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Technical Adequacy of the Maze Task
for Curriculum-Based Measurement

of Reading Growth

Jongho Shin, Stanley L. Deno, and Christine Espin, University of Minnesota

The purpose of the present study was to examine the technical adequacy of curriculum-based mea-
surement (CBM) for assessing student growth over time. Participants were 43 second graders whose
reading performance was measured monthly over | school year with the maze task. Technical charac-
teristics of the CBM maze task were examined in terms of reliability, sensitivity, and validity for as-
sessing student growth. Results showed that the maze task had good alternate-form reliability, with a
mean coefficient of .81 and 1- to 3-month intervals between testing. The maze task also sensitively re-
flected improvement of student performance over a school year and revealed interindividual differ-
ences in growth rates. Finally, growth rates estimated on repeated maze scores were positively related
to later reading performance on a standardized reading test; in addition, aithough a significant differ-
ence was not found, general education students appeared to develop reading proficiency faster than re-
medial education students. Results support the use of the maze task as a reliable, sensitive, and valid

data collection procedure for assessing reading growth.

Curriculum-based measurement (CBM) holds promise for as-
sessing student growth over time because of its distinctive
characteristics. These characteristics include (a) provision of
multiple data points over short time periods, (b) sensitivity to
small changes in student performance, and (c) absolute mea-
sures of student performance (L. S. Deno, 1985; Marston,
Deno, & Tindal, 1983; Marston & Magnusson, 1985). In ad-
dition to these characteristics, however, instruments designed
to assess growth must be sensitive to academic skill develop-
ment, and the growth rates estimated on repeated performance
measures must be logically related to criterion measures. The
purpose of this study was to examine these psychometric
characteristics of CBM as a multiwave progress monitoring
system.

How to measure students’ academic growth over time
has been a critical issue in education. Historically, efforts have
been made to describe student growth by using the difference
score between measures obtained at two points in time
(Cronbach & Furby, 1970; D. J. Francis, Shaywitz, Stuebing,
Shaywitz, & Fletcher, 1994). Indexing student growth with a
difference score, however, has been criticized on the basis of
such psychometric problems as unreliability, inaccurate rela-
tions to initial status and correlates, and incompatibility

(Bereiter, 1963; Cronbach & Furby, 1970; Lord, 1956, 1963;
O’Connor, 1972; Willet, 1989). Fortunately, the development
of advanced statistical methods like hierarchical linear mod-
els (HLM; Bryk & Raudenbush, 1987, 1992) enables re-
searchers to overcome the technical difficulties of difference
scores by allowing multiwave data points to be used for as-
sessing student growth.

To measure academic growth over time, however, there
must also be testing instruments that provide multiple data
points representing student performance over short time peri-
ods (e.g., 1 year). Commonly used instruments such as pub-
lished standardized achievement tests are not appropriate for
repeatedly measuring student performance within a school
year. In addition, standard scores derived from these com-
mercial tests are intended to reveal differences between indi-
viduals at one time rather than within an individual over time.
The use of standard scores also artificially limits increases of
individual differences over time, which hinders appropriate
representation of academic growth over time (D. J. Francis et
al., 1994; Labouvie, 1982; Lord, 1963; Willet, 1989).

In contrast, CBM enables multiple data points to be ob-
tained to scale growth over short time periods in a logistically
efficient way (L. S. Deno, 1985, 1989). In addition, CBM is sen-

Address: Jongho Shin, 150 Pillsbury Dr. SE, #202, Institute on Community Integration, College of Education and Human Development,
University of Minnesota, Minneapolis, MN 55455 (e-mail: shinx009@umn.edu)




THE JOURNAL OF SPECIAL EDUCATION VOL. 34/NO. 3/2000 165

sitive in detecting small changes in student performance (Mar-
ston et al., 1983; Marston & Magnusson, 1985), and CBM
measures represent absolute performance levels rather than
relative standings among students. These characteristics of
CBM make it distinct from other achievement tests in that
CBM also meets the basic technical requirements of testing
instruments for assessing growth (i.e., interval or ratio scale,
the same performance level represented by the same score
obtained on different occasions, and no change in the under-
lying construct being assessed; D. J. Francis et al., 1994; Shin,
Deno, Espin, & McConnell, 1999; Willet & Sayer, 1994).

