1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
J Sch Psychol. 2008 June ; 46(3): 315-342.

Form Effects on the Estimation of Students’ Oral Reading Fluency
using DIBELS

David J. Francisl, Kristi L. Santiz, Christopher Barrl, Jack M. Fletcherl, Al Varisco3, and
Barbara R. Foorman

1Texas Institute for Measurement, Evaluation, and Statistics, University of Houston, 126 Heyne Building
Houston, TX 77204-5022

2The Santi Group, LLC PO Box 20766 Houston, TX 77225
3<. Claire of Assisi Catholic School, Houston, TX
4The Florida Sate University, Tallahassee, FL

Abstract

This study examined the effects of passage and presentation order on progress monitoring
assessments of oral reading fluency in 134 second grade students. The students were randomly
assigned to read six one minute passages in one of six fixed orders over a seven week period. The
passages had been developed to be comparable based on readability formulae. Estimates of oral
reading fluency varied across the six stories (67.9 to 93.9), but not as a function of presentation order.
These passage effects altered the shape of growth trajectories and affected estimates of linear growth
rates, but were shown to be removed when forms were equated. Explicit equating is essential to the
development of equivalent forms, which can vary in difficulty despite high correlations across forms
and apparent equivalence through readability indices.

Fluency and Curriculum Based Measurement (CBM)

Fluency, the ability to read text aloud with speed, accuracy, and prosody is an important skill
in reading development (National Reading Panel; NRP, 2000; Snow, Burns, & Griffin, 1998)
It represents a directly observable analog to the automatic word recognition skills that support
silent reading. While a struggling reader attends mainly to the process of decoding words in
the text, a fluent reader expends less cognitive resources on decoding allowing the reader to
concentrate on the meaning of the text. This relationship between fluency and comprehension
has been argued theoretically (e.g., Perfetti’s verbal efficiency theory, 1985) and studied
empirically, where it has been shown across a variety of settings and contexts using different
measures of fluency and comprehension, that a fluent reader is more likely to have better
comprehension skills (Fuchs, Fuchs, Hosp, & Jenkins, 2001; Young & Bowers, 1995; Nathan
& Stanovich, 1991; LaBerge & Samuels, 1974). Because of the tight empirical and theoretical
link between fluency and comprehension and the relative ease of assessing fluency over
comprehension, fluency assessments are often used as proxies to monitor student growth in
reading.
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Curriculum-Based Measurement (CBM)

Progress monitoring assessments of fluency are often used in the classroom to provide teachers
and other professionals with regular feedback on students’ rate of skill acquisition. Such
assessments help to identify students needing modifications of their current instruction based
on slower than expected rates of skill acquisition. There are five essential characteristics of
progress monitoring assessments. One is that they are administered to students on a regular,
fixed intervals. Second, they have to be brief and easy to administer in the classroom by the
classroom teacher or other professional. Third, they need to provide scores on a constant metric
in order to validly and reliably measure student progress. Fourth, performance on the
assessment, both the final level of attainment and the rate of progress during the year, should
be predictive of end of year outcomes of interest to the student, teacher, and school system.
Finally, they need to be free from measurement artifacts such as practice effects and form
effects which can lead to distortions in the growth trajectory from which rates of skill
acquisition are estimated. Curriculum Based Measurement (CBM) has been proposed as a
method of progress monitoring that has these properties (Shinn, Rosenfield, & Knutson,
1989; Deno, 1986; Fuchs & Deno, 1991; Marston, 1989).

Developed in the context of special education, in the past few years CBM has moved to the
general education classroom in response to the need for regular monitoring of student progress
in reading. The use of CBM has the potential to become even more widespread given recently
enacted changes to the Individuals with Disabilities Act (IDEA) that will allow the use of
response to intervention as a component of special education disability determination. Due to
the increased use of CBM for measuring growth in student performance over time for various
purposes, it is important to empirically examine factors that affect the use of CBM to assess
development of oral reading fluency.

