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Recent legislation and initiatives set forth high academic expectations for all 

high school graduates in the area of reading (National Governors Association Center 

for Best Practices, 2010; Every Student Succeeds Act, 2015).  To determine which 

students need additional support to meet these reading standards, teachers can 

conduct universal screening using formative assessments.  Maze Curriculum-Based 

Measurement (Maze-CBM) is a commonly used screening and progress monitoring 

assessment that the National Center on Intensive Intervention (2013) and the Center 

on Instruction (Torgesen & Miller, 2009) recommend.  Despite the recommendation 

to use Maze-CBM, little research has been conducted on the reliability and validity of 

Maze-CBM for measuring reading ability for students at the secondary level 

(Mitchell & Wexler, 2016).    



  

In the papers included in this dissertation, I present an initial investigation into 

the use of Maze-CBM for secondary students.  In the first paper, I investigated prior 

studies of Maze-CBM for students in Grades 6 through 12.  Next, in the second paper, 

I investigated the alternate-form reliability and validity for screening students in 

Grades 9 and 10 using signal detection theory methods.  In the third paper, I 

examined the effect of genre on Maze-CBM scores with a sample of students in 

Grades 9 and 10 using multilevel modeling. 

When writing these three papers, I discovered several important findings 

related to Maze-CBM.  First, there are few studies that have investigated the technical 

adequacy of Maze-CBM for screening and progress monitoring students in Grades 6 

through 12.  Additionally, only two studies (McMaster, Wayman, & Cao, 2006; 

Pierce, McMaster, & Deno, 2010) examined the technical adequacy of Maze-CBM 

for high school students.  A second finding is that the reliability of Maze-CBM is 

often below acceptable levels for making screening decisions or progress monitoring 

decisions (.80 and above and .90 and above, respectively; Salvia, Ysseldyke, & Bolt, 

2007) for secondary students.  A third finding is that Maze-CBM scores show 

promise of being a valid screening tool for reading ability of secondary students.  

Finally, I found that the genre of the text used in the Maze-CBM assessment does 

impact scores on Maze-CBM for students in Grades 9 and 10. 
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Introduction 

Currently, there is a significant nationwide emphasis on standards-based 

learning and large-scale accountability assessment (e.g., Common Core State 

Standards [CCSS], National Governors Association Center for Best Practices, 2010; 

Every Student Succeeds Act [ESSA], 2015).  The standards provide stringent 

guidelines for schools to help all students, including those with and at risk for 

disabilities, meet these high academic standards.  The assumption is that when 

students reach these high expectations, they will be prepared for post-secondary 

success.   

One of the most critical standards, according to these reforms, is that students 

become proficient readers.  To reach a level of proficiency in reading, students must 

be able to illustrate that they can read, understand, evaluate, and synthesize a variety 

of text, including expository and narrative text.  The CCSS set forth English 

Language Arts standards to provide guidance for teachers to help students in 

developing the skills necessary to achieve reading proficiency.  It is important to note 

that the CCSS English Language Arts standards are also designed to be implemented 

across History, Social Studies, Science, and Technical subjects.  Due to the 

implementation of English Language Arts standards across these content areas, 

students will be exposed to, and expected to comprehend, complex texts presented 

across their content-area classes. 

Teachers use end-of-year, statewide assessments to determine which students 

are meeting these standards.  Teachers use these statewide tests, along with the new 

CCSS-aligned assessments developed by Smarter Balanced Assessment Consortium 
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(n.d.) and the Partnership for Assessment of Readiness for College and Careers 

(2014), as assessment tools to provide information about how well a student, or 

multiple groups of students, has met the necessary standards for his or her grade level.  

These assessments represent summative assessments and are considered a 

measurement of learning because they take place at the end of the year and assess 

whether students have learned the standards teachers taught them throughout the year.  

Additionally, they are considered high-stakes tests because they are linked to 

requirements of ESSA and, recently, to teacher evaluations and pay (Pullin, 2013).   

Although summative information can be valuable in evaluating the 

effectiveness of an education program, it does not allow teachers the opportunity to 

adjust their instruction for those students who are at risk of not achieving the college 

and career readiness standards.  A considerable problem with summative assessments 

is that teachers often do not receive students’ scores until after the student has moved 

to the next grade level; thus, the results cannot help teachers adjust the instruction for 

students based on the scores.  In order to drive instruction to meet the current needs of 

students, it is critical for teachers to gauge students’ progress on these standards on an 

ongoing basis throughout the school year.   

Formative assessment may provide a feasible compliment to summative 

assessment that would allow teachers to adjust their instruction for learning.  

Formative assessment is a broad term for assessments that are intended to support 

learning (Van der Kleij, Vermeulen, Schildkamp, and Eggen, 2014).  Formative 

assessment is used to measure how well, how much, and what students are learning in 

response to instruction.  Formative assessment can be informal (e.g., student work 
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samples) or formal in nature (i.e., standardized and validated assessments).   They are 

commonly given throughout the school year to yield timely information for teachers 

about which students are not making progress, what skills students are still struggling 

with, and how far behind students are in meeting academic standards.  Due to the 

ongoing use of formative assessment, teachers can use these data to make adjustments 

to their instruction to meet the needs of students who are not making progress on 

standards.  Teachers can also use formative assessment to assign students, who are 

not meeting the academic standards, to supplemental interventions that will address 

their areas of need.  Then, they can use formative assessment to continue monitoring 

student progress in supplemental interventions before the end of the year.  In fact, it 

has been shown at the elementary level that teachers who use standardized and 

validated formative assessment to examine students’ growth during instruction yield 

higher gains for their students than those who do not use formative evaluation (e.g., 

Black & Wiliam, 1998; Fuchs, Fuchs, Hamlett, & Ferguson, 1992; Stecker, Fuchs, & 

Fuchs, 2005).  It is therefore plausible that the use of formative assessment will be 

efficacious for secondary level teachers to adjust their instruction in order to meet 

student needs.  

Problem-Solving Model 

 Teachers and school personnel often use standardized and validated formative 

assessments that meet rigorous technical standards to make data-based decisions 

about their students.  These assessments help teachers to make ongoing decisions 

regarding the instruction they are providing to students.  The process of making data-

based decisions involves teachers and school personnel systematically collecting and 
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analyzing data in order to guide instructional decisions for their students (Torgesen & 

Miller, 2009).  Educational data-based decisions are often made within the context of 

a Problem-Solving Model (Deno, 1989).  This model is recursive, wherein teachers 

and school personnel take a series of steps to meet the educational needs of students 

in their classroom or school.  The steps in the problem-solving model are (a) problem 

identification, (b) problem definition, (c) exploring solutions, (d) implementing 

solutions, and (e) problem solution (Deno, 1989) and are illustrated in Figure 1.   

In the context of reading instruction, the first step of the model—problem 

identification—involves teachers determining which students are below expected 

levels of reading compared to their same-grade peers.  This process is commonly 

referred to as screening.  During the screening process, all students, or at the 

secondary level the students who are suspected of having a reading difficulty, are 

given a reading assessment.  Students who score below the expected level are 

considered at risk for reading difficulty.  The second step of the model involves 

teachers defining the reading problem.  In this step, teachers use the assessment used 

for screening, in addition to other data sources (e.g., diagnostic tests, work samples, 

informal observation), to determine which reading skills the student is deficient in.  In 

the third step, teachers use the data to determine what instruction would remediate the 

student’s deficits.  During this process, teachers might consider what type of reading 

skills the instruction should include, who will deliver the instruction, and when the 

instruction will occur.  Next, in the fourth step of the model, teachers implement the 

instruction and monitor students’ progress using a formative reading assessment.  For 

the fifth and final step, teachers use the data from the formative assessments to 
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determine if the instruction has been effective or if the student fails to reach required 

levels of reading.  If the student is not making adequate progress towards meet the 

reading standards, then they return to be first step in the problem-solving model.  At 

that point, teachers will attempt to further clarify the problem with reading that the 

student struggles with using the additional data they have collected throughout the 

intervention.  The process then is repeated until the student has received instruction 

that enables them to reach expected reading standards. 

Curriculum-Based Measurement 

 Curriculum-based measurement (CBM) is one of the most commonly used 

standardized formative assessment tools for making data-based decisions in the area 

of reading.  Experts recommend CBM for use in screening and progress monitoring 

students as part of a Response to Intervention (RTI) or Multi-Tiered System of 

Support (MTSS) model of reading (National Center on Response to Intervention, 

2010; Torgesen & Miller, 2009).  RTI and MTSS are schoolwide models of tiered 

instruction that involve teachers making data-based decisions in order to provide the 

appropriate level of support to students so that they will reach academic standards.  

There are two types of CBM: (a) general outcome measures (GOMs) and (b) mastery 

measures (MM).  GOMs measure general ability by sampling performance across 

several subskills (Hosp, Hosp, & Howell, 2007). MM are used to measure discrete 

and easily identified sets of items that are related to a common skill (Hosp, Hosp, & 

Howell, 2007).  Advantages of using CBM for screening and progress monitoring are 

that the use of CBM is (a) quick and efficient, (b) cost effective, (c) involves alternate 

forms that can be administered over time, allowing the results of the assessments to 
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guide data-based decision making, (d) aligned to the curriculum, (e) validated, and (f) 

technically adequate (Hosp et al., 2007).  Therefore, formative assessments such as 

CBM allow for the teacher to adjust instruction during the school year in a way that 

the end-of-year statewide assessments were not designed to do. 

Maze-CBM 

 Maze-CBM is the most commonly utilized CBM at the secondary level 

because it has shown potential for being more sensitive to growth over time in 

reading than other types of CBM (i.e., oral reading or word reading) for students at 

this age (McMaster, 2010; Torgesen & Miller, 2009; Wayman, Wallace, Wiley, 

Tichá, & Espin, 2007).  Additionally, Maze-CBM has been viewed as a measure of 

reading comprehension, a vital skill needed at the secondary level.  During a Maze-

CBM assessment, students are required to silently read a passage for a fixed number 

of minutes (e.g., 3 minutes) in which words are deleted at fixed ratios and replaced by 

a choice (i.e., a maze) of three words, one of which is the correct word.  As students 

read the passage, they are instructed to circle the word that best completes the 

sentence.  The score on Maze-CBM is typically calculated by totaling the correct 

number of words the students was able to replace in the allotted time.  Maze-CBM is 

also a beneficial assessment for students at this age because it can be group-

administered, allowing for minimal impact to instruction, and appears to measure 

reading comprehension in addition to accurate decoding (Fuchs & Fuchs, 1992; 

Wiley & Deno, 2005).   

 One large disadvantage of using Maze-CBMs for progress monitoring and 

screening at the secondary level is the lack of research on its use, and thus the validity 
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of its use.  This is particularly true for high-school students (Stecker, Fuchs, & Fuchs, 

2005; Wayman et al., 2007).  Although researchers and practitioners may be able to 

draw from the current research on the technical adequacy of Maze-CBM for 

elementary students, we need to consider that these conclusions might not generalize 

to older students.  In fact, Schatschneider et al (2004) have shown that verbal 

knowledge and reasoning skills become increasingly more important as students 

move from elementary grades to high school.  Further research needs to be conducted 

to provide evidence of reliability and validity for the use of Maze-CBM in making 

screening and progress monitoring decisions for high school students. 

Variability of Scores 

 A key assumption of Maze-CBMs is that alternate forms are parallel in nature 

and can be used interchangeably.  In the early development of CBM, researchers 

would choose passages at random from the students’ curriculum without 

consideration of the equivalent nature of the passages (Shinn, 1989).  Although it is 

now common for test developers of CBM to more carefully choose passages based on 

various readability formulas or to equate passages after development (Baker et al., 

2015; Christ & Ardoin, 2009; Cummings, Park, & Schaper, 2012; Francis et al., 

2008; Petscher & Kim, 2011), the research on passage variance has primarily 

occurred with elementary school students on CBM measures of reading fluency rather 

than Maze-CBM.  Furthermore, at the elementary level, there is evidence that student 

scores across passages differ considerably despite being explicitly controlled (Hintze 

& Christ, 2004).  There are many potential sources of variability in scores, including 

administrator error, student error, and error due to the testing environment; however, 
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the focus of this dissertation will be sources of error that are a result of the 

development of alternate forms of Maze-CBM. 

The use of alternate forms containing different passages may lead to differing 

levels of text complexity as the dimensions of text complexity may differ across 

passages.  The CCSS outlines a model of text complexity that contains three main 

dimensions (Figure 2): (a) qualitative dimensions of text, (b) quantitative dimensions 

of text, and (c) reader and task considerations (Appendix A, National Governors 

Association Center for Best Practices, 2010).  Qualitative dimensions of text refer to 

“the aspects of text complexity best measured or only measureable by an attentive 

human reader, such as levels of meaning or purpose; structure; language 

conventionality and clarity; and knowledge demands” (Appendix A, National 

Governors Association Center for Best Practices, 2010).  Quantitative dimensions of 

text refer to “the aspects of text complexity, such as word length or frequency, 

sentence length, and text cohesion, that are…today typically measured by computer 

software” (Appendix A, National Governors Association Center for Best Practices, 

2010).  There are several formulas for measuring the quantitative dimensions of text, 

such as the Flesch-Kincaid readability formula (Kincaid, Fishburne, Rodgers, & 

Chissom, 1975), the Dale-Chall readability formula (Chall & Dale, 1995), the Coh-

Mextrix text easability assessor (McNamara, Louwerse, Cai, & Grasser, 2005), and 

the Lexile framework (MetaMetrics, 2015).  These formulas examine features of text 

such as word length, sentence length, word frequency, and the cohesiveness of a text 

(i.e., how tightly the text holds together) to determine the quantitative complexity of 

text.   The final component of the text complexity model in the CCSS is the reader 
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and task considerations, which refers to “variables specific to a particular reader and 

tasks” (Appendix A, National Governors Association Center for Best Practices, 

2010).  Examples of variables related to a particular reader include motivation, 

knowledge, and experiences that the reader has and brings with him to the reading 

experience (RAND Reading Study Group, 2002).  According to the CCSS model of 

text complexity, the interaction between these three dimensions determines how 

difficult a particular text is for a reader.             

Thus, according to the CCSS model of text complexity, there are several 

factors that interact when a student reads a passage on a Maze-CBM assessment and 

that will impact the variability of scores across alternate forms.  For instance, a 

student may have a great deal of background knowledge of a particular science topic 

and, thus, will score higher on Maze-CBM passages that include information about 

that topic as opposed to passages on a science topic they have little background 

knowledge of, even though the two passages have similar readability scores.  It may 

not be reasonable to control all aspects of text complexity in alternate forms of Maze-

CBM at the high school level because students will have differing levels of 

background knowledge and skills that they bring to each passage.  This indicates that, 

in order to achieve truly parallel alternative forms of Maze-CBM passages, test 

developers would have to account for both text characteristics and also consider 

student variables such as prior knowledge and reading ability that potentially interact 

with the text characteristics.  One option used previously with oral reading CBM is to 

retroactively equate the passages (Baker et al., 2015; Christ & Ardoin, 2009; 

Cummings et al., 2012; Francis et al., 2008; Petscher & Kim, 2011).  While this is a 
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suitable method for oral reading CBM it may be particularly challenging to conduct 

with Maze-CBM which has an additional item difficultly parameter that is associated 

with each item within the passage itself. Although this is an ambitious goal, it is 

imperative that researchers begin to investigate potential sources of this variance in 

scores and how this variance impacts the reliability and validity of scores. 

Overview of Three Articles 

Drawing from the current literature on Maze-CBM and text complexity, my 

dissertation includes three articles designed to answer questions about the reliability 

and validity of Maze-CBM for high school students.  The overarching question of 

these three articles is: What is the reliability and validity of scores on Maze-CBM for 

high school students and are these psychometric characteristics influenced by passage 

differences or student ability?   

The first article in this dissertation presents a synthesis of the current literature 

on the technical adequacy of Maze-CBM for secondary students.  In that article, I 

synthesized information across existing studies of Maze-CBM for students who are in 

Grades 6 through 12.  Specifically, I address the following research questions: 

1. What are the features of Maze-CBM administration (e.g., duration of testing 

session and scoring procedures) used in studies of Maze-CBM for students in 

Grades 6 through 12? 

2. What are the features of the texts used in studies of Maze-CBM for students in 

Grades 6 through 12, including text length and level? 

3. What is the technical adequacy as reported in studies of Maze-CBM for 

students in Grades 6 through 12, including reliability and validity of static 
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scores for screening, estimates of slope, and reliability and validity of the 

slope for determining response to instruction? 

The second article in the dissertation is an empirical study on the alternate-

form reliability of Maze-CBM scores and the validity of their use for screening high 

school students.  In that article, I answer the following research questions: 

1. What is the alternate-form reliability of scores on Maze-CBM of high school 

students? 

2. What is the validity of scores on Maze-CBM in the prediction of high school 

students’ reading risk status? 

  The final article in the dissertation is an empirical study investigating the 

effect of the genre of text on high school students’ Maze-CBM scores.  In that article 

I also initially explore student characteristics, such as oral reading ability, that 

influence Maze-CBM scores.  The aim of that article was to answer the following 

research questions: 

1. What proportion of variance in Maze-CBM scores is due to between and 

within student differences? 

2. What proportion of variance in Maze-CBM scores is attributable to genre 

effects? 

3. Does OR ability interact with genre in interpreting Maze-CBM scores? 
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Definition of Key Terms 

Alternate-form reliability: The consistency of scores across two similar forms of a test 

administered to the same group of examinees within a very short period of time 

(Crocker & Algina, 2008). 

Concurrent validity: The relationship between test scores and criterion measurements 

made at the time the test was given (Crocker & Algina, 2008). 

Curriculum-based measurement (CBM): A type of formative assessment used within 

a research-based set of procedures for teachers to simply and frequently monitor 

student progress toward instructional goals (Deno, 1985). 

Expository text: A type of text that is intended to inform the reader about a topic. 

Examples include textbooks, newspapers, and magazine articles (Sáenz & Fuchs, 

2002). 

Genre: A broad category of text type that students may encounter.  In this 

dissertation, the two main genres of text are narrative and expository (Sáenz & Fuchs, 

2002). 

Narrative text:  A type of text that commonly involves stories that are written to 

entertain and contain text elements such as characters, a sequence of events, morals, 

and themes (Sáenz & Fuchs, 2002). 

Predictive validity: The degree to which test scores predict criterion measurements 

that will be made at some point in the future (Crocker & Algina, 2008). 

Reading risk status: The determination of students’ reading ability based on a 

particular cut point on a criterion measure, which is meant to indicate if the student is 
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meeting the expected level of reading or is not and thus is in need of supplemental 

reading instruction. 

Reliability: The desired consistency, or reproducibility, of test scores (Crocker & 

Algina, 2008). 

Test–retest reliability: The consistency of scores on a test administered to a group of 

examinees on two occasions (Crocker & Algina, 2008). 

Validity: The extent to which a test developer and test user have collected evidence to 

support the types of inferences that can be made from test scores (Cronbach, 1971). 
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Figure 1. An illustration of the cyclical steps in a problem-solving model.  Adapted 

from “Curriculum-Based Measurement and Special Education Services: A 

Fundamental and Direct Relationship” by S.L. Deno, 1989, in M.R. Shinn, 

Curriculum-Based Measurement: Assessing Special Children, p.12.  Copyright 1989 

by The Guilford Press. 
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Figure 2. The approach that the CCSS takes to text complexity. It involves the 

interaction between qualitative dimensions of the text, quantitative dimensions of the 

text, and reader and task considerations.  Adapted from “Appendix A: Research 

Supporting Key Elements of the Standards,” by National Governors Association 

Center for Best Practices and Council of Chief State School Officers, 2010. Retrieved 

from http://www.corestandards.org 
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Abstract 

In this paper I present a synthesis of the extant research on Maze Curriculum-Based 

Measurement (Maze-CBM) for students in Grades 6 through 12.  Fourteen studies, 

published between March 1993 and August 2014, met the criteria for inclusion in this 

study.  Features of Maze-CBM administration, features of text used, and the technical 

adequacy of Maze-CBM are synthesized.  Results suggest that although we have 

preliminary support of the technical adequacy for use of Maze-CBM for screening 

decisions, we have much less support for its use in making progress monitoring 

decisions.  Additionally, many of the synthesized studies did not provide sufficient 

information on the administration of and features of text used in the Maze-CBM 

passages.  Implications for practitioners as well as guidance for future research 

regarding the use of Maze-CBM with secondary students are discussed. 

Keywords: curriculum-based measurement, Maze, reading, secondary students



                                                 

18 

 

 

A Literature Synthesis of the Technical Adequacy of Maze-CBM for Secondary 

Students 

Recent educational legislation and initiatives, such as the Every Student 

Succeeds Act (ESSA; 2016) and the Common Core State Standards (CCSS; National 

Governors Association Center for Best Practices, 2010), set forth high academic 

expectations for all students, including those with and or at risk for disabilities, to 

meet prior to high school graduation.  The reforms emphasize the need for students to 

become proficient readers—meaning that they should be able to read, understand, 

evaluate, and synthesize expository and narrative text.  Teachers can help students 

meet these expectations by implementing evidence-based instruction in reading 

across all content areas and in supplemental reading classes.  Theoretically, by 

meeting these standards, students will be prepared for success in post-secondary 

endeavors such as college and the work force.  

Despite the national emphasis on high academic expectations for all students, 

data suggest that many students are still not learning to read at the level expected 

before graduation.  The 2013 Nation’s Report Card reports that as many as 64% of 

students in the United States are below proficient in reading by 8 th grade (National 

Center for Education Statistics [NCES], 2014).  These statistics demonstrate the 

urgent need to provide intensive, supplemental reading intervention to many students.  

Formative assessments can be used to (a) determine which students need reading 

interventions (i.e., screening), (b) measure the effectiveness of these interventions 

(i.e., progress monitoring), (c) make data-based decisions for instructional purposes 

(i.e., diagnostic), and (d) determine if students are meeting grade-level expectations.  
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Formative assessments are potentially useful for these reasons yet little is known 

about their use with high school students.  The purpose of this synthesis is to examine 

the current literature related to the use of Maze Curriculum-Based Measurement 

(Maze-CBM), one type of formative assessment, at the secondary level.  I provide 

some information about formative assessments, and specifically Maze-CBM, 

followed by a review of the previous literature on Maze-CBM. 

Formative Assessments 

Formative assessments are used to measure how well, how much, and what 

students are learning in response to instruction.  Students commonly take these brief 

assessments throughout the school year to provide teachers with information about 

which students are not making adequate progress toward end-of-the-year goals, what 

skills students are still struggling with, and how far students are from meeting 

academic standards.  Teachers can use these data to monitor student progress and 

make adjustments to their instruction for students who continue to fall behind.  

Research has confirmed that, at the elementary level, teachers who use formative 

assessments to examine students’ growth during instruction yield higher gains for 

their students than those who do not use formative evaluation (e.g., Fuchs, Fuchs, 

Hamlett, & Ferguson, 1992; Stecker, Fuchs, & Fuchs, 2005), but this has not been 

investigated empirically at the secondary level.  At the secondary level teachers and 

school personnel often use extant data such as grades, attendance, disciplinary 

referrals, and summative test scores to identify students who are not making adequate 

progress toward end-of-the-year goals.  After identifying these students, schools will 
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still need an additional tool, which is sensitive to growth, to measure the progress of 

students receiving supplemental instruction. 