Research has been conducted to examine the technical
adequacy of CBM as a progress monitoring system; however,
most research has been based on static measures obtained at
a single time point, not on growth rates estimated on repeated
measures of student performance. For example, studies on the
criterion-referenced validity of CBM have been conducted
primarily by investigating the relation between CBM and cri-
terion measures obtained on a single occasion (L. S. Deno,
1985; S. L. Deno, Mirkin, & Chiang, 1982; Espin & Foegen,
1996; Good & Jefferson, 1998; Marston, 1989; Marston &
Magnusson, 1985; Parker, Hasbrouck, & Tindal, 1992). Al-
though the early findings on CBM support its use as an indi-
cator of general student performance at a given point in time,
they do not demonstrate the technical adequacy of the CBM
repeated measurement data as a measure of growth assessment.

Several more recent studies have been conducted to ex-
amine technical features of the multiple measures of student
performance obtained through CBM. For example, L. S. Fuchs
and Fuchs (1992) investigated the ratio of the average growth
rate estimated by different CBM reading tasks to their stan-
dard error of estimation. L. S. Fuchs, Fuchs, Hamlett, Waltz,
and Germann (1993) examined the developmental patterns of
students’ academic skills using linear and quadratic growth
terms, the distribution of growth rates estimated on multiwave
performance measures, and group differences in growth rates
between grades. Although the results of these studies support
the use of CBM for assessing academic skill development
over time, they do not directly address several important is-
sues related to the multiwave CBM data.

The present study was designed to extend the recent re-
search on the technical adequacy of repeated CBM for quan-
tifying growth. Three specific psychometric characteristics
immediately and practically important for scaling growth were
examined in the study: (a) alternate-form reliability, (b) likely
sensitivity to actual changes in the academic skills being de-
veloped, and (c) criterion validity of the growth rates esti-
mated through repeated CBM.

Alternate-form reliability was examined because CBM
involves repeated measures of student performance using al-
ternate forms of the test to gather multiple data points. Neither
internal consistency reliability nor test—retest reliability is
completely informative in revealing the technical adequacy of
CBM for assessing growth because these constructs represent

the degree of response consistency to test items and the con-
sistency of relative standings among students, respectively
(Crocker & Algina, 1986). Although some early studies ex-
amined alternate-form reliability of CBM (Marston, 1989;
Parker, Tindal, & Hasbrouck, 1989), alternate-form reliability
in these studies was obtained by administering alternate forms
to students on the same occasion. If alternate forms are used
for assessing academic growth over time, determining alter-
nate-form reliability across time is also important for estab-
lishing the technical adequacy of the measure in terms of
equivalency of different test forms and stability of the mea-
sure itself (Crocker & Algina, 1986; stability is not synony-
mous with growth—see our later discussion for details).

Second, we examined the likely sensitivity of CBM data
to real growth in the academic construct being measured.
Certainly. elementary students increase their reading skills
as group across a school year (Bast & Reitsma, 1998; H.
Francis, 1992; Shin, 1999). At the same time, however, we
can assume that the reading proficiency of individuals within
groups develops at differential rates. If CBM is to be used for
assessing student growth, it must sensitively reflect both
group growth and individual differences in reading skill de-
velopment.

Third, the criterion validity of growth rates estimated
through CBM repeated performance measures was examined.
If estimated growth rates are to evaluate program effective-
ness and make predictions about student outcomes, they must
relate to other important measures (e.g., other achievement
measures, group differences between general and special edu-
cation students). Without criterion validity, growth estimates
from repeated measures may be practically useless. This ex-
amination of the criterion validity of CBM was conducted to
extend the earlier work on the criterion validity of single point
or current level estimates of performance produced through
CBM.

