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Abstract

The maze is a type of assessment tool for reading in the context of Curricu-
lum-Based Measurement (CBM). Over the last three decades, the maze, with
the contribution of technology, is evolving into an assessment tool that can be
automatically administered and scored. The objective of this study was to re-
view the literature research on the maze. Sixty-three studies and other sources
have been reviewed, and it was found that it is a technically adequate mea-
surement for universal screening and monitoring progress and has a high
correlation with reading achievement tests. Additionally, the maze seems to
be a time-efficient and sensitive tool, included in most CBM tests. However,
some significant issues emerging from the review need further investigation.
These issues are related to the reading maze measures, its instructional utility
as a progress-monitoring tool, and the determination of the maze’s distrac-
tors.
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1. Introduction

Reading assessment is a key procedure in every educational system, especially
when the educators’ objective is reading proficiency in children with learning
disabilities. The first step in assessment is to identify students at risk of reading
failure through screening and refer them for further diagnosis (Tzivinikou, 2018).
Reading difficulties are a characteristic of many children with learning disabili-
ties, due to numerous cognitive deficits that may affect their reading ability

(Gersten, Fuchs, Williams, & Baker, 2001). Instruction or remediation for child-

DOI: 10.4236/psych.2020.1110101  Oct. 30, 2020

1592 Psychology


https://www.scirp.org/journal/psych
https://doi.org/10.4236/psych.2020.1110101
https://www.scirp.org/
https://doi.org/10.4236/psych.2020.1110101
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

S. Tzivinikou et al.

ren with reading difficulties is a complex procedure that always begins with as-
sessment (Busch & Reschly, 2007; Coyne & Harn, 2006; Coyne, Zipoli, & Ruby,
2006; Stecker, Lembke, & Foegen, 2008).

Assessment procedures that serve diagnosis and performance measurement
purposes, should be based on acceptable cognitive models, and be causally re-
lated to teaching (Leighton & Gierl, 2011). Assessment results must be unders-
tood by students, teachers, and parents and be clearly communicated to stake-
holders by explaining how these results are going to be used in guiding remedia-
tion or instruction (Leighton & Gierl, 2011).

In the last few years, with the technology up growth, several assessment me-
thods have been proven useful for automated administration and scoring, thus
eliminating time constraints for educators. For example, computer-adaptive
testing (Linacre, 2000) or scaffolding and integrated assessment can be used in
computer-assisted learning environments (Beale, 2005).

Almost forty years after its first appearance, Curriculum Based Measurement
(CBM) seems to have evolved in an appropriate method for automated adminis-
tration, scoring, and representation of students’ progress (Fuchs, 2004). With
several diagnostic, screening, and progress monitoring methods developed so
far, the latter seems to be the most challenging to create (Fuchs, 2004).

In this context, we investigated an assessment method for reading that can be
used as formative assessment to give educators vital signs of students’ perfor-
mance and provide them with the necessary data for the decision-making
process. CBM maze seems to fulfill the above as a General Outcome Measure-
ment (GOM) for reading and can serve educators as a universal screening and
progress-monitoring tool.

Therefore, the objective of the present study was to conduct a literature review
of an assessment tool for reading, the maze, which can be used for universal
screening and progress monitoring. More specifically, the research questions of
the study are listed below:

Q1: Why was the maze initially developed and what is the maze’s history?

Q2: Is the maze technically adequate for measuring students’” growth?

Q3: Can the maze be used for universal screening for reading?

Q4: Which components of reading does the maze measure?

Q5: How often could the maze be used for measuring growth in reading?

Q6: Do teachers and students prefer the maze as a measurement method?

2. Procedure

Regarding the research process, the following criteria and search strategies pur-
sued in information sources.

For the retrieval of research articles, books, and technical manuals, three cri-
teria were set: 1) to have been published from 1974 to 2020, 2) to concern Cur-
riculum Based Measurement Maze and 3) to have been published in scientifical-
ly recognized journals and books. The search was performed in jounals.sagepub,

sciencedirect tandfonline, onlinelibrary.wiley, jstor and google scholar databases
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in order to locate the appropriate literature. The keywords that were used to re-
fine the research were: Curriculum Based Measurement, reading assessment,
reading achievement, maze, technology, universal screening, progress monitor-
ing, measuring growth. The initial search resulted in a collection of 100 sources
including research articles, books, and technical manuals. Initial findings were
studied in terms of title, abstract, results and discussion, which narrowed our

collection to 63 sources that matched our topic interests.

