBM maze as 

type of reading comprehension test. Similarly, the DIBELS retell was excluded in 

the final conditional analysis because there was a strong correlation between 

retelling for response format and the DIBELS retell.  

Table 13 

Conditional Model for Analyzing Moderator Variables regarding Publication 

Variable Coefficient( ) SE t Ratio(df) 95% CI 

Lower Upper 

Journal or others .04    .04 .99(195) -.04     .11 

Year of publication -.01     .003 -2.32(195)* -.01   -.001 

Note. 
*
p < .05

 **
p < .01

***
p < .001 SE=Standard Error. CI= Confidence Interval 

γ
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If the moderators had no missing data, it would be possible to compare the 

unconditional model presented in Table 9 to the final conditional model without any 

additional analyses. However, because the number of correlations (n = 250) for the 

unconditional model differed from the number of correlations (n = 231) for 

conditional model, the unconditional model was reanalyzed using only the smaller 

number of correlations (n = 231).  

As shown in Table 14, the unconditional meta-analysis yielded parameter 

estimates for the overall mean and variability between and within studies. The 

intercept was .74 (SE = .02), indicating that the overall mean correlation between 

CBM reading aloud and reading comprehension was viewed as large. As is also 

shown in Table 14, both variance components for between and within studies were 

significantly different from zero, indicating that the mean correlations were 

heterogeneous due to the variability between and within studies. 

 

 

 

 

 

 



                                                                 81 

  

 

 The intra-class correlation (ICC) was calculated to investigate the 

magnitude of variance in correlations that can be due to the between-study level 

rather than the within-study level. The ICC in the unconditional model was the ratio 

of the variance between studies (.01726) to the sum of the variance between and 

within correlations (.01726+ .00559= .02285) (Swanson & Jerman, 2006). 

Therefore, 75.53% of the variance in correlations (.01726/.02285) was attributable to 

the between-study level, whereas 24.47% of the variance (.00559/.02285) was due to 

the within-study level. The results were similar to those of the unconditional model 

presented in Table10. 

Table 15 presents an overview of the results of the final conditional model 

with multiple moderator variables. Retelling for response format, CBM maze for 

Table 14 

Unconditional Model for 232 Correlations  

 Fixed Effect 

 Coefficien

t 

SE t Ratio(df) 95% CI 

Lower Upper 

Intercept .74 .02 35.81
*
(50) .70 .78 

 Random Effect 

 Variance 

Component 

SE z value 95% CI 

Lower Upper 

Between studies .01726 .004 3.96
***

 .01 .03 

Within studies .00559 .001 5.57
***

 .004 .008 

Note. 
*
p < .05 

**
p < .01 

***
p < .001. SE=Standard Error. CI=Confidence Interval 
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name of reading comprehension test, and the difference in time between the two 

measures still remained significant in the final model.  

 

The proportion of variance between and within studies that was accounted 

for by the set of moderators in the conditional model was calculated by looking at 

Table 15 

Conditional Model Including Multiple Moderator Variables  

 Fixed Effect 

 Coefficie

nt 

SE t Ratio(df) 95% CI 

Lower Upper 

Intercept 

Within-study 

Response formats 

Retelling 

Multiple choices 

Different test 

CBM maze 

Criterion or norm test 

Group or individual test  

Time difference between the two 

measures 

Between-study 

Year of publication 

.77 

 

 

-.13 

-.05 

 

.08 

.03 

.01 

-.003 

 

 

-.03 

.03 

 

 

.04 

.03 

 

.03 

.02 

.03 

.001 

 

 

.03 

26.04***(50) 

 

 

-3.32**(174) 

-1.80(174) 

 

2.34*(174) 

1.24(174) 

.44(174)  

-2.44*(174) 

 

 

-1.53(174) 

.71 

 

 

-.20 

-.11 

 

.01 

-.02 

-.04 

-.005 

 

 

-.08 

.82 

 

 

-.05 

.005 

 

.14 

.07 

.07 

-.0005 

 

 

.01 

 Random Effect 

 Variance 

Component 

SE z value 95% CI 

Lower Upper 

Between studies .01988 .0051 3.87*** .01 .04 

Within studies .00382 .0008 4.87*** .003 .006 

Note.
 *
p < .05 

**
p < .01 

***
p < .001. SE = Standard Error. CI = Confidence Interval 
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the difference in the variance component’s value with the addition of the moderators 

versus the value under the unconditional model (Beretvas & Pastor, 2003). As seen 

in Table 14 and 15, the within-study variance relative to the conditional model with 

the seven moderators explained 31.66% of the within-study variance ([.00559-

.00382]/.00559). In other words, adding these moderators accounted for 

approximately 32% of the within study variance in the unconditional model. 

However, interestingly, the between-study variance (.01988) in the conditional 

model was slightly larger than the between-study variance (.01726) in the 

unconditional model. In classical multiple regression models, adding a predictor 

results in a decrease in (explained variance).  

How can including a predictor increase the residual variance? Unlike 

classical regression models, a multilevel model does not assume that adding a 

predictor at one level increases  at other levels of the model (Gelman & Pardoe, 

2006). In fact, it is feasible for a predictor at the within-study level to increase 

prediction at the within-study level but reduce at the between-study variance (see 

Gelman & Pardoe, 2006; Hox, 2002). Gelman and Hill (2007) stated that when a 

predictor is added, the increased variance at the between-study level indicates true 

variation among studies that happened to be masked by the unconditional model. For 

example, in this study, the unconditional model did not reveal the true underlying 

variance between studies. Yet, variance at the between-study level in the conditional 

model increased the variance accounted for from the unconditional model. As a 

2R

2
R

2R
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result, allowing the moderator variables to vary by the study level indicates that there 

is less variance between studies for the within-study level to explain (Gelman & Hill, 

2007). In this study, moderator variables used in this meta-analysis appear to account 

for 32% of the variance in the within-study level, whereas such moderator variables 

allowed each study to have a different amount of variance for each moderator 

variable, leading to an increase in the between-study variance. Finally, the 

conditional model used in the meta-analysis indicated that there still remained a 

significant amount of unexplained variability in correlations between and within 

studies (z = 3.87, p < .001, z = 4.87, p < .001), meaning that additional moderators 

that affect variability between and within studies should be included. 
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CHAPTER FIVE 

Discussion 

The primary purpose of this research was to conduct a quantitative review of 

the studies reporting information on the relation between CBM reading aloud and 

reading comprehension tests. Furthermore, this study examined moderators affecting 

the variability in the relation between the two measures. After computer-based 

information searches, an extensive hand search, and an ancestral search were 

conducted, the present meta-analysis contained a total of 250 correlations from 55 

studies that met the inclusion criteria of this study. The coding procedure provided 

detailed information about the moderators. Results from this meta-analysis provide 

substantial evidence for the strong relation between CBM reading aloud and reading 

comprehension tests. Also, results of this study have several implications for 

practitioners and researchers.  

First of all, in this chapter, a summary of the results for each question will be 

presented. Next, implications for practitioners and researchers will be discussed. 

Lastly, the limitations of this meta-analysis and suggestions for future research will 

be discussed.  

What is the Estimated Average Correlation between CBM Reading Aloud and 

Reading Comprehension Tests? 