The characteristics examined in the study might be con-
sidered to be immediately practical in their importance for
using CBM in progress monitoring or assessing growth (D. J.
Francis et al., 1994; Willet & Shayer, 1994). In this regard,
we are extending the work of L. S. Fuchs and Fuchs (1992)
and L. S. Fuchs et al. (1993) in examining the technical ade-
quacy of ('BM for assessing growth.

The technical characteristics of CBM examined in this
study focused on the maze task, a measure increasingly used
in CBM. The maze task is typically constructed by deleting
every seventh word and replacing it with three multiple choice
alternatives (one correct word and two clearly incorrect
words). When taking the CBM maze task, students are asked
to select a correct answer from the three alternatives with a
time limit (e.g., 3 minutes). The maze task was used in the
present study because it offers practical advantages for as-
sessing student growth in reading. Unlike the typical oral
reading measure used in CBM, with the maze students can be
tested in groups. This makes it time efficient. In addition,




166 THE JOURNAL OF SPECIAL EDUCATION VOL. 34/NO. 3/2000

computers can be used to administer and score repeated
measures. Another practically important advantage of the
maze task is that it has greater face validity for practitioners
because it appears to measure reading comprehension as well
as word recognition (L. S. Fuchs & Fuchs, 1992).

Method

Participants and Setting

This study was conducted as part of a larger study on the use
of technology for facilitating inclusion of students with mild
disabilities in general classroom settings. Forty-three second
graders (25 male and 18 female students) from three classes in
a large urban school in the Midwest participated. Participants
included 2 Native American, 12 African American, 2 Asian
American, 2 Hispanic, and 25 Caucasian students.

Eighteen students received Chapter I services in reading
and mathematics; 1 student was labeled learning disabled, and
24 students did not receive any remedial educational services.
All participants took the California Achievement Test (CAT;
CTB/ McGraw-Hill, 1985) toward the end of second grade,
in April 1996. Mean scaled scores on the reading and mathe-
matics subtests for participants receiving remedial educa-
tional services were 652 and 648, corresponding to the 47th
and 46th percentiles on the national norms, respectively. In
contrast, mean scaled scores for students in general education
were 704 and 703 on the reading and mathematics subtests,
corresponding to the 71st and 79th percentiles.

Procedure

Ten different maze passages were used to assess students’
reading performance over a school year. Passages were ran-
domly selected from generic grade-level reading materials. To
construct maze reading tests, every seventh word was deleted
after the first sentence, and three alternatives were provided.
One of the alternatives was a correct choice and the other two

were distracters. Distracters were designed to be easily dis-
tinguished from the correct choice (see Figure 1, and L. S.
Fuchs & Fuchs, 1992, for details). The number of correct
choices in the maze task was scored and used for the data
analysis in the study.

Maze measures were collected monthly, from September
through June, using different forms of the task. Data were col-
lected using the discourse system, which is a computer-based
classroom communication system where students’ own mini-
computers are connected to a teacher’s computer (see Robin-
son, DePascale, & Roberts, 1989; Shin, Deno, Robinson, &
Marston, 2000, for details). The discourse system provides
many educationally useful functions, one of which is admin-
istering and scoring a programmed test automatically. The
maze passages in the present study were programmed into the
discourse system. Segments of the passage appeared on the
students’ minicomputers, and students were given 3 minutes
to read the maze passage and select answers. Students were
asked to type in the first letter of their selected answer. At the
end of 3 minutes, the discourse system recorded students’ re-
sponses and scored the correct choices. Students had no dif-
ficulty using the discourse system because they had been
using it daily throughout the school year during the ordinary
classroom instruction.