CBM has specific features that make it suitable for widespread use for educational decision
making. There is a standard set of administration procedures for using CBM to monitor reading
development. Most commonly, these include having the student read connected text for a fixed
duration of time, typically one minute. Oral reading fluency is computed as the number of
words read correctly per minute, which is then charted as a measure of growth in reading rate.
Aword is read correctly if the word is pronounced aloud correctly, either initially, or following
self-correction. Errors include mispronunciations, substitutions, omissions, and words not read
within three seconds (Shinn, 1989). The reading materials that are used for CBM range from
basal readers to pre-packaged texts.

According to the authors, the Dynamic Indicators of Basic Early Literacy Skills (DIBELS;
Good & Kaminiski, 2002b) was developed as a CBM assessment for monitoring student
progress (Technical Report 9). DIBELS measures a variety of early reading skills using one-
minute CBM probes. The DIBELS oral reading fluency (DORF) measure applies the principles
of CBM and consists of one-minute probes, given as frequently as once a week. The results
provide within grade evaluation of student growth as the reading passages are written such that
Words Correct Per Minute (WCPM) measured with DIBELS ORF passages will correlate with
performance on a middle of the year reading passage.

Scaling and Equating of Passages

A challenge to progress monitoring, whether CBM or non-curriculum based measures are used,
is the large number of texts needed for continuous assessments throughout the year and across
Kindergarten through Grade 3. The system of assessments needs to be comprised in such a
way to yield scores on a constant metric throughout the range of intended ability because with
CBM it is not the level of performance at any one time that is of greatest interest, but rather
the rate of progress being made with respect to skill acquisition. To ensure proper functioning
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of the assessment system, passages need to be selected or constructed to have consistent
properties with respect to their difficulty level as measured in terms of oral reading fluency
rates. That is, forms need to function as parallel forms within the same grade level. However,
as in most psychometric endeavors, precise control of the stimulus properties is difficult, and
does not, in and of itself, guarantee equivalence in the distribution of raw scores. Consequently,
some care must be taken to convert raw scores (i.e., in this case the measured oral reading
fluency rate) into scores for reporting that are independent of the precise stimulus materials
that were used to obtain them. Without a means for removing the effects of the text on the
distribution of scores, it is impossible to know if someone’s true reading rate is improving,
declining, or holding steady simply by examining changes in their observed oral reading
fluency over time. This problem has been incorrectly construed as a problem of reliability/
unreliability of the observed oral reading fluency score. In fact, the problem is unrelated to
reliability. Rather it is a problem of scaling the observed scores in a consistent and coherent
manner, such that fluctuations in observed scores due to differences in text difficulty across
passages have been factored out of the reported score distribution.

It is in this final area that questions about the equivalence of DORF passages arises, because
the test development process in DIBELS relies heavily on readability as the primary criterion
for determining passage equivalence. DIBELS is not unique in this approach, which
characterizes most, if not all, development of CBM passages. As such, DIBELS provides an
excellent example of the scaling issue that will inevitably emerge from exclusive reliance on
stimulus equating (i.e., readability) for establishing equivalence of observed scores.

Problems with Readability Equating

Readability formulae are imperfect as tools for equating passages. It is well known that the
rank ordering of passages will vary depending on the readability index used. Using DORF as
an example, Good and Kaminski (2002b) reported that the passages were written with a target
readability of the end of the year or the beginning of the next grade year. First grade passages
were written at a Spache readability of 2.0 to 2.3, second grade stories were written at a Spache
readability of 2.4 to 2.7, and third grade stories were written at a Spache readability of 2.8 to
3.1. These statistics define a fairly narrow range of readability within each grade as measured
by the Spache index. However, these same passages show a markedly different range of
readabilities based on other indices (see Table 4, pg. 7, Good and Kaminski, 2002b). For
example, the Grade 2 passages with Spache index from 2.4 to 2.7 ranged from 4.3 to 8.0 on
the FOG, 3.0 to0 6.6 on the Fry, 6.8 to 9.5 on the Forecast, and 2.2 to 5.3 on the Flesch.

More importantly, readability indices have limited utility for predicting oral reading fluency
differences across stories. Ardoin, Suldo, Witt, Aldrich, & McDonald (2005) investigated the
validity of eight reliability formulas as predictors of student’s WCPM. The stories were from
a reading program used in both third and fourth grade. The stories were retyped and readability
estimates were calculated for 40, 100, and 150 word passages. Students were presented stories
in a counterbalanced order and read the passages for one minute. Analyses were conducted
using all three levels of word count to determine which, if any, of the readability formulas
accurately predicted the WCPM. Two readability formulas, the Forecast and the FOG, were
the top two predictors with the Spache and Dale-Chall being the worst two predictors. Even
the best predictors had only modest correlation with WCPM.