The unconditional model showed that the estimated average correlation 

between CBM reading aloud and reading comprehension tests, based on the 55 
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studies included, was .75 (SE = .02), with a range of .71 to .79. The correlation was 

judged to be statistically significant because the confidence interval did not include 

the value of zero. Compared with Cohen’s (1992) threshold of small (r = .10), 

medium (r = .30), and large (r = .50) correlation coefficients, the magnitude of the 

overall estimated average correlation between CBM reading aloud and reading 

comprehension tests was considered to be large. However, as previously explained, 

each correlation used in this study was corrected for artifacts, and correcting for 

artifacts can result in a correlation that is larger than the original correlation. Thus, in 

interpreting the overall mean correlation of this study, Cohen’s (1992) criterion 

based on uncorrected correlation values should be interpreted with caution.  

In summary, in this study, the large correlation between the two measures as 

a meta-analytic estimate supports the view that CBM reading aloud is a valid 

indicator of reading comprehension. Given that, for the 55 studies included, CBM 

reading aloud was administered either simultaneously or prior to the reading 

comprehension tests, the results of this study provide predictive and concurrent 

validity evidence for CBM reading aloud to reading comprehension tests.   

Is the Estimated Variance in the Average Correlation Coefficient between CBM 

Reading Aloud and Reading Comprehension Significantly Different From Zero?  

In addition to information on the overall estimated mean correlation between 

the two measures, the unconditional model also showed that there was statistically 

significant variability between and within studies used in the meta-analysis. This is 

not unexpected given the vast number of differences between studies that might 
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contribute to the variability in the 250 correlations from the 55 studies. Such a result 

indicates that, after taking sampling error into account, there is still statistically 

significant variability in the correlations between CBM reading aloud and reading 

comprehension tests.  

The intra-class correlation (ICC) was calculated to examine the proportion of 

the total variance in correlations between studies at the unconditional model stage. 

The result showed that approximately 72% of the variance in correlations resulted 

from the between-study level, whereas approximately 27% of the variance was 

attributable to the within-study level. These results indicate that the multiple 

correlations per study seem to be heterogeneous, but that a large portion of variance 

in the correlations comes from the differences between studies, meaning that 

correlations between CBM reading aloud and reading comprehension tests vary from 

study to study. One interesting finding was that the within-study variability, along 

with the between-study variability, was significantly different from zero, suggesting 

that we cannot assume that even individual studies contain homogenous correlations 

between CBM reading aloud and reading comprehension scores; that is, a validity 

coefficient between the two measures is not generalizable even within studies. On 

the other hand, such significant variability within studies indicates that the use of the 

level three meta-analysis to compensate for heterogeneity of correlations between 

samples within the same study is appropriate for the present study.  
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In sum, the unconditional model suggests that although the overall mean 

correlation from the present meta-analysis was large, the large mean correlation 

between CBM reading aloud and reading comprehension tests is not generalizable 

and does not apply to all situations (Kim & Suen, 2003). The results are entirely 

consistent, conceptually, with Messick’s (1995) argument that the validity of a 

measurement instrument is not a static feature of the test itself. Rather, validity refers 

to the meaning of the instrument scores. In other words, the pattern of criterion 

validity among measures should be thoroughly investigated for different participants 

or purposes; validity should be viewed as an ongoing process and an evolving 

property in which information is gathered over time (Messick, 1995).  

To What Extent is the Relation between CBM Reading Aloud and Reading 

Comprehension Affected by Characteristics of Participants, CBM Administration 

Procedure, the Reading Comprehension Test Employed, and Study Publication? 

The findings of significant variability in the unconditional model led to a 

series of conditional level three meta-analyses, which included potential moderators 

that affected the variability in the between and within studies. The moderator 

variables used were divided into four characteristics: participants, CBM, reading 

comprehension, and study publication.  

Characteristics of participants. For the sample size of studies, this study 

showed that no difference was found between studies based on the number of 

participants. The results for the study sample size are different from those found by 
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Yeo (in press), where studies with a large sample size yielded larger correlations 

than studies with a small sample size. One possible explanation for these results is 

that according to Yeo’s (in press) study, the proportions of students with disabilities 

and ELLs were significant moderators and led to negative correlations between 

CBM measures and statewide achievement tests. In addition, the sample size of 

studies with high ratios of students with disabilities and ELLs was small. Yet, this 

study showed that the sample size for each study was not related to the proportion of 

students with disabilities and ELLs. For this reason, it appears that the correlations 

between two measures are not affected by the magnitude of the sample size.  

For grade level, this study showed that different grade levels were not a 

significant moderator, indicating that the strength of the correlations between CBM 

reading aloud and reading comprehension tests did not vary with students’ grade 

level. If it were true that students in Grade 3 or 4 reach an asymptote in reading 

aloud, (National Reading Panel, 2000; Wayman et al., 2007), one would expect that 

the relation between CBM reading aloud and reading comprehension tests would 

decrease as grade level increases. One potential explanation for this result is that 

most studies used in the present meta-analysis included students in third and fourth 

grade. A second explanation is that, in fact, students do not reach an asymptote for 

cumulative growth in reading aloud. This explanation is supported by research by 

Espin and Deno (1993), where, CBM reading aloud was significantly associated 

with 10
th

-grade students’ academic performance. Consistent with the present meta-
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analysis, Yeo’s (in press) indicated that grade level was not a significant moderator 

related to the relation between CBM measures and statewide achievement tests in 

reading. However, as more research at the middle or high school level is done, we 

should consider the hypothesis that the relation might change as a function of grade 

level.  

Neither school type nor the ratio of female, Caucasian, free lunch, or ELLs 

were significantly related to correlations, except for the ratio of students receiving 

special education services. One surprising finding was that the correlations were 

significantly higher for studies with a high ratio of students receiving special 

education services as compared to studies with a low ratio of students receiving 

special education services. In addition, this study did not reveal high 

multicollinearity between the ratios of students receiving special education services 

and other moderators used (See Appendix C). It is difficult to explain why the ratios 

of students receiving special education services is positively related to the estimated 

mean correlation between CBM reading aloud and reading comprehension based on 

information from this meta-analysis. One possible explanation for this result was the 

reason studies did not report information on students receiving services in special 

education. In fact, of the 55 studies, 31 studies failed to provide the ratios of students 

receiving special education services. If the 31 studies did not provide such 

information because the ratios of students receiving special education services were 

very small (zero), the ratio of students receiving special education services was not a 
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significant moderator of the relation between CBM reading aloud and reading 

comprehension any more,  = .03, p > .05. To confirm such a result, researchers 

should report detailed information about the ratios of students receiving special 

education services and future research should investigate the extent to which the 

ratios of participant characteristics affect the relation between CBM reading aloud 

and reading comprehension tests.   

Finally, Hixson and McGlinchey (2004) showed that CBM reading aloud 

overestimated the reading performance of African American students, whereas CBM 

reading aloud underestimated the reading performance for Caucasian students, 

meaning that with respect to ethnicity, CBM reading aloud was not an unbiased 

measure for predicting reading performance. Conversely, the results from the present 

meta-analysis showed that the proportion of Caucasian students was not related to 

the strength of the relation between CBM reading aloud and reading comprehension. 

Such a result is consistent with the view espoused by Hintze and his colleagues 

(2002) that CBM reading aloud was not a biased index of reading comprehension as 

a function of ethnicity. Yeo (in press) also found that the ratio of Caucasian did not 

have an influence on the correlation between CBM measures and statewide 

achievement tests.   

Characteristics of CBM reading aloud. None of the predictors related to 

CBM reading aloud significantly reduced the heterogeneity in the correlation. 