Data Analysis

Four different analyses were conducted to address the re-
search questions. First, to examine alternate-form reliability of
the maze task across time, the correlations between monthly
maze scores obtained by different forms of the maze task on
each testing were computed using the Pearson product-
moment correlation method. The correlation between monthly
maze scores with 1- to 3-month intervals between testing
was of in be estimated most reliably by using at least 3 data
points, distributed as evenly as possible across the school year
(Willet, 1989). Given the present data set, the minimum num-
ber of 3 equally distributed data points would require testing
of at least 3-month intervals. Therefore, the analysis of alter-

My mother always likes to go home. She was born on a nice (farm/ big/ soon) in a valley.
Her father started (home/ the/ sat) farm before she was born. When (red/ she/ told) was a
little girl they lived (to/ fun/ in) a very old log house on (call/ date/ the) farm. One day her
father said (that/ little/ size) they were going to build a (try/ new/ with) house. That made

my mother, her (before/ longer/ sister), and her brothers very excited. (continued)

FIGURE 1. A sample maze probe.
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nate-form reliability in the study focused on 1- to 3-month in-
tervals between testing.

A second research question focused on both the sensitiv-
ity of the maze task for revealing improvement in reading pro-
ficiency and interindividual differences in growth rates over a
school year. To answer this question, hierarchical linear mod-
els (Bryk & Raudenbush, 1987, 1992) were employed:

Y, =wy + ny; (Month) + r,; (within-individual model)
Ty = B + uy; (between-individual model),

where Y,; is the monthly maze score for individual 7 at time
1,7y, is the intercept of the growth line indicating the perfor-
mance level at the beginning of the school year for individual
i, ; is the monthly growth rate for individual ¢, r,; is the ran-
dom error associated with individual 7, 3, is the mean growth
rate for the whole group of students, and u;; is the random ef-
fect related to the group’s mean growth rate. The statistical
test on the mean growth rate (f3,,) shows the sensitivity of
the maze task to group improvement in reading proficiency,
whereas the statistical test on the variance of individual growth
rates shows the sensitivity of the maze task to interindividual
differences in rates of developing reading proficiency.

Third, the validity of the maze task was examined by
looking at the relation between students’ growth rates esti-
mated on repeated maze scores and student performance on
the reading subtest of the California Achievement Tests (CAT)
using HLM. In this analysis, student performance on the CAT
was included in the between-individual model as a level-two
predictor: m; = 3, + B, (CAT),+ w,,where f3,, is the mean
growth rate for students who had the CAT reading scores at
the mean and 8B, is the regression coefficient representing the
relation between students’ growth rates estimated on the maze
task and student performance on the CAT.

Finally, a group difference in growth rates between stu-
dents who did and did not receive remedial educational ser-
vices was examined. In this analysis, a between-individual
model included the variable of service type as a level-two pre-
dictor: m;; = f3,y + 8, (Service Type); + u;, where By, is the

mean growth rate for general education students and B, is the
mean difference in growth rates between general and reme-
dial education students.

Results

Reliability

The correlation between monthly maze scores with 1- to 9-
month intervals ranged from .69 to .91, with a mean of .81
(see Table 1). The correlation between maze scores with 1-
month intervals between testing (which is displayed immedi-
ately under the diagonal) ranged from .75 to .90, with a mean
of .83. The correlation for 2-month intervals ranged from .75
to .87, with a mean of .80, and the correlation for 3-month in-
tervals ranged from .69 to .91, with a mean of .80.
Sensitivity

Descriptive statistics for monthly maze scores are displayed
in Table 2. As can be seen, the obtained means and standard
deviations for performance on the maze task increased over
time. HLM was used to test the reliability of this descriptive
pattern.

First, to test the sensitivity of the maze task for detecting
improvement of reading proficiency, we examined whether
the mean growth rate of the group (8,,) was statistically dif-
ferent from null growth. Results showed that the mean growth
rate was statistically significant ( 3,,=1.07,7=11.47, p <.01),
meaning that the increase in maze scores was reliable. That
obtained mean growth rate was an increase of 1.07 correct
choices per month on the maze task. To examine the accuracy
in estimation of the mean growth rate, we computed the ratio
of the standard error of estimate to the mean growth rate (see
L. S. Fuchs & Fuchs, 1992). The standard error of estimation
of the mean growth rate was .09. The ratio of the standard
error to the mean growth rate was .08. Because we might be
concerned if the ratio was greater than, say, .50, we believe
that the mean growth rate was estimated reliably.