The real issue is not which readability formula to use, but rather whether the equating of
passages through a readability formula is sufficient to guarantee comparability in the
distribution of WCPM such that passages can be considered substitutable for one another. In
order to verify text equivalence with respect to WCPM performance, data are needed to
demonstrate that the distribution of WCPM performance does not differ across different CBM
texts. That is, one must demonstrate that individual students obtain similar WCPM scores on
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passages identified as being equivalent with respect to difficulty level. Thus, a complete
evaluation of text difficulty requires a study design that can test for equivalence in the
performance distributions across different stories and thereby empirically validate that the
stories are equivalent. Because students will read from different passages at different times in
the year, the lack of such data demonstrating equivalence of the score distributions for different
passages threatens the validity of the CBM assessment as a measure of student growth and the
utility of CBM to identify students needing additional instruction.

Growth Models in Progress Monitoring

Fundamental to progress monitoring as implemented through CBM is the idea of fitting
individual regression lines to students’ data. The slope of the individual’s regression line
becomes the measure of progress for each student and criteria are established for judging
whether the slope of the line is adequate for the student to meet end-of-year achievement
objectives under the current instructional milieu. This approach to progress monitoring has
been made possible by advances in statistical theory and statistical computing related to
individual growth modeling, arguably one of the most important advances in statistical science
as it relates to psychology and education in the last twenty years.

The foundation for current approaches to individual growth models lies in random coefficient
regression models as articulated by Laird and Ware (1982). The conceptual and mathematical
framework for individual growth models in the study of change was laid out for psychologists
and educational researchers in seminal papers by Rogosa, Brandt, and Zimowski (1982),
Rogosa and Willett (1985), Willett (1987) and Bryk and Raudenbush (1987). However,
popularity for individual growth models in education and psychology exploded with the
development of multi-level modeling software and the clear explication of individual growth
models as special cases of multi-level models in Bryk and Raudenbush (1987). We do not
review here the statistical or conceptual underpinnings of this framework that are by now well
known to educational researchers. Rather we focus on the psychometric requirements of
dependent measures employed in individual growth models, as these are often overlooked and
can have significant implications for the validity of inferences that are based on the estimated
parameters of the individual growth model. References on individual growth modeling (Bryk
& Raudenbush, 1987; Burchinal & Appelbaum, 1991; Francis et al., 1991; Rogosa, Brandt, &
Zimowski, 1982; Willett, 1987) routinely cite the need for a dependent measure that is
expressed on a constant metric, but only a few elaborate on what it means for this requirement
to be met psychometrically (Francis et al., 1996; Mehta, Neale, & Flay, 2004; Mehta & Neale,
2005). Some of the information that follows is inescapably technical in nature. We have tried
to reduce the demands posed by the equations by providing the reader with verbal explanations
immediately after their introduction.

As mentioned previously, the use of individual growth models to estimate learning rates
requires that observed scores are expressed on a constant metric. In fact, this requirement
concerns the relationship between observed scores and the latent ability the observed scores
are presumed to measure. This requirement has been referred to as measurement invariance
and is related to the notion of measurement invariance in the factor analytic sense. However,
we will see that the measurement invariance required by individual growth curve modeling is
more stringent than the measurement invariance required in factor analytic models that do not
impose constraints on latent variable means. In order to discuss the measurement invariance
requirement of individual growth models, it is helpful to distinguish among four related
quantities: (a) observed fluency rates, (b) true fluency rates, (c) observed rates of change in
observed fluency rates, and (d) true rates of change in true fluency rates. In using CBM to
monitor student progress and make decisions about students who are at-risk, the quantities of
interest are (b) and (d), the true fluency rate and the true rates of change in true fluency rates,
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respectively. However, it is the quantities (a) and (c) which are available to researchers and
practitioners. Measurement invariance is a necessary precondition for (a) and (c) to provide
unbiased information about (b) and (d), and the basis for this requirement is apparent in the
relations among the four quantities. Because these relations are mathematical in nature, it is
helpful to introduce several equations in order to make these relations explicit. We begin with
Equation (1) which describes the relation between observed reading rates and true reading
rates.