3. Curriculum Based Measurement

Deno (1985) highlighted at an early stage the need to create easy-to-use and re-
liable tools for measuring and monitoring students’ progress, which were mainly
based on the informal observations of their teachers. In this context, the CBM
measurement can be used both in general and special education, aiming univer-
sal screening in order to identify students at risk and evaluate intervention pro-
grams (Deno & Fuchs, 1987; Hintze, 2009; Hintze, Wells, Marcotte, & Solomon,
2018).

CBM’s main difference from traditional reading tests is that it draws the ma-
terials of the measurements from the student’s curriculum (Deno & Fuchs, 1987).
At least this was the case in the early stages of its development where teachers con-
structed the tests each time using texts from school textbooks (Wayman, Wal-
lace, Wiley, Ticha, & Espin, 2007). This choice offered high face validity, al-
though it lacked validity and reliability (Shinn & Shinn, 2002b). Research on
CBM started in 1977 by the University of Minnesota and its primary purpose
was to develop measurement and evaluation tools that could be administered at
short intervals to improve the educational decision-making process (Deno &
Fuchs, 1987).

A CBM tool for reading should be valid and reliable, simple, and effective,
produce easy, understandable, and interpretable results, and be cost-effective
(Deno, 1985). In a complex skill such as reading, the measurements of a CBM
tool should provide information on the progress of reading comprehension (Deno,
1985).

With the spread of response to intervention model (RtI) it became widely
known, because it was considered an ideal method for detecting students at risk,
in order to monitor progress and make data-based decisions on measuring the
response to intervention (Hintze, 2009).

A considerable amount of literature has been published about CBM and its
contribution to monitoring student progress is highlighted as their performance
is assessed by multiple measurements over short periods of time and the assess-
ment is designed to detect small changes in performance (Chung, Espin, & Ste-
venson, 2018).

CBM is necessary to fulfill specific traditional psychometric characteristics,
such as the various types of validity and reliability to be considered technically

adequate. It must meet some of the traditional psychometric characteristics, such
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as the various types of validity and reliability. However, the traditional psycho-
metric characteristics may not be sufficient to be considered an adequate as-
sessment for measuring students’ progress. It is necessary to explore additional
technical features, such as students’ growth across grades, Standard Error of
Measurement (SEM), Standard Error of Estimate (SEE), as well as to ensure ac-
ceptance by teachers (Fuchs & Fuchs, 1992).

4. Curriculum Based Measurement in Reading

It is known that students with reading difficulties present slower development in
reading skills. Thus, measurements must be made with tests that have high psy-
chometric characteristics, mainly with high accuracy and objectivity to detect
small changes in performance (Parker, Hasbrouck, & Tindal, 1992). In addition,
these tools should be easy to administer, score, and interpret and have high face
validity to gain popularity in the educational community, since teachers are the
ones who use them regularly (Parker et al., 1992).

When CBM got popular and widely used as a method for universal screening
and monitoring progress in 1985 (Deno), Oral Reading Fluency (ORF) played a
key role in CBM tools as it was a commonly accepted measure for extracting a
general outcome in reading ability (Fuchs & Fuchs, 1992); an approach still sup-
ported by Van Norman et al. (2018).

The universal consensus on the need for effective intervention strategies, hig-
hlighted the necessity to adopt practices to continuously monitor progress. In
this context, for the last three decades, two types of measurements and tests ex-
ist: the Specific Subskills Mastery Measurement (SSMM), and the General Out-
come Measurement (GOM) (Fuchs & Deno, 1991).

These tests are short and sensitive to changes in student performance and they
are causally related to the educational decision-making process by providing da-
ta within the problem-solving model (Ball & Christ, 2012). They are considered
to bridge the gap between traditional and more rigorous assessment methods in
relation to teachers’ informal observations, thus creating an innovative method
for planning and making educational decisions, as well as monitoring progress
(Fuchs & Deno, 1991).

In SSMM:s, reading is “divided” into specific sub-skills, which are prioritized
and for which individual tests are formed consisting of both the teaching goal
and specific subskill measurement for monitoring progress (Hintze, Christ, &
Methe, 2006). These measurements may emphasize a lot on a specific skill and
not on the overall students’ skills (Fuchs & Deno, 1991; McConnell & Wack-
erle-Hollman, 2015). As initially reported by Fuchs and Deno (1991) but also
more recently by Ball and Christ (2012), these measurements are more suitable
for short-term interventions, as they are not appropriate for generating the stu-
dents’ general overview and developmental level. However, it seems that a com-
bination of the two approaches may be used by exploiting their positive aspects
(Ball & Christ, 2012; Van Norman, Maki, Burns, McComas, & Helman, 2018).
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On the other hand, GOMs seem to be more appropriate to formulate long-term
teaching objectives, give teachers the freedom to try different teaching approaches
and strategies, while providing a dependent variable for databased decision
making over the intervention’s effectiveness (Fuchs & Deno, 1991; Shinn &
Shinn, 2002a; Van Norman et al., 2018).