Surprisingly, according to the current study, it seems as though researchers use 

γ
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various methods when administering CBM reading aloud. For example, 

approximately 50 % of studies used one passage, whereas 40% of studies used three 

passages. In a similar fashion, approximately 50% of the studies used CBM raw 

scores from single passages, whereas approximately 36% of the studies used the 

median score of three passages. The fact that there was no significant difference in 

the efficacy of using one versus three CBM reading aloud passages supports the 

findings reported by Ardoin et al.(2004), which indicated that using a single probe 

was sufficient for the purposes of universal screening.  

For CBM reading aloud passage selection, this study found no difference 

between the two sources of passage selection: standardized passages and school 

curriculum passages. These results are consistent with previous research, suggesting 

that curriculum source cannot differentiate the magnitude of correlation with reading 

comprehension tests (L. S. Fuchs & Deno, 1992; Hintze, Shapiro, Conte, & Basile, 

1997). However, it is important to note that Wayman and colleagues (20007) stated 

that some of the studies of developmental growth rates showed that growth rates 

may vary with curriculum sources. Yet, unfortunately, it was impossible to 

investigate if there were significant differences in growth rates provided by different 

curriculum sources. This is because, in this study, growth rates were not used as a 

variable.    

Overall, it is likely that the results from the present meta-analysis support the 

view that CBM reading aloud involves flexibility and consistency across different 
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administrations, materials, and settings (Wayman et al, 2007). In fact, Wayman and 

her colleagues (2007) stated, “This flexibility and durability provide the basis for 

considering the development of a seamless and flexible system of progress 

monitoring that could be used across students of various ages and performance levels” 

(p.116).   

Characteristics of reading comprehension tests. For response formats, both 

multiple-choice questions and retelling were statistically significant moderators and 

were negatively related to correlations between CBM reading aloud and reading 

comprehension. Yet, the final conditional model with multiple moderators indicated 

that only retelling was a significant moderator. Conversely, the results of this meta-

analysis indicated that maze for response format was positively related to the 

correlation between CBM reading aloud and reading comprehension. Taken together, 

the present results showed that the magnitude of the relation between CBM reading 

aloud and reading comprehension could be affected by different response formats, 

meaning that researchers should look at differences in the response formats of 

reading comprehension tests when interpreting the relation between CBM reading 

aloud and reading comprehension.  

Various reading comprehension measures were included in the current meta-

analysis. Like the results of response formats, this study reported that the use of 

CBM maze and DIBELS retell was related significantly with CBM reading aloud 

compared to other measures of reading comprehension. It is difficult to determine 
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why CBM maze is a significant moderator. In order to explain this result, we need to 

clarify which dimension of reading is measured by CBM maze, along with the 

problems related to the small number of studies that used CBM maze in this current 

study. Some researchers or teachers treat CBM maze as a type of reading 

comprehension test, while others treat CBM maze as a measure of reading, including 

fluency, decoding, and reading comprehension (Wayman et al., 2007). Therefore, I 

can carefully hypothesis that CBM maze may measure reading comprehension, 

along with other dimensions of reading such as fluency. Future research should 

investigate the extent to which CBM maze is a measure of reading comprehension.  

Surprisingly, the DIBELS retell was correlated negatively with CBM oral 

reading, meaning that the use of the DIBELS retell would lead to the relatively weak 

relation between CBM reading aloud and reading comprehension. One plausible 

explanation for such a result is the technical adequacy of DIBELS retell. In fact, few 

studies have investigated the evidence of the validity and reliability of the DIBELS 

retell (Riedel, 2007). With regard to validity, Pressley, Hilden, and Shankland (2005) 

did not find a significant correlation between reading comprehension and the 

DIBELS retell. In addition, Pressley and colleagues were concerned that the 

DIBELS retell was not a reliable indicator of reading comprehension because 

assessors had not reliably and accurately scored the DIBELS retell during this 

assessment. Taken together, further research on the technical adequacy of the 
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DIBELS retell is needed to support the use of the DIBELS retell as an adequate 

index of reading comprehension.   

For the time difference between the administrations of the two measures, the 

result of this meta-analysis is consistent with that of Yeo (in press), who found that 

predictive validity changed as a function of the difference in the administration time 

between CBM measures and statewide achievement tests. As shown in Figure 1, this 

study reported that the strength of the relation between the two measures decreases 

as time intervals increase. As Yeo (in press) stated, given that longer time intervals 

lead to a lower correlations, a decreasing correlation between the two measures 

seems to be a natural result.  

For type of reading comprehension tests, the findings showed that the use of 

criterion-referenced tests was positively related to the overall mean correlation 

between CBM reading aloud and reading comprehension. In addition, with regard to 

the type of administration, the results of this study indicated that differences in type 

of administration were significant, suggesting that the use of individually 

administered tests may actually underestimate the magnitude of the relation between 

CBM reading aloud and reading comprehension. Given that CBM maze, which was 

a significant moderator, was viewed as a group administered and criterion-

referenced test, these results were not surprising.  

Characteristics of study publication. Regarding the type of publication, no 

statistically differences were found between published-peer reviewed articles and 
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doctoral dissertations (master theses). In general, the results of meta-analyses may be 

subject to publication bias, which means that the publication of a study is dependent 

upon its results (Mitte, 2005). The publication bias hypothesis holds that overall 

unpublished studies have smaller effect sizes (Hunter & Schmidt, 2004). In fact, 

Lipsey and Wilson (1993) found evidence that on average published studies have 

larger observed effect sizes than unpublished studies. On the other hand, Yeo’s (in 

press) meta-analysis showed that the difference between studies published in 

journals and studies not published in journals was not valid predictors of the relation 

between CBM reading aloud and statewide reading tests. An alternative explanation 

for these results from the present meta-analysis may be due to the large number (N = 

21) included in the group of unpublished studies (N = 25). In general, dissertations 

are rigorously reviewed by the members of dissertation committee, making the 

quality of doctoral dissertations similar to the quality of the peer-reviewed articles 

(Graham & Perin, 2007).  

Multiple regression meta-analysis. The final conditional model was 

conducted to examine the extent to which variance not explained by sampling error 

was reduced due to the significant moderator variables identified as a result of each 

of the conditional models. Yet, because the number of missing data for each 

moderator variable varied, it was impossible to enter all potential moderators in the 

multiple regression meta-analysis, making it difficult to reveal the amount of 

variance explained by all moderators. As a result, the final model with significant 
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seven moderators accounted for approximately 32% of the within-study variance in 

the unconditional model. Still, a significant amount of unexplained variance 

remained in the final conditional model, which suggested that additional moderators 

should be considered to reduce the between-and within-study variance in the 

correlation between CBM reading aloud and reading comprehension. 

Although this multiple regression meta-analysis has several limitations, it 

may provide information on which studies are related to either large or small 

correlations. The finding from the multiple regression analysis suggest that 

regardless of the characteristics of CBM reading aloud and participants, (except for 

the ratio of students receiving special education services), studies that administer 

CBM reading aloud and reading comprehension tests around the same time and use 

CBM maze as a reading comprehension test are likely to provide the largest 

correlations. In contrast, studies that use retelling as reading comprehension test 

response format and have a very large time lag between the two measures are likely 

to provide the smallest correlations. Yet, due to some of the limitations presented 

above, it is hard to generalize the findings from the multiple regression analysis to 

other studies.  

Implications for Teachers and Researchers 

The present meta-analysis has implications for both teachers and researchers. 

First, unlike a single study, the results of the current meta-analysis provide an 

integrative review of the existing research focused on the relation between CBM 
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reading aloud and reading comprehension. As mentioned in Chapter one, although 

there are two qualitative reviews (Marston, 1989; Wayman et al., 2007) that address 

the relation between CBM reading aloud and reading comprehension, a quantitative 

review adds our knowledge base in a unique way. For example, the present meta-

analysis examines the specific mean correlation between CBM reading aloud and 

reading comprehension and tests the degree to which various factors affect the 

relation between the two measures.  