Curriculum-Based Measurement.  Curriculum-Based Measurement (CBM) 

is one of the most widely used standardized and validated formative assessment tools 

for measuring students’ responses to the curriculum or an intervention, and it has 

proliferated over the past decade (Stecker et al., 2005; Tindal, 2013; Wayman, 

Wallace, Wiley, Tichá, & Espin, 2007).  Developed in the 1970s by Stanley Deno and 

colleagues as a method of measuring special education students’ progress in their 

instructional programs (Deno, 1985), CBM was primarily used in the context of 

special education.  However, with the advent of ESSA and Reading First initiatives 

(U.S. Department of Education, Office of Elementary and Secondary Education, 

2002), CBM is now used to evaluate progress of all students.  It is the tool most often 

used for evaluating students’ instructional level and rate of progress in an 

instructional program for both screening and progress monitoring (Deno, 2003; 

Shinn, 1989; Tindal, 1992).   

CBM measures have several characteristics that make them more useful for 

guiding instruction than traditional summative assessments.  These measures are 

designed to (a) link to the curriculum; (b) serve as quick and efficient measures that 

are indicators of larger, more comprehensive skills; (c) include alternate, equivalent 

forms to be used over time to measure student progress; (d) be sensitive to student 

progress over time; and (e) meet high standards for reliability and validity (Shinn, 

1989).  Furthermore, researchers have developed CBMs in a variety of academic 

areas, such as early literacy, reading fluency (i.e., CBM-R), reading comprehension 
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(e.g., Maze), writing, spelling, and mathematics (e.g., Deno, Mirkin, & Chiang, 1982; 

Deno, Mirkin, & Marston, 1980; Fuchs et al., 1992; Fuchs, Fuchs, Hamlett, & 

Stecker, 1990; Fuchs et al., 1994).   

Maze-CBM.  One commonly used type of CBM at the secondary level is 

Maze.  Maze-CBM, designed to measure comprehension, is typically administered to 

students in Grade 4 and above (National Center on Intensive Intervention [NCII], 

n.d.), which is when there is a shift in our expectations of students from learning to 

read to reading for comprehension.  The Maze-CBM requires students to silently read 

a passage in which words are deleted at fixed ratios and then replaced with a choice 

of three words (one correct replacement and two distractors) for a set number of 

minutes (e.g., 3 minutes).  At the deletion point, students select the word that they 

determine is the correct replacement.  An advantage associated with Maze-CBM, 

over other CBM types, is that it is typically administered to students as a group, 

which minimizes the use of instructional time for assessment purposes.  Scores on 

Maze-CBM can be calculated in many ways, but the most common is counting the 

correct number of replacements in the given testing time (e.g., Espin, Deno, 

Maruyama, & Cohen, 1989; Fuchs et al., 1992; Jenkins & Jewell, 1993) or counting 

the correct number of replacements with a correction for guessing (e.g., Espin, 

Wallace, Lembke, Campbell, & Long, 2010; Pierce, McMaster, & Deno, 2010). 

Despite development of published Maze-CBMs (e.g., Dynamic Indicators of 

Basic Early Literacy Skills, AIMSweb, EdCheckup, and System to Enhance 

Educational Performance), which typically undergo rigorous evaluation processes to 

determine the reliability and validity of the assessment before publishing, and current 
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research on Maze-CBM as a tool for screening and progress monitoring in reading, 

there are several areas in which current Maze-CBM measures differ from one 

another.  These differences may lead to inconsistencies of technical adequacy and 

thus interpretation and use of scores.  For example, choice of text was not originally a 

large concern in early studies of CBM so a variety of sources, difficulty levels, and 

genres were utilized.  This resulted in a large range of text difficulties and genres used 

across studies, published measures, and teacher-created passages.  Additionally, 

although Fuchs and Fuchs (1992) set forth procedures for the creation of Maze-CBM 

passages, there is not yet consensus on procedures for development of Maze-CBM, 

including the interval in which words are deleted, manner in which distractor items 

are created, length of passage, duration of administration, and scoring procedures.  As 

research develops regarding the use of Maze-CBM, particularly for students in 

Grades 6 through 12, these are important factors to consider since they may impact 

the technical adequacy.   

Technical adequacy of Maze-CBM.  In order to use Maze-CBM as a 

measurement tool for screening and progress monitoring for students in Grade 6 and 

above, we need to ensure technical adequacy of the measure for students at this age.  

Two important measures of technical adequacy are reliability and validity.  Reliability 

is the desired consistency, or reproducibility, of test scores (Crocker & Algina, 2008).  

Current recommendations in the field of educational assessments suggest that 

reliability should be above .60 for data used to make decisions about a group of 

individuals, above .80 for screening decisions of individual students, and above .90 

for high-stakes decisions involving educational placement (e.g., placement in 
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supplemental reading intervention or special education services) of an individual 

student (Salvia, Ysseldyke, & Bolt, 2007).  Because alternate, equivalent forms are an 

essential feature of Maze-CBM, it is particularly important to examine the 

consistency of test scores across each form—which is also known as alternate-form 

reliability (Salvia et al., 2007).  

Validity is the extent to which a test developer and test user have collected 

evidence to support the types of inferences that can be made from test scores 

(Cronbach, 1971).  Although validity of an assessment is not determined by one study 

alone but through an ongoing and recursive process (Messick, 1989), Wayman et al. 

(2007) suggest guidelines for interpreting the strength of validity coefficients for 

reading measures.  They also suggest that validity coefficients above .70 suggest 

strong relations, coefficients between .50 and .70 suggest moderate relations, and 

coefficients below .50 suggest weak relations.   

Finally, if Maze-CBM is meant to be used as a repeated assessment in order to 

monitor the progress of students in reading, it is important to establish slope or 

growth estimates for students in Grades 6 through 12.  These estimates will allow 

practitioners to determine if students are making adequate growth in reading and thus 

no longer need intervention, or if students are not making adequate growth and need 

continued or more intensive intervention.  The reliability of the slope estimate is also 

important to consider.  It is critical that we consistently measure slope to properly 

determine adequate progress in an intervention.  Additionally, slopes may be used to 

predict summative measures of college and career readiness.   
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Previous Reviews of CBM in the Area of Reading.  There are no previous 

literature reviews or syntheses that focus exclusively on Maze-CBM; however, two 

reviews have been conducted on CBM in the general area of reading (i.e., Madelaine 

& Wheldall, 2004; Wayman et al., 2007).  Authors of these reviews have examined 

the technical adequacy, utility, and state of research in the area of CBM since its 

development in the mid to late 1970s at the University of Minnesota’s Institute for 

Research on Learning Disabilities.  Although the authors examined all types of 

reading CBMs and not specifically Maze-CBM, many of the issues that relate to other 

reading CBM measures also impact Maze-CBM—such as principles of reliability and 

validity, the parallel nature of the alternative forms, and the selection of text to use on 

each measure. 

Madelaine and Wheldall (2004) conducted a review of empirical research of 

reading CBM.  This review examined the technical adequacy, uses, and conceptual 

issues in the CBM research.  The authors reported that scores on CBM-R have shown 

high validity for screening and progress monitoring, and reliability, although they 

noted that the majority of studies were conducted with students at the elementary 

level both in special education and general education.  They also found that reading 

CBM is used commonly to screen students, to monitor students’ progress, to help 

determine referral for special education, and as a teacher accountability measure.  

Madelaine and Wheldall (2004) discussed the lack of face validity that reading CBM 

has with teachers.  A conceptual issue they examined is the nature in which passages 

are selected for use in CBM measures.  The authors identified that while an initial 

advantage of reading CBM is that passages can be taken directly from curriculum 
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utilized in the classroom, this may cause several disadvantages—such as variations 

between readability of passages and familiarity of passages.  Despite these important 

findings, the authors of this review did not evaluate each study in the review through 

a systematic process.  Additionally, even though Maze-CBM was included, it was not 

the primary focus of the review. 

In 2007, another review of the reading CBM literature was conducted by 

Wayman et al.  This review examined the technical adequacy, effects of text 

materials, and issues around measuring growth of three commonly used reading CBM 

measures for students in kindergarten through Grade 12—word identification fluency 

(WIF), CBM-R, and Maze-CBM.  The authors of this review noted that although 

CBM-R may be a good measure of reading growth for elementary-level students, 

Maze-CBM may be more sensitive to student growth in middle and high school.  

They also mentioned that there is a scarcity of studies examining the technical 

adequacy of CBM at the secondary level.  In regards to text selection, Wayman et al. 

(2007) also noted that the text used in the creation of reading CBM measures varies 

across studies.  Some researchers studied CBM created by using text from students’ 

instruction, while others have used text that the students have never seen before.  

Wayman et al. (2007) concluded that teachers do not necessarily have to use passages 

from the reading material used during instruction in order to develop reliable CBM 

measures that are valid in measuring student reading ability.  Furthermore, it is 

important to establish the passage equivalence for CBM progress monitoring, which 

may be a source of variability of data points around the slope of individual students.  

Although this study reported findings about the features of passages utilized in 
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reading CBM, the researchers did not systematically code for these features.  They 

also noted that they did not focus on Maze-CBM, but rather on other types of reading 

CBM, when they reported findings about features of text used. 

Rationale and Research Questions 

  Since the reviews by Madelaine and Wheldall (2004) and Wayman et al. (2007), 

researchers have conducted additional empirical research on the use of CBM, 

particularly focusing on the use of Maze-CBM with students above Grade 5; 

however, the adequacy of Maze-CBM for students above Grade 5 has not been 

thoroughly reviewed in a synthesis to date.  Additionally, few studies have examined 

the features of Maze-CBM test administration and features of the text utilized in the 

Maze-CBM assessment that may impact technical adequacy of Maze-CBM across 

studies.  With limited research in this area and a pressing need to better understand 

how to measure students’ progress toward meeting college and career readiness, we 

need to further investigate Maze-CBM as a viable tool at the secondary level.  This 

study synthesized information across existing studies of Maze-CBM for students who 

are in Grades 6 through 12 to examine the features of the assessment, features of text 

used, and technical adequacy.  I addressed the following research questions:    

1. What are the features of Maze-CBM administration (e.g., duration of testing 

session and scoring procedures) used in studies of Maze-CBM for students in 

Grades 6 through 12? 

2. What are the features of the text used in studies of Maze-CBM for students in 

Grades 6 through 12, including text length and level? 
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3. What is the technical adequacy as reported in studies of Maze-CBM for 

students in Grades 6 through 12, including reliability and validity of static 

scores for screening, estimates of slope, and reliability and validity of the 

slope for determining response to instruction? 

Method 

Search Procedure and Criteria 

I identified studies through a multistep process that included an electronic 

search, a hand search, and an ancestral search of the literature.  These methods have 

been used by several other authors in prior syntheses in the area of assessment (Reed, 

2011; Reed, Cummings, Schaper, & Biancarosa, 2014).  I first conducted an 

electronic search of the literature using ERIC, Education Research Complete, and 

PsychINFO databases.  I used the following keywords: curriculum based measur*, 

curriculum-based measure*, general outcome measure*, progress monitoring, 

mastery measure*, mainstream consultation agreement*, interim assessment*, 

mastery monitor*, formative assessment*, universal screening, benchmarking, 

norming, and data based decision.  I also included these additional age and grade 

keywords: secondary, adolescent,  middle school,  high school, grade 6, grade 7, 

grade 8, grade 9, grade 10, grade 11, grade 12, and older students.  There were no 

date restrictions on the search in order to obtain all of the extant research in this area.  

Additionally, because CBM originated in the 1970s, I wanted to capture all studies of 

Maze-CBM since its inception. 

I followed up the electronic search with a hand search to identify any articles 

that may not have appeared in the electronic search.  I searched the following journals 
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from January 2012 through August 2014: School Psychology Review, Journal of 

School Psychology, Exceptional Children, Journal of Special Education, Assessment 

for Effective Intervention, Learning Disabilities Research & Practice, Journal of 

Learning Disabilities, and Learning Disability Quarterly.  Additionally, I conducted 

an archival search of the literature, including previous syntheses on reading CBM 

(Madelaine & Wheldall, 2004; Stecker et al., 2005; Tindal, 2013; Wayman et al., 

2007), to find any studies that may not have been captured in the electronic or hand 

searches. 

I reviewed more than 2,000 abstracts for inclusion in the synthesis based on 

the following criteria: 

1. Studies were published in a peer-reviewed journal. 

2. The articles included students in Grades 6 through 12, or included younger 

students but disaggregated results for students in Grades 6 through 12. 

3. Studies included the use of Maze-CBM for the assessment of reading 

achievement. Studies may have also included other CBM measures in 

reading, such as CBM-R, but data from these measures were excluded 

from this synthesis. 

4. Studies reported technical characteristics of the assessment as well as 

psychometric properties of reliability, validity, or slope.  Studies that were 

solely an investigation of the effects of teachers’ use of the assessment 

were excluded. 

5. Studies were published in English and assessed students’ reading skills in 

English. 
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Studies where Maze-CBM measures were used for content-specific learning, 

describing case studies, or analyzing qualitative studies were excluded from this 

review.  Ultimately, through the search process, 14 studies met the criteria for 

inclusion in this synthesis. 

Coding Procedures 

 I developed a comprehensive coding sheet to examine the technical 

characteristics of the Maze-CBM included in each study.  The coding sheet contained 

the following information: (a) participants, (b) measures that were included (Maze-

CBM plus any criterion measures), (c) features of Maze-CBM administration, (d) 

reliability results, (e) validity results, and (f) results regarding the slope of Maze-

CBM scores.   

Participants and Measures.  When coding for participants and measures, I 

coded for the overall sample size of each study, number of students in Grades 6 

through 12, number of students who were identified as having special education 

services, number of students who were identified as struggling readers, and number of 

English Language Learners (ELLs).  I also reported the criterion measures used, the 

number of administered Maze-CBMs, and what time of year the researchers 

administered both the Maze-CBM and criterion measures.  I included the duration of 

administration, manner in which deletions were created, procedures for creating 

distractors, and scoring guidelines as codes for features of Maze-CBM administration.  

I included length of text in words, source of text, if the text was on or off grade level, 

difficulty of text, cohesion of text, and the genre of text as codes for text features.  I 

reported text features according to what the authors outlined; therefore, difficulty, 
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cohesion, and genre of text are reported based on metrics described in the original 

studies.  Furthermore, I determined the grade level of text, on or off, in one of two 

ways.  If the author directly stated in their study that the text was on or off grade 

level, it was coded as such.  Otherwise, I coded the text on or off grade level 

depending on the level of text difficulty that the authors reported.  Then, I compared 

this level to the grade level of the participants in the study.   

Reliability and Validity.  I coded for several types of reliability that the 

authors reported in the included studies.  Reliability for Maze-CBM was coded in 

three categories: alternate-form, delayed alternate-form, and test-retest.  Although 

there are several types of validity that can be investigated, I coded each study for 

predictive and concurrent criterion validity, which are commonly investigated types 

of validity in this area of literature.  I adopted the interpretation of reliability and 

validity coefficients that was suggested by Wayman et al. (2007) to examine the 

validity of Maze-CBM for secondary students (i.e., coefficients below .50 indicate 

weak relations, coefficients between .50 and .70 indicate moderate relations, and 

coefficients above .70 indicate strong relations). 

 Finally, because a common use of Maze-CBM is to measure progress of 

students in reading over time, I coded results of the slope or growth of Maze-CBM.  

Specifically, I coded for the slope of Maze-CBM, reliability of the slope, and validity 

of the slope. 

Results 

 A total of 14 studies, reported in peer-reviewed journals between the March 

1993 and August 2014, met criteria for inclusion in this synthesis.  The majority of 
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the studies were conducted after 2006 (n=11), with the remaining three studies 

conducted between 1993 and 1996.  In these results, I report the participants and 

measures included in the studies, followed by features of the Maze-CBM 

administration and text features.  Next, I report the findings on reliability and validity 

of the static Maze-CBM scores.  Finally, I conclude by reporting the results related to 

the calculation of slope and its reliability and validity.  

Sample and Measures 

 The corpus of 14 studies included 5,839 students from Grades 6 through 12 

(ranging from 25 to 1,343 participants per study).  Authors of several studies 

(Codding, Petscher, & Truckenmiller, 2014; Espin & Foegen, 1996; Espin et al., 

2010; Fore, Boon, Burke, & Martin, 2009; Fore, Boon, & Martin, 2007; Fuchs, 

Fuchs, Hamlett, Walz, & Germann, 1993; McMaster, Wayman, & Cao, 2006; Tichá, 

Espin, & Wayman, 2009) included descriptions of the number of participating 

students with disabilities, which totaled a minimum of 202 across all students in this 

synthesis.  The remaining authors either (a) did not report the number of participants 

with disabilities (Jenkins & Jewell, 1993; Silberglitt, Burns, Madyun, & Lail, 2006; 

Tolar, Barth, Fletcher, Francis, & Vaughn, 2014; Tolar et al., 2012) or (b) did not 

disaggregate this information (Pierce et al., 2010; Yeo, Fearrington, & Christ, 2012).  

Of the 14 total studies, authors of three studies reported the inclusion of students who 

were ELLs (n=46 at a minimum; Codding et al., 2014; McMaster et al., 2006; Tichá 

et al., 2009).    

The majority of the studies focused on participants in Grades 6 through 8, 

with nine studies including students in Grade 6 (n=934; Espin & Foegen, 1996; Fore 
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et al., 2009; Fore et al., 2007; Fuchs et al., 1993; Jenkins & Jewell, 1993; Pierce et al., 

2010; Tolar et al., 2014; Tolar et al., 2012; Yeo et al., 2012), nine studies including 

students in Grade 7 (n=1,212; Codding et al., 2014; Espin & Foegen, 1996; Fore et 

al., 2009; Fore et al., 2007; Pierce et al., 2010; Silberglitt et al., 2006; Tolar et al., 

2014; Tolar et al., 2012; Yeo et al., 2012), and 11 studies including students in Grade 

8 (n=2,066; Espin & Foegen, 1996; Espin et al., 2010; Fore et al., 2009; Fore et al., 

2007; McMaster et al., 2006; Pierce et al., 2010; Silberglitt et al., 2006; Tichá et al., 

2009; Tolar et al., 2014; Tolar et al., 2012; Yeo et al., 2012).  Only two studies 

included students in Grades 9, 10, and 11 (n=17; McMaster et al., 2006; Pierce et al., 

2010), and only one study included students in Grade 12 (n=7; McMaster et al., 

2006).  Nine of the 14 studies contained samples that included students in multiple 

grade levels (Espin & Foegen, 1996; Fore et al., 2009; Fore et al., 2007; McMaster et 

al., 2006; Pierce et al., 2010; Silberglitt et al., 2006; Tolar et al., 2014; Tolar et al., 

2012; Yeo et al., 2012). 

 Criterion measures included a variety of assessments, such as researcher-

developed measures and state achievement tests across the studies.  Espin and Foegen 

(1996) used three researcher-created measures involving multiple-choice 

comprehension questions as their criterion measures to compare with scores on Maze-

CBM.  Authors of four studies (Fore et al., 2009; Jenkins & Jewell, 1993; Tolar et al., 

2014; Tolar et al., 2012) used standardized norm-referenced assessments of reading 

as their criterion measure.  Authors of four other studies (Codding et al., 2014; Espin 

et al., 2010; Fore et al., 2007; Yeo et al., 2012) used results from their state 

achievement tests as their criterion measure.  Pierce et al. (2010) used both a 
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standardized norm-referenced assessment of reading and another CBM (CBM-R) as 

their criterion measures.  Authors of three other studies (McMaster et al., 2006; 

Silberglitt et al., 2006; Tichá et al., 2009) used both a standardized norm-referenced 

assessment of reading and the results from the state achievement test.  Fuchs et al. 

(1993) did not utilize criterion measures in their study. 

 The number of Maze-CBM forms the researchers administered to each student 

in each study ranged from one (Fore et al., 2009; Fore et al., 2007; Silberglitt et al., 

2006) to 15 (Tolar et al., 2014; Tolar et al., 2012).  Fuchs et al. (1993) did not report 

the number of Maze-CBM forms they administered to each student.  Across all 

studies, the average number of Maze-CBM forms researchers administered to each 

student was approximately five.  The time of year the researchers administered Maze-

CBM ranged from fall through spring, with eight studies where researchers gave 

Maze-CBM to their participants in the fall (Codding et al., 2014; Espin et al., 2010; 

Fuchs et al., 1993; Jenkins & Jewell, 1993; Pierce et al., 2010; Tolar et al., 2014; 

Tolar et al., 2012; Yeo et al., 2012), six studies where researchers administered the 

Maze-CBM in the winter (Codding et al., 2014; Fuchs et al., 1993; McMaster et al., 

2006; Tolar et al., 2014; Tolar et al., 2012; Yeo et al., 2012), and  eight studies where 

researchers administered the Maze-CBM in the spring (Codding et al., 2014; Fuchs et 

al., 1993; Jenkins & Jewell, 1993; McMaster et al., 2006; Pierce et al., 2010; Tolar et 

al., 2014; Tolar et al., 2012; Yeo et al., 2012).  In four studies, authors did not report 

the time of year the researchers administered Maze-CBM (Espin & Foegen, 1996; 

Fore et al., 2009; Fore et al., 2007; Tichá et al., 2009).  Silberglitt et al. (2006) 
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reported that they administered Maze-CBM within 2 months of the date of the 

corresponding criterion measures, which were administered in the winter and spring.   

 Authors also administered criterion measures at different times of the year.  

They administered a criterion measure in the fall in four studies (Jenkins & Jewell, 

1993; McMaster et al., 2006; Pierce et al., 2010; Tolar et al., 2012); in the winter in 

three studies (Espin et al., 2010; McMaster et al., 2006; Silberglitt et al., 2006); and 

then, most commonly, in the spring in seven studies (Codding et al., 2014; Jenkins & 

Jewell, 1993; McMaster et al., 2006; Pierce et al., 2010; Silberglitt et al., 2006; Tolar 

et al., 2012; Yeo et al., 2012).  Additionally, authors did not report when criterion 

measures were administered in five studies (Espin & Foegen, 1996; Fore et al., 2009; 

Fore et al., 2007; Tichá et al., 2009; Tolar et al., 2014).  I report detailed information 

about the participants and measures used across the included studies in Table 1.   

Maze-CBM Features 

 Features of Maze-CBM Administration.  The time of administration of the 

Maze-CBM task ranged from 1 minute (Jenkins & Jewell, 1993) to 4 minutes (Espin 

et al., 2010; Tichá et al., 2009)—with 3 minutes as the most common length of 

administration.  Espin et al. (2010) and Tichá et al. (2009) examined administration of 

the Maze-CBM task at 2-, 3-, and 4-minute intervals.  

 In addition, there was some variety in the frequency of words that were 

deleted and replaced by the multiple-choice items.  Fore et al. (2007) reported 

deleting every few words after the first sentence but did not outline a more precise 

method for this deletion.  Fore et al. (2009) reported deleting every fifth word after 

the first sentence.  Deletion of every seventh word after the first sentence was the 
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most common frequency, with authors of nine studies following this procedure (Espin 

& Foegen, 1996; Espin et al., 2010; Fuchs et al., 1993; Jenkins & Jewell, 1993; 

McMaster et al., 2006; Silberglitt et al., 2006; Tichá et al., 2009; Tolar et al., 2012; 

Yeo et al., 2012).  Finally, authors of three studies did not report the frequency in 

which words were deleted and replaced by the multiple-choice items (Codding et al., 

2014; Pierce et al., 2010; Tolar et al., 2014). 