ORF measure is considered as the most critical measurement in R-CBM since
1982 (Deno, Mirkin, & Chiang) and therefore the existing literature on ORF,
over the last 10 years, focuses particularly on issues such as its utility for reading
difficulties identification in other languages (Protopappas & Skalumbakas, 2008),
probe equivalence (Christ & Ardoin, 2009), the way of graphically representing
progress (Christ, Silberglitt, Yeo, & Cormier, 2010), whether R-CBM measure-
ments can be used as indicators on the impact of teaching methods used by
teachers (Petscher, Cummings, Biancarosa, & Fien, 2013), how to use the data
resulting from monitoring the progress for the educational decision-making
process (Burns et al., 2017; Van Norman & Christ, 2016) and the degree of cor-
relation with reading comprehension (Shin & McMaster, 2019).

Although ORF provides useful information regarding reading development
and is included in most CBM criteria, alternative types of reading measurements
were sought, which could be administered in groups and in timely manner
(Fuchs, Fuchs, Hosp, & Jenkins, 2001; Reschly, Busch, Betts, Deno, & Long, 2009;
Shinn, Knutson, Good, Tilly, & Collins, 1992).

The administration, scoring and representation of the data could be auto-
mated with technological assistance, the measurement results could have higher
degree of correlation with reading comprehension and demonstrate higher face
validity in order to be accepted by CBM users as a measure for reading compre-
hension (Fuchs & Fuchs, 1992). Furthermore, this test should meet the psycho-
metric characteristics of validity and reliability and be sensitive enough to detect

small changes in student performance.

5. Why Was the Maze Initially Developed?

The maze was developed in the early 1970s to improve reading assessment done
with cloze procedures and was intended to assess students of low socioeconomic
background, English Language Learners (ELLs) and students with reading diffi-
culties (Parker et al.,, 1992). One of the first “official” bibliographic references
was made by Guthrie, Seifert, Burnham, and Caplan (1974), who sought an al-
ternative method of assessment, with the following characteristics: a) high valid-
ity and reliability, b) easily constructed by teachers, using materials similar to
those of teaching c) short administration time and d) able to provide more data
for reading comprehension compared to ORF. One of the main arguments they
used was that there were students with particularly high performance in ORF
and low reading comprehension performance; these students were known as
“word-callers” (Guthrie et al., 1974). These students needed an assessment tool

which would easily identify them and offer them the appropriate intervention to
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improve reading comprehension. This issue first appeared in 1974 (Guthrie et
al.) and is still of concern to the research community, since it lacks sufficient
evidence, whether the maze is a better measuring tool than the ORF in identify-
ing students with such difficulties (Shin & McMaster, 2019).

The maze may be used alternatively for selecting appropriate texts for reading
comprehension instruction (Guthrie et al., 1974). It is reported that students
with difficulty in comprehension made significant progress, as the level of diffi-
culty of the texts increased on the appropriate timeframe (Guthrie et al., 1974).
A grade point average of just over 65% is suggested for selecting the appropriate
text to be taught and going to a more difficult level when the student reaches
85% - 100% (Guthrie et al., 1974).

6. Five Important Stages of Development in the Maze’s
History

The alternative proposed by Guthrie et al. (1974) is described as a maze proce-
dure, in which any text from a book can be used. Every 5th or 10th word is re-
placed with three alternatives. One of them is correct, one belongs to the same
grammatical category (i.e. verb), and one does not belong in the same category.
Students read the text silently and choose the answer they think is correct. Then
the students’ correct answers are scored and converted into a percentage, and
this is considered to be the student’s level of understanding in the specific text.
For example, in a text with 20 blanks, if a student has 15 correct answers, then it
is considered that he/she can understand this text by 75%. The test was not
timed, and the texts were about 120 words each, categorized by a readability for-
mula. Students should not be familiar with the texts or the vocabulary used prior
to the administration.

The maze was used as a tool to evaluate Basic Academic Skills Samples (BASS;
Deno, Maruyama, Espin, & Cohen, 1989). There were texts of about 260 words
in which every 7th word was deleted, and in its place, there were three possible
options (distractors). Distractors were not relevant with the meaning of the text.
To check the randomness of the students’ answers a discontinue rule was used in
the three incorrect answers and the students’ score was derived from the correct
answers in three texts.

While looking for tools to draw a general outcome in reading within the CBM
that would meet the criteria for automated assignment and scoring, Fuchs and
Fuchs (1992) found the maze as the most appropriate method for measuring
progress. It was also appropriate because it was more acceptable to teachers who
used CBM tools as a measure for reading comprehension, rather than ORF.
They used texts of about 400 words to construct the tests, which included com-
plete stories to facilitate meaningful reading and were categorized by readability
formula to match grade’s level.