Second, IDEIA and NCLB require school districts to use research-based 

practices that have been examined in a variety of settings, have been replicated over 

time, and have been used with various learners (Lembke & Stormont, 2005). Given 

the relatively large correlation between CBM reading aloud and reading 

comprehension, CBM reading aloud can be viewed as a measure with an evidence 

base to support its use as an indicator of general reading proficiency.  

Third, despite the large overall correlation, the findings of this study indicate 

that the relation between CBM reading aloud and reading comprehension should be 

considered within specific contexts. For example, the results of this meta-analysis 

revealed that the relation between CBM and reading comprehension was moderated 

by factors such as the time between administration of measures and the type of 

comprehension test administered. Hence, this study suggests that researchers and 

practitioners must examine various factors when evaluating the validity of CBM 

reading aloud (Kim & Suen, 2003).  
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Fourth, despite the fact that some factors, such as those just mentioned, 

moderated the strength of the correlation between CBM reading aloud and reading 

comprehension, the overwhelming number of factors did not influence the validity of 

CBM reading aloud. For example, this study provides evidence that variance in 

CBM reading aloud does not significantly moderate the magnitude of the 

correlations. That is to say, the study implies that although researchers and 

practitioners administer CBM reading aloud using various methods, it seems that the 

differences in administration of the measure are not significantly related to the 

relation between CBM reading aloud and reading comprehension. The lack of 

influence of a number of variables supports the assertion put forth by Wayman et al. 

(2007) that CBM in reading holds its flexibility and durability across various 

conditions, including different measures, materials, and situations. As Wayman et al. 

(2007) stated, these results may allow teachers or researchers to consider CBM 

measures as a seamless and flexible system of progress monitoring that could be 

used across a variety of situations. Yet, these results should be interpreted with great 

caution because this study was focused only on the relation between CBM reading 

aloud and reading comprehension.  

Fifth, as mentioned in Chapter one, within an RTI framework, it is necessary 

to examine the extent to which CBM reading aloud is a valid index of reading 

comprehension. Some skeptical teachers are reluctant to use CBM reading aloud 

because they question the acceptability of CBM reading aloud as an indicator of 
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reading comprehension. The large correlation from this study may encourage 

reluctant teachers to administer CBM reading aloud with more assurance.  

Finally, for some teachers, oral reading fluency has been not viewed as a 

central area of reading intervention. For that reason, they do not focus on reading 

fluency as a necessary dimension of proficient reading (Rasinski, 1994). The 

estimated large correlation between CBM reading aloud and reading comprehension 

tests may help these teachers perceive that, at the very least, reading fluency is 

related to reading comprehension. Of course, correlation does not prove causation, 

and whether or not improving reading fluency also leads to improved reading 

comprehension is a question that is not addressed in this meta-analysis.  

Limitations and Future Research  

Although this meta-analysis has contributed to the literature on the relation 

between CBM reading aloud and reading comprehension, specific, important 

limitations should be considered.  

First, there has been an increasing number of questions as to whether or not 

the relation between CBM reading aloud and reading comprehension tests changes 

as a function of grade level (e.g., Hosp & Fuchs, 2005; Jenkins & Jewell, 1993). The 

present meta-analysis indicated that grade level was unrelated to the magnitude of 

the relation between CBM reading aloud and reading comprehension tests. Given 

that most studies used in this meta-analysis were associated with third- or fourth- 

graders, it is difficult to generalize the findings from this study. Therefore, more 



                                                                 101 

  

research at the middle or high school level is clearly required to systematically 

examine if grade level is significantly related to the strength of the relation between 

CBM reading aloud and reading comprehension tests. 

Second, the way the reading comprehension tests were classified may be 

viewed as a limitation. As noted earlier, CBM maze was included in this study as 

one of the reading comprehension tests because some studies used CBM maze as a 

reading comprehension test. Yet, this classification could be problematic because 

some teachers and researchers do not accept that CBM maze measures as a ‘pure’ 

reading comprehension measure.   

Third, only a small number of studies provided information on the reliability 

of both CBM reading aloud and the reading comprehension test. Surprisingly, only 

14 articles on CBM and 13 articles on reading comprehension tests provided 

estimates of reliability based on data generated within the study. Given that 

reliability is not a property of the test itself (Vacha-Haase, 1998), it is unacceptable 

to induct the score reliability coefficients from test manuals or previous studies 

(Thompson et al., 2005). Therefore, future empirical studies need to report the score 

reliability for the data being analyzed (Ross, Blackburn, & Forbes, 2005; Vacha-

Haase, 1998).   

Fourth, the final conditional model with multiple moderator variables showed 

that considerable variabilities still remained between and within studies. Such a 
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result implies that future research has to include potential moderators that contribute 

to variability between and within studies but are not used in this study.  

Fifth, quality of studies was not considered as a moderator in the current 

meta-analysis due to the low reliability. Although I used the recommendations 

exactly as they were written in Thompson and colleagues’ (2005) paper, it appears 

that the criteria should be revised and clarified in a way that would lead to reliable 

coding of quality of studies.  

The final limitation of the current meta-analysis, which is common to other 

meta-analyses, is that there were an insufficient number of studies to fully conduct 

moderator analyses (Judge, Jackson, Shaw, Scott, & Rich, 2007).  
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(Table continues) 

Intercorrelation between Moderator Variables 

 1 2 3 4 5 6 7 8 9 10 11 

1. Sample size            

2. Grade level -.09           

3. Gender ratio -.06 -.23**          

4. Free lunch ratio .41** -.30** .36**         

5. ELLs ratio .02 .44** -.24 .52**        

6. Caucasian ratio -

.21** 
-.15 .24** -.56** -.69**       

7. Students 

receiving special 

education 

.21** .05 -.07 .59** .41** -.14      

8. Number of 

Passage 
.21** -.20** .11 -.27** -.27* .10 -.04     

9. Median or 

mean 
.31** -.25** .12 .34** -.17 .01 -.10 .70**    

10. Method of 

selecting CBM 

passage 

.23** -.20** -.16 .37** .33** -.30** .31** .19** .31**   

11.Same passage 

used in reading 

comprehension 

tests 

-.09 .18** .29** .08 -.15 .21* .33** 
-

.15* 

-

.21** 
-.17**  

12.Who measures 

CBM 
.32** .07 -.19** .39** .19 -.13 -.01 .24** .29** .28** -.21** 

13.Type of 

response to the 

questions 

.29** .07 .07 .30** .07 -.23** -.12 .12 .30** .08 -.09 

14-1. SAT .23** -.08 -.05 .00 .21 -.06 .12 .07 .14* .15* -.14* 

14-2. WJ 
-.12 -.12 -.02 -.03 .06 -.10 .22** 

-

.17** 

-

.23** 
.19** -.17** 

14-3. CBM Maze -.09 .07 .19 .(a) .03 .05 -.13 -.13 -.07 -.10 .07 

14-4. Others 
-.02 .11 -.05 .02 -.21 .09 

-

.21** 
.16* .13* -.20** .20** 

15. Time 

difference 

-

.61** 
.11 .13 -.05 -.50 .12 -.21 

-

.46** 

-

.48** 
-.30* .08 

16. Criterion or 

norm test 
-.11 .16** .10 .33** .08 .16 -.10 -.10 .04 -.20* .37** 

17. Group or 

individual 

-

.27** 
.01 .11 -.36** -.11 .33** .12 -.12 

-

.26** 
-.13* .29** 

18. Publication 

outlet 

.19 
** 

.06 -.16 -.08 -.05 -.30** .18** -.02 -.10 -.16* -.09 

19. Year of 

publication 
.28** -.05 -.31** .69** .46** -.34** -.07 .15* .25** .23** .00 

20. Number of 

Correlations 
.06 .15** -.15 .06 -.28* -.08 -.04 

-

.49** 

-

.29** 
-.13* -.17** 

Note*p < .05 **p < .01 ***p < .001 (a) Cannot be computed because at least one of the variables is constant. 
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     Note*p < .05 **p < .01 ***p < .001 (a) Cannot be computed because at least one of the variables is constant. 