Yie = g + A it + Eita ()

Equation (1) describes the relation between the observed reading rate (Yix) for a particular
person (subscript i) on a particular test form (subscript k) at a particular point in time (subscript
t) to that person’s true reading rate (n;;) at the same point in time. In order to develop the
relations of interest, we make several standard assumptions. The role of the assumptions is to
help keep the mathematical relations as simple as possible, that is, the assumptions could be
relaxed and our principal findings would still hold, but the mathematics for proving the relations
would be more complex. Thus, we assume that the errors of measurement for each and every
test form (gj;) have a mean of 0 at every time point, and that the errors of measurement are
independent of the true reading rate within and across time. We further assume that error
variance for any particular form is the same at all time points, V(ex)=V(ex). This latter
assumption implies that the magnitude of error variability in the observed scores is the same
regardless of when a form is used. Finally, we arbitrarily scale the true reading rate such that
it is expressed as a deviation from the grand mean of the true reading rates at some specific
point in time of interest, which we designate as t”.

Under these standard and simplifying assumptions, the intercept term in Equation (1), oy,
indicates the expected reading rate on form k for an individual whose true reading rate at time
t is equal to the grand mean of the reading rates at time t*. A person whose true reading rate
(niv) at time t exceeds the average reading rate at time t* by 10 words per minute would be
expected to obtain a reading rate, Yiy, on form k at time t that is equal oy + 10%.

Equation (1) describes a simple measurement model in the factor analytic sense, where Ay is
the factor loading that describes the regression of observed reading rates at time t on the true
reading rates at time t, whereas ay provides the intercept term in that regression equation. It
may be easiest to see Equation (1) as a measurement model in the factor analytic sense if one
considers measuring reading rates using multiple forms at a single point in time, The only
difference between Equation (1) and a standard factor analytic measurement model is the
inclusion of the intercept term, oy, which is a necessary addition to allow the model to describe
the means of the measures. If we were only interested in understanding the variances of the
measures, the intercept term could be ignored, but the monitoring of progress using CBM and
individual growth models requires that our measurement model capture the means of the
observed measures as well as their variances and covariances. In fact, the form specific terms
ak and A, play very important roles in determining the mean and variance of the observed
reading rates at time t for form k. Specifically, the population average in observed reading rates
and the population variance in observed reading rates at time t on form k will be:

E(Yi) = ax + 4E®,) (2)

V(Y) = 42V + Vier) @)

What are the implications of the foregoing specifications and assumptions with respect to
measuring the true reading rate, n, at time t with a particular form k? While one might assume
that the assumption that V(ex)=V(ex) implies that form k provides an equally precise measure
of true reading rates at all time points, such is not the case. In fact, when coupled with the
specification that A does not vary across time, the assumption that V(e)=V(ex) implies that
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the reliability and validity of form k will vary over time as a function of the variance in true
reading rates. Following Bollen (1989), the validity coefficient for a measured variable, such
as Yy in Equation (1), is a function of its direct relation to the latent variable that it measures.
Similarly, we define the reliability of Yy at time t as the proportion of variance in observed
scores at time t that is due to variance in the true reading rates at time t. Given these definitions,
it can be seen that both the reliability and validity of inferences based on scores from form k
will vary only as a function of Ay, V(#y), and V(). That is a is not a factor in determining
either the reliability or validity of Yy at time t. Specifically, the reliability and validity of form
k for measuring the reading rate at time t are given by:

Reliability of Form K at time t = [ 4>V(@)/[ 4V, + V(er)] )

Validity of Form K at time t = [ V(17,)/(V(17,) + V(g,\.))]’% (5)

Equation (4) and Equation (5) show us that, given the specifications to this point, reliability
and validity for a particular form will vary over time as the variance in true reading rates
changes over time. This conclusion follows directly from the fact that the variance in true
reading rates (V(sy)) is the only quantity in Equation (4) or (5) that is assumed to vary over
time. All other components of Equation (4) and Equation (5) are specified or assumed constant
with respect to time, although they may differ across test forms.