Each maze is constructed as follows: The first and last sentences remain intact,

and then every 7th word is deleted and replaced by one of three possible options
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referred to as distractors. Distractors should have the same number of letters or
differ by one. They should not 1) match the sentence semantically 2) be rhyming
with the correct choice 3) look like the correct one orally or visually 4) be
non-words 5) require students to read more than 1.5 line in order to exclude it
as an option 6) not be so difficult in vocabulary that it does not have the possi-
bility to be considered a non-word. The students have 2.5 minutes at their dis-
posal and the administration is done using a computer. These rules for selecting
distractors are followed in most maze-based surveys, except when researchers
wish to increase the difficulty of the test (Shinn & Shinn, 2002b).

Aimsweb (Shinn & Shinn, 2002b) uses texts from 150 to 400 words. As in the
development process described by Fuchs and Fuchs (1992), the first sentence of
the text remains intact and then every 7th word is replaced by one of three poss-
ible options. The differentiation they introduce regarding distractors is a simpli-
fied selection process. One word is considered to be a “near” distractor, i.e. it
belongs to the same grammatical category as the correct one, but does not match
the meaning of the sentence while the other is a “far” distractor, i.e. it belongs to
another grammatical category and is chosen randomly from the text without
matching the meaning of the sentence. The score derives from the students cor-
rect minus incorrect answers.

In the latest version of DIBELS 8th (University of Oregon, 2020), the maze is
designed to be administered from the 2nd to the 8th grade. The process of text
development is the same as the ORF process. That is, texts were written by sev-
eral experienced writers from different US states who had a different back-
ground. Emphasis was placed on making the texts interesting for the students
and appropriate for each grade. The texts for the maze, however, are longer so
that they can accurately measure the reading skills of children with better read-
ing fluency and comprehension. The main difference with the maze, as described
in previous stages, lies in the choice of distractors and the visual formatting of
the test, utilizing research results that suggest that large series of texts can be dif-
ficult to read and understand.

The final score of the test is not only based on the correct answers of the stu-
dents but is also based on the difference of the correct ones minus the incorrect
answers divided by 2. Then this number is converted into an equated scale score
with an average of 100 and a standard deviation of 10, to reduce the effect of the
different difficulty level on each test. In this way a higher score from test to test
will be due to the improvement of the students and not to differences in the text
difficulty.

Regarding the construction of the test, the first and the last sentence of the
text remain intact to allow the better consolidation of the meaning of the text. In
the 2nd grade, the first two sentences and the last one remains intact. Starting
with the 3rd word of the second sentence, every 7th word was deleted with some
adjustments. If it was a proper noun or a number, then the 8th word was deleted.

If the 7th word was a specialized term it was deleted, unless previously explained
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in the text. Distractors could not start with the same letter as the correct choice,
or have two letters different from the correct choice, although this rule became
more relaxed for the higher grades (after the 5th grade). Moreover, the words
should be grammatically correct if they were verbs, nouns, adjectives or contrac-
tion, excluding all other parts of speech, such as articles, where grammatical
correctness was not necessary, as it seemed to lead to the same “distractors”. Al-
so, different types of the same word could not be selected. Finally, from 5th grade
onwards one of the distractors should be semantically like the correct word, to

fit the meaning of the sentence but not the text.

7.1s the Maze Technically Adequate for Measuring Students’
Growth?

Technical features of slope are essential for CBM because they provide the stu-
dents’ actual progress in an academic domain and seem to be of the most chal-
lenging issues for CBM researchers and developers (Fuchs, 2004). To measure
students’ growth in reading comprehension, multiple measurements at short in-
tervals are required in order to demonstrate the change of students’ performance
(Fuchs & Fuchs, 1992; Shin, Deno, & Espin, 2000).

In Guthrie et al.’s (1974) effort to investigate the maze’s traditional psycho-
metric characteristics, a high degree of correlation was found (0.82) with nation-
al standardized reading comprehension achievement test for 2nd grade students
(Guthrie et al., 1974). They also compared the performance of students with and
without learning disabilities, in terms of reading fluency and text maze. The re-
sults showed that students without difficulties have a similar performance (0.99)
in ORF (89.54%) and in the text maze (89.23%), while students with learning
difficulties had greater differences between the two tests. On average, 80.92% is
in ORF and 60.62% in the text maze, with a correlation coefficient of 0.72 (Guthrie
etal, 1974).