Intercorrelaction between Moderator Variables 

 12 13 14-1 14-2 14-3 14-4 15 16 17 18 19 

13.Type of response to 

the questions 
.45**           

14-1 SAT .17** .47**          

14-2WJ -.14* -.35** -.19**         

14-3CBM Maze -

.17** 
-.30** -.14* -.16*        

14-4Others .10 .13** -.47** -.55** -.39**       

15. Time difference -

.63** 
-.62** -.77** .(a) .38** .15      

16. Criterion or norm 

test 
-.11 -.18** -.42** -.49** .33** .48** .46**     

17. Group or 

individual 

-

.52** 
-.59** -.25** .44** -.16* -.08 .33** .05    

18. Publication outlet -

.20** 
-.07 -.16** .25** -.12 .00 .13 -.25** .19**   

19. Year of 

publication 
.31** .23** .21** -.08 .02 -.10 -.23 .08 -.13* -.34**  

20. Number of 

Correlations 

-

.45** 
-.21** -.09 .02 .19** -.07 .32** .00 .07 .18** -.39** 
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 Studies Included in this Meta-Analysis  

Study Grade 
Sample 

Size 
Variance Correlation 

Corrected 

Correlation 

CBM 

Reliability 

Reading 

comprehension 

Reliability 

Name of 

Reading 

Comprehension 

Alsup (2007) 3 350 0.00083 0.68 0.76 0.92 0.86 

Tennessee 

Comprehensive 

Assessment 

program 

Anderson (2002) 4 113 0.00738 0.37 0.39 0.92 0.96 

SRI(standardize

d reading 

inventory 

 4 113 0.00701 0.42 0.46 0.92 0.9 CBM Maze 

Ardoin et al. 

(2004) 
3 77 0.01075 0.41 0.46 0.92 0.88 WJ-III 

 3 68 0.00661 0.6 0.66 0.92 0.89 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 3 75 0.0055 0.62 0.7 0.92 0.86 Maze 

Ax (2004) 3 215 0.00082 0.75 0.82 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 215 0.00089 0.74 0.81 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 215 0.00082 0.75 0.82 0.92 0.9 
Florida 

Comprehensive 
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Assessment 

Test(FCAT) 

 3 215 0.00082 0.75 0.82 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 215 0.00089 0.74 0.81 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 215 0.00075 0.76 0.84 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

Baker (2007) 2 63 0.005 0.67 0.75 0.92 0.87 

Stanford 

Achievement 

Test-10 

 2 63 0.00277 0.75 0.84 0.92 0.87 

Stanford 

Achievement 

Test-10 

Bishop and 

League (2006) 
1 103 0.00138 0.76 0.89 0.92 0.8 

Qualitative 

reading 

inventory-II 

 4 79 0.01674 0.13 0.15 0.92 0.8 

Qualitative 

reading 

inventory-II 

 4 79 0.01373 0.31 0.36 0.92 0.8 

Qualitative 

reading 

inventory-II 

Bishop and 

Bishop (2003) 
2 103 0.00151 0.76 0.85 0.92 0.86 

Qualitative 

reading 
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inventory-II 

Burke and 

Hagan-Burke 

(2007) 

1 213 0.00128 0.69 0.78 0.92 0.86 

DIEBEL-

Retelling 

Fluency 

Burns, Lagrou 

(2006) 
3 119 7.4E-05 0.9 1.01 0.92 0.86 Book Abowl sun 

Canto (2003) 3 158 0.00163 0.7 0.78 0.9 0.89 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 156 0.00188 0.68 0.76 0.9 0.89 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

Chard et 

al.,(2008) 
1 668 0.00102 0.47 0.51 0.92 0.93 

Stanford 

Achievement 

Test-10 

 1 668 0.00076 0.56 0.6 0.92 0.94 WRMT-R 

 2 668 0.00068 0.59 0.64 0.92 0.93 

Stanford 

Achievement 

Test-1- 

 2 668 0.00052 0.65 0.7 0.92 0.94 WRMT-R 

 3 668 0.00063 0.61 0.66 0.92 0.93 

Stanford 

Achievement 

Test-10 

 3 668 0.00076 0.56 0.6 0.92 0.94 WRMT-R 

Colon and 

Kranzler (2006) 
5 50 0.01308 0.51 0.58 0.9 0.86 WJ III 

 5 25 0.03105 0.46 0.52 0.9 0.86 WJ III 

 5 25 0.03019 0.47 0.53 0.9 0.86 WJ III 
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Cook (2003) 1 79 0.00257 0.73 0.82 0.92 0.85 

Stanford 

Achievement 

Test-9 

Deno, Mirkin, 

and Chiang 

(1982) 

1,2,3,

4 
33 0.00108 0.86 0.97 0.92 0.86 Cloze 

 
1,2,3,

5 
33 0.00108 0.86 0.97 0.92 0.86 Cloze 

 
1,2,3,

6 
33 0.00108 0.86 0.97 0.92 0.86 Cloze 

 
1,2,3,

7 
33 0.00084 0.87 0.98 0.92 0.86 Cloze 

Denton, Ciancio, 

and Fletcher 

(2006) 

1 182 0.00054 0.8 0.9 0.92 0.86 WJ III 

DeVault (2006) 2 282 0.00352 0.32 0.36 0.92 0.86 

ODE's Ohio's 

Assessment 

system for 

reading 

Flindt (2008) 3 42 0.01415 0.55 0.65 0.86 0.82 

DIBEL 

Retelling 

Fluency 

 3 42 0.01423 0.55 0.66 0.85 0.82 

DIBEL 

Retelling 

Fluency 

 3 42 0.00949 0.63 0.72 0.86 0.9 CBM Maze 

 3 42 0.00851 0.65 0.74 0.85 0.9 CBM Maze 

 3 42 0.0203 0.44 0.52 0.86 0.83 

Stanford 

Achievement 

Test-10 
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 3 42 0.01935 0.46 0.55 0.85 0.83 

Stanford 

Achievement 

Test-10 

 5 42 0.01763 0.49 0.58 0.86 0.82 

DIBEL 

Retelling 

Fluency 

 5 42 0.01481 0.54 0.65 0.85 0.82 

DIBEL 

Retelling 

Fluency 

 5 42 0.00371 0.76 0.86 0.86 0.9 CBM Maze 

 5 42 0.00661 0.69 0.79 0.85 0.9 CBM Maze 

 5 42 0.01351 0.56 0.66 0.86 0.83 SAT-10 

 5 42 0.01531 0.53 0.63 0.85 0.83 SAT-10 

 5 65 0.01018 0.52 0.62 0.86 0.82 

DIBEL 

Retelling 

Fluency 

 5 65 0.00617 0.63 0.75 0.85 0.82 

DIBEL 

Retelling 

Fluency 

 5 65 0.00262 0.75 0.85 0.86 0.9 CBM Maze 

 5 65 0.00707 0.6 0.69 0.85 0.9 CBM Maze 

 5 65 0.01265 0.45 0.53 0.86 0.83 

Stanford 

Achievement 

Test-10 

 5 65 0.00513 0.66 0.79 0.85 0.83 

Stanford 

Achievement 

Test-10 

Fuchs and Deno, 

(1992) 