 Although the number of word choices at each deletion in the Maze-CBM 

appears to be common with three choices across studies, the description of the 

method used to create the two distractor items (the incorrect answer choices) was 

dissimilar across studies.  Authors did not report the manner in which they created 

distractors in half of the studies (Codding et al., 2014; Fore et al., 2009; Fore et al., 

2007; McMaster et al., 2006; Pierce et al., 2010; Tolar et al., 2014; Yeo et al., 2012).  

Authors of two studies provided minimal information about the manner in which they 

created distractors—for example, that they were incongruous with the context of the 

story (Jenkins & Jewell, 1993) or that they were comprised of one near and one far 

distractor (Silberglitt et al., 2006)—but did not supply further information.  Espin and 

Foegen (1996) created distractors that were not semantically correct, did not rhyme, 

sound similar, or look visually similar to the correct word choice, and were no more 

than two letters longer or shorter than the correct answer.  Fuchs et al. (1993) 

constructed distractors in which one was semantically correct but neither sounded or 

looked similar to the correct choice.  In both studies by Espin and Foegen (1996) and 

Fuchs et al. (1993), authors also kept the length of the distractors similar to the 

correct choice, meaning each distractor was the same length or within one letter of the 
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correct choice.  Similarly, Espin et al. (2010) selected distractors that were within a 

one letter difference from the correct choice; they also ensured that distractors started 

with different letters and were different parts of speech than the correct choice.  Tichá 

et al. (2009) reported that the distractors were approximately the same in length as the 

distractor but did not provide more specific information as to guidelines for how close 

in length.  Tichá et al. (2009) also selected distractors that were not semantically 

correct and did not sound or look like the correct choice, similar to procedures by 

Espin and Foegen (1996) and Fuchs et al. (1993).  The Tolar et al. (2012) study 

utilized a slightly different approach to selecting distractors.  In their study, authors 

created one distractor which was the same part of speech as the correct word and 

another distractor that was not.  Additionally, they created both distractors by 

randomly selecting from words that appeared in the rest of the passage. 

 The most common way to score the Maze-CBM across these studies was to 

calculate the number of correct choices the student circled.  This method was 

implemented by authors in 12 studies (Codding et al., 2014; Espin & Foegen, 1996; 

Espin et al., 2010; Fore et al., 2009; Fore et al., 2007; Fuchs et al., 1993; Jenkins & 

Jewell, 1993; McMaster et al., 2006; Pierce et al., 2010; Silberglitt et al., 2006; Tichá 

et al., 2009; Yeo et al., 2012).  Additionally, authors of two studies examined multiple 

methods of calculating scores to determine the impact of different scoring procedures 

on the Maze-CBM.  Espin et al. (2010) also calculated scores on the Maze-CBM by 

calculating the number correct minus the number incorrect.  Pierce et al. (2010) 

examined four discrete scoring options: (a) the number correct minus the number 

incorrect, (b) the number correct minus half of the number incorrect, (c) scores based 
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on a two-error rule (i.e., discontinuing scoring after the student made two consecutive 

errors), and (d) scores based on a three-error rule (i.e., discontinuing scoring after the 

student made three consecutive errors).  Pierce et al. (2010) examined these methods 

of scoring to investigate if they would control for the effects of guessing and thus 

more accurately measure the students’ reading ability. 

 Authors of several studies also included the use of a discontinuation rule in 

which scoring stopped after a set number of consecutive incorrect answers.  

Discontinuation of scoring after three consecutive incorrect answers occurred in three 

studies (Espin et al., 2010; Jenkins & Jewell, 1993; Tichá et al., 2009).  Pierce et al. 

(2010) implemented the discontinuation rule after both two and three consecutive 

incorrect answers to compare the two methods.  The authors of the remaining ten 

studies did not report if they used a discontinuation rule when scoring their Maze-

CBMs (Codding et al., 2014; Espin & Foegen, 1996; Fore et al., 2009; Fore et al., 

2007; Fuchs et al., 1993; McMaster et al., 2006; Silberglitt et al., 2006; Tolar et al., 

2014; Tolar et al., 2012; Yeo et al., 2012).  In Table 2, I report a summary of the 

features of Maze-CBM administration across all studies.   

 Text Features.  Authors did not report the length of text used in the Maze-

CBM passages in five of the 14 studies (Codding et al., 2014; Fore et al., 2009; Fore 

et al., 2007; McMaster et al., 2006; Silberglitt et al., 2006).  The authors who did 

report the length of text of Maze-CBM passages, however, used a Maze-CBM 

passage that was 400 words or less (Espin & Foegen, 1996; Fuchs et al., 1993; 

Jenkins & Jewell, 1993; Tolar et al., 2014; Tolar et al., 2012).  Pierce et al. (2010) 

used Maze-CBM passages that were 350 words or longer and Espin et al. (2010) used 
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ones that were 800 words or longer.  Tichá et al. (2009) used passages that were, on 

average, 750 words in length. 

 AIMSweb Maze-CBM probes were the most commonly used source of text 

for the Maze-CBM passages in six studies (Espin & Foegen, 1996; Fore et al., 2007; 

Silberglitt et al., 2006; Tolar et al., 2014; Tolar et al., 2012; Yeo et al., 2012).  Fore et 

al. (2009) and Fuchs et al. (1993) did not report the source of text for the passages 

they used.  In two studies (Espin et al., 2010; Tichá et al., 2009), the authors 

developed Maze-CBM passages using newspaper articles that were both expository 

and narrative.  Silberglitt et al. (2006) used passages that were developed using text 

from the Silver Burdett & Ginn reading series (Pearson et al., 1989) in addition to 

Maze-CBM passages from AIMSweb.  The remaining researchers used a variety of 

other text sources to develop the Maze-CBM passages utilized in their studies (Espin 

& Foegen, 1996; Jenkins & Jewell, 1993; McMaster et al., 2006; Pierce et al., 2010). 

 When authors reported the grade level of the text used in Maze-CBM 

passages, below grade-level text was used most often (Espin & Foegen, 1996; Espin 

et al., 2010; McMaster et al., 2006; Tichá et al., 2009).  Authors of three studies used 

on grade-level text in their Maze-CBM passages (Fuchs et al., 1993; Tolar et al., 

2014; Tolar et al., 2012).  Codding et al. (2014) and Pierce et al. (2010) used a 

combination of on grade-level and off grade-level passages for students.  In these 

same two studies, there was a range of grade level of participants.  Additionally, the 

authors provided on grade-level text to at least one grade of students, while the rest of 

the participants were provided off grade-level text.  Silberglitt et al. (2006) did not 

report the grade level of text used in their study but did report that the difficulty of 
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passages was standardized and equated based on Lexile scores and student 

performance data.  In the remaining four studies, authors did not report grade level of 

text used in the Maze-CBM passages (Fore et al., 2009; Fore et al., 2007; Jenkins & 

Jewell, 1993; Yeo et al., 2012). 

 Authors reported information about the difficulty of the passages used in the 

Maze-CBM in only three studies (Espin et al., 2010; Jenkins & Jewell, 1993; Tichá et 

al., 2009).  Jenkins and Jewell (1993) examined the difficulty of their Maze-CBM 

passages using the Spache readability formula.  They reported a mean Spache 

readability of 2.3.  Espin et al. (2010) and Tichá et al. (2009) reported both the 

Flesch-Kincaid readability level (ranging from 5th to 8th grade) and the Degrees of 

Reading Power level (ranging from 51 to 61).  The authors of the remaining studies 

did not report any measures of difficulty of the Maze-CBM passages they used.  Text 

cohesion was not reported by authors in any of the 14 studies included in the review. 

 Authors did not commonly report the genre of text in the description of the 

Maze-CBM passages in these studies.  Espin and Foegen (1996) reported using 

expository text to create their Maze-CBM passages and Espin et al. (2010) used both 

narrative and expository texts.  The authors of the other 12 studies (Codding et al., 

2014; Fore et al., 2009; Fore et al., 2007; Fuchs et al., 1993; Jenkins & Jewell, 1993; 

McMaster et al., 2006; Pierce et al., 2010; Silberglitt et al., 2006; Tichá et al., 2009; 

Tolar et al., 2014; Tolar et al., 2012; Yeo et al., 2012) did not report the text used to 

create their passages.  I provide a full description of the text features used in the 

Maze-CBM passages across all studies in Table 3.   

Reliability  
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The authors of only one study reported alternate-form reliability (Espin et al., 

2010).  Espin et al. (2010) investigated the differences between scoring measures and 

duration of test administration (i.e., 2, 3, and 4 minutes).  Alternate-form reliability 

coefficients ranged from .79 to .96 with a median of .86 (Espin et al., 2010). 

In four studies (Codding et al., 2014; McMaster et al., 2006; Tichá et al., 

2009; Yeo et al., 2012), authors reported delayed alternate-form reliability results that 

ranged from .52 to .89 with a median of .74.  

 Tolar et al. (2012) were the only authors who reported test-retest reliability 

coefficients.  They investigated two types of Maze-CBM conditions—familiar and 

novel—across Grades 6, 7, and 8.  In the familiar condition, students repeatedly read 

the same passage with each Maze-CBM administration.  The students in the novel 

condition read new passages each time.  The minimum test-retest reliability across all 

grades and conditions was .64 with a maximum of .91.   

 In the majority of studies (Espin & Foegen, 1996; Fore et al., 2009; Fore et al., 

2007; Fuchs et al., 1993; Jenkins & Jewell, 1993; Pierce et al., 2010; Silberglitt et al., 

2006; Tolar et al., 2014), authors did not report calculations of reliability of the Maze-

CBM they used.  In most of these situations, this was not expected because the focus 

of the study was on validity or slope calculations.  

Validity 

In six studies (Codding et al., 2014; Espin & Foegen, 1996; Espin et al., 2010; 

Fore et al., 2007; Tolar et al., 2012; Yeo et al., 2012), authors estimated the predictive 

validity of Maze-CBM with the correlation coefficients ranging from .44 to .81 with a 

median of .62.   



                                                 

41 

 

 In a total of nine studies (Codding et al., 2014; Fore et al., 2009; Jenkins & 

Jewell, 1993; McMaster et al., 2006; Pierce et al., 2010; Silberglitt et al., 2006; Tichá 

et al., 2009; Tolar et al., 2012; Yeo et al., 2012), authors reported the concurrent 

validity of Maze-CBM with coefficients ranging from .22 to .90 with a median of .63.  

In Table 4, I provide detailed information about the reliability as well as the validity 

reported by each study.   

Slope Properties  

 Authors investigated growth or slope estimates of Maze-CBM in seven studies 

(Codding et al., 2014; Fuchs et al., 1993; McMaster et al., 2006; Tichá et al., 2009; 

Tolar et al., 2014; Tolar et al., 2012; Yeo et al., 2012).  The authors used three 

different methods to estimate the slope on Maze-CBM within these studies.  In three 

studies (Fuchs et al., 1993; McMaster et al., 2006; Tolar et al., 2012), authors used 

ordinary least squares (OLS) regression to calculate slope.  Tichá et al. (2009) used 

multilevel modeling instead.  Additionally, authors of three studies utilized latent 

growth models to determine slope of Maze-CBM (Codding et al., 2014; Tolar et al., 

2014; Yeo et al., 2012).   

In the studies that used OLS, the authors reported slopes ranging from 0.17 to 

0.46 with a median of 0.27 correct Maze-CBM replacements per week.  Tolar et al. 

(2014) and Yeo et al. (2012), who both used a latent growth method, reported slopes 

on Maze-CBM that had a larger range (–0.49 to 1.82) and a higher median (0.58) of 

correct replacements per week.  Codding et al. (2014) also used a latent growth 

model—they reported a slope of 4.98 standard deviation increase of correct Maze-

CBM replacements per assessment period (fall, winter, spring).  Tichá et al. (2009) 
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calculated slope of Maze-CBM using multilevel modeling and reported a slope of 

1.29 correct Maze-CBM replacements per week. 

 In addition to calculating the slope of Maze-CBM scores, authors of three 

studies (Tolar et al., 2014; Tolar et al., 2012; Yeo et al., 2012) investigated the 

reliability of the slope calculation by determining the standard error of the estimated 

slope within the latent growth model or the ratio between model-estimated true slope 

variance and observed variance in OLS-estimated individual slope.  Tolar et al. 

(2012) and Yeo et al. (2012) reported standard errors that ranged from 0.04 to 0.23 

with a median value of 0.17.  Tolar et al. (2014) reported reliability of slope as the 

ratio between model-estimated true slope variance and observed variance in OLS-

estimated individual slope, which ranged from .30 to .46 with a median of .33.  In 

these three studies, researchers also examined the predictive validity of slope 

estimates on criterion measures.  Tolar et al. (2014) and Tolar et al. (2012) reported 

correlations of slope to criterion measures that ranged between .11 and .55 with a 

median of .35 across both conditions (familiar and novel passages) and across Grades 

6 through 8.  Yeo et al. (2012) reported this relationship in unstandardized direct 

effect coefficients, which cannot be compared to the coefficients reported in Tolar et 

al. (2014) and Tolar et al. (2012).  In Table 5, I report detailed information on the 

slope outcomes reported in each study.    

Discussion 

The purpose of this synthesis was to examine the features of administration, 

features of the text utilized, and the technical adequacy reported in studies of Maze-

CBM for students in Grades 6 through 12.  Given that many secondary students 
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continue to perform below basic levels of reading proficiency, these students require 

continued reading intervention.  Essential components of providing reading 

intervention are processes of identifying which students need the intervention and 

then monitoring their progress to determine if the intervention was effective.  Due to 

the importance of using formative assessments (such as Maze-CBM) for these 

purposes, schools are looking for guidance on which measures to use and how to use 

them effectively.  The National Center on Intensive Intervention (n.d.) recommends 

Maze-CBM for use as a formative assessment in screening and progress monitoring 

of students in Grade 4 and above; however, they have partial evidence to support its 

use in Grades 6 through 8 and no evidence of its use above Grade 8.   

Despite the need for a more robust understanding of the features of Maze-

CBM, which is used for students in Grades 6 through 12, we continue to lack research 

on it. The research that does exist is limited and lags behind the more robust evidence 

base we have for CBM-R in reading, which dates back over 30 years.  For example, 

the majority of work investigating the use of Maze-CBM for students in Grades 6 

through 12 has been conducted only in the past 8 years, as reflected by the majority of 

studies identified in this synthesis.  Also, many of these studies focus on the technical 

adequacy of the static score, which Fuchs (2004) describes as the first stage of CBM 

research.  Furthermore, while authors consistently reported some features of the 

Maze-CBM (e.g., duration of assessment and scoring methods) in the studies included 

in this synthesis, more evidence about several other critical features of Maze-CBM is 

needed. 
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First, authors of this corpus of studies did not consistently report critical 

information about participants, either in total or disaggregated by demographics of 

interest.  For example, many authors did not disaggregate information by grade level.  

Although both students with disabilities and students who were ELLs were 

represented in the samples across the studies in this synthesis, the authors did not 

report specific sample numbers of these student populations.  Due to this absence of 

reporting or disaggregation of students in special populations (e.g., students with 

disabilities and students who are ELLs), we lack confidence in the generalizability of 

the results to these students.  Because Maze-CBM is a potentially useful tool to 

identify students in need of reading intervention and those not making progress in 

interventions, it is essential that we extend our knowledge about the utility of Maze-

CBM to apply to all populations.  This is especially important for students with 

disabilities and/or ELLs, as these subgroups of students commonly demonstrate 

reading difficulties or disabilities (NCES, 2014). 

Researchers of these studies primarily focused on students in Grades 6 

through 8, with only two studies that involved students above Grade 8.  The scarcity 

of research above Grade 8 indicates that, although we can draw some reasonable 

conclusions about Maze-CBM for students in Grades 6 through 8, we do not yet have 

sufficient evidence on the technical adequacy of Maze-CBM for students in high 

school.  This is a crucial area for future research as it is common for high school 

students to require continued reading intervention, and progress monitoring tools will 

be vital to help evaluate the effectiveness—or lack thereof—of these interventions. 
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 Next, there were many unreported aspects of the Maze-CBM administration in 

the synthesized studies.  For example, the manner in which distractor items were 

created was often vaguely discussed or not reported at all.  In most of the studies, the 

authors did not include information about the difficulty level or genre of the text, and 

in no study did authors include information about the cohesion of text.  The lack of 

information regarding the text used in Maze-CBM makes it difficult to understand 

what features of the measurement could potentially lead to higher reliability and 

validity outcomes.  It is possible that variability of scores between alternate test forms 

is due to features of the text itself, such as the difficulty level, genre, or cohesion.  If 

we can control these factors across alternate forms of Maze-CBM, then scores across 

forms may be more stable for individual students and will allow us to measure growth 

free of measurement error. 

 Reliability coefficients ranged greatly across the studies.  The median 

alternate-form reliability was only calculated for one study and did not yield a median 

reliability coefficient above the level acceptable for making individual decisions 

regarding placement (i.e., .90; Salvia et al., 2007).  The range of coefficients fell 

between .79 and .96, indicating that the coefficients were sometimes acceptable for 

making individual decisions (>.90) and other times were only acceptable for program 

evaluation (>.60; Salvia et al., 2007).  Delayed alternate-form reliability had even 

lower values, showing a range of coefficients between .52 and .89 with a median of 

.74.  Due to the fact that, at times, Maze-CBM fell below the .60 level recommended 

by Salvia et al. (2007), it may not be acceptable even for group decisions.  The 

highest value of delayed alternate-form reliability was also below the acceptable 
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reliability criterion for making individual decisions about placement.  Only one study 

reported test-retest reliability, yet it did not yield coefficients consistently above .90.  

The results of reliability for Maze-CBM for students in Grades 6 through 12 indicate 

that we can sometimes, but not always, be sure that scores are consistent over time or 

across alternate forms to the level that is acceptable for making individual decisions 

about placement in special education or supplemental reading interventions (Salvia et 

al., 2007).  If the primary use of Maze-CBM is to determine which students need 

supplemental interventions and to determine student growth in response to those 

interventions, we need to utilize reading measures that have levels of reliability that 

are at least .80 or above.  Because the reliability authors reported in these studies was 

not above this level, we have reason to be concerned about the use of Maze-CBM for 

determining reading growth of students in Grades 6 through 12.  There is some 

preliminary evidence that Maze-CBM may reach acceptable reliability levels to make 

group and screening decisions for students in this age group, but at this point we 

cannot be confident that the scores on Maze-CBM are consistent across time or 

alternate test forms in order to make high stakes decisions about placement of 

individual students.   

 Findings reported for validity of Maze-CBM also varied greatly across the 

included studies.  The reported median for both predictive and concurrent validity 

was approximately .60, which indicates that Maze-CBM may have strong validity.  

Reported validity coefficients also had ranges that were quite large, with some 

concurrent validity coefficients falling below .30.  These large ranges might be a 

result of the use of many different criterion measures, indicating that Maze-CBM 
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scores may correlate strongly with some criterion measures while correlating weakly 

with others.  The criterion measures used in these studies spanned all aspects of 

reading and made it difficult to determine which construct of reading Maze-CBM can 

be expected to correlate with.  Additionally, the use of researcher-developed 

measures as the criterion measure in some studies and normative standardized 

measures in other studies makes it difficult to draw conclusions about what 

component of reading Maze-CBM is actually measuring.  In order to use Maze-CBM 

as a quick and efficient measure that can indicate the global reading ability of 

students in Grades 6 through 12, we need to be confident in the criterion validity and 

in which measures of global reading ability Maze-CBM relates more strongly to.  At 

this point, we do not have evidence of a strong relationship between Maze-CBM and 

global measures of reading ability for students in Grades 6 through 12.  Additionally, 

with the current emphasis on statewide summative assessments, it would be helpful to 

determine the strength of correlation between Maze-CBM and the statewide 

summative assessments for students in Grades 6 through 12.  This will help educators 

successfully monitor student progress toward end-of-the-year standards using Maze-

CBM. 

 Average reported weekly slopes ranged dramatically across studies, which 

made it difficult to understand the estimated growth rate for students in Grades 6 

through 12.  Authors reported slopes as low as –.49 and as high as 1.82 correct Maze-

CBM replacements per week.  These scores may have ranged so dramatically due to 

the different calculation methods utilized across studies; they also may be due to 

features of the alternate forms of the Maze-CBM, differing student skill levels, or 
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whether the students were participating in an intervention at the time they were 

assessed.  Without a solid understanding of the estimated growth rates of students on 

Maze-CBM, we are not able to successfully determine which students are responding 

adequately to reading intervention versus those who are not, which is one of the 

primary purposes of the use of Maze-CBM and CBM in general.  The few studies that 

also calculated the reliability of slope estimates within latent growth models reported 

a wide range of reliability estimates, which indicates a lack of consensus around the 

reliability of the calculation of slope within this methodology.  Furthermore, the 

slopes calculated in these models did not lead to high levels of correlation with 

criterion measures.  Just as we need reliability of the scores across alternate forms of 

Maze-CBM, we also want to ensure we are measuring individual student growth 

consistently over time.  If we are unsure of the consistency of our slope calculations, 

then we cannot be sure our growth estimates are accurate.  Inaccuracy of slope 

estimates could lead to students being incorrectly identified as responding or not 

responding to intervention.  Incorrect identifications could then potentially result in 

the delivery of services when inappropriate or in situations where we neglect to 

provide services to students who do in fact need them.  This could cause detrimental 

effects on students’ progress toward meeting reading standards. 

Limitations 

There were several limitations of the current synthesis.  In most studies, 

authors did not report information about the passages utilized in creation of Maze-

CBMs.  It could be that the authors of these studies did determine the level of passage 

difficulty or cohesion, for example, but they did not include this information in their 
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manuscripts.  Alternatively, it could be that the authors did not investigate these 

features of the passage when developing their Maze-CBM.  Although this lack of 

reporting makes it difficult to synthesize results, it is important to investigate initial 

findings so that we might guide practitioners in their use of Maze-CBM.  

Additionally, results of reliability and validity estimates were not always 

disaggregated by grade level, making it impossible to synthesize results by grade 

level.  Also itt is difficult to synthesize results of validity reported across studies 

because the criterion measures varied, typically because the authors of these studies 

used a criterion measure specific to the state or region. Finally, this synthesis did 

include reports and technical manuals that are written by test publishers.  These 

psychometric evaluations of published assessments are typically not included in peer 

reviewed journals and did not meet the criteria for inclusion in this synthesis 

Implications and Directions for Future Research 

 There are several implications for both practitioners and researchers as a result 

of the findings of this synthesis.  The results indicate that we are at the early stages of 

research on Maze-CBM, and the technical adequacy for students in Grades 6 through 

12 has not been well documented in the literature.  The results of this review also 

parallel the academic progress monitoring tool chart produced by NCII, which 

contains evidence to support use of only three Maze-CBM assessments at or above 

Grade 6, with no evidence to support use of Maze-CBM above Grade 8.  Although 

preliminary evidence suggests that Maze-CBM may be a reliable and valid indicator 

of reading performance for students in Grades 6 through 8, we know much less about 
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its reliability and validity above Grade 8, which makes it more difficult to understand 

the technical adequacy for high school age students.   

Considering that practitioners are encouraged to use Maze-CBM for both 

screening and progress monitoring decisions, we need to consider the standards of 

reliability and validity for each decision.  Practitioners should exercise caution when 

making individual decisions regarding placement in supplemental reading 

interventions or special education services based on Maze-CBM scores alone.  

Furthermore, since there is not agreement in the literature regarding an expected 

growth rate for students in Grades 6 through 12, it will be difficult to determine 

whether an individual student is making adequate improvement in reading compared 

to an expected rate of growth based on Maze-CBM scores.  For this reason, teachers 

should use a variety of measures, including Maze-CBM, when making placement 

decisions for an individual student.  Maze-CBM, however, may be a useful tool in 

screening students who are at risk of not meeting grade-level reading expectations 

and need additional support, by using it in combination with other sources of data, 

such as state reading assessments.   