Jenkins and Jewell (1992) investigated concurrent validity across grade levels
from 2nd to 6th grade of BASS reading test, which uses the maze as a measuring
tool for reading, with nationally standardized reading achievement tests, in 413
children, and found a similar correlation of 0.85. Muijselaar, Kendeou, de Jong
and van den Broek (2017), also found a high degree of correlation, from 0.69 to
0.79, between the maze and national achievement test, through 4th, 7th, and 9th
grade.

Shin et al. (2000) examined the maze’s validity, reliability, and ability to measure
students’ growth, in 43 2nd grade students with monthly measures during a
school year. Their findings were equally encouraging, as a statistically significant
relationship was found between the average growth of the monthly maze mea-
surements and the state achievement tests. Alternate form reliability for 3-minute
maze with intervals from 1 to 3 months, with an average rate of 0.81. Chung et
al. (2018) found slightly lower scores, from 0.67 to 0.83 for the maze administra-

tions lasting 2 minutes over a week and recorded an average weekly progress of
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0.16 words for 7th grade students. Tolar et al. (2012) compared alternate form
reliability using the same probes with a score of 0.86 and with different probes
with a score of 0.74. Conoyer et al. (2017) found alternate form reliability around
0.80.

Criterion validity is investigated by examining whether two or more different
types of measurements of the same skill lead to similar results (Jenkins & Jewell,
1993). However, maze and OREF tests have the same test format, while achieve-
ment tests use different types of measurements for the same skill between dif-
ferent grades (Jenkins & Jewell, 1993). In addition, achievement tests that are
geared towards measuring the performance for high-stakes decisions, do not
provide data on student progress, and are not designed for repeated administra-
tions throughout the school year (Crawford, Tindal, & Stieber, 2001).

The frequent correlation of CBM results with achievement tests provides
teachers with the data they need to plan interventions and monitor the progress
of students, that achievement tests did not provide (Crawford et al., 2001).
However, in order for the correlation between the two tests to be considered re-
liable, the sample size, the proportion ELLs, the proportion of students with
learning disabilities and the time between administrations of CBM and state
achievement tests should be taken into account (Yeo, 2010). Differences in maze
with different selection criteria of distractors and different scoring types (correct
answers and correct minus wrong answers), did not seem to affect degrees of re-
liability (Conoyer et al., 2017).

Measuring growth seems to be one of the most challenging and complex is-
sues for CBM researchers and developers. Technical features of slope are diffi-
cult to be examined because researchers usually focused on technical features of
static score, as they are more familiar with investigating traditional psychometric
characteristics (Fuchs, 2004). Numerous terms are included in technical features
of slope, the most common of which are mean growth rate, reliability of slope,
Standard Error of Estimate (SEE), and SEE of mean growth rate.

Shin et al., (2000) examined the mean growth rate in maze scores, of general
education students and remedial education students, recording 1.20 more cor-
rect answers per month for the first group and 0.91 for the second. Although the
difference seems large, it did not prove to be statistically significant. The re-
searchers suggest that one possible reason may have been the successful remedial
education services that students received (Shin et al., 2000). On the other hand,
Chung et al. (2018), found that growth rates for 7th grade students, with and
without learning difficulties, did not differ significantly, while test scores dif-
fered.

SEE is important, because the higher it is, the less useful CBM test results will
be for monitoring progress (Fuchs & Fuchs, 1992). Fuchs and Fuchs (1992) re-
ported that the average progress per week was 0.39 words and the SEE 3.09.
Monthly progress (1.07 words) recorded by Shin et al. (2000) was statistically
significant, and its degree of reliability was 0.66, indicating that 66% of the rec-
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orded progress could be attributed to a real change in student performance. SEE
of mean growth rate was close to the findings of Fuchs and Fuchs (1992).

Investigating the terms of the sensitivity of the mean growth rate, Shin et al.
(2000) recorded statistically significant progress that reveals significant intrain-
dividual differences between measurements. On the other hand, Chung et al.
(2018), compared the achievement and progress of 7th grade students with and
without learning difficulties, and found significant differences in test scores, but
not in growth rates.

Students’ recorded progress in reading using the maze appears to be consis-
tent and reliable (approximately 0.4 words per week) (Fuchs & Fuchs, 1992; Shin
et al.,, 2000). However, it is not as useful as reading fluency which is much larger
quantitatively (approximately 1 word per week) (Christ et al., 2010). This quan-
titative disadvantage is argued to have the potential to be offset by converting the
maze grades to ORF grades (Fuchs & Fuchs, 1992).