1,2,3,

4,5,6 
91 8.9E-05 0.93 0.98 0.94 0.95 WRMT-Form A 

 1,2,3, 91 8.9E-05 0.93 0.98 0.94 0.95 WRMT-Form A 
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4,5,6 

 
1,2,3,

4,5,6 
91 8.9E-05 0.93 0.98 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 8.9E-05 0.93 0.98 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00014 0.92 0.97 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00014 0.92 0.97 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00033 0.89 0.94 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00025 0.9 0.95 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00033 0.89 0.94 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00033 0.89 0.94 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00019 0.91 0.96 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 8.9E-05 0.93 0.98 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00014 0.92 0.97 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00019 0.91 0.96 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00025 0.9 0.95 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00014 0.92 0.97 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00025 0.9 0.95 0.94 0.95 WRMT-Form A 



 

 

151  

 
1,2,3,

4,5,6 
91 0.00014 0.92 0.97 0.94 0.95 WRMT-Form A 

 
1,2,3,

4,5,6 
91 0.00014 0.92 0.97 0.94 0.95 WRMT-Form A 

L. S. Fuchs, 

Fuchs, and 

Maxwell (1988) 

4,5,6,

7 
70 0.00015 0.92 0.98 0.94 0.93 

Stanford 

Achievement 

Test-7 

Gilchrist (1996) 7 215 0.00137 0.68 0.75 0.92 0.9 

Stanford 

Achievement 

Test-8 

 7 215 0.00267 0.54 0.61 0.92 0.86 Cloze 

Gleeson (1998) 2 88 0.0106 0.37 0.42 0.84 0.92 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 2 88 0.00904 0.44 0.5 0.84 0.92 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 2 88 0.00995 0.4 0.46 0.84 0.92 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 4 84 0.0083 0.48 0.54 0.87 0.92 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 4 84 0.0097 0.42 0.47 0.87 0.92 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 4 84 0.00901 0.45 0.5 0.87 0.92 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 5 88 0.00925 0.42 0.47 0.87 0.92 
The Iowa Tests 

of Basic Skills 
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(ITBS) 

 5 88 0.0107 0.35 0.39 0.87 0.92 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 5 88 0.0107 0.35 0.39 0.87 0.92 

The Iowa Tests 

of Basic Skills 

(ITBS) 

Hartman and 

Fuller (1997) 
3 25 0.0007 0.89 0.98 0.96 0.86 

Stanford 

Achievement 

Test-8 

 3 25 0.00046 0.9 0.99 0.96 0.86 

Stanford 

Achievement 

Test-8 

 3 25 9.4E-05 0.92 1.01 0.96 0.86 

Stanford 

Achievement 

Test-8 

 3 77 0.00136 0.8 0.88 0.96 0.86 

Stanford 

Achievement 

Test-8 

 3 76 0.00155 0.79 0.87 0.96 0.86 

Stanford 

Achievement 

Test-8 

 3 68 0.00118 0.82 0.9 0.96 0.86 

Stanford 

Achievement 

Test-8 

Hill (2003) 2 38 0.01848 0.48 0.53 0.94 0.86 

DIBELS-

Retelling 

Fluency 

 2 38 0.0131 0.57 0.61 0.94 0.94 WRMT-R 

 2 38 0.0104 0.63 0.7 0.94 0.86 CRAB Maze 
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 2 38 0.01579 0.53 0.59 0.94 0.86 
CRAB question 

answering 

 2 38 0.01331 0.58 0.66 0.9 0.86 
DIBELS retell 

Fluency 

 2 38 0.01541 0.53 0.58 0.9 0.94 WRMT-R 

 2 38 0.00785 0.68 0.77 0.9 0.86 CRAB Maze 

 2 38 0.01051 0.63 0.72 0.9 0.86 
CRAB question 

answering 

 2 38 0.0156 0.54 0.61 0.9 0.86 
DIBELS retell 

Fluency 

 2 38 0.0149 0.54 0.59 0.9 0.94 WRMT-R 

 2 38 0.00542 0.73 0.83 0.9 0.86 CRAB Maze 

 2 38 0.01162 0.61 0.69 0.9 0.86 
CRAB question 

answering 

Hintze et al., 

(2002) 

2,3,4,

5 
65 0.00254 0.76 0.83 0.92 0.91 WJ-R 

 
2,3,4,

5 
71 0.00792 0.54 0.59 0.92 0.91 WJ-R 

Hintze et 

al.,(1997) 
2,3,4 57 0.00676 0.63 0.67 0.92 0.95 

The Degrees of 

Reading Power 

Test 

 2,3,5 57 0.00522 0.68 0.73 0.92 0.95 

The Degrees of 

Reading Power 

Test 

 2,3,6 57 0.00583 0.66 0.71 0.92 0.95 

The Degrees of 

Reading Power 

Test 

 2,3,7 57 0.00522 0.68 0.73 0.92 0.95 

The Degrees of 

Reading Power 

Test 
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 2,3,8 57 0.00614 0.65 0.7 0.92 0.95 

The Degrees of 

Reading Power 

Test 

 2,3,9 57 0.00676 0.63 0.67 0.92 0.95 

The Degrees of 

Reading Power 

Test 

 2,3,10 57 0.00708 0.62 0.66 0.92 0.95 

The Degrees of 

Reading Power 

Test 

 2,3,11 57 0.00492 0.69 0.74 0.92 0.95 

The Degrees of 

Reading Power 

Test 

 2,3,12 57 0.00552 0.67 0.72 0.92 0.95 

The Degrees of 

Reading Power 

Test 

 2,3,13 57 0.00552 0.67 0.72 0.92 0.95 

The Degrees of 

Reading Power 

Test 

Hosp and Fuchs 

(2005) 
1 74 0.00179 0.79 0.83 0.96 0.94 WRMT-NU 

 2 81 0.00106 0.83 0.87 0.97 0.94 WRMT-NU 

 3 79 0.00084 0.84 0.91 0.93 0.92 WRMT-NU 

 4 76 0.00114 0.82 0.89 0.92 0.92 WRMT-NU 

Jenkins and 

Jewell (1993) 
2 47 0.00075 0.86 0.97 0.92 0.86 

Gates-

MacGinite 

 3 50 0.00151 0.82 0.92 0.92 0.86 
Gates-

MacGinite 

 4 66 0.00053 0.86 0.97 0.92 0.86 
Gates-

MacGinite 

 5 47 0.00632 0.68 0.76 0.92 0.86 Gates-
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MacGinite 

 6 125 0.00312 0.63 0.71 0.92 0.86 
Gates-

MacGinite 

 2 46 0.00118 0.84 0.94 0.92 0.86 MAT-6 

 3 46 0.00688 0.67 0.75 0.92 0.86 MAT-6 

 4 66 0.00114 0.82 0.92 0.92 0.86 MAT-6 

 5 47 0.00798 0.64 0.72 0.92 0.86 MAT-6 

 6 121 0.00407 0.58 0.65 0.92 0.86 MAT-6 

Kranzler, 

Brownell, and 

Miller (1998) 

4 57 0.01412 0.41 0.45 0.98 0.86 

Kaufmanest of 

Educational 

Achievement(19

85) 

Kranzler et al. 