TABLE 1. Correlation Between Monthly Maze Scores for 1- to 9-Month Intervals

Measured with Alternate Forms

Sept. Oct. Nov. Dec. Jan. Feb. March April May June
Sept. 1.00
Oct. 0.85 1.00
Nov. 0.81 0.78 1.00
Dec. 0.91 0.80 0.87 1.00
Jan. 0.88 0.82 0.80 0.90 1.00
Feb. 0.82 0.79 0.69 0.87 0.86 1.00
March 0.76 0.69 0.72 0.77 0.82 0.80 1.00
April 0.85 0.86 0.89 0.86 0.82 0.77 0.75 1.00
May 0.84 0.77 0.78 0.83 0.86 0.82 0.75 0.80 1.00
June 0.79 0.74 0.75 0.82 0.87 0.85 0.80 0.76 0.84 1.00

Note. All correlation coefficients were statistically significant at the level of .01 with a sample size of 38.
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TABLE 2. Means and Standard Deviations of Monthly Maze Scores

Sept. Oct.  Now. Dec.

Feb. March Aprii May  June

Mean 4.36 5.19 6.47 8.14
SD 3.93 3.89 4.81 5.90
n 42 42 38 42

8.34 11.21 12.38 14.28 10.83
5.70 7.19 7.80 8.38 6.99
38 38 42 39 40

Second, the sensitivity of the maze measure for reveal-
ing interindividual differences in growth rates was tested by
computing the statistical significance of the parameter vari-
ance for individual growth rates. The estimated parameter
variance of .25 was significantly different from zero, mean-
ing that students differed significantly from one another in
their individual growth rates (X2 = 128.34, df = 42, p < .01).
In addition, to examine the accuracy of the estimation of the
growth parameter variance, the ratio of the standard error of
estimate to the estimated variance was computed. The stan-
dard error of estimate of the growth parameter variance was
.08. The ratio of the standard error to the growth parameter
variance was .32, indicating that the growth parameter vari-
ance was estimated somewhat reliably.

Validity

Before examining the relationships between growth rates for
monthly maze scores and the criterion measures (i.e., reading
performance on the CAT and membership in general or re-
medial education), we examined the reliability of estimated
growth rates. The reliability of the estimates serves as an index
of how reliably the relations between CBM and the criterion
measures will be examined by HLM (Bryk & Raudenbush,
1987, 1992). The reliability of growth rate estimates is defined
as the proportion of the observed variance of growth rates at-
tributable to the true parameter variance. The reliability of es-
timated growth rates was .66 in this study, indicating that 66%
of the variance of growth rate estimates could be attributed to
the true variance. We concluded from this that the relations
between growth rates and criterion measures could be exam-
ined reliably.

We then examined the relationship between growth rates
estimated from repeated maze scores and the reading scores
on the CAT. Our analysis revealed a significant positive rela-
tionship between the two measures ( 3, = .33, r=3.31,p <
.01). Students with CAT reading scores 1 SD higher than the
mean showed higher growth rates by .33 correct choices per
month, on average, than students with the CAT reading scores
at the mean.

Subsequently, we tested the group difference in growth
rates between general and remedial education students using
HLM. The obtained mean growth rate for general education
students was an increase of 1.20 correct choices per month,

and the mean growth rate for remedial education students was
an increase of .91 correct choices per month. The difference
in the mean growth rates between the groups (i.e., .29 in-
creases per month), however, was not statistically significant
(t = 1.51, p = .14). This failure to find differences in growth
rates between the two groups was in contrast to their scores
at the beginning of the school year. The initial levels of read-
ing performance estimated by HLM was 7.16 correct choices
for general education students and 2.67 correct choices for re-
medial education students (¢ = 4.27, p < .01). Figures 2 and 3
show individual differences in growth rates and initial per-
formance levels around the mean values for general and re-
medial education students, respectively.