More specifically, Jenkins and Jewell (1993), investigating the degree of corre-
lation of ORF with achievement tests across grade levels, found correlations
around 0.85 for grades 2 - 4 which reached 0.63 for grade 6. Corresponding
fluctuations were not observed for the maze, which recorded correlations from
0.63 to 0.76. However, maze correlations with achievement tests had greater sta-
bility across grades, while lower correlations were observed for the first grades of
school.

As shown above, the degree of correlation of the maze fluency with standar-
dized reading achievement tests is not as high as reading ability, but appears
more stable over time in all grades of Elementary and High School, in contrast to
reading ability which is higher for smaller grades (1 - 4) and decreases for older
students (Jenkins & Jewell, 1993; Wayman et al., 2007).

A recent systematic literature review by Shin and McMaster (2019), investi-
gating correlation coefficients for reading fluency and the maze, with achieve-
ment test for reading comprehension in students from 1st - 10th grade, contra-
dict previous findings. Their findings suggested that reading comprehension
may be a better predictor of reading comprehension than the maze. However,
the differences were not large, indicating that both types of measurements can be
useful predictors of reading comprehension.

The studies presented thus far, provide evidence that the technical weaknesses
that the maze seems to present as a measurement tool for monitoring reading
progress in the context of CBM versus the ORF measurement, are compensated
by its advantages for simultaneously administration in whole classes and auto-

matically scoring (Shin et al., 2000).

8. The Maze for Universal Screening

The administration of maze fluency test can be done in cases of students who are
at risk of developing difficulties in reading comprehension, and to have a com-

plementary feasibility with the measurement of reading fluency in order to con-
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tribute in a more complete reading profile of the students (Shinn & Shinn,
2002a). Of course, in the above case, doubts are expressed as to whether the
maze provides useful information in combination with other measurements
(Ardoin et al., 2004). However, to be used as a screening tool, it would be better
to extend the administration time or administer two maze texts, as it has been
found that the longer the administration time is, the greater the reliability coeffi-
cients are (Chung et al., 2018; Conoyer et al., 2017).

The maze can be used in the context of universal screening to identify stu-
dents who have difficulty with lower reading comprehension skills and can be
improved through revisions to focus more on comprehension skills (Muijselaar,
Kendeou, de Jong, & van den Broek, 2017). Finally, it has great predictive validi-
ty for scoring in achievement tests, even in 8th grade students (Conoyer et al.,
2017). All the above, combined with the maze’s ability to be administered simul-
taneously to whole classes and automatically score, render it an important and

useful tool for the purposes of universal screening assessment.

9. Which Components of Reading Does the Maze Measure?

Reading is a complex process involving several subskills, such as word decoding,
reading fluency, the ability to deduce conclusions and retain information in
memory, having as ultimate goal of reading comprehension (Jenkins et al., 2003;
National Reading Panel & National Institute of Child Health and Human De-
velopment, 2000; Oakhill & Cain, 2012). There is no consensus among research-
ers on skills most related to reading comprehension. The “simple” theories re-
garding reading claim that it is the sum of decoding with language comprehen-
sion (Gough & Tunmer, 1986), while others place more emphasis on the quality
of lexical representations (Perfetti, 2007).

The theoretical background, type of tests, and materials used in different
reading assessment tools, can lead to different results and even measurements of
the same skills (Cutting & Scarborough, 2006). Research efforts to examine maze
criterion and content validity have been conducted primarily with achievement
tests (Chung et al., 2018; Conoyer et al., 2017; Guthrie et al., 1974; Jenkins & Je-
well, 1992, 1993; Muijselaar et al., 2017; Wiley & Deno, 2005; Shin et al., 2000)
with different maze formats in terms of test duration, distractors selection me-
thod, scoring methods and administration at different ages (Tolar et al., 2012).
Therefore, correlations between maze and achievement tests are likely to differ
across studies because of the differences between the tests.

Although maze fluency is used as a reading comprehension measure, the skills
associated with it have not been sufficiently explored (Kendeou & Papadopoulos,
2012). It is argued that it interrelates with code-related abilities, such as reading
fluency and word decoding, and less with language comprehension skills, such
as vocabulary and language comprehension (Muijselaar et al., 2017). Still, this
correlation remains robust over time and does not appear to be affected between

grades (4 - 7 - 9 grades). In a longitudinal study with Greek-speaking students
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from Ist through 2nd grade, it was found that maze performance can be pre-
dicted by rapid naming (RAN) and word reading fluency (Kendeou & Papado-
poulos, 2012). Furthermore, it interrelates with vocabulary and more specifically
with the breadth and efficiency of lexical representations leading to fluent read-
ing (Kendeou, Papadopoulos, & Spanoudis, 2012).