While the implications of Equation (4) and Equation (5) for the reliability and validity of a
particular form over time are of some interest, more important are their implications for the
reliability and validity of different forms at a given point in time. Specifically, the set of
Equations (2-5) make it quite clear that unless ay, A, and V(ey;) are the same for all forms,
then means and variances of observed reading rates, and the precision with which true reading
rates are measured, will vary depending on the form used at any particular point in time. Clearly,
if oy, Ak, and V(i) are the same for all forms, then the forms can be substituted for one another
without regard for time or form, because reliability and validity at a given point in time will
be unaffected by the choice of form, and scores collected using different forms at different
points in time will differ only because of changes in the mean and variance in the true reading
rates over time. In contrast, if only Ay, and V(g;) are the same for all forms, then all forms will
have the same reliability and validity at any given point in time, but the forms will not be strictly
substitutable for one another. Specifically, scores from different forms used at the same time
point will differ on average because of differences in intercept terms, oy, across forms, while
the scores collected on different forms at different points in time will differ on average because
of both differences in the intercept terms for different forms and because of changes in the
mean of the true reading rates over time. Moreover, variability in observed reading rates will
differ over time because of differences across forms in the relationship between observed scores
and true reading rates (i) and differences in error variance (V(gy)), but also because of
differences over time in the variance of true reading rates (V(#y)). In fact, if individuals differ
from one another in their rates of progress (i.e., in the rate of change in their true reading rates),
then the variance in true reading rates must change over time (Bryk & Raudenbush, 1987;
Willett, 1987).

What is less clear from Equations (1-5) is how differences in the terms of Equation (1) across
CBM forms will impact the estimation of individual rates of change in true reading rates. Recall
that the goal of progress monitoring is to use serial assessments to estimate the rate of growth
in the oral reading fluency of each child and to select those children whose rate of growth
indicates inadequate development to achieve end of year benchmarks. While CBM assessments
given at a particular moment in time are intended to estimate the true reading rate for a student
at that point in time, the use of CBM assessments over time is for the express purpose of
estimating individual rates of change in the true reading rates. If each term with a k subscript
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on the right hand side of Equation (1) is, in fact, equal for all values of k, thereby allowing the
k subscript to be dropped from Equation (1), then the forms can be substituted for one another.
In that case, differences in the expected values of observed scores over time for individual
students will be attributable entirely to differential rates of change in children’s true reading
rates (n;). However, in the more plausible scenario that differences exist across CBM forms in
the terms of Equation (1), what are the consequences for estimating individual rates of growth
(m;) in reading rates?

To understand the consequences of differences across CBM forms in the right hand terms of
Equation (1), we must first develop the model for change over time in n;, and then determine
its implications for models of change in observed reading rates (Y;) given Equation (1) and the
relation between observed reading rates and true reading rates. The standard model for change
employed in progress monitoring systems is one of linear growth. The linear growth model is
the simplest model for change and is easily described mathematically. Here we employ the
common notation of individual growth models employed in other multi-level modeling
references (Bryk & Raudenbush, 1987; Francis et al., 1991; 1996), with the only change being
that we are describing a model for linear growth in true reading rates (n;) rather than observed
reading rates (Y;).

Mt = Moi + 7ty — 1°) + Ry (6)

Equation (6) provides a model for linear growth in reading rates that is child specific, as
evidenced by the person subscripts, i, on the growth parameters, m,; and wj;. The model is written
in such a way that m,; represents the expected true reading rate for person i at time t*, whereas
m; indicates the rate of change in the child’s true reading rate for a one unit increment in time.
Time is indexed by the variable t, which is subscripted for both person and time. The value of
time given by t* is chosen for ease of interpretation of my;, such as the end of the year, while
the units for time are chosen to coincide with the timing of assessments, e.g., weeks, months,
or intervention sessions. The model described by Equation (6) further stipulates that true
reading rates might not be perfectly described by this linear model and therefore includes an
error term, R;;, which simply reflects the extent to which the true reading rates do not fall
precisely on the line described by my; + mi(tit — t*). We make the standard assumptions that the
growth parameters, m,; and m;, are multivariate normally distributed with mean vector p and
variance-covariance matrix t, while the R;j; are assumed normally distributed with mean 0 at
each time point and variance-covariance matrix X. For simplicity, we assume here that the
Rt have constant variance and are not correlated over time, but what follows can be generalized
to more complex variance-covariance structures for .