Discussion

CBM holds promise for researchers interested in studying stu-
dent growth and the relation between student growth and other
variables. It is easy to develop alternate CBM test forms, the
tests are simple and efficient to administer and score, and test
results are easy to interpret and communicate to others (L. S.
Deno, 1985). However, many questions regarding the techni-
cal adequacy of CBM measures for the study of growth as a
multiwave growth monitoring system have remained unan-
swered.

This study investigated the technical adequacy of the
CBM maze task for describing growth over time based on re-
peated measures of student performance. First, alternate-form
reliability of the maze task was examined with various time
intervals between two equivalent tests. Results showed that
the average correlation estimates for 1- to 3-month intervals
between testing were in the .80s. Alternate-form reliability es-
timates in this study are compatible with those in early re-
search on alternate-form reliability (Bradley, Ackerson, &
Ames, 1978; Marston, 1989; Parker, Tindal, & Hasbrouck,
1989). Results provide evidence that the maze task reliably
assesses student growth in reading based on repeated perfor-
mance measures collected at intervals from 1 to 3 months over
an academic year.

The second question we addressed was whether repeated
measures using the maze task were sufficiently sensitive to
real student growth over time. We can reasonably assume that
overall group performance will increase across an academic
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FIGURE 2. Estimated growth lines for individual students in general education. The thick dark line represents the
mean growth line for general education students (growth rate of 1.20 increases per month and initial performance
level of 7.16).
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FIGURE 3. Estimated growth lines for individual students in remedial education. The thick dark line represents the

mean growth line for remedial education students (growth rate of .91 increases per month and initial performance
level of 2.67).
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year, especially for students in lower grades who are acquir-
ing basic reading skills in decoding and comprehension (Bast
& Reitsma, 1998; H. Francis, 1992; Shin, 1999). At the same
time, we assume that all students do not grow at the same rate
in learning basic skills (Shin, 1999). If group growth and in-
dividual differences are not observed in repeated measure-
ments, the test is not suitable for growth monitoring. Our
results revealed that maze performance sensitively reflects
significant group improvement as well as interindividual dif-
ferences in improvement, even for lower grade elementary
students (see Jenkins & Jewell, 1993).

The finding of interindividual differences in growth rates
also revealed that the variances of monthly maze scores in-
creased over time. Unfortunately, such increases in the vari-
ability of student performance over time suggest that the gap
between students who are high and low achieving grows larger
over time. This is the “Matthew effect” (Stanovich, 1986) so
often observed in the early development of reading skills. For
educators, this means that programs for students who are
slower to learn should be modified as early as possible to
boost rates of growth. Future research should be conducted to
identify instructional factors that can be used to raise growth
rates for these students (e.g., classwide peer tutoring strate-
gies discussed by D. Fuchs, Fuchs, Mathes, & Simmons,
1997; Phillips, Hamlett, Fuchs, & Fuchs, 1993).

Finally, our results support the use of the CBM maze task
as predictive of student achievement differences. As in L. S.
Fuchs and Fuchs (1992), growth rates estimated from multi-
wave measures rather than single scores were examined. We
found that the growth rates estimated from repeated maze
scores were predictive of later student performance on the
standardized reading test administered at the end of the school
year. We note with interest in this context that the difference
in growth rates between general and remedial education stu-
dents was less significant than the differences in levels of per-
formance at the outset. We wonder whether this result was a
statistical artifact or was indicative of successful remedial ed-
ucation.

We need to identify several technical concerns present
in this study related to alternate-form reliability, the relation
between growth rates and static criterion measures, and rela-
tively lower maze growth rates. With regard to alternate-form
reliability, it is possible that a negative relation exists between
estimates of growth and alternate-form reliability (i.e., the
higher the alternate-form reliability, the smaller the growth,
and vice versa). This is an important technical problem when
the study of growth is based on only 2 data points. However,
in a study using multiple data points, researchers are able to
overcome this inverse relationship between growth and relia-
bility of the measure because growth rates are estimated using
all available multiwave data points rather than only 2 points
(Willet, 1989). It is also possible that the problem does not
occur even when 2 data points are used for assessing growth.
Because the correlation between two test scores is based on

the consistency of relative rankings and proportional intervals
between rankings on the two tests (Howell, 1997), a uniform
increase of test scores among individuals (e.g., a gain of five
correct choices on the maze task over a week for all students)
on two alternate forms of the test results in a perfect alternate-
form reliability, even with the existence of a large growth.