Conoyer et al. (2017) hypothesized that different distractors selection criteria
would lead to the measurement of different reading skills. That is, “difficult”
distractors are more likely to fail to measure a “deeper” level of comprehension,
as originally assumed by Parker et al. (1992). Students’ pauses while trying to
find the right answer, burden the function of working memory and make it dif-
ficult to create mental representations that lead to a “deeper” understanding of
the text. On the other hand, if “easy” distractors are selected, which do not re-
quire students to make cognitive efforts to select them, as originally designed by
Deno et al. (1989) in BASS, then the maze will be closer to measuring reading
fluency skills (Conoyer et al., 2017). Considering the different effects coming
from the choice of distractors, Conoyer et al. (2017) investigated the criterion
validity of the two maze types with two standardized achievement tests and
found no statistically significant differences in correlation scores. The maze,
however, with the “easy” distractors seemed to be more related to the general
reading ability, while those with the “difficult” ones were more related to the
reading comprehension. Of course, the above need further investigation and

testing in younger school students.

10. Material Selection for Conducting Maze Measures

The source of materials for R-CBM measurements has been a field of interest
since the early 1990s and has been explored more in terms of OREF, less in the
maze and even lesser in word reading fluency (Wayman et al., 2007). The
process of creating or selecting materials for the maze has no differences from
ORF, except that the texts are usually longer due to the longer maze administa-
tion time.

The initial purpose of CBM for reading was to evaluate student performance
based on students’ curriculum, in order the source of materials to be from each
grade materials (Deno & Fuchs, 1987). This tactic resulted in unstable sources of
materials, as teachers chose the texts they would use each time (Deno, 1985).

The unstable sources of materials seemed to negatively affect the technical
adequacy of the measurements and led to different performance of the students
(Wayman et al., 2007). For example, it has been found that in texts created for
assessment purposes and tested for their level of difficulty with readability for-
mulas, students had higher score than literature-based texts (Brown-Chidsey,
Johnson, & Fernstrom, 2005).

In addition, it is important to ensure the equivalence of passages by having
similar difficulty levels in the texts of each probe, as measurements become more

“sensitive” in recording the student’s progress (Fuchs & Shinn, 1989). Of course,
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it is less important for monitoring students’ progress and for evaluating the
choice of teaching strategies at the classroom level, as it is enough to compare
classmates’ performance without referring to a norm or criterion (Fuchs & Shinn,
1989).

The sources of material directly from the curriculum gave high face validity,
but more measurement errors, due to the unstable variation of text difficulty and
the possible familiarity of the student with the text (Fuchs & Deno, 1994). It also
proved to be time consuming for teachers to design and correct a CBM probe
each time (Shinn & Shinn, 2002b).

The continuous research concluded that it was preferable to use curriculum
independent texts, so that the measurements have higher validity and reliability,
reduce the SEE and have higher possibility of generalizing the results between

the various curricula that students can be taught (Wayman et al., 2007).

11. How Often Is the Maze Used for Measuring Growth in
Reading?

Guthrie et al. (1974) used the maze for progress monitoring in reading compre-
hension, administering it weekly with texts of similar difficulty, in order to mon-
itor students’ progress over a period of approximately 5 weeks. Fuchs and Fuchs
(1992) administered it twice a week for 18 weeks to determine the progress of 63
students who had been diagnosed with reading difficulties with an average age of
12 years. Shinn and Shinn (2002b) at Aimsweb, have designed it to be adminis-
tered as a benchmark only three times a year, and Deno et al. (1989) in the con-
text of screening assessment. In the latest edition of DIBELS 8th (University of
Oregon, 2020) the maze is used as a benchmark three times a year and, regard-
ing progress monitoring, it is recommended to be administered no more than

once a month.

12.1Is the Maze a Time-Consuming Method?

In the research of Guthrie et al. (1974), cited as the first “official” literature ref-
erence suggesting the maze as a progress monitoring method, administration
had no time limit and students had as much time needed to complete the test. In
all subsequent uses of the CBM maze text, administration time varies and may
be 1 minute (Deno et al., 1989; Jenkins & Jewell, 1993; Wiley & Deno, 2005), 2
minutes (Brown-Chidsey, Johnson, & Fernstrom, 2005), 2.5 minutes (Fuchs &
Fuchs, 1992), 3 minutes (Ardoin et al., 2004; University of Oregon, 2020; Fuchs,
Fuchs, Hamlett, Walz, & Germann, 1993; Shin et al., 2000; Shinn & Shinn,
2002b) up to 10 minutes (Brown-Chidsey, Davis, & Maya, 2003).

The comparison of maze to ORF as benchmark assessments administered
three times a year, in the context of universal screening, seems to disserve maze
in regarding time consuming issues. The maze is usually considered a 3-minute
measure and ORF as 1-minute. In fact, it would take about 5 minutes, including

instruction, scoring, and data representation, to evaluate an entire class of 25
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students with a maze that includes administration and scoring software. If ORF

measurement is chosen, it will take about 5 minutes for each student.