(1999) 
2 84 0.00469 0.63 0.72 0.9 0.86 CAT 

 3 76 0.00826 0.52 0.59 0.9 0.86 CAT 

 4 94 0.00621 0.54 0.61 0.9 0.86 CAT 

 5 72 0.00903 0.51 0.58 0.9 0.86 CAT 

McMaster, 

Wayman, and 

Cao (2006) 

8,9,10

,11,12 
25 0.02257 0.54 0.58 0.93 0.94 

CRAB 

Comprehension 

 
8,9,10

,11,12 
25 0.01148 0.69 0.74 0.93 0.94 CRAB Maze 

 
8,9,10

,11,12 
25 0.01599 0.63 0.69 0.93 0.89 MBST Literal 

 
8,9,10

,11,12 
25 0.01521 0.64 0.7 0.93 0.89 

MBST 

Inferential 

Markell (1991) 3 42 0.01458 0.5 0.52 0.92 0.99 CBM Maze 

 3 42 0.01855 0.4 0.42 0.92 0.99 CBM Maze 

 3 42 0.00014 0.89 1.06 0.92 0.77 Questions 
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 3 42 0.00025 0.87 1.02 0.92 0.79 Questions 

Martin (2007) 1 31 0.00855 0.7 0.77 0.92 0.89 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 3 29 0.01581 0.6 0.66 0.92 0.89 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 5 26 0.01167 0.68 0.75 0.92 0.89 

The Iowa Tests 

of Basic Skills 

(ITBS) 

McGraw (2007) 4 35 0.00799 0.69 0.78 0.9 0.86 

Stanford 

Achievement 

Test-9 

 4 41 0.02498 0.43 0.58 0.9 0.62 
DEBEL retelling 

fluency 

 4 41 0.00441 0.74 0.86 0.9 0.82 CBM Maze 

 5 36 0.00479 0.75 0.85 0.9 0.86 

Stanford 

Achievement 

Test-9 

 5 41 0.01263 0.52 0.93 0.9 0.35 
DEBEL retelling 

fluency 

 5 41 0.00233 0.8 0.91 0.9 0.85 CBM Maze 

McIntosh, 

Graves, and 

Gersten (2007) 

3 59 0.01292 0.51 0.74 0.51 0.92 

The Woodcock 

Reading 

Mastery Tests-

Revised 

 3 59 0.00019 0.71 1.04 0.51 0.92 

The Woodcock 

Reading 

Mastery Tests-

Revised 
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B. D. Miller 

(2001) 
6.7.8 30 0.00973 0.68 0.8 0.92 0.78 Wj-R 

Nutter (2003) 2 55 0.00754 0.62 0.7 0.92 0.86 WRMT-R 

Paleologos 

(1996) 
3 129 0.00142 0.75 0.8 0.95 0.92 

The Degrees of 

Reading Power 

Test 

 3 129 0.00177 0.72 0.77 0.95 0.92 

The Degrees of 

Reading Power 

Test-10 

 3 56 0.00783 0.6 0.64 0.95 0.93 

Stanford 

Achievement 

Test-10 

 3 56 0.01833 0.23 0.24 0.95 0.93 

Stanford 

Achievement 

Test-10 

 3 103 0.00336 0.65 0.69 0.95 0.93 

Stanford 

Achievement 

Test-10 

Palumbo (2008) 3 181 0.00143 0.7 0.77 0.92 0.89 FCAT 

 3 181 0.00162 0.68 0.75 0.92 0.89 FCAT 

Reavis (2004) 3 8 0.08891 0.5 0.54 0.92 0.93 

GRADE (Group 

Reading and 

Diagnostic 

Evaluation) 

 5 24 0.01346 0.67 0.72 0.92 0.93 

GRADE(Group 

Reading and 

Diagnostic 

Evaluation) 

Riedel (2007) 1 1459 0.00058 0.49 0.43 0.92 0.89 
Terra Nova 

Basic Multiple 
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Assessments 

 1 1459 0.00045 0.54 0.54 0.92 0.89 

Terra Nova 

Basic Multiple 

Assessments 

Robinson (2005) 3 51 0.0052 0.7 0.73 0.94 0.98 

Developmental 

reading 

assessment 

Roehrig, 

Petscher, 

Nettles, Hudson, 

and Torgesen 

(2008) 

3 17409 1.9E-05 0.66 0.73 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 17409 1.7E-05 0.68 0.75 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 17409 1.4E-05 0.71 0.78 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 17409 1.6E-05 0.68 0.79 0.92 0.8 

Stanford 

Achievement 

Test-10 

 3 17409 1.6E-05 0.68 0.79 0.92 0.8 

Stanford 

Achievement 

Test-10 

 3 17409 1.3E-05 0.71 0.83 0.92 0.8 

Stanford 

Achievement 

Test-10 

 3 17798 1.7E-05 0.67 0.74 0.92 0.9 
Florida 

Comprehensive 
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Assessment 

Test(FCAT) 

 3 17798 1.6E-05 0.68 0.75 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 17798 1.4E-05 0.7 0.77 0.92 0.9 

Florida 

Comprehensive 

Assessment 

Test(FCAT) 

 3 17798 1.5E-05 0.69 0.8 0.92 0.8 

Stanford 

Achievement 

Test-10 

 3 17798 1.6E-05 0.68 0.79 0.92 0.8 

Stanford 

Achievement 

Test-10 

 3 17798 1.4E-05 0.7 0.82 0.92 0.8 

Stanford 

Achievement 

Test-10 

Sargent (2002) 5 52 0.00606 0.67 0.77 0.88 0.85 
Gates-

MacGinite 

Schilling, 

Carlisle, Scott, 

and Ji (2007) 

2 2437 0.00012 0.68 0.74 0.94 0.9 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 2 2437 7.3E-05 0.75 0.82 0.94 0.9 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 2 2437 7.3E-05 0 0.82 0 0 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 3 2527 0.00015 0.63 0.68 0.94 0.9 The Iowa Tests 
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of Basic Skills 

(ITBS) 

 3 2527 0.00014 0.65 0.71 0.94 0.9 

The Iowa Tests 

of Basic Skills 

(ITBS) 

 3 2527 0.00015 0.63 0.68 0.94 0.9 

The Iowa Tests 

of Basic Skills 

(ITBS) 

Seay (2005) 1 767 0.00057 0.6 0.65 0.92 0.93 

Stanford 

Achievement 

Test-10 

 2 767 0.0004 0.67 0.72 0.92 0.93 

Stanford 

Achievement 

Test-10 

 3 767 0.00034 0.7 0.76 0.92 0.93 

Stanford 

Achievement 

Test-10 

 2 913 0.0003 0.69 0.74 0.92 0.93 

Stanford 

Achievement 

Test-10 

 3 913 0.00028 0.7 0.76 0.92 0.93 

Stanford 

Achievement 

Test-10 

Shinn et al. 