 There are several areas that researchers can also improve upon when 

conducting empirical studies of Maze-CBM.  It would be helpful for future studies to 

report findings by grade level so that these results could be synthesized.  Researchers 

should report features of text (e.g., difficulty level) and features of Maze-CBM 

administration (e.g., manner in which they create distractors) in future studies of 

Maze-CBM to allow for future examination of these Maze-CBM qualities across 
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studies.  Researchers should also disaggregate results of reliability and validity by 

grade level so that we can conduct an examination of patterns. 

 Future research needs to further investigate the reliability and validity of 

Maze-CBM for students in Grades 6 through 12 and to examine what features of 

Maze-CBM passages or Maze-CBM administration can lead to higher reliability and 

validity.  The wide range of results for both reliability and validity indicate that 

Maze-CBM can be highly reliable or valid at times but less reliable and valid at other 

times.  We should examine what features of Maze-CBM—such as difficulty level, 

cohesion, genre of passage, and procedures for creation of distractors—can lead to 

higher technical adequacy of Maze-CBM.  Research should also examine the results 

of technical reports written by test publishers in addition to peer reviewed studies as 

these might provide a larger context of findings.  Additionally, we need to further 

study validity of Maze-CBM, especially at the high school level.  It would be 

important to also examine the degree to which different features of Maze-CBM 

passages relate to measures of the college and career readiness expectations set forth 

by ESSA and CCSS as many states transition to utilization of the Partnership for 

Assessment of Readiness for College and Careers (PARCC; 2014) and Smarter 

Balanced Assessment Consortium (n.d.) assessments.  Finally, further research should 

examine the growth rates of Maze-CBM for students in Grades 6 through 12 and the 

reliability of these rates because very little is known at this time about expected 

growth on these measures.   

 Although little is known about Maze-CBM and its use for screening and 

progress monitoring students for reading in Grades 6 through 12, teachers are still 
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faced with making these instructional decisions every day.  Therefore, we need to 

proceed with investigating this assessment since it is one of few assessments that can 

be used for both purposes.  With further research on Maze-CBM for students in 

Grades 6 through 12, we can continue to build evidence for use of Maze-CBM for 

screening and progress monitoring decisions for all students.  A solid understanding 

of the reliability and validity of Maze-CBM static scores and growth scores will allow 

research to shift to the investigation of the instructional utility of Maze-CBM for both 

practitioners and students. 

 

 



 

 

53 

 

Table 1 

 

Sample and Measures 
 Sample Measures 

Study Total 
Sample  

Total 
Students 

in Grades 

6–12 

Special 
Education  

Struggling 
Readers  

ELLs  Grade 
of 

Students 

Criterion 
Measures 

# of Maze-
CBM Probes 

Administered   

Time of Year 
Maze-CBM 

Administered 

Time of Year 
Criterion 

Measures 

Administered 

Codding, 
Petscher, & 

Truckenmiller, 

2014 

279 279 53 N/A 20 7th 
grade 

Massachusetts 
Comprehensive 

Assessment 

System- English 
Language Arts 

3 Fall, winter, 
& spring 

Spring 

Espin & 

Foegen, 1996 

184 184 13 41 N/A 6th–8th 

grades 

10 multiple-

choice 

comprehension 
questions 

2 NR NR 

              10 multiple-

choice item 
daily test from 

timed reading 

      

              posttest of 25 

multiple-choice 
questions 

      

Espin, 

Wallace, 
Lembke, 

Campbell, & 

Long, 2010 

236 236 21 0 N/A 8th 

grade 

Minnesota Basic 

Standards Test 
in reading  

2 Fall Winter 

Fore, Boon, 

Burke, & 

Martin, 2009 

55 55 55 N/A N/A 6th–8th 

grades 

Woodcock 

Johnson III 

Passage 

Comprehension 
subtest  

1 NR NR 

              Woodcock       
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Johnson III 

Reading 
Fluency subtest 

Fore, Boon, & 

Martin, 2007 

50 50 50 N/A N/A 6th–8th 

grades 

Criterion 

Referenced 

Competency 
Test (CRCT), 

Georgia's 

accountability 
test 

1 NR NR 

Fuchs, Fuchs, 

Hamlett, Walz, 
& Germann, 

1993 

257 45 5 N/A N/A 1st–6th 

grades 

N/A NR Fall to spring N/A 

Jenkins & 

Jewell, 1993 

335 125 NR N/A N/A 2nd–6th 

grades 

Gates-

MacGinitie 
Reading Tests 

Total Reading 

3 Fall & spring Fall  

             Comprehension       

             Metropolitan 

Achievement 
Tests (MAT) 

Total Reading 

    Spring 

             Comprehension       

McMaster, 
Wayman, & 

Cao, 2006 

25 25 0 25 25 8th–
12th 

grades 

Test of 
Emerging 

Academic 

English 
(academic 

language 

proficiency) 

5 Winter to 
spring (every 

3 weeks) 

Fall 

              Woodcock 

Johnson III 

Letter Word ID 

Subtest 

    Winter & 

Spring 
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              Woodcock 

Johnson III 
Word Attack 

Subtest 

    Winter & 

Spring 

              Comprehensive 

Reading 
Assessment 

Battery Oral 

Reading 

    Winter & 

Spring 

              Comprehensive 

Reading 

Assessment 
Battery 

Comprehension 

    Winter & 

Spring 

              Comprehensive 

Reading 
Assessment 

Battery Maze-

CBM 

    Winter & 

Spring 

              Minnesota Basic 

Skills Test Total 

    Winter 

              Minnesota Basic 
Skills Test 

Literal  

    Winter 

              Minnesota Basic 

Skills Test 
Inferential 

    Winter 

Pierce, 

McMaster, & 
Deno, 2010  

199 54 Not dis-

aggregate
d 

54 Not 

dis-
aggre

gated 

1st–11th 

grades 

Kaufman Test of 

Educational 
Achievement-

Second Edition 

Letter Word 

Identification 

4 Fall & spring Spring 

              Kaufman Test of 

Educational 

Achievement-

    Spring 
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Second Edition 

Reading 
Comprehension 

              Oral Reading 

Fluency CBM 

    Fall & Spring 

Silberglitt, 
Burns, 

Madyun, & 

Lail, 2006 

5,472 1,310 NR NR NR 3rd, 5th, 
7th, & 

8th 

grades 

Minnesota 
Comprehensive 

Assessments-

Reading (state 
achievement 

test) 

1 Within 2 
months of 

date of 

correspondin
g criterion 

measure 

Spring 

              Basic Standards 
Test-Reading 

(criterion 

references 

standardized 
achievement 

test) 

    Winter 

Tichá, Espin, 
& Wayman, 

2009 

35 35 5 9 1 8th 
grade 

Woodcock 
Johnson III 

Broad Reading 

Cluster 

10 NR NR 

              Minnesota Basic 

Skills Test 

    NR 

Tolar et al., 

2012 

1,343 1,343 NR NR NR 6th–8th 

grades 

Test of Word 

Reading 
Efficiency 

(TOWRE) Sight 

Word Efficiency 
& Phonemic 

Decoding 

15 Fall, winter, 

& spring  

Beginning of 

year, End of 
year 

              Woodcock 

Johnson III 
Passage 

Comprehension 

    Beginning of 

year, End of 
year 
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              Group Reading 

Assessment and 
Diagnostic 

Evaluation 

Passage 

Comprehension 
(GRADE) 

    Beginning of 

year, End of 
year 

Tolar, Barth, 

Fletcher, 
Francis, & 

Vaughn, 2014 

1,343 1,343 N/A 755 N/A 6th–8th 

grades 

Woodcock 

Johnson III 
Passage 

Comprehension 

15 Fall, winter, 

& spring 

NR 

              Test of Word 
Reading 

Efficiency 

(TOWRE) Sight 

Word Efficiency 
& Phonemic 

Decoding 

      

Yeo, 
Fearrington, & 

Christ, 2012 

1,528 755 Not dis-
aggregate

d 

N/A N/A 3rd–8th 
grades 

Tennessee 
Comprehensive 

Assessment 

Program 
(TCAP) 

3 Fall, winter, 
& spring 

Spring 

Note. Numbers in the sample columns for Total Sample, Total Students in Grades 6–12, Special Education, Struggling Readers, and 

ELLs indicate the number of students reported in each study.  ELLs=English Language Learners; N/A=not applicable to the study; 

NR=not reported. 
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Table 2 

 

Features of Maze-CBM Administration 

Study Time of 

Administration 

(e.g., 1 minute) 

How Are 

Words Deleted? 

How Many 

Choices at 

Each 

Deletion? 

How Are Distractors 

Created?  

Scoring 

Procedures 

Discontinuation 

Rule Used? 

How? 

Codding, Petscher, 

& Truckenmiller, 

2014 

3 minutes NR NR NR Number 

correct 

NR 

Espin & Foegen, 

1996 

2 minutes Every 7th word 

deleted after 1st 

sentence 

3 They were not 

semantically correct, 

did not rhyme or sound 

similar to the correct 

answer, were not 

visually similar to the 

correct choice, and 

were no more than two 

letters longer or shorter 

than the correct answer 

Number 

correct 

NR 

Espin, Wallace, 

Lembke, Campbell, 

& Long, 2010 

2, 3, and 4 

minutes 

Every 7th word 

deleted 

3 Were within one letter 

in length of correct 

word, started with 

different letters than 

correct word, and had 

different parts of 

speech from correct 

word 

Number 

correct and 

number correct 

minus number 

incorrect  

Yes, 

discontinue 

scoring after 3 

consecutive 

incorrect 

Fore, Boon, Burke, 

& Martin, 2009 

3 minutes Every 5th word 

deleted after 1st 

sentence 

3 NR Number 

correct  

NR 
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Fore, Boon, & 

Martin, 2007 

3 minutes Every few 

words deleted 

after 1st 

sentence 

3 NR Number 

correct  

NR 

Fuchs, Fuchs, 

Hamlett, Walz, & 

Germann, 1993 

2.5 minutes 1st sentence 

was intact, 

every 7th word 

deleted after 

3 One was semantically 

correct, not auditorally 

or graphically similar, 

and was same length or 

within one letter of the 

correct replacement 

Number 

correct  

NR 

Jenkins & Jewell, 

1993 

1 minute Every 7th word 

deleted  

3 Clearly incongruous 

with the context of the 

story 

Number 

correct  

After three 

consecutive 

incorrect 

choices 

McMaster, 

Wayman, & Cao, 

2006 

2 minutes Every 7th word 

deleted after 1st 

sentence 

3 NR Number 

correct  

NR 

Pierce, McMaster, 

& Deno, 2010  

2 minutes NR NR NR Number 

correct, 

Number 

correct minus 

number 

incorrect, 

Number 

correct minus 

1/2 incorrect, 

Two-error rule, 

Three-error 

rule 

Discontinued 

after two 

consecutive 

errors and after 

three 

consecutive 

errors 

Silberglitt, Burns, 

Madyun, & Lail, 

2006 

3 minutes Every 7th word 

deleted after 1st 

sentence 

3 One near and one far 

distractor 

Number 

correct  

NR 
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Tichá, Espin, & 

Wayman, 2009 

2, 3, and 4 

minutes 

1st sentence 

intact, every 7th 

word deleted 

after 

3 Not semantically 

correct, auditorally and 

graphically different 

from the correct choice 

but approximately the 

same length 

Number 

correct  

After three 

consecutive 

incorrect 

choices 

Tolar, Barth, 

Fletcher, Francis, & 

Vaughn, 2014 

3 minutes NR 3  NR  Number 

correct minus 

number 

incorrect 

NR 

Tolar et al., 2012 3 minutes Every 7th word 

deleted after 1st 

sentence 

3 One distractor is a 

word that is the same 

part of speech, the 

other is not the same 

type and is randomly 

selected from the 

passage 

Number 

correct minus 

number 

incorrect 

NR 

Yeo, Fearrington, 

& Christ, 2012 

3 minutes Every 7th word 

deleted after 1st 

sentence 

3 NR Number 

correct 

NR 

Note. NR=not reported. 

 



                                                 

61 

 

Table 3 

 

Text Features 

Study Length of 

Text in 

Words 

Source of Text On or Off 

Grade Level 

Readability 

Formula Used 

Readability 

Level 

Text Cohesion Type of 

Text 

(Genre) 

Codding, Petscher, 

& Truckenmiller, 

2014 

NR AIMSweb Off for all 

except 7th 

grade 

NR NR NR NR 

Espin & Foegen, 

1996 

400  Timed Readings 

Book 2 

Below grade 

level 

NR NR NR Expository 

Espin, Wallace, 

Lembke, Campbell, 

& Long, 2010 

≥800  Human interest 

stories in the 

local newspaper 

Below grade 

level 

Flesch-

Kincaid 

formula 

Degrees of 

Reading 

Power 

5th to 7th 

grade 

51 to 61 

NR Newspaper 

articles 

(both 

narrative 

and 

expository) 

Fore, Boon, Burke, 

& Martin, 2009 

NR NR NR NR NR NR NR 

Fore, Boon, & 

Martin, 2007 

NR AIMSweb  NR NR NR NR NR 

Fuchs, Fuchs, 

Hamlett, Walz, & 

Germann, 1993 

400  NR On grade level NR NR NR NR 

Jenkins & Jewell, 

1993 

226–313 Basic Academic 

Skills Samples 

NR Mean Spache  2.3 NR NR 

McMaster, 

Wayman, & Cao, 

2006 

NR Standard 

Reading 

Passages 

Below grade 

level 

NR NR NR NR 
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Pierce, McMaster, 

& Deno, 2010  

≥350  Project 

PROACT 

MAZEN/ACBM 

Reading 

Passages 

Below or 

above grade 

level for all but 

2nd grade 

NR NR NR NR 

Silberglitt, Burns, 

Madyun, & Lail, 

2006 

NR From the Silver 

Burdett & Ginn 

reading series 

and AIMSweb 

N/A NR NR NR NR 

Tichá, Espin, & 

Wayman, 2009 

Average of 

750  

Articles from a 

newspaper 

Below grade 

level 

Flesch-

Kincaid 

formula 

Degrees of 

Reading 

Power  

5th to 8th 

grade 

 

51 to 61 

NR NR 

Tolar, Barth, 

Fletcher, Francis, & 

Vaughn, 2014 

150–400 AIMSweb  On grade level NR NR NR NR 

Tolar et al., 2012 150–400  AIMSweb  On grade level NR NR NR NR 

Yeo, Fearrington, 

& Christ, 2012 

150–400  AIMSweb  NR NR NR NR NR 

Note. N/A=not applicable to the study; NR=not reported. 
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Table 4 

 

Reliability and Validity 

  Reliability Validity 

Study Criterion Measures 

Delayed 

Alternate-

Form 

Reliability 

Alternate-

Form 

Reliability 

Test-Retest 

Reliability 

Predictive 

Validity 

Concurrent 

Validity 

Codding, 

Petscher, & 

Truckenmiller, 

2014 

Massachusetts Comprehensive 

Assessment System-English Language 

Arts (MCAS-EL), Fall to MCAS-EL 

.80 N/A N/A .65 N/A 

 Winter to MCAS-EL       .65 N/A 

 Spring to MCAS-EL       N/A .70 

Espin & 

Foegen, 1996 

10 multiple-choice comprehension 

questions 

N/A N/A N/A .56 N/A 

  10 multiple-choice daily test from 

timed reading 

N/A N/A N/A .59 N/A 

  Posttest of 25 multiple-choice questions N/A N/A N/A .62 N/A 

Espin, 

Wallace, 

Lembke, 

Campbell, & 

Long, 2010 

Minnesota Basic Standards Test in 

reading                                                     

Correct choices 2 minutes 

N/A .80 N/A .75 NR 

  Correct choices 3 minutes N/A .86 N/A .77 NR 

  Correct choices 4 minutes N/A .88 N/A .80 NR 

  Correct minus incorrect 2 minutes N/A .79 N/A .77 NR 

  Correct minus incorrect 3 minutes N/A .86 N/A .78 NR 

  Correct minus incorrect 4 minutes N/A .96 N/A .81 NR 
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Fore, Boon, 

Burke, & 

Martin, 2009 

Woodcock Johnson III Passage 

Comprehension subtest  

N/A N/A N/A N/A .89 

  Woodcock Johnson III Reading 

Fluency subtest 

N/A N/A N/A N/A .22 

Fore, Boon, & 

Martin, 2007 

Criterion-referenced competency test 

(CRCT) 

N/A N/A N/A .44 N/A 

Fuchs, Fuchs, 

Hamlett, 

Walz, & 

Germann, 

1993 

N/A N/A N/A N/A N/A N/A 

Jenkins & 

Jewell, 1993 

Gates-MacGinitie Reading Tests Total 

Reading 

N/A N/A N/A N/A .71 

 Comprehension         .68 

 Metropolitan Achievement Tests 

(MAT) Total Reading 

        .67 

 Comprehension         .65 

McMaster, 

Wayman, & 

Cao, 2006 

Test of Emerging Academic English 

(academic language proficiency) 

Median=.80 

(.75– .89) 

NR NR NR .59 

  Woodcock Johnson III Letter Word ID 

Subtest 

Time 1 to 

Time 5=.74 

    NR .74 

  Woodcock Johnson III Word Attack 

Subtest 

      NR .68 

  Comprehensive Reading Assessment 

Battery Oral Reading 

      NR .85 

  Comprehensive Reading Assessment 

Battery Comprehension 

      NR .60 

  Comprehensive Reading Assessment 

Battery Maze-CBM 

      NR .90 
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  Minnesota Basic Skills Test Total       NR .68 

  Minnesota Basic Skills Test Literal        NR .64 

  Minnesota Basic Skills Test Inferential       NR .48 

Pierce, 

McMaster, & 

Deno, 2010  

Kaufman Test of Educational 

Achievement-Second Edition Letter 

Word Identification 2 errors 

N/A NR  N/A   .70 

  3 errors         .72 

  All correct Maze-CBM choices         .71 

  Correct Maze-CBM choices minus 

incorrect Maze-CBM choices 

        .75 

  Correct Maze-CBM choices minus 1/2 

incorrect Maze-CBM choices 

        .74 

  Kaufman Test of Educational 

Achievement-Second Edition Reading 

Comprehension 2 errors 

        .63 

  3 errors         .64 

  All correct Maze-CBM choices         .61 

  Correct Maze-CBM choices minus 

incorrect Maze-CBM choices 

        .69 

  Correct Maze-CBM choices minus 1/2 

incorrect Maze-CBM choices 

        .66 

  Oral Reading Fluency CBM 2 errors         .72 

  3 errors         .74 

  All correct Maze-CBM choices         .76 

  Correct Maze-CBM choices minus 

incorrect Maze-CBM choices 

        .73 

  Correct Maze-CBM choices minus 1/2 

incorrect Maze-CBM choices 

        .75 

Silberglitt, 

Burns, 

Madyun, & 

Lail, 2006 

Minnesota Comprehensive 

Assessments-Reading (state 

achievement test) 7th grade 

N/A N/A N/A N/A .54 
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  Basic Standards Test-Reading (criterion 

references standardized achievement 

test) OR Minnesota Comprehensive 

Assessments-Reading (state 

achievement test) 8th grade 

      N/A .48 

Tichá, Espin, 

& Wayman, 

2009 

Woodcock Johnson III Broad Reading 

Cluster   

2 minutes 

 

 

.84 

N/A N/A N/A  

 

.86 

 3 minutes .87       .88 

 4 minutes .88       .88 

  Minnesota Basic Skills Test            

2 minutes 

         

.80 

  3 minutes         .82 

  4 minutes         .85 

Tolar, Barth, 

Fletcher, 

Francis, & 

Vaughn, 2014 

Woodcock Johnson III Passage 

Comprehension              Familiar 

Typical 

N/A N/A N/A N/A N/A 

  Familiar Struggling No Intervention N/A N/A N/A N/A N/A 

  Familiar Struggling Intervention N/A N/A N/A N/A N/A 

  Novel Typical N/A N/A N/A N/A N/A 

  Novel Struggling No Intervention N/A N/A N/A N/A N/A 

  Novel Struggling Intervention N/A N/A N/A N/A N/A 

  Test of Word Reading Efficiency 

(TOWRE) Sight Word Efficiency & 

Phonemic Decoding                                    

Familiar Typical 

N/A N/A N/A N/A N/A 

  Familiar Struggling No Intervention N/A N/A N/A N/A N/A 

  Familiar Struggling Intervention N/A N/A N/A N/A N/A 

  Novel Typical N/A N/A N/A N/A N/A 
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  Novel Struggling No Intervention N/A N/A N/A N/A N/A 

  Novel Struggling Intervention N/A N/A N/A N/A N/A 

Tolar et al., 

2012 

Test of Word Reading Efficiency 

(TOWRE) Grade 6 Familiar 

N/A N/A Median=.8

6 (.80–.87) 

Wave 1=.60, 

Wave 2=.64, 

Wave 3=.63, 

Wave 4=.64 

Wave 

1=.57, 

Wave 

5=.61 

  Grade 7 Familiar N/A N/A Median=.8

7 (.82–.91) 

Wave 1=.53, 

Wave 2=.57, 

Wave 3=.57, 

Wave 4=.49 

Wave 

1=.58, 

Wave 

5=.55 

  Grade 8 Familiar N/A N/A Median=.8

8 (.68–.78) 

Wave 1=.55, 

Wave 2=.53, 

Wave 3=.54, 

Wave 4=.56 

Wave 

1=.45, 

Wave 

5=.54 

  Grade 6 Novel N/A N/A Median=.7

5 (.69–.79) 

Wave 1=.57, 

Wave 2=.61, 

Wave 3=.62, 

Wave 4=.58 

Wave 

1=.56, 

Wave 

5=.63 

  Grade 7 Novel N/A N/A Median=.7

5 (.64–.79) 

Wave 1=.50, 

Wave 2=.59, 

Wave 3=.63, 

Wave 4=.60 

Wave 

1=.48, 

Wave 

5=.53 

  Grade 8 Novel N/A N/A Median=.7

4 (.68–.78) 

Wave 1=.54, 

Wave 2=.58, 

Wave 3=.62, 

Wave 4=.58 

Wave 

1=.51, 

Wave 

5=.62 

Tolar et al., 

2012  

Woodcock Johnson III Passage 

Comprehension Grade 6 Familiar 

N/A N/A N/A Wave 1=.65, 

Wave 2=.68, 

Wave 3=.67, 

Wave 4=.67 

Wave 

1=.69, 

Wave 

5=.68 
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  Grade 7 Familiar N/A N/A N/A Wave 1=.54, 