13. Do Teachers and Students Prefer the Maze as a
Measurement Method?

The process of administering the maze seemed to meet the teachers’ require-
ments, as it reflects various dimensions of reading such as decoding, compre-
hension and fluency (Fuchs & Fuchs, 1992). It seemed a pleasant process for
students compared to other assessment methods (Fuchs & Fuchs, 1992). One
possible interpretation is that the students had not participated in a similar as-
sessment process in the past, the group nature of the assessment, the use of
computer, the opportunity for multiple answers without much cognitive effort
and the avoidance of exposing students to aloud reading that can cause embar-
rassment and feelings of shame, especially in students with reading difficulties.
Also, it seems that monitoring progress using the maze gives students feedback
on their results, motivating them to become more responsible for their progress
in reading, put more effort in the task, and attribute their success to their per-
sonal effort (Davis, Fuchs, & Fuchs, 1995).

14. Conclusion

The purpose of the current article was a literature review of CBM maze. The in-
vestigation of CBM maze showed that, with the corroboration of technology, it can
be used as a solely automatic measure for administering, scoring, and representing
the data from the assessment. Furthermore, its applicability for administration
in whole classes can save time and resources redirecting them for diagnostic,
formative, and summative assessment.

The maze initial purposes, as formulated by Guthrie et al. (1974), to render it
as a reliable and valid GOM measure for universal screening and progress mon-
itoring have proven by many studies (Chung et al., 2018; Conoyer et al., 2017;
Crawford et al., 2001; Fuchs & Fuchs, 1992; Guthrie et al., 1974; Jenkins & Jewell,
1992; Jenkins & Jewell, 1993; Kendeou & Papadopoulos, 2012; Kendeou et al.,
2012; Muijselaar et al., 2017; Shin et al., 2000; Shinn & Shinn, 2002a; Shin &
McMaster, 2019; Tolar et al., 2012; Yeo, 2010; Wayman et al., 2007). One source
of weakness, regarding compares with ORF and maze, is that the maze has much
less investigated. In the meta-analysis of Shin and McMaster (2019), only 29 re-
levant surveys were identified for the maze fluency versus 123 for ORF. Fur-
thermore, most of these studies focused on students in lower grades (1 - 3
grades), where the emphasis is on reading skills, such as decoding and fluency,
rather than on intermediate grades, where the emphasis is on comprehension
skills (Shin & McMaster, 2019).

In the maze history, as a measurement for reading, five important stages of
development have transpired, which can be seen through commercial CBM tests

and research papers. Several changes have occurred in many issues, such as ad-
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ministration time, criteria for selection of distractors, scoring procedures, issues
for representing students’ growth, and sources of material, gradually improving
maze utility as a measure for universal screening and progress monitoring.

The additional changes described above enhanced its instructional utility as a
GOM for reading. Fuchs and Fuchs (1992) with the addition of technology, took
it one step further by enabling the gradual supplanting of paper-based tests. One
of the more significant findings to emerge from this study was that the maze con-
verted into an automated procedure for administration, scoring, representing the
data from the assessment, and giving educators and parents significant feedback.

This review has disclosed various questions in need of further investigation.
Eventhough, the maze has almost fifty years history in the bibliography, many
issues need further investigation, such as the components of reading that the
maze measures (Kendeou & Papadopoulos, 2012; Kendeou, Papadopoulos, &
Spanoudis, 2012; Muijselaar et al., 2017; Tolar et al., 2012), its instructional util-
ity as a progress monitoring tool (Chung et al., 2018), differences in selection of
distractors (Conoyer et al., 2017) and the use of the maze in different languages
(Abu-Hamour, 2013; Kendeou & Papadopoulos, 2012; Kendeou, Papadopoulos,
& Spanoudis, 2012).

Implications of the Study

The findings of this study have several practical implications for the maze users.
The purposes of the assessment that the maze serves can be better understood by
following maze historical development as a measurement for reading, the vari-
ous modifications and additions made over time, as well as recognizing the
original purpose of developing the test. A more detailed knowledge of the technic-
al characteristics of the measurement, such as validity, reliability, mean growth
rate, SEEs and SEMs, can guide teachers in the educational decision-making
process, so that they may or may not collect more data for universal screening or
progress monitoring purposes. Also, the understanding of reading skills meas-
ured by the maze can lead teachers to acknowledge more about their students’
strengths and weaknesses in reading, to create more targeted interventions and

enable them to evaluate the effectiveness of their reading instruction.
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