(1992) 
3 114 0.00403 0.6 0.7 0.92 0.8 

SDRT literal 

comprehension 

 3 114 0.00364 0.62 0.72 0.92 0.8 
SDRT literal 

comprehension 

 3 114 0.00502 0.55 0.64 0.92 0.8 

SDRT 

inferential 

Comprehension 

 3 114 0.00522 0.54 0.63 0.92 0.8 SDRT 
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inferential 

Comprehension 

 3 114 0.0036 0.62 0.7 0.92 0.86 Cloze 

 3 114 0.00343 0.63 0.71 0.92 0.86 Cloze 

 3 114 0.00785 0.38 0.43 0.92 0.86 Retell 

 3 114 0.00752 0.4 0.45 0.92 0.86 Retell 

 4 124 0.00424 0.57 0.66 0.92 0.8 
SDRT literal 

comprehension 

 4 124 0.00406 0.58 0.68 0.92 0.8 
SDRT literal 

comprehension 

 4 124 0.00406 0.58 0.68 0.92 0.8 

SDRT 

inferential 

Comprehension 

 4 124 0.0037 0.6 0.7 0.92 0.8 

SDRT 

inferential 

Comprehension 

 4 124 0.00138 0.75 0.84 0.92 0.86 Cloze 

 4 124 0.00091 0.79 0.89 0.92 0.86 Cloze 

 4 124 0.0038 0.59 0.66 0.92 0.86 Retell 

 4 124 0.00364 0.6 0.67 0.92 0.86 Retell 

Sofie and Riccio 

(2002) 
1,2 40 0.00436 0.75 0.84 0.92 0.86 WJ-R 

Spear-Swerling 

(2006) 
3 61 0.00832 0.57 0.63 0.94 0.88 

WJ-R_reading 

comprehension 

 3 61 0.01554 0.37 0.42 0.94 0.81 
WJ-R_Listening 

comprehension 

Talada (2007) 3 30 0.00481 0.77 0.87 0.92 0.86 TerraNova Basic  

Tindal and 

Marston (1996) 
2 191 0.003 0.54 0.61 0.92 0.86 Idea Units 



 

 

162  

 2 191 0.00407 0.44 0.49 0.92 0.86 Idea Units 

 2 191 0.00344 0.5 0.56 0.92 0.86 CBM Maze 

 2 191 0.00052 0.8 0.9 0.92 0.86 CBM Maze 

 3 183 0.00011 0.88 0.99 0.92 0.86 CBM Maze 

 3 183 0.00029 0.84 0.94 0.92 0.86 CBM Maze 

 4 66 0.00595 0.63 0.71 0.92 0.86 CAT 

 4 66 0.00447 0.68 0.76 0.92 0.86 CAT 

 4 66 0.00021 0.89 1 0.92 0.86 CBM Maze 

 4 66 0.00031 0.88 0.99 0.92 0.86 CBM Maze 

 5 68 0.00821 0.55 0.62 0.92 0.86 Idea Units 

 5 68 0.01154 0.44 0.49 0.92 0.86 Idea Units 

 5 68 0.00548 0.64 0.72 0.92 0.86 CAT 

 5 68 0.00548 0.64 0.72 0.92 0.86 CAT 

 5 68 0.00147 0.8 0.9 0.92 0.86 CBM Maze 

 5 68 0.00021 0.89 1 0.92 0.86 CBM Maze 

 6 66 0.00595 0.63 0.71 0.92 0.86 Idea Units 

 6 66 0.00626 0.62 0.7 0.92 0.86 Idea Units 

 6 66 0.00132 0.81 0.91 0.92 0.86 CBM Maze 

 6 66 0.00151 0.8 0.9 0.92 0.86 CBM Maze 

Vadasy, Sanders, 

and Abbott 

(2008) 

2 49 

.006454 

.67 .73 .92 .92 
WRMT_NU 

 3 41 .014540 .52 .56 .92 .94 WRMT-NU 
Vadasy et 

al.(2006) 
1 23 0.01386 0.65 0.84 0.96 0.63 WRMT-NU 

Vanderwood, 

Linklater, and 
3 134 0.00246 0.66 0.77 0.91 0.81 CBM Maze 



 

 

163  

Healy (2008) 

Webb (2007) 3 138 0.00147 0.73 0.83 0.91 0.86 CBM Maze 

 3 138 0.00112 0.76 0.86 0.91 0.86 CBM Maze 

 3 138 0.00101 0.77 0.87 0.91 0.86 CBM Maze 

Yovanoff, 

Duesbery, 

Alonzo, and 

Tindal (2005) 

4 558 0.0008 0.6 0.67 0.92 0.86 

Reading 

comprehension 

developed based 

on fluency 

measure 

 5 566 0.00072 0.62 0.7 0.92 0.86 

Reading 

comprehension 

developed based 

on fluency 

measure 

 6 662 0.00093 0.52 0.58 0.92 0.86 

Reading 

comprehension 

developed based 

on fluency 

measure 

 7 713 0.00114 0.42 0.47 0.92 0.86 

Reading 

comprehension 

developed based 

on fluency 

measure 

 8 704 0.0009 0.51 0.57 0.92 0.86 

Reading 

comprehension 

developed based 

on fluency 

measure 

 4 547 0.00064 0.65 0.73 0.92 0.86 Reading 
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comprehension 

developed based 

on fluency 

measure 

 5 627 0.00072 0.6 0.67 0.92 0.86 

Reading 

comprehension 

developed based 

on fluency 

measure 

 6 710 0.00115 0.42 0.47 0.92 0.86 

Reading 

comprehension 

developed based 

on fluency 

measure 

 7 655 0.00106 0.48 0.54 0.92 0.86 

Reading 

comprehension 

developed based 

on fluency 

measure 

 8 686 0.00089 0.52 0.58 0.92 0.86 

Reading 

comprehension 

developed based 

on fluency 

measure 
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Appendix D            
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 Suggested Quality Indicators for Correlational Studies Proposed by Thompson 

et al.(2005) 

Category Criteria 

  

Measurement 

 

1. Score reliability coefficients are reported for all measured 

variables, based on induction from a prior study or test manual, 

with explicit and reasonable justifications as regards 

comparabilities of (a) sample compositions and (b) score 

dispersions. 

2. Score reliability coefficients are reported for all measured 

variables, based on analysis of the data in hand in the particular 

study. 

3. Evidence is inducted with explicit rationale, from a prior study 

or test manual that suggests scores are valid for the inferences 

being made in the study. 

4. Score validity is empirically evaluated based on data generated 

within the study 

5. The influences of score reliability and validity on study 

interpretations are explicitly considered in reasonable detail. 

Practical and clinical 

significance  

 

1. One or more effect size statistics is reported for each study 

primary outcome, and the effect statistic used is clearly 

identified. 

2. Authors interpret study effect sizes for selected practices by 

directly and explicitly comparing study effects with those 

reported in related prior studies. 
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  3. Authors explicitly consider study design and effect size statistic 

limitations as part of effect interpretation. 

Avoiding some 

common macro-

analytic mistakes 

 

 

 

 

 

 

 

 

1. GLM weights (e.g., beta weights) are interpreted as reflecting 

correlations of predictors with outcome variables only in the 

exceptional case that the weights indeed are correlation 

coefficients. 

2. When noteworthy results are detected, and the origins of these 

effects are investigated, the interpretation includes examination 

of structure coefficients. 

3. Interval data are not converted to nominal scale, unless such 

choices are justified on the extraordinary basis of distribution 

shapes, and the consequences of the conversion are thoughtfully 

considered as part of result interpretation. 

4. Univariate methods are not used in the presence of multiple 

outcome variables. 

5. Univariate methods are not used post hoc to multivariate tests. 

6. Persuasive evidence is explicitly presented that the assumptions 

of statistical methods are sufficiently well-met for results to be 

deemed credible. 

Avoiding some 

common macro-

analytic mistakes 

 

1. Confidence intervals are reported for the reliability coefficients 

derived for study data. 

2. Confidence intervals are reported for the sample statistics (e.g., 

means, correlation coefficients) of primary interest in the study. 

3. Confidence intervals are reported for study effect sizes. 

4. Confidence intervals are interpreted by direct and explicit 

comparison with related CIs from prior studies.  