Wave 2=.58, 

Wave 3=.60, 

Wave 4=.60 

Wave 

1=.53, 

Wave 

5=.62 

  Grade 8 Familiar N/A N/A N/A Wave 1=.63, 

Wave 2=.65, 

Wave 3=.66, 

Wave 4=.67 

Wave 

1=.61, 

Wave 

5=.68 

  Grade 6 Novel N/A N/A N/A Wave 1=.61, 

Wave 2=.61, 

Wave 3=.61, 

Wave 4=.65 

Wave 

1=.56, 

Wave 

5=.63 

  Grade 7 Novel N/A N/A N/A Wave 1=.54, 

Wave 2=.63, 

Wave 3=.62, 

Wave 4=.65 

Wave 

1=.54, 

Wave 

5=.61 

  Grade 8 Novel N/A N/A N/A Wave 1=.64, 

Wave 2=.70, 

Wave 3=.68, 

Wave 4=.73 

Wave 

1=.60, 

Wave 

5=.69 

  Group Reading Assessment and 

Diagnostic Evaluation Passage 

Comprehension (GRADE) Grade 6 

Familiar 

N/A N/A N/A Wave 1=.63, 

Wave 2=.69, 

Wave 3=.63, 

Wave 4=.64 

Wave 

1=.56, 

Wave 

5=.62 

  Grade 7 Familiar N/A N/A N/A Wave 1=.59, 

Wave 2=.65, 

Wave 3=.66, 

Wave 4=.65 

Wave 

1=.56, 

Wave 

5=.66 

  Grade 8 Familiar N/A N/A N/A Wave 1=.62, 

Wave 2=.62, 

Wave 3=.65, 

Wave 4=.68 

Wave 

1=.61, 

Wave 

5=.70 
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  Grade 6 Novel N/A N/A N/A Wave 1=.60, 

Wave 2=.64, 

Wave 3=.62, 

Wave 4=.65 

Wave 

1=.52, 

Wave 

5=.63 

  Grade 7 Novel N/A N/A N/A Wave 1=.60, 

Wave 2=.56, 

Wave 3=.59, 

Wave 4=.65 

Wave 

1=.50, 

Wave 

5=.60 

  Grade 8 Novel N/A N/A N/A Wave 1=.51, 

Wave 2=.61, 

Wave 3=.60, 

Wave 4=.63 

Wave 

1=.59, 

Wave 

5=.63 

Yeo, 

Fearrington, & 

Christ, 2012 

Tennessee Comprehensive Assessment 

Program (TCAP)    

Grade 6 Fall to TCAP 

Grade 6 Fall 

to 

Winter=.63 

N/A N/A .47 N/A 

  Grade 6 Winter to TCAP Grade 6 Fall 

to 

Spring=.69 

    .50 N/A 

  Grade 6 Spring to TCAP Grade 6 

Winter to 

Spring=.66 

    N/A .49 

  Grade 7 Fall to TCAP Grade 7 Fall 

to 

Winter=.52 

    .51 N/A 

  Grade 7 Winter to TCAP Grade 7 Fall 

to 

Spring=.74 

    .45 N/A 

  Grade 7 Spring to TCAP Grade 7 

Winter to 

Spring=.64 

    N/A .60 

 Grade 8 Fall to TCAP Grade 8 Fall 

to 

Winter=.74 

    .56 N/A 
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 Grade 8 Winter to TCAP Grade 8 Fall 

to 

Spring=.63 

    .59 N/A 

  Grade 8 Spring to TCAP Grade 8 

Winter to 

Spring=.72 

    N/A .61 

Note. N/A=not applicable to the study; NR=not reported. 
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Table 5 

 

Growth/Slope Results 

Study 
Method of Slope 

Calculation 

Average Slope per 

Week 
Reliability of Slope 

Correlations of Growth 

and Criterion Measures 

Codding, Petscher, & 

Truckenmiller, 2014 

Latent growth model 4.98 standard deviations 

per assessment period 

NR N/A 

Espin & Foegen, 1996 N/A N/A N/A N/A 

Espin, Wallace, Lembke, 

Campbell, & Long, 2010 

N/A N/A N/A N/A 

Fore, Boon, Burke, & 

Martin, 2009 

N/A N/A N/A N/A 

Fore, Boon, & Martin, 

2007 

N/A N/A N/A N/A 

Fuchs, Fuchs, Hamlett, 

Walz, & Germann, 1993 

OLS regression 0.27 NR N/A 

Jenkins & Jewell, 1993 N/A N/A N/A N/A 

McMaster, Wayman, & 

Cao, 2006 

OLS regression  0.41 NR N/A 

Pierce, McMaster, & 

Deno, 2010  

N/A N/A N/A N/A 

Silberglitt, Burns, 

Madyun, & Lail, 2006 

N/A N/A N/A N/A 

Tichá, Espin, & Wayman, 

2009 

Multilevel modeling 1.29 N/A N/A 
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Tolar, Barth, Fletcher, 

Francis, & Vaughn, 2014 

Model determined slope 

in unconditional model 

Familiar Typical=1.82 Familiar Typical=0.33 WJ-III Passage 

Comprehension:             

 

Familiar Typical=0.52 

    Familiar Struggling No 

Intervention=1.04 

Familiar Struggling No 

Intervention= 0.46 

Familiar Struggling No 

Intervention=0.43 

  Familiar Struggling 

Intervention=1.32 

Familiar Struggling 

Intervention=0.35 

Familiar Struggling 

Intervention=0.46 

  Novel Typical=0.83 Novel Typical=0.32 Novel Typical=0.4 

  Novel Struggling No 

Intervention=0.58 

Novel Struggling No 

Intervention=NR 

Novel Struggling No 

Intervention=NR 

  Novel Struggling 

Intervention=0.46 

Novel Struggling 

Intervention=0.3 

Novel Struggling 

Intervention=0.52 

    Test of Word Reading 

Efficiency (TOWRE) 

Sight Word Efficiency 

& Phonemic Decoding:                                    

Familiar Typical=0.36 

    Familiar Struggling No 

Intervention=0.45 

    Familiar Struggling 

Intervention=0.26 

    Novel Typical=0.42 

    Novel Struggling No 

Intervention=NR 

    Novel Struggling 

Intervention=0.24 

Tolar et al., 2012 OLS regression  Grade 6 Familiar=0.46 Grade 6 Familiar=0.17 Test of Word Reading 

Efficiency (TOWRE): 

 

Grade 6 Familiar=0.38 

    Grade 7 Familiar=0.46 Grade 7 Familiar=0.16 Grade 7 Familiar=0.25 

    Grade 8 Familiar=0.43 Grade 8 Familiar=0.18 Grade 8 Familiar=0.34 
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    Grade 6 Novel=0.21 Grade 6 Novel=0.19 Grade 6 Novel=0.30 

    Grade 7 Novel=0.22 Grade 7 Novel=0.21 Grade 7 Novel=0.11 

    Grade 8 Novel=0.17 Grade 8 Novel=0.23 Grade 8 Novel=0.28 

      WJ-III Passage 

Comprehension: 

Grade 6 Familiar=0.42 

      Grade 7 Familiar=0.43 

      Grade 8 Familiar=0.47 

      Grade 6 Novel=0.30 

      Grade 7 Novel=0.17 

      Grade 8 Novel=0.28 

      Group Reading 

Assessment and 

Diagnostic Evaluation 

Passage 

Comprehension 

(GRADE): 

Grade 6 Familiar=0.32 

      Grade 7 Familiar=0.42 

      Grade 8 Familiar=0.55 

      Grade 6 Novel=0.29 

      Grade 7 Novel=0.14 

      Grade 8 Novel=0.33 

Yeo, Fearrington, & 

Christ, 2012 

Model determined in 

linear univariate growth 

model 

Grade 6=0.38 Grade 6=0.05 * 

    Grade 7=0.49 Grade 7=0.04   

   Grade 8=–0.49 Grade 8=0.07   

Note. N/A=not applicable to the study; NR=not reported; OLS=ordinary least squares. *=Yeo et al. (2012) reported predictive 

validity of the Maze-CBM slope by calculating the unstandardized direct effect coefficient of their latent growth model. 
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Abstract 

A growing number of high schools are adopting Response to Intervention and Multi-

Tiered Systems of Support models to support students in need of reading intervention.  

It is critical that schools have access to measures of reading ability that can be used to 

quickly determine which students are at risk in reading and thus need additional 

reading intervention.  Teachers commonly use Maze Curriculum-Based Measurement 

(Maze-CBM) for screening students in reading, but little research has been conducted 

on its utility at the high school level.  This study investigated the use of Maze-CBM 

for screening students in Grade 9 and 10.  Specifically, I examined the concurrent 

validity of Maze-CBM for determining which students are at risk in reading by using 

signal detection methods.  In this paper, I also examine the alternate-form reliability 

of Maze-CBM.  Implications and directions for future research are discussed. 

Keywords: curriculum-based measurement, Maze, reading, secondary students 
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The Validity and Reliability of Maze-CBM for Reading Screening of High School 

Students 

It is becoming a growing trend in the United States for secondary schools to 

implement schoolwide models of reading instruction, commonly known as Response 

to Intervention or Multi-Tiered Systems of Support (Vaughn & Fletcher, 2012).  

These models have three major components: (a) determining which students are at 

risk of reading failure (i.e., screening), (b) providing tiered levels of interventions to 

students who are at risk, and (c) monitoring the effectiveness of the interventions 

provided to students (i.e., progress monitoring).  Curriculum-based measurement 

(CBM) is a common assessment tool utilized in both screening and progress 

monitoring processes, but little is known about the reliability, validity, and utility of 

CBM for making these decisions with high school students (Stecker, Fuchs, & Fuchs, 

2005; Wayman, Wallace, Wiley, Tichá, & Espin, 2007).  The purpose of this study is 

to examine the utility of CBM as a screening tool for high school students. 

Maze-CBM 

 Although there are many CBMs available for use to screen and monitor the 

progress of students’ reading ability and growth, the most commonly recommended 

CBM in the area of reading for students in high school is Maze-CBM (National 

Center on Intensive Intervention, n.d.; Torgesen & Miller, 2009).  Maze-CBM is a 

standardized and validated formative assessment designed to measure students’ 

general reading ability.  Maze administration requires students to silently read a 

passage for several minutes (e.g., most commonly 3 minutes).  As students read the 

passage, they encounter deleted words at fixed ratios; those words are then replaced 
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with a choice of three words (one correct response and two distractors).  At the 

deletion point, students are asked to select the word that they believe is the correct 

replacement in the sentence.  Scores on Maze-CBM are calculated in a variety of 

ways, although the most common scoring protocol is to count the correct number of 

replacements the student made in the given testing time.  Maze-CBM is intended to 

reflect the curricular expectations for students, which is why a variety of text types 

are used in the passages—including both expository and narrative. Although intended 

to reflect overall reading comprehension ability, Maze-CBM has been criticized for 

lacking face validity because it does not involve answering complex questions about 

the deeper meaning of text. 

Using CBM to Identify Risk 

 At the elementary level, schools commonly use CBM to initially identify 

students who might be at risk and in need of supplemental intervention.  At the high 

school level, however, the question remains whether formal screening for reading risk 

using Maze-CBM, or another formative assessment, is necessary.  Those opposed to 

additional screening using CBM at the high school level would argue that by the time 

students are in high school, we have sufficient historical data (e.g., course grades, 

state assessment results, and behavior referrals) to identify students who are in need 

of supplemental intervention without dedicating resources for additional screening 

using CBM (Balfanz, Herzog, & Mac Iver, 2007; Kennelly & Monrad, 2007).   

Others, such as Torgesen and Miller (2009), advocate that a formal screening 

process for reading is an essential component of a comprehensive assessment plan for 

high school students.  In fact, Torgesen and Miller (2009) indicate that at the high 
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school level, we have a greater need to determine not just who is at risk but also 

which students need a more intensive intervention versus a less intensive intervention.  

Because resources for providing supplemental intervention are often limited at the 

high school level, due to students’ requirements to take particular courses for 

graduation, it is important to correctly identify those students who are truly at risk and 

also to what degree they need intervention.  When schools can correctly identify 

students truly at risk, then they can direct their resources in the most efficient manner.  

Furthermore, screening may be necessary at the high school level when schools do 

not have adequate extant data on some students—for example, students who are new 

to a school or a school district.  In these cases, schools need to conduct some type of 

assessment upon arrival to determine whether students need intervention.  Lastly, 

some schools may use screening data in conjunction with existing data such as prior 

year’s state assessment scores, class grades, attendance records, to confirm decisions 

made using the schools’ existing data about which students need intervention.  In this 

case schools might begin making decisions based on existing data about the students 

and then screen only students which are suspected of needing additional support 

based on this data.  This confirmation is important to avoid providing additional 

instruction to students who do not really need it and potentially missing the 

opportunity to provide intervention for students who may have regressed over the 

summer.  In sum, there are a myriad of reasons for high schools to conduct screening 

at the beginning of each school year. 

Importance of Technical Adequacy 
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If schools plan to use Maze-CBM measures, it is critical that those measures 

are technically adequate (i.e., reliable across forms and valid for measuring reading 

ability).  Because Maze-CBM is often administered multiple times throughout the 

year, multiple forms are required.  We assume that these alternate forms are 

equivalent and therefore students’ scores will remain stable regardless of the form.  

For this reason, before we examine the use of these alternate forms across the school 

year, it is important to establish the technical adequacy of the static score (i.e., the 

performance of a student across all forms taken at one particular point in time) to 

ensure that the alternate forms of the Maze-CBM function in a similar manner free of 

measurement error.  This is particularly vital for measures like the Maze-CBM, which 

can be used for both screening and progress monitoring because alternate forms are 

commonly used.  In practice, teachers administer the assessment across different 

times throughout the school year and need to ensure scores measure true student 

growth over the year without error introduced by form differences. 

Previous Studies of Maze-CBM for High School Students 

Despite the recommendation to use Maze-CBM to screen students at the 

middle and high school levels, very few studies exist that investigate the technical 

adequacy of Maze-CBM for students of those ages.  In a recent synthesis, Mitchell & 

Wexler (2016) found only 14 studies that examined the reliability and validity of 

Maze-CBM for students in Grades 6 through 12.  Of those 14 studies, only two 

included samples of students in high school grade levels (i.e., Grades 9–12).  

McMaster, Wayman, and Cao (2006) conducted a study investigating the reliability 

and validity of Maze-CBM for English learners in Grades 8 through 12.  Their study 
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found that delayed alternate-form reliability across 3-week administrations ranged 

from .75 to .89 with a median of .80.  Some forms of Maze-CBM fell into the range 

that would be considered acceptable for making group decisions (i.e., >.60), but they 

did not yet reach the level acceptable for making individual decisions about 

placement (>.90; Salvia, Ysseldyke, & Bolt, 2007).  Additionally, the concurrent 

correlations between Maze-CBM scores and various criterion measures of reading 

ranged from weak (.48) to strong (.90), indicating that Maze-CBM may be highly 

related to some measures of reading and not others (<.50 indicating weak relation, 

between .50 and .70 indicating moderate relation, and >.70 indicating strong relation; 

Wayman et al., 2007.  Finally, using ordinary least squares regression, McMaster et 

al. (2006) found that the average slope per week was 0.41 correct Maze replacements.  

 Pierce, McMaster, and Deno (2010) also conducted a study focusing on the 

technical adequacy of Maze-CBM with a focus on examining the impact of scoring 

methods on the criterion-related validity of scores.  They conducted their study with 

199 students in Grades 1 through 11.  Results were disaggregated for students in 

Grades 6 through 11 but not further disaggregated for high school age students.  

Additionally, all student participants were already at risk in reading or identified with 

a disability in reading.  Due to this sample of students already identified as at risk or 

with a reading disability it is likely that their estimates were deflated.  Pierce et al. 

(2010) found that for students in Grades 6 through 11, the correlation coefficients for 

Maze-CBM with their measure of reading comprehension (Kaufman Test of 

Educational Assessment–Second Edition Reading Comprehension subtest)—across 
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all scoring methods examined—ranged from .61–.69, which indicates a moderate 

level of validity (.50-.70; Wayman et al., 2007).   

The fact that only two studies have examined this measure for students in this age 

range illustrates the dearth of research that exists regarding the technical adequacy of 

Maze-CBM for making screening decisions about the reading abilities of students in 

high school.  Additionally, authors of these studies utilized participants who were 

previously identified as at risk in reading, but they did not examine the ability of 

Maze-CBM to distinguish between students who are at risk and those who are not, 

which is the core of screening decisions.  Furthermore, authors of both studies 

reported that they administered the Maze-CBM passages across a period of time.  

This makes it difficult to determine how the static score functions and whether 

differences in scores on each Maze-CBM are due to individual differences across 

times of the year or due to the impact of the passage itself.  Also, neither study 

reported the type of text used in the creation of the Maze-CBM passages.  In order to 

support the recommendations by the National Center on Intensive Intervention (n.d.) 

and Torgesen and Miller (2009), we need to further investigate the technical 

adequacy of Maze-CBM and its utility for predicting students’ reading risk status. 

Purpose 

The purpose of the present study was to contribute to the limited literature base on 

the use of Maze-CBM for high school students.  In this study, I examined the 

reliability of Maze-CBM passages and their validity in making screening decisions.  

Specifically, I aimed to answer the following research questions: 
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1. What is the alternate-form reliability of scores on Maze-CBM for high school 

students? 

2. What is the validity of scores on Maze-CBM in the prediction of high school 

students’ reading risk status? 

Method 

Setting and Participants  

 The participants in this study were students in one urban public charter school 

in a Mid-Atlantic state.  I recruited all 9th and 10th grade students within the school to 

participate in the study.  This school has nearly 1,000 students from pre-k through 

12th grade and serves approximately 47% Hispanic students, 37% African American 

students, 9% White students, 4% multi-racial students, and less than 3% Asian 

students.  Approximately 73% of the students are eligible for free or reduced-priced 

lunch in the school.  Additionally, 14% of students receive special education services 

and 19% of students are English Language Learners.  The school serves students in 

need of reading support through inclusive, co-taught English Language Arts classes 

led by both a general education and a special education teacher. 

 I reported the demographics of the 98 9th and 10th grade students who 

participated in this study in Table 1.  The 98 students ranged in age from 13 to 17 

years old and were 60% female.  The sample was comprised of 53% and 47% 9th and 

10th graders, respectively.  Approximately 19% of the students received special 

education services and 12% of the students were English Language Learners.  The 

school determined which students were English Language Learners and reported this 
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information to me.  The predominant race of students in this study was Latino (56%), 

with another large portion of students who were Black or African American (35%).  

Measures 

 In order to examine the validity and reliability of Maze-CBM for high school 

age students, I administered nine Maze-CBM passages and obtained three criterion 

measures of general reading comprehension. 

Maze-CBM Measures.  Participating students took nine Maze-CBM 

passages from Content Area Reading Indicators (CARI; Abbott, Stollar, Good, & 

McMahon, 2014).  The nine passages were taken from three triads (i.e., established 

sets of three Maze-CBM passages) and contained three prose passages, three science 

passages, and three social studies passages (see Appendix A for an example of a 

triad).  For the purpose of this study, I used only one triad (i.e., one prose passage, 

one science passage, and one social studies passage) in the analysis for validity of 

screening and used all triads (i.e., all nine passages) for the analysis of reliability.  To 

conduct the analysis for validity of screening, I used the fall triad that CARI 

recommends for the beginning of the school year because I administered these 

assessments to participating students at that time.  

During the Maze-CBM assessment, I presented students with a reading 

passage in which approximately every seventh word was replaced by a multiple-

choice box that included the correct word and two distractors.  In these measures, all 

distractors were the same part of speech as the correct answer.  Additionally, any verb 

distractors were the same tense as the correct answer and any noun distractors were 

singular/plural to match the correct answer.  The students read the passage silently for 
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three minutes and selected the words that best fit the sentences.  I gave students two 

practice items prior to the nine Maze-CBM passages to ensure they understood the 

task. 

Students were randomly assigned one of nine possible orders of the Maze-

CBM passages (see Appendix B for the outline of the passage orders).  I specifically 

ordered the Maze-CBM passages in a counterbalanced fashion.  The counterbalancing 

of the Maze-CBM passages was done in order to control for order effects (Kline, 

2009).  First, I created blocks of three passages according to the genre of the passage 

and then assigned the blocks in a counterbalanced fashion so that some students 

received the prose passages first, some received the science passages first, and others 

received the social studies passages first.  Then, I counterbalanced the three passages 

within each block.  This counterbalanced fashion resulted in each passage appearing 

in each position (i.e., first, second, etc.).  Between eight and 13 students took each of 

the nine possible passage orders.  

The CARI Maze-CBM passages I used in this study are, on average, 573 

words in length (range=546–602).  The passages have Lexile levels between 1120L 

and 1300L with the mean Lexile level being 1193L.  The mean Lexile level of 1193L 

falls into the range the Common Core State Standards recommends for students in 

Grade 9 and 10 (National Governors Association Center for Best Practices, 2010).  I 

administered and scored Maze-CBM passages according to the Early Release CARI 

Assessment Manual (Abbott et al., 2014).  According to these procedures, I did not 

use a discontinuation rule.  I calculated adjusted Maze-CBM scores for each passage 

by calculating the number of correct responses minus half the number of incorrect 
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responses and then rounding to the nearest whole number as specified in the 

assessment manual (Abbott et al., 2014).  In Appendix C, I report full details of each 

of the texts used in the nine Maze-CBM measures that I administered to the 

participating students.   

Criterion Measures.  I also obtained three criterion measures of reading 

comprehension for each of the participating students: the Test of Silent Reading 

Efficiency and Comprehension (TOSREC), the Scholastic Reading Inventory (SRI), 

and the Preliminary SAT/National Merit Scholarship Qualifying Test (PSAT).  I 

administered the TOSREC to the participating students and obtained scores on the 

SRI and PSAT from the school, which had already administered these assessments to 

the students. 

Test of Silent Reading Efficiency and Comprehension (TOSREC).  The 

TOSREC is a brief assessment of silent reading comprehension (Wagner, Torgesen, 

Rashotte, & Pearson, 2010).  During this group-administered assessment, students 

were given three minutes to silently read sentences and determine whether the 

sentence was true or not.  Students then circled “yes” if they thought the sentence was 

true or “no” if they thought it was false.  I calculated raw scores on the TOSREC by 

subtracting the number of incorrect items from the number of correct items the 

student answered in three minutes.  Then I assigned students a percentile rank score 

based on their raw scores.  Publishers report the alternate-form reliability for 

TOSREC to be .88 for students in Grade 9 and .86 for students in Grades 10–12.  

They also report scorer reliability to be .99 for students in Grades 9–12 (Wagner et 

al., 2010). 
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Scholastic Reading Inventory (SRI).  The SRI is a computer adaptive test, 

aligned with the Common Core State Standards, that is intended to measure a 

student’s ability to comprehend both narrative and expository text (Scholastic, 2007).  

For this assessment, students read short passages and answered cloze format multiple-

choice questions about the passages for approximately 20 to 30 minutes.  Publishers 

calculated the reliability for the SRI using a reader consistency coefficient that was 

reported to be .85 for students in Grade 9 and .90 for students in Grade 10 

(Scholastic, 2007).  

The Preliminary SAT/National Merit Scholarship Qualifying Test (PSAT) 

Reading Subtest.  The PSAT Reading test is a subsection of the norm-referenced 

PSAT test that measures students’ college readiness in reading (College Board, 

2015).  During this assessment, students were presented with passages from history, 

social studies, and science fields in addition to informational graphics.  They are then 

asked to answer multiple-choice questions about what they read.  Scores on the PSAT 

Reading subtest range from eight to 38 points.  I also obtained national percentile 

ranks for each participating student.  PSAT Reading scores have been shown to be 

highly correlated to AP exam scores in English Language and English Literature 

(Zhang, Patel, & Ewing, 2014).  Dressel-KR20 coefficients for the PSAT critical 

reading subtest range from .54 to .73 (Kim, Hendrickson, Patel, Melican, & Sweeney, 

2014).  For an overview of the measures see Appendix D.  

Procedures 

 Assessment training and reliability.  I administered both the TOSREC 

assessment and Maze-CBM assessments to all students.  Prior to administration, I 
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reviewed standard administration directions for both assessments as well as scoring 

rules.  No fidelity information was collected prior to or during the administration of 

either test since I was the only test administrator.  To aid in scoring, I hired and 

trained two undergraduate students.  I conducted a 1-hour training session with these 

students prior to them scoring both tests.  These research assistants were required to 

reach 95% accuracy of scoring with two practice assessments prior to scoring the 

data. 