An argument could also be made that growth rates need
not be positively correlated with static outcome measures be-
cause of the regression toward the mean (i.e., a negative rela-
tion between initial status and slope). The regression effect
becomes a significant problem when the study of growth is
based on the two-wave research design (Willet, 1989). In the
two-wave research design, students with lower initial status
are more likely to have larger gain scores than those with
higher initial status, and vice versa. Therefore, it is difficult
to expect a positive relation between gain scores and static cri-
terion measures.

This argument, however, does not hold true when the as-
sessment of growth is based on multiple data points, as in the
present study (Willet, 1989). The use of multiple data points
with an advanced statistical method like HLM enables re-
searchers to estimate growth rates and examine the relation-
ship between initial status and slope more accurately by
controlling for the regression effect (Bryk & Raudenbush,
1987, 1992; Willet, 1989). Therefore, it is reasonable to ex-
pect a positive relation between growth rates estimated on
multiple data points and static criterion measures as validity
evidence of the measure for assessing growth. In the present
study, the estimated correlation between initial status and
growth rates was .97 using HLM. The high positive correla-
tion also indicates the existence of the “Matthew effect”
(Stanovich, 1986) in the early development of reading profi-
ciency.

Finally, the low maze growth rates could be viewed as a
concern for progress monitoring. The magnitudes of maze
growth rates are low (e.g., 1.07 increases per month for sec-
ond graders in this study) relative to those obtained through
reading aloud (e.g., 9.14 increases per month for second
graders converted from the weekly growth rate reported by L.
S. Fuchs et al., 1993). As a result, the maze task might not ap-
pear to be as sensitive in assessing growth over time as read-
ing aloud. L. S. Fuchs and Fuchs (1992), however, found that
there was compatibility in growth rate estimates between the
maze and reading aloud tasks, and that maze growth rates could
be converted to reading aloud growth rates. Consequently,
when a large number of students are monitored, the maze task
is advantageous over the reading aloud task because of its
characteristics of group administration and computer use, as
shown in the present study.

With respect to the primary questions of the study, we
conclude that performance scores from the maze task are tech-
nically adequate and can be used in CBM to assess student
growth and monitor progress in reading performance. We be-
lieve, though, that further research on student growth with
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multiwave maze measures is needed to (a) identify the growth
patterns for students receiving general and special education
services (Shin, 1999), (b) estimate typical growth rates for
these two populations at different grades (L. S. Fuchs et al.,
1993; Shin, 1999), and (c) establish functional relations be-
tween growth rates and instructional or individual character-
istic variables. Using CBM measures including the maze task
could allow researchers to study student growth in a more re-
liable, sensitive, and valid way because of its distinctive tech-
nical characteristics and efficiency in developing alternate test
forms and administering tests frequently.

We would like to close with a comment related to the
differences between general and remedial education students.
In our study, the remedial education students performed around
the average level in the national norm on the standardized
achievement test administered at the end of the school year;
yet, their reading performance at the beginning of the school
year on the maze task was significantly lower (2.67 correct
choices) than that of general education students (7.16 correct
choices). We are uncertain whether the year-end performance
of these students on the standardized achievement test reflects
the effect of extra-educational services provided during the
school year, or reflects that the groups do not differ. In any
case, the extra-educational services provided for remedial ed-
ucation students very likely confound the examination of dif-
ferences in growth rates between general and remedial
education students in terms of validity evidence for the maze
task as a measure of assessing growth.

Ultimately, we believe that educational decisions for in-
dividual students are more dependable if they are based on
growth measures with multiwave data points than static scores
obtained on single occasions, especially for students receiv-
ing special education services. We hope that more research
conducted to study student growth and CBM can contribute
to broadening current research practices in this regard.
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