 Data collection.  I administered the TOSREC and Maze-CBM tests during 

October and November, within a 3-week time frame.  I administered these 

assessments to all participating students during one class period.  School personnel 

administered the PSAT test to students during their regularly scheduled time in mid-

October.  During the school day, at a time scheduled by the school in the month of 

October, school personnel also administered the SRI.  I subsequently obtained the 

scores on PSAT and SRI from the school.   

 Scoring.  The school scored the SRI electronically and The College Board 

scored the PSAT.  The two undergraduate research assistants and I conducted scoring 

of all Maze-CBM passages and the TOSREC.  We scored Maze-CBM passages 

according to the directions provided by Abbott et al. (2014), and we scored the 

TOSREC according to the administration and scoring manual (Wagner et al., 2010).  

Initially, I scored all Maze-CBM passages and the TOSREC; after that, the 

undergraduate research assistants double checked the calculated scores.  Research 

assistants agreed with initial scoring at 95% accuracy or above.  I then obtained 
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students’ percentile rank scores on the TOSREC using their raw scores according to 

the scoring manual.   

 In addition to the data I collected, I obtained Lexile levels and percentile rank 

scores on the SRI test and subtest and national percentile rank scores on the reading 

portion of the PSAT from school personnel.  

Data Analysis  

 Descriptive statistics.  Data analysis began by examining the descriptive 

statistics.  I calculated the means and standard deviations of the adjusted Maze-CBM 

scores for each of the Maze-CBM measures, the adjusted scores for the combined fall 

triad (i.e., the sum of all three of the fall triad measures), and each criterion measure.  

Next, I determined the alternate-form reliability using correlational analysis.  Finally, 

I examined the validity of Maze-CBM for screening reading by conducting 

correlational analysis and using signal detection methods.  The details of the 

reliability and validity analysis are described in detail below. 

Reliability.  In order to examine reliability of Maze-CBM for high school 

students, I calculated alternate-form reliability across all nine passages which were 

administered in one sitting.  The alternate-form reliability was computed using the 

Pearson product moment formula, corrected with the Fisher r to Z transformation, 

with each of the nine forms being correlated to each of the other eight forms (see 

Table 1).   

Validity.  In order to investigate the validity of scores on Maze-CBM in the 

prediction of high school students’ reading ability, I conducted a correlational 

analysis and used signal detection methods.  First, I correlated the adjusted fall triad 
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scores with each of the criterion measures.  Next, I created two dummy variables in 

which I dichotomized each of the criterion variables using percentile ranks.  The first 

dummy variable dichotomized students into severe risk (below the 20th percentile 

rank) or not (at or above the 20th percentile rank) groups for each criterion measure.  

The second dummy variable dichotomized students into some risk (below the 40th 

percentile rank) or not (at or above the 40th percentile rank) groups for each criterion 

measure.  Then I generated receiver operating characteristic (ROC) curves for each 

criterion measure, both at severe risk and some risk, and calculated the area under the 

curve, A, with its 95% confidence interval to evaluate overall accuracy with respect to 

each of the criterion variables of reading.  This yielded six total ROC curves for this 

analysis. 

An excellent screener will have a value for A at or above .950, a good screener 

will have an A value between .850 and .949, and reasonable screener will have an A 

value between .750 and .849 (Swets, 1988).  Poor screeners will have A values below 

.75, as it is believed that reading screeners with this A value are not more valuable 

than teacher judgments about students’ reading ability (Smolkowski, Cummings, & 

Strycker, 2016).  

Next, I used signal detection methods to generate optimal cut scores on Maze-

CBM in order to classify students who have severe risk (below the 20th percentile 

rank) or some risk (between the 20th and 40th percentile ranks) based on each criterion 

variable of reading.  For the purpose of this study, I generated optimal cut scores 

based on the sensitivity, or the ability to detect students who truly belong to the 

severe and moderate risk groups.  I chose to use sensitivity values to generate cut 
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scores as opposed to the negative predictive value (NPV) because NPV is dependent 

on the base rate and sensitivity is not.  To generate these cut scores, I set sensitivity 

levels to at or above .80 to ensure that the cut score correctly identified 80% of 

students who truly belonged to the severe or some risk groups.  I made this decision a 

priori so that no more than 20% of students who were in need of intervention were 

incorrectly classified as not being at risk.  This method is advantageous for schools 

since it is more ethical to provide reading interventions to some students who might 

not truly need it than to fail to provide this instruction to students who are actually at 

risk (Smolkowski et al., 2016).  This will result in cut scores for students who are 

classified as having severe risk vs. not severe risk and some risk vs. not at risk for 

each criterion variable of reading.   

In addition to the A values with their 95% confidence intervals and optimal 

cut scores for each level of risk, I calculated the sensitivity, specificity, NPV, positive 

predictive value (PPV), ρ, and τ of the Maze-CBM scores’ prediction of each 

criterion measure.  The specificity is the proportion of students correctly identified as 

not at risk on the screener who are also not at risk on the outcome.  The NPV is the 

probability that a student who tested as not at risk on the screener is truly not at risk.  

The PPV then refers to the probability that a student who tested in the at risk group on 

the screener is truly at risk.  Values for ρ indicate the base rate or the proportion of 

students from the entire population who are in the reading risk group.  The τ value 

represents the proportion of students screened as positive, or below the threshold of 

risk. 

Results 
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 Because I used multiple assessments in this study, some of which school 

personnel collected, there was some missing data that was unavoidable.  To examine 

the need for imputing missing data I used procedures similar to those of Cummings, 

Park, & Bauer Schaper (2012).   First I examined the amount of missing data and I 

found that I had relatively little missing data overall (<2%).  Based on the 

recommendation by Aday and Cornelius (2006) that it is not necessary to impute 

values unless 10% or more of the values are missing, I decided not to impute missing 

data.  All of the following results, therefore, are based on analysis of complete data. 

 In this results section, I first present the results of descriptive analysis.  Next, I 

present results related to the alternate-form reliability.  I complete the section by 

reporting on the ROC curve analysis and signal detection methods. 

Descriptive Statistics 

 Average Maze-CBM adjusted scores ranged from 11.70 to 21.16 correct Maze 

replacements in 3 minutes.  The average fall triad adjusted Maze-CBM score was 

50.99 with a standard deviation of 26.20.  TOSREC raw scores averaged 23.19 with a 

standard deviation of 7.64.  Lexile levels from the SRI averaged 956.63 with a 

standard deviation of 249.67.  The average for PSAT Reading subtest scores was 

19.72 with a standard deviation of 3.58.  To summarize these details, I provide 

descriptive information for all nine Maze-CBM measures, the fall triad, TOSREC, 

SRI, and PSAT in Table 2. 

Reliability 

 I report the alternate-form correlations for all nine Maze-CBM measures in 

Table 3.  All correlations were significant (p<.01).  The median alternate-form 
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correlations across all nine Maze-CBM passages was .76 with a range of .68 to .87.  

The median alternate-form correlations across the three prose Maze-CBM passages 

was .85 with a range of .83 to .85.  The median alternate-form correlations across the 

three science Maze-CBM passages was .81 with a range of .81 to .87.  The alternate-

form correlations of all three social studies Maze-CBM passages were .76.  Of the 36 

alternate-form correlations, only eight correlations (22%) were equal to or greater 

than .80. 

Validity 

 I report the concurrent validity correlations of the fall triad scores with each of 

the criterion measures in Table 4.  All correlations were significant (p<.01).  The fall 

triad had a concurrent correlation with the TOSREC of .64, a correlation with the SRI 

of .70, and a correlation with the PSAT of .65.  

 Next, to further investigate the concurrent validity of Maze-CBM in screening 

students for reading risk, I plotted a ROC curve analysis.  The A values are reported 

in Table 5.  In Figure 1, I display the six ROC curves.  A values ranged from .72 to 

.86 for the severe risk classification and from .82 to .89 for the some risk 

classification.   

 I also report the results of the signal detection analysis in Table 5.  I selected 

optimal cut scores in this table based on the score where 80% sensitivity or greater 

was achieved.  For the prediction of TOSREC severe risk students, the A value was 

.77 with a confidence interval of .67 to .86.  The optimal cut point is 58.80, indicating 

that students with a score of 58.80 and below on the Maze-CBM fall triad are 

predicted to score below the 20th percentile rank (severe risk) on the TOSREC.  The 
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sensitivity value of that cut score is .80, indicating that 80% of students who fell 

below the 20th percentile rank on the TOSREC were also classified as severe risk 

based on the fall triad Maze-CBM scores.  The specificity value of .50 for this cut 

point indicates that for students who scored at or above the 20th percentile rank on the 

TOSREC, 50% scored at or above the cut score of 58.80.  The NPV of .71 indicates 

that 71% of students who scored above the cute point of 58.80 on the Maze-CBM 

were actually not below the 20th percentile rank on the TOSREC.  In contrast, the 

PPV of .63 indicates that 63% of students who scored below the cut point of 58.80 

were actually below the 20th percentile rank on the TOSREC.  The base rate of .51 

from the severe risk classification of the TOSREC indicates that 51% of students in 

the sample would be classified as having severe reading risk on the TOSREC.  

Finally, the positive screen fraction of .65 shows that 65% of students in the sample 

were screened as belonging to the severe risk group based on their adjusted Maze-

CBM scores. 

Discussion 

 In this study, I investigated the reliability and validity of scores on Maze-

CBM in predicting high school students’ reading risk status.  I examined reliability by 

calculating alternate-form reliability across nine measures of Maze-CBM.  Then, I 

examined validity of scores for making screening decisions by correlating Maze-

CBM with three criterion measures of reading given at approximately the same time 

of year.  I concluded by examining the validity of Maze-CBM scores.  

 I examined the median and range of the reliability estimates by comparing the 

values to thresholds set forth by Salvia et al. (2007).  I interpreted the reliability 
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coefficient as acceptable for making screening decisions if it was above .80 (Salvia et 

al., 2007).  With only 22% of the alternate-form reliability correlations equal to or 

greater than .80, alternate forms of Maze-CBM are not at the adequate levels of 

stability across forms required of screening tools.  Additionally, the median alternate-

form correlation across all measures was .76, which is not above the adequate level 

for screening decisions.  It is, however, interesting to note that across the alternate-

form reliabilities among just prose and just science Maze-CBM passages, the median 

and the range of alternate-form reliabilities were acceptable for making screening 

decisions (.85 and .81, respectively).  In contrast, the median and the range of 

alternate-form reliabilities among just social studies Maze-CBM passages were all 

below the .80 reliability level required of screening tools.  This may indicate that 

there is sufficient stability of Maze-CBM passages for screening when they are all the 

same genre of text, particularly prose or science.  Some variation in test scores 

though, and thus instability across forms, may be introduced by using multiple genres 

of text across Maze-CBM forms.   

The results I report are similar to the delayed alternate-form correlations 

found by McMaster et al. (2006) with English learners.  These findings may be 

similar due to the high percentage of English learners in the present study.  However, 

in comparison to the alternate-form reliabilities reported by Pierce et al. (2010), the 

findings of this analysis were lower.  This difference may be due to the fact that 

Pierce et al. (2010) reported alternate-form reliabilities across participants in Grades 3 

through 11 so the comparison is not equivalent and his correlations may be artificially 

inflated due to the range of grade levels represented.  Additionally, Pierce et al. 
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(2010) conducted their study with students who were already identified as being at 

risk or having disabilities in reading, which may have caused deflated reliability 

correlations.   

 In order to examine the concurrent validity of Maze-CBM for screening high 

school students for reading risk, I first correlated scores on the fall triad to scores on 

each of the criterion measures.  The correlations resulting from my analysis ranged 

from .64 to .70.  These results were consistent with those of both McMaster et al. 

(2006) and Pierce et al. (2010) for students in approximately the same grade levels on 

measures of reading comprehension (correlation coefficients were reported for 

Grades 8 through 12 and Grades 6 through 11, respectively, and were not 

disaggregated further).  The results indicate that Maze-CBM scores are moderately 

related to each of these criterion measures of reading.  These moderate correlations 

suggest that Maze-CBM scores are tapping into constructs of reading comprehension 

that are also measured by the TOSREC, SRI, and PSAT assessments.   

No prior study of Maze-CBM has looked at the validity of making screening 

decisions of high school students in the area of reading by examining ROC curves.  

According to the above results, Maze-CBM has promise for adequately measuring 

how students would perform on other, longer, standardized criterion measures of 

reading comprehension.  At this point we have minimal evidence in the use of Maze-

CBM for classifying students into severe risk and some risk groups.  The large 

confidence intervals indicate that practitioners should be wary of using Maze-CBM 

alone to determine reading risk as the A values dip below the minimum level of .75, 

which is the level where screeners are considered no more valuable than teacher 
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judgements (Martin & Shapiro, 2011).  Furthermore, due to the overlap of confidence 

intervals of the A values, it appears that Maze-CBM predicts classification on all three 

criterion measures equally at both the severe and some risk levels.  

Limitations and Future Research 

 There are several limitations of this study.  Although this study of Maze-CBM 

contains a sample of nearly three times the number of students previously studied in 

Grades 9 through 12, the small sample size is still a limitation.  The sample size 

potentially explains the large confidence intervals around the estimated A values.  The 

large confidence intervals at times fell below minimal acceptable levels of A (.75), 

which makes it hard to determine how well Maze-CBM functions as a screener for 

reading risk of high school students.  Furthermore, the students who participated in 

this study were from one charter school from only two grade levels.  Although this 

sample was diverse, it would be important for future research to be conducted with a 

larger sample of students who are representative of schools across the country 

(STARD Statement, 2008).  Additionally, there was a high percentage of students 

who were at risk in reading or were ELL which may have caused a deflation of 

correlations reported due to a restriction of range.  It is also important to investigate 

whether the results of this study would be similar to findings with a sample of 

students in Grades 11 and 12 and if Maze CBM scores would be able to predict 

graduation rates of high school students. 

 In addition, the results of this study indicate that even with Maze-CBM 

measures that have been carefully constructed by a team of educational measurement 

experts, the level of reliability across forms is not adequate for use in screening 
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decisions.  Alternate-form reliability correlations in this study indicate that forms are 

not exactly parallel; therefore, the form(s) a teacher administers to students could 

potentially impact their scores, and ultimately their classification of risk.  Future 

research should be done to examine how features of the Maze-CBM (e.g., genre, item 

difficulty, background knowledge, or vocabulary) are impacting scores on Maze-

CBM.  Further information about sources of variance could help test developers 

create alternate forms that are more reliable. Researchers should consider conducting 

generalizability studies in order to examine the reliability of alternate forms of Maze-

CBM.  Additionally, further research should investigate how equating methods 

(Santi, Barr, Khalaf & Francis, 2015) may be used to equate test forms as a method of 

dealing with the variance associated with alternate forms of Maze-CBM.   

Finally, in this study I focused on the concurrent validity of Maze-CBM for 

screening high school students in reading at the beginning of a school year.  In 

practice, it might be more valuable for teachers to know how Maze-CBM 

administered at the beginning of the school year can predict scores on reading 

assessments at the end of the school year.  Also, although I used three criterion 

measures that are reliable, valid for measuring reading ability, and commonly used by 

practitioners, it would be advantageous to investigate the predictive validity to end-

of-the-year, high-stakes assessments such as state tests.  Furthermore, it would be 

valuable to examine the predictive validity to the new Partnership for Assessment of 

Readiness for College and Careers (PARCC; 2014) and Smarter Balanced 

Assessment Consortium (n.d.) assessments as more schools are adopting these tests 
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and using them to determine whether students are learning necessary reading skills 

each year. 

Implications for Practice 

 This study has several implications for practitioners, researchers, and test 

developers.  First and foremost, it is important to note that, currently, the literature on 

the use of Maze-CBM for screening high school students is extremely limited 

(Mitchell &Wexler, 2016).  At this point, teachers and school personnel should be 

cautious about making decisions regarding student placement in supplemental reading 

classes based on results of Maze-CBM alone.  Practitioners should use multiple 

sources of data when making these decisions.  Of equal importance is that teachers 

should use multiple Maze-CBM measures since alternate-form reliability is low.  For 

example, teachers could use the adjusted Maze-CBM score across three measures as 

was conducted in this study.  The use of a median or combined score may be more 

accurate for measuring a student’s true reading ability than one passage alone.   

 Because there are few Maze-CBM measures commercially available for 

schools to use, it may be tempting for teachers to create their own Maze-CBM 

assessment passages.  Deno (1985) suggested that teachers could create their own 

measures using text from the class curriculum.  Results of this study would indicate 

that teachers might be adding even further variation across alternate forms, thus 

lowering the reliability across passages even more.  This is of particular concern 

when making moderately high-stakes decisions like providing a change of placement 

or supplemental intervention for students.  The results of this study do, however, 

indicate that Maze-CBM (particularly well-constructed passages such as the CARI 
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measures) is likely to be more effective for screening students for reading risk than 

teacher judgement alone.  Additional research needs to be conducted on Maze-CBM’s 

utility as a screening assessment.  Further, educational measurement publishers 

should consider these issues when they publish such assessments for high school 

teachers’ use.  Finally, once we have a solid literature base on the use of Maze-CBM 

for screening high school students, we need to examine how teachers use and see 

value in Maze-CBM.  This is of particular importance since Maze-CBM is often 

criticized because it lacks face validity.   

In sum, findings of this study, along with the work of others, provide some 

preliminary evidence that Maze-CBM is a useful tool for the reading screening of 

high school students, but teachers should take caution when using Maze-CBM for 

instructional decisions.  It may be necessary for teachers to use other measures of 

reading ability (e.g., state assessments or district assessments) in addition to Maze-

CBM when making these important decisions regarding student services. 
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Table 1 

 

Student Demographics 

  n % 

Gender    

 Male 39 39.8 

 Female 59 60.2 

Grade    

 9 52 53.1 

 10 46 46.9 

Age    

 13 8 8.2 

 14 42 42.9 

 15 42 42.9 

 16 4 4.1 

 17 1 1.0 

Special education 19 19.4 

English Language Learners 12 12.2 

Race/ethnicity    

 American Indian 1 1.0 

 Asian 5 5.1 

 Black or African American 34 34.7 

 Latino 55 56.1 

 Native Hawaiian or Pacific Islander 1 1.0 

 White 2 2.0 
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Table 2 

 

Descriptive Statistics 

Measure n M SD 

Maze-CBM adjusted scores    

 Passage 1 98 20.24 10.36 

 Passage 2 98 15.59 9.05 

 Passage 3 98 15.66 8.88 

 Passage 4 98 19.56 11.01 

 Passage 5 98 13.60 9.64 

 Passage 6 98 13.94 8.81 

 Passage 7 98 21.16 10.23 

 Passage 8 98 18.59 10.73 

 Passage 9 98 11.70 7.55 

 Fall triad  98 50.99 26.30 

TOSREC percentile rank 98 25.03 21.89 

TOSREC raw scores 98 23.19 7.64 

SRI percentile rank 96 40.53 29.64 

SRI Lexile 96 956.63 249.67 

PSAT Reading percentile rank 83 26.59 22.10 

PSAT Reading scores 83 19.72 3.58 

Note. Fall triad is the sum of adjusted scores for Passages 1, 2, and 3. 

Maze-CBM = Maze Curriculum Based Measurement; TOSREC = Test of 

Silent Reading Efficiency and Comprehension; SRI = Scholastic Reading 

Inventory; PSAT = Preliminary SAT/National Merit Scholarship 

Qualifying Test. 
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Table 3 

 

Alternate-Form Correlations for Maze-CBM Measures 

Maze-

CBM 

Form 

1 2 3 4 5 6 7 8 9 

1          

2 .79         

3 .80 .74        

4 .85 .79 .76       

5 .80 .87 .72 .79      

6 .79 .78 .76 .75 .76     

7 .85 .74 .77 .83 .72 .74    

8 .73 .81 .68 .68 .81 .74 .69   

9 .78 .74 .76 .78 .69 .76 .73 .70  
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Table 4 

 

Concurrent Validity Correlations 

 Fall Triad TOSREC SRI PSAT 

Fall Triad     

TOSREC .64    

SRI  .70 .51   

PSAT  .65 .49 .46  

Note. TOSREC = Test of Silent Reading Efficiency and Comprehension; SRI = 

Scholastic Reading Inventory; PSAT = Preliminary SAT/National Merit 

Scholarship Qualifying Test. 
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Table 5   

 

Optimal Cut Scores for Maze-CBM 

Statistic   

TOSREC 

(N=98)   

SRI 

(N=96)   

PSAT 

(N=83) 

Severe risk 

      

 

A (CI) 

 

.77 (.67–.86) 

 

.86 (.78–.94) 

 

.72 (.61–.83) 

 

Optimal cut point 

 

58.50 

 

49.00 

 

56.50 

 

Sensitivity 

 

.80 

 

.86 

 

.81 

 

Specificity 

 

.50 

 

.67 

 

.53 

 

NPV 

 
.71 

 
.92 

 
.78 

 

PPV 

 

.63 

 

.53 

 

.57 

 

ρ 

 

.51 

 

.30 

 

.43 

 

τ 

 
.65 

 
.49 

 
.61 

        Some risk 

      

 

A (CI) 

 

.86 (.73–.99) 

 

.82 (.74–.91) 

 

.89 (.83–.96) 

 

Optimal cut point 

 

63.50 

 

54.50 

 

61.50 

 

Sensitivity 

 
.83 

 
.80 

 
.81 

 

Specificity 

 

.73 

 

.61 

 

.75 

 

NPV 

 

.44 

 

.74 

 

.56 

 

PPV 

 
.95 

 
.69 

 
.91 

 

ρ 

 

.85 

 

.52 

 

.76 

 

τ 

 

.74 

 

.60 

 

.67 

Note. TOSREC=Test of Silent Reading Efficiency and Comprehension; 

SRI=Scholastic Reading Inventory; PSAT=Preliminary SAT/National Merit 

Scholarship Qualifying Test. Optimal cut points are based on criterion measure 

values of 20th percentile rank for severe risk and 40th percentile rank for some risk.  

A=the area under the ROC curve; CI=confidence interval. NPV=negative predictive 

value; PPV=positive predictive value; ρ=base rate; and τ=proportion screened 

positive (scored below the optimal cut point). 
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Figure 1. Receiver operating characteristic (ROC) curves for the severe risk and some 

risk categories of each reading assessment. TOSREC=Test of Silent Reading 

Efficiency and Comprehension; SRI=Scholastic Reading Inventory; 

PSAT=Preliminary SAT/National Merit Scholarship Qualifying Test. 
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Abstract 

With many states across the nation recently adopting the Common Core State 

Standards (National Governors Association Center for Best Practices, 2010), teachers 

and schools are responsible for helping students become proficient readers across all 

types of text, including narrative and expository text.  One way teachers can measure 

student progress toward meeting these standards is by administering the Maze 

Curriculum-Based Measurement (Maze-CBM) task to students.  Despite the growing 

research on Maze-CBM at the elementary level, little is known about the use of the 

measure for high school students.  In this study, I examine the influence of text genre 

on Maze-CBM scores for high school students.  The 97 students who participated in 

this study were 9th and 10th grade students in one public charter school.  I use a 

multilevel model to examine the passage effects of genre as well as student oral 

reading ability on Maze-CBM scores.  Results, implications, and directions for future 

research are discussed. 

Keywords: curriculum-based measurement, Maze, reading, secondary students 
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The Effect of Text Genre on Maze-CBM Scores 

The Common Core State Standards (CCSS; National Governors Association 

Center for Best Practices, 2010) set new college and career ready standards for 

reading instruction.  Although not a new expectation, the CCSS explicitly emphasize 

that students read a variety of text types, including both narrative and expository text.  

The CCSS also outline reading standards for history/social studies, science, and 

technical subjects for students in high school, which highlight the necessity for 

students to be able to read complex texts across multiple content areas (National 

Governors Association Center for Best Practices, 2010).  An important implication of 

adopting these standards is that schools not only implement a rigorous reading 

curriculum across all content areas in high school, but they must also implement 

assessments that can monitor which students are making progress toward meeting 

these standards.  One common measure used to progress monitor general reading 

achievement is curriculum-based measurement (CBM). 

Maze-CBM 

 CBM, a type of standardized and validated formative assessment, is the most 

common tool for evaluating students’ level and rate of progress in a curriculum 

(Deno, 2003; Shinn, 1989; Tindal, 1992).  CBM is particularly useful for progress 

monitoring as it is a quick and efficient measure that can be used repeatedly over time 

due to its multiple alternate forms.  Although there are several types of CBMs to 

monitor progress in reading, Maze Curriculum-Based Measurement (Maze-CBM) is 

recommended most commonly for progress monitoring in high schools because it 

shows the most promise for measuring growth over time for students at that age 
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(McMaster, 2010; Torgesen & Miller, 2009; Wayman, Wallace, Wiley, Tichá, & 

Espin, 2007).   

 Maze-CBM is recommended for progress monitoring high school students in 

reading for a variety of reasons.  One reason is that Maze-CBM is viewed as a 

measure that taps into reading comprehension skills, which are the primary focus at 

the high school level.  In addition to Maze-CBM being quick and efficient, it can be 

administered to a group, which may save instructional time for high school teachers 

who often teach many groups of students throughout the day.   

Despite these advantages, however, the majority of the studies of Maze-CBM 

have been conducted at the elementary level (Stecker, Fuchs, & Fuchs, 2005; 

Wayman et al., 2007), with less information known about the technical adequacy of 

Maze-CBM for students above Grade 5.  In fact, a recent synthesis of Maze-CBM 

revealed that only two studies (McMaster, Wayman, & Cao, 2006; Pierce, McMaster, 

& Deno, 2010) have examined the technical adequacy of Maze-CBM for students in 

high school (i.e., Grades 9 through 12; Mitchell & Wexler, 2016).   

Another developing concern about Maze-CBM measures is the equivalency of 

the alternate forms (Wayman et al., 2007).  The equivalency of alternate forms is 

often dependent on the complexity of the passages, which can be influenced by both 

text characteristics and student abilities.  Equivalency of alternate forms of Maze-

CBM passages is important to ensure that researchers are measuring student growth 

free of error caused by the measurement itself. 

Passage Effects 
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To date, no study has examined the variation of Maze-CBM scores due to 

passage differences for students in high school; however, several studies at the 

elementary and middle school levels have examined passage effects in Oral Reading 

(OR) CBM passages (Baker et al., 2015; Christ & Ardoin, 2009; Cummings, Park, & 

Schaper, 2012; Francis et al., 2008; Petscher & Kim, 2011).  Researchers can use this 

knowledge as a guide, or starting point, for future investigation of these issues at the 

high school level. 

All of the aforementioned studies found passage effects for OR CBM and 

suggested controlling for these effects by equating passages.  Additionally, Baker et 

al. (2015) attempted to study the passage effects of OR CBM in students in Grades 7 

and 8.  In that study, the authors found that there were form effects on OR CBM 

despite the attempt to control for passage differences in the creation of the alternate 

forms.  These results parallel those of Francis et al. (2008), which found significant 

form effects on OR CBM measures of 2nd grade students.  

Together, these studies suggest that passage effects are present in OR CBM 

and also Maze-CBM for students in elementary and middle school.  Equating may be 

an option for test developers when controlling for these passage effects but this would 

not be a feasible option for teachers or schools who are creating their own Maze-

CBM measures by selecting passages of text from their own curriculum.  At this point 

researchers have not yet examined whether these passage effects can be generalized 

to students in high school.  Additionally, little has been done to examine which 

features of the text contribute to these passage effects. 
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Text genre as a passage effect.  There are many facets of a text that could 

yield these passage effects for Maze-CBM.  Some features of text that could yield 

these passage effects are its difficulty, cohesion, topic, vocabulary, and structure.  

Given these potential sources of passage effects for Maze-CBM, genre of the passage 

text might be a preliminary place to begin investigation since it is a larger text feature 

that may include some of these more specific elements of text.  Text genre can be 

defined in variety of nuanced ways.  In this paper, I define genre as the content area 

the text comes from (i.e., prose, social studies, or science).  Researchers have found 

differences in the text genre to impact the comprehension of the text (Denton et al., 

2015; McNamara, Ozuru, & Floyd, 2011; Yoo, 2015).  This relationship is 

particularly important at the high school level when we expect students to read and 

understand a variety of texts across content-area courses where they will encounter 

different genres.  Because of this expectation, all genre texts should be represented on 

assessments of reading.  However, inclusion of various genres of text may be 

problematic in assessment such as Maze-CBM where alternate passages are used in 

the creation of alternate forms.  The differing genres across alternative Maze-CBM 

passages may lead to potential variation in scores on Maze-CBM—due to passage 

differences rather than individual ability or growth over time.    

To date, no study has examined the impact of different genres of text on the 

scores of Maze-CBM.  In fact, a synthesis of Maze-CBM for secondary students 

(Mitchell & Wexler, 2016) could not examine reliability of scores and validity of 

their use to predict reading ability in relation to genre of text since many of the 

included studies did not report the genre of text used in creation of the Maze-CBM 
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passages.  Furthermore, no study has empirically studied the impact of genre of text 

on the reliability of Maze-CBM scores and the scores’ validity to predict student 

reading ability. 

Oral Reading and Its Relationship to Reading Comprehension. In addition 

to variation in scores due to passage genre, it is also important to consider the 

variation in scores that is due to student differences.  It has been shown that students’ 

OR ability is highly predictive of reading comprehension (Fuchs, Fuchs, Hosp, & 

Jenkins, 2001; Schatschneider et al., 2004; Yovanoff, Duesbery, Alonzo, & Tindal, 

2005).  When reading text, students must be able to decode words accurately in order 

to access the meaning of (i.e., comprehend) text.  Due to this relationship, it is likely 

that students’ OR ability will influence students’ scores on Maze-CBM in addition to 

the genre of text.  Students’ OR ability, however, should remain stable regardless of 

the Maze-CBM passage presented to students; for this reason, it is used as a student 

level attribute in this study.  Thus, as the genre and topic of the Maze-CBM passage 

changes between each alternate form, it is important to understand how the individual 

student’s OR ability impacts Maze-CBM scores.   

Purpose 

Very little research has been conducted on Maze-CBM for high school students.  

Furthermore, little is known about the potential passage effects, particularly due to 

genre of text, that impact student scores on Maze-CBM.  Students’ OR ability and its 

impact on Maze-CBM scores for high school students are also unexplored.  These are 

important dimensions to investigate when developing Maze-CBM measures and 

interpreting Maze-CBM scores for decisions regarding progress monitoring of 
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reading ability.  Therefore, the purpose of this study is to answer the following 

questions: 

1. What proportion of variance in Maze-CBM scores is due to between- and 

within-student differences? 

2. What proportion of variance in Maze-CBM scores within individual students 

is attributable to genre effects? 

3. Does OR ability interact with genre in interpreting Maze-CBM scores? 

Method 

Setting and Participants 

The participants in this study were recruited from 9th and 10th grade classes in 

one urban public charter school in a Mid-Atlantic state.  Of the nearly 1,000 pre-K 

through 12th grade students in the school approximately 47% are Hispanic students, 

37% are African American students, 9% are White students, 4% are multiracial 

students, and less than 3% are Asian students.  Approximately 73% of the students 

are eligible for free or reduced-priced lunch in the school.  Additionally, the school 

reports that 14% of students receive special education services and 19% of students 

are limited/non-English proficient.  Students in the school who are in need of reading 

support receive instruction through inclusive, co-taught English Language Arts 

classes taught by general education and special education teachers. 

 In Table 1, I report the demographics of the 97 9th and 10th grade students who 

participated in this study.  The 97 students ranged in age from 13 to 17 years old and 

were 60% female.  Of the students in the sample 54% were in 9th grade and 46% were 

in 10th grade.  Approximately 20% of the students received special education services 
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and 11% of the students were English Language Learners.  A majority of the students 

were Latino (57%) and Black or African American (35%).  

Measures 

Outcome variable.  Participating students took nine Maze-CBM passages 

from the Content Area Reading Indicators (CARI; Abbott, Stollar, Good, & 

McMahon, 2014).  The nine passages were from three triads that CARI recommended 

for benchmarking, and they contained three prose passages, three science passages, 

and three social studies passages (see Appendix A for an example of a triad).  During 

the Maze-CBM assessment, a reading passage was presented to students in which 

approximately every seventh word was replaced by a multiple-choice box that 

included the correct word and two distractors.  In these measures, all distractors were 

the same part of speech as the correct answer.  Additionally, any verb distractors were 

the same tense as the correct answer and any noun distractors were singular/plural to 

match the correct answer.  The students read the passage silently for 3 minutes and 

selected the words that best belonged in the sentences.  I gave students two practice 

items prior to the nine Maze-CBM passages.  Then, they were randomly assigned one 

of nine possible orders of the Maze-CBM passages (see Appendix B for the outline of 

the passage orders).  I specifically ordered the Maze-CBM passages in a 

counterbalanced fashion in order to avoid order effects (Kline, 2009).  First, I created 

blocks of three passages according to the genre of the passage and then assigned the 

blocks in a counterbalanced fashion so some students received the prose passages 

first, some received the science passages first, and others received the social studies 

passages first.  Then, I counterbalanced the three passages within each block.  This 
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counterbalanced fashion resulted in each passage appearing in each position (i.e., first 

through ninth). 

In Appendix C, I report full details of each of the text passages used in the 

nine Maze-CBM measures that I administered to the participating students.  The 

CARI Maze-CBM passages I used in this study are an average of 573 words in length 

(range=546–602).  The passages have Lexile levels between 1120L and 1300L with a 

mean Lexile level of 1193L.  I administered and scored Maze-CBM passages 

according to the Early Release CARI Assessment Manual (Abbott et al., 2014).  

According to these procedures, I did not use a discontinuation rule.  I calculated 

adjusted Maze-CBM scores for each passage by subtracting half of the number of 

correct responses from the number of correct responses and then rounding to the 

nearest whole number, as specified in the Assessment Manual.  I used adjusted scores 

on each of the nine Maze-CBMs as the outcome variable.   

Predictor variables.  Considering the purpose of this study is to examine the 

impact of OR fluency and passage genre on Maze-CBM scores, these are both used as 

predictors.   

Content Area Reading Indicators (CARI) Oral Reading (OR).  I administered three 

OR measures from the CARI OR benchmark materials (see Appendix E for a sample 

triad).  The three measures contained a prose passage, a science passage, and a social 

studies passage.  During this individually-administered assessment, research team 

members presented each student with three 350–400 word passages and gave 90 

seconds for the student to read each passage aloud while the test administrator noted 

errors that the student made.  I obtained scores on each passage of OR by calculating 
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the total words the student read correctly in 90 seconds.  Then, I averaged the scores 

from each of the three passages for each student, creating an average OR score.  The 

average OR score was used as a student-level predictor of Maze-CBM scores.  For an 

overview of the measures see Appendix D.  

Text Genre.  I assigned each passage a categorical value for text genre.  The 

possible values were prose, social studies, and science. Genres were assigned to each 

passage by CARI and were used as such in this analysis.  I used these categorical 

values to recode the variable of genre into two dummy-coded variables representing 

science and social studies, with prose passages as the referent category. 

Procedures 

 Assessment training and reliability.  To help with administration of 

assessments and scoring, I hired four research assistants.  Two of the research 

assistants were doctoral students, both with extensive experience in reading research.  

These two research assistants helped me administer the OR assessments.  I personally 

administered the Maze-CBM measure to participating students.  The remaining two 

research assistants were undergraduate students who helped with scoring and data 

entry. 

 I trained both doctoral students in the standard administration of OR as well 

as scoring rules.  We followed all procedures outlined by the Early Release CARI 

Assessment Manual (Abbott et al., 2014) in the administration and scoring of OR.  

Then, each doctoral student practiced administration with the other.  Finally, the 

doctoral research assistants administered the OR assessment to each other as I used a 

fidelity sheet to determine the reliability of administration and scoring of the 
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assessments.  Both doctoral research assistants completed the practice administration 

with a reliability score of 100% before they administered the OR assessment to 

students participating in the study.  Additionally, I observed each doctoral research 

assistant administering one OR assessment in the field, and they both obtained 100% 

reliability in this field administration. 

The two undergraduate research assistants participated in a 1-hour training 

session prior to helping with scoring and data entry of OR and Maze-CBM.   

 Data collection.  I administered all assessments in the months of October and 

November, with the help of research team members.  On 1 day of the week, in one 

class period, I administered Maze-CBM to students in a group setting.  On the 

following days of the week, the hired doctoral research assistants and I administered 

the OR assessments individually to students in the hallway outside of their classroom.  

I administered follow-up assessments the subsequent week for any students who were 

absent or who we were unable to complete testing with. 

 Scoring.  The members of the research team conducted scoring of all 

measures.  They scored OR and Maze-CBM measures according to the directions in 

the CARI Assessment Manual (Abbott et al., 2014).  Once OR and Maze-CBM 

scoring was complete, a second member of the research team double checked the 

scoring.   

Data Analysis  

In the first step of data analysis, I ran descriptive statistics to examine means 

and standard deviations of Maze-CBM scores for each passage as well as the average 

OR scores.  Next, due to the nested nature of the Maze-CBM passages within 
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students, I conducted a two-level hierarchical linear model (HLM) analysis in several 

steps.  The first model I ran was an unconditional model with Maze-CBM scores as 

the outcome.  This model was used to calculate the Intraclass Correlation Coefficient 

(ICC) to determine the proportion of variance due to student differences using the 

following equation: 

ICC
2




  

After this initial model, I ran several two-level models to examine genre 

effects and OR fluency effects on Maze-CBM scores.  I conducted all analyses in 

SAS PROC MIXED using maximum likelihood estimation.  In these models, I used 

genre as a passage level predictor and mean centered mean OR scores were used as a 

student level predictor.  I used a variance components covariance structure for 

Models 1–3 and 6.  I used an unstructured covariance structure for Models 4, 5, and 7 

(See Figure 1 for covariance structures). 

Model 1 

ijjij ey  0  

jj u0000    

 

Model 2 

ijjij ey  0  

jjj uOR 001000 )(    

 

Model 3 

ijijjijjjij eSSSCIy  )()( 210   

jjj OR 001000 )(    

101  j
 

202  j
 

 

 

 

 

 

Model 4 

ijijjijjjij eSSSCIy  )()( 210   

jjj OR 001000 )(    

jj 1101    

jj 2202    

 

Model 5 

ijijjijjjij eSSSCIy  )()( 210   

jjj OR 001000 )(    

jj 1101    

202  j
 

 

Model 6 

ijijjijjjij eSSSCIy  )()( 210   

jjj OR 001000 )(    

jj 1101    

jj 2202    



119 

 

119 

 

Model 7 

ijijjijjjij eSSSCIy  )()( 210   

jjj OR 001000 )(    

jjj OR 111101 )(    

jjj OR 221202 )(  

Results 

I provide descriptive information for all nine Maze-CBM measures and OR in 

Table 2.  Using the information from the unconditional model, I calculated the ICC, 

which is the proportion of between-group variance in Maze-CBM scores.  The ICC 

(.67) indicates that 67% of variance in Maze-CBM scores is accounted for by 

individual students and 33% of variance is due to within-student differences.   

 In Model 2, I added OR scores at Level 2 (student level).  The coefficient for 

the intercept was 16.74 (p<.001) and could be interpreted as the mean Maze-CBM 

score for those students at the mean OR score.  The slope estimate for mean centered 

mean OR was 0.11 (p<.001), indicating that OR significantly predicted average 

Maze-CBM scores of students.  This means that we can expect students who read an 

additional word read correctly on OR would be predicted to increase their Maze-

CBM adjusted score by 0.11.  Additionally, by comparing the variance of the 

intercept (
00 ) estimates from Model 2 with Model 1 we see that OR scores explained 

58% of variance in student average Maze-CBM scores.  Model 2 was statistically 

different from Model 1 with χ2(1)=77.3, p<.001, thus Model 2 is favored over Model 

1. 

 Next, in Model 3, I added social studies and science genre dummy codes as 

fixed on Level 1 (Maze-CBM passage level).  The estimate for the intercept of 20.38 
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(p<.001) indicated that, across students, the average prose Maze-CBM adjusted score 

was 20.38, for those at the mean score of OR.  The estimate for social studies was –

4.37 (p<.001), which indicated that, within students, scores on average on social 

studies Maze-CBM passages were 4.37 points lower than those on prose passages, for 

those at the mean score of OR.  The estimate for science was –6.55 (p<.001), which 

indicated that scores were 6.55 points lower than those on prose passages, for those at 

the mean score of OR.  These differences were statistically significant for both social 

studies and science.  Furthermore, the addition of genre (social studies and science) 

explained 25% of variance in average Maze-CBM scores within students.  Model 3 

was significantly different from Model 2 with χ2(2)=222.6, p<.001, which is why 

Model 3 is favored over Model 2. 

 In Model 4, I added the social studies and science genre dummy codes as 

random effects on Level 1 (Maze-CBM passage level) and allowed the covariance to 

be unstructured.  The estimates for the intercept and fixed effects remained the same 

as in Model 3.  Estimates for the random effects of science and social studies slopes 

were 16.03 (p<.001) and 9.32 (p=.00), respectively.  This indicated that the difference 

in average Maze-CBM scores between science and prose and social studies and prose 

differed across students.  Model 4 was significantly different from Model 3 with 

χ2(5)=50, p<.001, and thus Model 4 is a better fitting model than Model 3. 

 Next, in Model 5, I removed the social studies dummy code from the random 

effects, maintaining the unstructured covariances.  All estimates for the fixed effects 

remained the same as in Model 4.  The random effect for science on the slope of 9.96 

was significant (p<.001).  Comparing Model 5 to Model 4 showed that they were 
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significantly different, χ2(3)=29, p<.001, so the more complex Model 4 is favored 

over Model 5. 

 Model 6 was run to see whether a variance components covariance structure 

would be a better fit than the unstructured variance structure.  In this model, I 

maintained the science and social studies dummy codes as random effects as in 

Model 4 and fixed the variance structure.  Model 6 was significantly different from 

Model 4, χ2(3)=28.2, p<.001.  Because these models were significantly different, I 

selected to return to the unstructured variance structure in Model 4.   

 Finally, I investigated the impact of OR on the science and social studies 

slopes in Model 7.  In this model, I retained all elements of Model 4 and added in OR 

as a predictor of science and social studies slopes.  The estimate of OR on the science 

slope of –0.02 was not statistically significant (p=.09); however, the estimate of OR 

on the social studies slope of –0.03 was statistically significant (p<.00).  Additionally, 

the OR explained only 5% of variance in the science slope and only 25% of the 

variance in the social studies slope.  Model 7 was also statistically different from 

Model 4, χ2(2)=10.5, p=.005.  Thus, Model 7 is the final model that I will interpret in 

the discussion.  For a summary of the results for all seven models see Table 3. 

Discussion 

 Although no studies have examined passage differences on Maze-CBM for 

high school students, several studies have shown that there are passage differences for 

younger students in the area of OR CBM (Baker et al., 2015; Christ & Ardoin, 2009; 

Cummings et al., 2012; Francis et al., 2008; Petscher & Kim, 2011).  In the present 

study, I aimed to investigate the passage effects in Maze-CBM scores by examining 
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the impact of genre on the scores.  This was a first step to understanding the impact of 

text features on Maze-CBM scores.  Further, I examined whether OR explains some 

of the variance between and within students.  I conducted a series of two-level HLMs 

to examine these questions.   

 Similar to studies that have investigated passage differences in OR CBM 

(Baker et al., 2015; Christ & Ardoin, 2009; Cummings et al., 2012; Francis et al., 

2008; Petscher & Kim, 2011), my results indicate that there are passage differences 

for Maze-CBM.  The results I present in this study suggest that the variability in 

passages for Maze-CBM conducted with high school students may be greater than 

that of OR CBM with students in younger grades.  In comparison to the Baker et al. 

(2015) study of OR with 7th and 8th grade students, which found that 84 to 90% of 

variance was due to student differences and 8 to 10% of variance was due to passage 

differences, I found less variance (67%) due to differences in students and more 

variance (33%) due to passage differences with Maze-CBM administered to high 

school students.  Although not directly comparable to this study, it is important to 

note that the CBM passages Baker et al. (2015) used in their study were comprised of 

only one genre of text (narrative).  The stability of this factor across passages may 

have led to the lower amount of variance due to the passages they found, in 

comparison to the present study which included several genres of text. 

 Even after controlling for the effects of students’ OR ability, the genre of the 

text explained approximately a quarter of the variance in average Maze-CBM scores 

within students.  On average, students scored lower on both science and social studies 

passages in comparison to prose.  These genre effects were also different across 
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students.  Based on the estimates from the variance in the science slope in Model 7, 

some students scored 12 points lower on science passages than they did on prose, 

while other students scored approximately 3 points higher on science passages versus 

prose.  Taking into account the estimated variance in slope on social studies passages 

in Model 7, some students scored approximately 12 points lower on social studies 

passages in comparison to prose, while others had scores on social studies passages 

that were only about a point lower than prose.  This indicates that genre effects are 

present within Maze-CBM passages and that those effects differ across students.  

These differences may be due to variables associated with students such as 

vocabulary knowledge or background knowledge of the particular text presented. 

 Another aim of this study was to examine how students’ OR ability impacted 

Maze-CBM scores and interacted with text genre as OR ability has been linked to 

reading comprehension (Denton, Barth, & Fletcher, 2011).  Results of this study 

indicate that OR does explain nearly 60% of variance in Maze-CBM scores between 

students.  Furthermore, OR had a significant interaction with social studies compared 

to prose passages, but it did not have an interaction effect with science compared to 

prose passages.  This may indicate that there are additional student characteristics, not 

measured by OR, that might explain the differences on Maze-CBM scores that occur 

within students across the genres of text.  These differences might be knowledge of 

the topic within the passage or understanding of the meaning of vocabulary words.  

These are student characteristics that greatly impact the comprehension of text.  

Science texts in particular are often rich in content specific vocabulary, require 
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background knowledge of topics, and are generally more complex in nature (RAND 

Reading Study Group, 2002; Snow, 2010). 

Limitations and Future Research 

 There are several limitations of this study.  Despite using a sample of students 

that is nearly three times the number of students that have previously been studied 

with Maze-CBM in Grades 9 through 12, the sample size is still relatively small.  

Additionally, although the sample was diverse, all students in the study attended the 

same school and many were struggling readers.  This sample may have led to a 

restriction of range and thus underestimate the effects yielded in this analysis.  In 

order to investigate whether the results of this study are generalizable, more research 

should be conducted with a larger sample of students from a variety of areas across 

the country. Furthermore, this sample included only Grade 9 and 10 students and not 

students in the upper high school grades.  Future research should examine whether 

these results are replicable with students in Grades 11 and 12 as well. 

 Another limitation of this study was the narrow focus of passage effects.  

Although there are a multitude of text characteristics that could lead to passage 

effects on Maze-CBM, the focus of this study was genre of text.  More specifically, it 

was whether the text was social studies, science, or prose.  Because no previous 

studies of passage effects have been conducted with Maze-CBM and high school age 

students, in this study I focused on a general category of text type (i.e., genre) as a 

preliminary factor that might cause passage effects.  Future research should examine 

whether other text characteristics (e.g., frequency of content-specific vocabulary 

words, cohesion of text, or text structure) also contribute to passage effects.  The 
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results I present in this study may also indicate the need to statistically equate Maze-

CBM passages using item response theory methods to control for the differences, as 

suggested by other authors who have examined passage effects (Cummings et al., 

2012; Francis et al., 2008; Petscher & Kim, 2011).  

Implications for Practice 

  This study has several implications for practitioners, researchers, and test 

developers.  One of the primary uses of Maze-CBM is to help teachers evaluate the 

level and rate of progress of student reading ability in a curriculum.  In order to 

measure the rate of progress, teachers have to administer multiple alternate forms of 

Maze-CBM over the course of the year.  Thus, teachers need to be confident that the 

alternate forms of Maze-CBM are equivalent and measure students’ growth free of 

passage differences.  The results I present in this study indicate that alternate forms of 

Maze-CBM are, in fact, not equivalent and that genre of the text impacts student 

scores.   

High school teachers have few options when it comes to commercially-

produced Maze-CBM measures, so they may be tempted to create their own.  Deno 

(1985) initially proposed that teachers could create their own Maze-CBM measures 

using text from their class curriculum.  However, the creators of CARI carefully 

selected and edited text for use in their Maze-CBM passages, so it is likely that Maze-

CBM passages created by busy teachers will be even less equivalent.  Additionally, if 

teachers do create their own Maze-CBM passages, they may consider using passages 

all chosen from the same genre of text in an attempt to create higher alternate-form 

equivalency.  The concern with the lack of equivalency of alternative forms is that it 
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will lead teachers to make incorrect conclusions about how students are progressing 

in reading throughout the year.  The risk of making these incorrect conclusions is that 

students who need further reading support may not receive it. 

Additionally, because there are very few options when it comes to 

commercially-produced Maze-CBM measures.  Test developers need to work on 

developing and validating Maze-CBM measures for high school students.  It is of 

high importance for test developers to examine form equivalence or equating methods 

that may help teachers better examine students’ results on Maze-CBM. 

Researchers should also conduct studies of the use of Maze-CBM and the 

effects of both text and student characteristics that lead to variation in Maze-CBM 

scores.  I found that genre and OR did significantly impact Maze-CBM scores but 

there are many more specific features of the text (e.g., text structure, cohesion, or 

topic) and the student (e.g., vocabulary knowledge and background knowledge) that 

should also be investigated for effects on Maze-CBM scores. Future research should 

also examine what teachers and school personnel use currently in light of limited 

accessibility to Maze-CBM assessments for high school students.  Potentially it is not 

important to have Maze-CBM assessments specifically for high school students and 

Maze-CBM intended for middle school age students would be adequate.  It is also 

possible that teachers are able to use extant data or informal assessments to determine 

the progress of students throughout the year. 

Currently, teachers are faced with the responsibility of assessing how students 

are progressing in reading throughout the year.  Maze-CBM might be a viable option 

for doing so, but extreme caution should be taken when interpreting student scores.  



 

127 

 

Teachers should be aware of the potential passage effects, even in commercially-

produced Maze-CBM measures.  Finally, teachers should interpret growth on these 

measures with caution and use a variety of measures in addition to Maze-CBM when 

making decisions about the instruction students should receive.   
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Table 1 

 

Student Demographics 
  n % 

Gender    

 Male 39 40.2 

 Female 58 59.8 

Grade    

 9 52 53.6 

 10 45 46.4 

Age    

 13 8 8.2 

 14 42 43.3 

 15 42 43.3 

 16 4 4.1 

 17 1 1.0 

Special education 19 19.6 

English Language Learners 11 11.3 

Race/ethnicity    

 American Indian 1 1.0 

 Asian 5 5.2 

 Black or African American 34 35.1 

 Latino 55 56.7 

 Native Hawaiian or Pacific Islander 1 1.0 

 White 2 2.1 
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Table 2 

 

Descriptive Statistics 

Measure n M SD 

Maze-CBM adjusted scores    

Prose (33.33%)    

 Passage 1 97 20.33 10.38 

 Passage 4 97 19.61 11.06 

 Passage 7 97 21.23 10.27 

Science (33.33%)    

 Passage 2 97 15.70 9.03 

 Passage 5 97 13.68 9.66 

 Passage 8 97 18.68 10.75 

Social Studies (33.33%)    

 Passage 3 97 15.67 8.93 

 Passage 6 97 14.01 8.82 

 Passage 9 97 11.82 7.49 

OR total words read correctly 97 190.56 55.14 
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Table 3 

 

Estimates From Multilevel Models 

 Model 1  Model 2  Model 3  Model 4  Model 5  Model 6  Model 7  

 Estimate p Estimate p Estimate p Estimate p Estimate p Estimate p Estimate p 

Intercept 

(β0) 

              

   Intercept 

(γ00) 

16.75 <.001 16.74 <.001 20.38 <.001 20.38 <.001 20.38 <.001 20.38 <.001 20.38 <.001 

   OR (γ01)   0.11 <.001 0.11 <.001 0.10 <.001 0.12 <.001 0.12 <.001 0.13 <.001 

                  

               

Slope on 

SCI (β1) 

              

   Intercept 

(γ10) 

    –4.37 <.001 –4.37 <.001 –4.37 <.001 –4.37 <.001 -4.37 <.001 

   OR (γ11)             -0.02 .09 

               

Slope on 

SS (β2) 

              

   Intercept 

(γ20) 

    –6.55 <.001 –6.55 <.001 –6.55 <.001 –6.55 <.001 -6.55 <.001 

   OR (γ22)             -0.03 <.001 

               

Random 

effects 

              

 Estimate p Estimate p Estimate p Estimate p Estimate p Estimate p Estimate p 

   Variance 

in 

intercepts 

(τ00) 

68.65 <.001 28.90 <.001 29.82 <.001 43.80 <.001 29.23 <.001 29.80 <.001 41.49 <.001 

   Variance 

in SCI 

slope (τ11) 

      16.03 <.001 9.96 <.001 9.99 <.001 15.17 <.001 
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Covariance 

of 

intercepts 

and SCI 

slope (τ10) 

      –10.17 .02 –.35 .90   -8.76 .03 

   Variance 

in SS slope 

(τ22) 

      9.32 <.001   1.85 .20 6.96 .01 

Covariance 

of 

intercepts 

and SS 

slope (τ20) 

      –16.01 <.001     -13.67 <.001 

Covariance 

of SCI and 

SS slopes 

(τ21) 

      7.41 .02     5.98 .03 

   Variance 

within 

students 

(σ2) 

33.49  33.49  25.14  20.65  22.65  22.13  20.65  

               

Model fit               

   -2LL 

(deviance) 

5830.6  5753.3  5530.7  5480.7  5509.7  5508.9  5470.2  

Note.  In a reanalysis of Model 7 with social studies passages as the referent group there was a significant difference between the estimate of the 

fixed effects between social studies and science passages. OR=oral reading; SCI=science; SS=social studies. 



 

132 

 

Variance Components   Unstructured  

Covariance Matrix   Covariance Matrix 

 

















22

11

00

00

0







   

















222120

1110

00







 

 

 

Figure 1.  The two covariance structures used within the multilevel model-building 

process. 
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Conclusion 

All students, including those with and at risk for disabilities, must demonstrate 

proficient reading ability to meet increasingly high national academic expectations.  

To improve students’ reading ability, secondary level teachers need to provide 

targeted instruction so that students are able to read and comprehend a variety of 

narrative and expository texts across the content areas (i.e., science, social studies, 

and English Language Arts).  In order for teachers to determine which students are 

below proficient levels of reading, design instruction to meet their reading needs, and 

determine whether the instruction is increasing the students’ reading proficiency, they 

need to collect data using formative assessments.  Maze Curriculum-Based 

Measurement (Maze-CBM) is a commonly recommended standardized formative 

assessment to aid secondary teachers in making these data-based decisions, but little 

is known about its technical adequacy (i.e., reliability and validity for screening and 

progress monitoring) for secondary students.   

 In this dissertation, I attempted to examine the reliability and validity of 

Maze-CBM and its use for high school students.  The overarching questions of the 

three articles were: What is the reliability and validity of scores on Maze-CBM for 

high school students and are the psychometric characteristics of Maze-CBM 

influenced by passage differences or student abilities?  In the first article in this 

dissertation, I provided a synthesis of the current literature on Maze-CBM for 

students in Grades 6 through 12.  Specifically, I synthesized and presented 

information about the features of Maze-CBM administration (e.g., scoring 

procedures) that were reported in studies of Maze-CBM, the features of the text used 
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in studies of Maze-CBM, and the technical adequacy reported in studies of Maze-

CBM for students in Grades 6 through 12.  In the second article in this dissertation, I 

investigated the alternate-form reliability of Maze-CBM scores and the validity of 

their use for screening high school students for reading risk.  In the third and final 

article in this dissertation, I reported on a study investigating the effect of text genre 

on Maze-CBM scores.  In that article, I also initially explored the effect of students’ 

oral reading ability on those scores.   

 In this final chapter, I summarize the findings across the three articles relating 

to the use of Maze-CBM for students in high school.  Next, I discuss the limitations 

of these articles.  Finally, I report the implications of the findings for teachers and 

school staff and discuss potential areas of future research in the area of Maze-CBM 

for high school students. 

Findings 

 One major finding from Article 1 of this dissertation is that very few studies 

have investigated the technical adequacy of Maze-CBM for screening and progress 

monitoring students in Grades 6 through 12 (Mitchell & Wexler, 2016).  In fact, only 

two studies (McMaster, Wayman, & Cao, 2006; Pierce, McMaster, & Deno, 2010) 

have examined the technical adequacy of Maze-CBM for high school students (i.e., 

Grade 9 and above).  The shortage of research on Maze-CBM for students in Grades 

6 through 12 is also noted by other review authors in the area of reading CBM 

(Madelaine & Wheldall, 2004; Wayman, Wallace, Wiley, Tichá, & Espin, 2007).  

This is particularly troublesome because teachers are increasingly expected to use 

formative assessments—such as Maze-CBM—for screening and progress monitoring 
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students in reading, yet there is a lack of empirical evidence to suggest that Maze-

CBM is reliable and valid for these purposes for students in Grades 6 through 12. 

 A second finding from both Articles1 and 2 is that the level of reliability of 

Maze-CBM is often found to be below the acceptable level for making screening 

decisions (.80 and above; Salvia, Ysseldyke, & Bolt, 2007) or individual decisions 

about placement through the process of progress monitoring (.90 and above; Salvia et 

al., 2007).  In previous studies of Maze-CBM, reliability coefficients ranged from .52 

to .96 (Mitchell & Wexler, 2016), indicating that we cannot be sure that scores on 

Maze-CBM are consistent over time or across alternate forms at the levels that are 

acceptable for making important decisions in screening or progress monitoring 

processes.  I reported further support for this finding in Article 2 of this dissertation, 

in which I examined the alternate-form reliability of Maze-CBM with a sample of 

students in Grades 9 and 10.  In that article, I found that only 22% of alternate-form 

reliability coefficients were equal to or greater than .80.  This indicates that, in terms 

of screening (a low-stakes decision), Maze-CBM scores are not as parallel in nature 

across alternate forms as we would require of a measure used for screening. 

  A third important finding from this dissertation is that Maze-CBM scores 

show promise for being a valid measure of students reading comprehension in reading 

for students in Grades 6 through 12.  In Article 1, I found that the medians of both 

predictive and current criterion validity coefficients were in the moderate range but 

these coefficients had a large range of values.  Researchers calculated these 

coefficients using a variety of criterion measures so they indicate that Maze-CBM is 

strongly related to some reading measures but less related to others.  I further 
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examined the validity of Maze-CBM for screening students in Grades 9 and 10 in 

Article 2.  Here, I found moderate correlations between scores on Maze-CBM and 

three criterion measures of reading.  These results were consistent with that of 

McMaster et al. (2006) and Pierce et al. (2010) for students in Grades 6 through 12.  

Furthermore, in Article 2, I added evidence of the validity of Maze-CBM for making 

screening decisions by using receiver operating characteristic curves to examine the 

overall accuracy of using Maze-CBM to classify students into reading risk categories.  

Through this method, I found that it is unclear if Maze-CBM has adequate ability to 

classify students.  In this analysis I reported large confidence intervals for the area 

under the curve values, A, so we cannot be certain of the accuracy of this result.  No 

prior study of Maze-CBM for students in high school used this technique to examine 

the validity for making screening decisions.  Overall, the results of this analysis 

provide support that Maze-CBM is not adequate for classifying students into risk 

categories and caution must be taken when using Maze-CBM as the only reading 

measure. 

 Finally, I was able to explore the impact of text used in Maze-CBM on 

students’ scores in this dissertation.  In Article 1, I found that in most of the prior 

studies of Maze-CBM for students in Grades 6 through 12, the authors did not include 

information related to the genre of the text.  This is an important feature of Maze-

CBM to investigate since students in Grades 6 through 12 are expected to proficiently 

read a variety of texts in multiple genres across all content-area classes (National 

Governors Association Center for Best Practices, 2010).  In Article 3, I began 

preliminary investigation of the effects of text genre on Maze-CBM scores for 
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students in Grades 9 and 10.  I found there were passage effects on Maze-CBM that 

paralleled passage effects on other CBM measures (Baker et al., 2015; Christ & 

Ardoin, 2009; Cummings, Park, & Schaper, 2012; Francis et al., 2008; Petscher & 

Kim, 2011).  Additionally, I found that text genre had significant effects on Maze-

CBM scores after controlling for student oral reading ability and that these effects 

were different across students.  This supports the theories that the genre of the 

passage used in the Maze-CBM measure impacts a student’s score on that particular 

measure and that genre effects differ across students.  

 Ultimately, the three articles in this dissertation illustrate that research on 

Maze-CBM for students in Grades 6 through 12 is still in the preliminary stage.  The 

evidence from my dissertation adds to the preliminary idea that there is some support 

for the use of Maze-CBM for students at the secondary level; however, there are 

limitations and important implications that need to be considered.   

Limitations 

One limitation of this dissertation is that there are few prior studies of the use 

of Maze-CBM for students in Grades 9 through 12.  Thus, I wrote Article 1 on 

literature related to Maze-CBM in Grades 6 through 12 and used this corpus of 

studies, though limited, to design the empirical studies conducted for Articles 2 and 3.  

Additionally, the authors of studies that I reviewed in Article 1 did not always 

disaggregate results by grade level so I was not able to parse out results specific to 

Grades 9 through 12.  Furthermore, authors of many studies included in Article1 did 

not report features of the text used in their Maze-CBM passages, which made it 

difficult to synthesize results regarding text features.  Because of this, I had to use 
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evidence from studies on other types of CBM or text features in general when 

designing Article3, which investigated genre effects of Maze-CBM.  

A second limitation that impacted the empirical articles in this dissertation 

(i.e., Articles 2 and 3) was the limited sample size.  Although the sample size used in 

these articles was nearly three times the number of students in Grades 9 through 12 

than previously studied in the Maze-CBM literature, the sample size is still 

considered limited and, therefore, effects the results of these studies.  For example, 

the small sample size potentially explains the large confidence intervals around the 

estimated A values in Article 2.  This led to confidence intervals that had large 

overlaps with each other and that fell below the minimal acceptable levels of A.  This 

made it difficult to determine how well Maze-CBM functions as a screening tool for 

reading risk of high school students.  Additionally, the students who participated in 

this study were all from one charter school and only two grade levels.  Despite the 

ethnically diverse sample, it is questionable whether the results from these articles 

could be replicated with a sample of students that is more representative of schools 

across the country. 

 Finally, in Article 3, I maintained a narrow focus into the potential passage 

effects in Maze-CBM.  I chose to examine just one dimension of text complexity that 

had potential for causing passage effects; however, text complexity can involve an 

interaction between various dimensions of text, such as qualitative dimensions, 

quantitative dimensions, and reading and task considerations (Appendix A, National 

Governors Association Center for Best Practices, 2010).  In Article 3, I attempted to 

conduct a preliminary examination of passage effects for Maze-CBM by choosing 
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genre as the text characteristic impacting passages effects.  Furthermore, in that same 

article, I was focused on comparing social studies and science genres to prose and not 

to each other.  Because I found effects of genre, a general category of text 

complexity, it is likely that there are more specific categories of text complexity that 

could also be a source of the passage effects. 

Implications 

The results of the three articles in this dissertation have several important 

implications for researchers, test developers, and researchers.  The results indicate 

that the research on Maze-CBM for high school students is still in the early stages.  

Prior to this dissertation, there were only two studies (McMaster et al., 2006; Pierce et 

al., 2010) that investigated the technical adequacy of Maze-CBM for high school 

students, and those studies contained only 38 students in Grades 9 through 12.  

Although this dissertation contributed to the empirical literature in this area, the 

overall sample of students with whom we have investigated Maze-CBM still remains 

very small.   

Due to the limited literature on the use of Maze-CBM for high school students 

much more research needs to be done in this area.  Researchers need to examine 

further the reliability and validity of the use of Maze-CBM for both screening and 

progress monitoring high school students in reading.  Researchers may want to 

examine the potential effects of text and student characteristics on Maze-CBM scores 

and begin investigation into possible ways to control for these effects in the creation 

of Maze-CBM passages as well as equating methods that could be used similarly to 

that done with OR. 
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The largest implication for test developers is that there is a great need to 

develop and validate Maze-CBMs for use with students in high school. Test 

developers need to consider the existing research in Maze-CBM for high school 

students and consider the potential challenges of using differing genres of text on 

alternate forms.  Once test developers have validated their Maze-CBM measures they 

then need to insure that this information is provided to teachers and administrators so 

that they may properly select the tools for use. 

The limited empirical literature and lack of availability of Maze-CBM 

measures indicates that teachers who are using Maze-CBM for screening and 

progress monitoring high school students should use caution when interpreting scores 

on Maze-CBM, as there is a dearth of evidence to support its use in these important 

processes.  At this point, the evidence supports that Maze-CBM has promise of being 

technically adequate for use but more research still needs to be conducted in this area. 

Teachers should use data when making decisions regarding which students are 

not meeting grade level standards and how the students are progressing within 

supplemental support. Maze-CBM can be one source of data.  Due to the minimal 

evidence of technical adequacy of Maze-CBM, teachers need to use it along with 

other sources of data on students’ reading ability when making screening and 

progress monitoring decisions.  Examples of alternative sources teachers might use 

along with Maze-CBM data are state test scores, district assessments, work samples, 

grades, and informal observation data when making these important decisions. 

Finally, although  Deno (1985) initially proposed that teachers could create 

their own Maze-CBM measures using text from their class curriculum, teachers 
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should be very cautious when exploring this option.  In the studies across this 

dissertation, passages were carefully created by researchers who attempted to create 

equivalent forms of Maze-CBM passages.  It is likely that if teachers selected text 

from their curriculum without carefully accounting for the dimensions of text 

complexity, then they would create Maze-CBM passages with even less equivalency 

than the ones reported in this dissertation.  This may lead teachers to make incorrect 

conclusions about how students are progressing in reading, which could result in 

students not receiving the reading support that they need.  Thus, it is recommended 

that teachers use published Maze-CBM passages when they are available. 

Future Research 

 The present dissertation presents some important findings and leads to several 

key areas for future research.  Potential future research could investigate the 

following research questions: 

1. What is the influence of students’ background knowledge and vocabulary on 

Maze-CBM scores?   

2. What is the influence of other text dimensions (e.g., text cohesion) on the 

reliability and validity of Maze-CBM scores? 

3. How well do Maze-CBM scores predict which students are at risk for failing 

new state assessments, such as the ones by the Partnership for Assessment of 

Readiness for College and Careers (2014) and the Smarter Balanced 

Assessment Consortium  (n.d.)?  

4. How can Maze-CBM be used in addition to extant data within a multiple 

gating procedure for screening in reading? 
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5. What are current data collection sources and practices of high school teachers 

for screening and progress monitoring students in reading? 

With the current emphasis on standards-based learning and having all students 

reach proficient levels of reading, high school teachers are faced with many important 

instructional decisions.  Maze-CBM is a promising formative assessment that can 

help high school teachers make decisions about which students need additional 

instruction.  Once teachers identify these students and begin to provide them with 

targeted interventions, teachers can then use Maze-CBM to monitor these students’ 

progress.  The current research on Maze-CBM is limited for use with high school 

students, so it is important to continue research in this area.  It is necessary to have a 

substantial research base on the reliability and validity of Maze-CBM scores in 

screening and progress monitoring of high school students so that teachers can make 

more confident decisions in response to their data.  Additionally, these short 

assessments may save important instructional time if research supported they are just 

as effective for screening and progress monitoring as other, longer assessments of 

reading.  In conclusion, the research in this dissertation provides a foundation for 

future research in the use of Maze-CBM for high school students. 
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Appendices 
 

Appendix A 

Sample Maze-CBM Triad 
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Appendix B 

Counterbalanced Order of Maze-CBM Passages 

 

 

 Passage Number 

 Prose Science SS 

Form A 1 4 7 2 5 8 3 6 9 

Form B 4 7 1 5 8 2 6 9 3 

Form C 7 1 4 8 2 5 9 3 6 

 Science SS Prose 

Form D 2 5 8 3 6 9 1 4 7 

Form E 5 8 2 6 9 3 4 7 1 

Form F 8 2 5 9 3 6 7 1 4 

 SS Prose Science 

Form G 3 6 9 1 4 7 2 5 8 

Form H 6 9 3 4 7 1 5 8 2 

Form I 9 3 6 7 1 4 8 2 5 
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Appendix C 

Summary of Maze-CBM Measures 

 

Triad 

# 

Passage # Title Genre Lexile 

Level 

Passage Length 

1 1 The 

Accidental 

Opera Fan 

Prose 1170 588 

1 2 Life of a star Science 1180 592 

1 3 Strength in 

Diversity 

SS 1150 555 

2 4 The Sting of 

Truth 

Prose 1120 602 

2 5 Animal 

Adaptations 

Science 1300 566 

2 6 The Strait of 

Hormuz 

SS 1250 550 

3 7 Exchanging 

Dreams 

Prose 1150 574 

3 8 Life in the 

Tropical 

Rainforest 

Science 1210 585 

3 9 Canada's 

Journey to 

Independence 

SS 1220 549 
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Appendix D 

 

Overview of Measures 

 

Measure Approximate 

Time to 

Administer 

How 

Administered 

Use in Article 2 Use in Article 3 

Maze 

CBM- 9 

measures 

30 minutes Group 

administered by 

research team 

Predictor variable Outcome variable 

TOSREC 5 minutes Group 

administered by 

research team 

Criterion variable 

indicating reading 

risk status 

N/A 

PSAT 

Reading 

60 minutes Administered by 

school staff 

Criterion variable 

indicating reading 

risk status 

N/A 

SRI 30 minutes Computer 

administered by 

school staff 

Criterion variable 

indicating reading 

risk status 

N/A 

Oral 

Reading 

5 minutes Individually 

administered by 

research team 

N/A Student level 

predictor variable 
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Appendix E 

 

Example CARI OR Triad 
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