To understand the implications of Equation (6) and Equation (1) for modeling growth in
observed reading rates, we substitute Equation (6) into Equation (1) for nj;. Equation (7)
provides a model for growth in observed reading rates, given that true reading rates are
changing linearly over time at rates that differ from one student to another, that true reading
rates are imperfectly measured by observed reading rates, and that the relation between
observed reading rates and true reading rates differs across forms as reflected in Equation (1).
Yiee = Lag + 4moi] + [l (tiy — 1) + [ A4Rig + &ige] )

In Equation (7), we have bracketed the model parameters that relate to the intercept, the rate
of growth, and the error term. It is important to keep in mind when considering Equation (7),
that the terms of Equation (7) are parameters, and not estimates. While estimation introduces
uncertainty into the process, we are also concerned about differences between the parameters
of Equation (7) and the parameters of interest, namely those of Equation (6). In fact, the problem
that confronts us is that we would like to estimate the parameters of Equation (6) directly, but
the necessity to work with observed reading rates rather than true reading rates forces us to
estimate the parameters of Equation (7) instead. Thus, it is instructive to consider how the
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parameters of Equation (7) relate to the parameters of interest in Equation (6), and in particular
to consider when the two are equal.

In examining Equation (7), one can see that the form parameters oy and Ay both contribute to
the intercept term of the model, while the form parameter Ay interacts with the rate of change
in true reading rates, and with the error component from Equation (6). It is perhaps easiest to
see how the presence of these form parameters distort the growth model if we consider a
scenario where different students are measured on different forms, but all students use the same
form each time they are tested. Under such a testing scenario, the same form parameters would
contribute to each score obtained on a particular student, but different form parameters would
contribute to the scores of different students. In this case, a student being tested on an easier
form, i.e., one with larger ay, would have a higher expected reading rate at time t* than a student
with the same true reading rate who was tested on a more difficult form. Likewise, two students
with the same rate of growth in true reading rates (m;) would have different expected rates of
growth in observed reading rates (Axm;) because of differences in the regression coefficients
that relate observed scores to true reading rates (i.e., the Ay ). Specifically, the student who read
the form with the smaller A, would have a lower expected rate of growth in observed reading
rates even though both students’ true reading rate is progressing at the same rate of change.

While this testing scenario makes it easier to talk about the consequences of having to work
with the model of Equation (7) instead of Equation (6) for estimating growth in reading rates,
it is an unlikely scenario. The more likely scenario is one where students use different CBM
forms on different testing occasions. Under these circumstances, the precise impact of using
different forms over time on the estimation of individual rates of growth will depend on several
factors. Specifically, the impact will depend on the extent to which the CBM form parameters
in Equation (1) differ across forms, differences across students in when they are tested on
particular forms, and whether or not all students are tested on the same form at any given point
in time. In general, it is safe to say that the parameters of Equation (7) will not equal the
parameters of Equation (6) for any given student when the form parameters in Equation (1)
are not strictly equal across forms.

The current study was designed to test the comparability of CBM passages using DORF with
second grade students in order to assess the extent to which students’ level of performance and/
or rate of growth might be expected to vary as a consequence of the passages that they are
asked to read at particular points in time. If WCPM is highly correlated across passages, and
passages do not differ in their distribution of WCPM (mean, variances, and distribution shape),
then passages can be substituted for one another without requiring adjustment to the observed
WCPM. If passages differ in the distribution of WCPM, then some method must be employed
to adjust out these form effects on the distribution of WCPM scores. Thus, this study was
designed to examine the effects of passage (i.e., test form) and presentation order on students’
WCPM scores as measured with the DORF passages.

Setting and Participants

Two schools in a large urban school district in Texas were selected to participate in this study.
A total of 134 students in second grade were tested, 85 from school one and 49 from school
two. Collectively, there were 69 female students and 65 male students. Both schools
represented an ethnically diverse student population as well as one of relatively low socio-
economic status as defined by the number of students receiving free or reduced lunch. The
ethnic composition was 31% African-American, 3% Asian, 57% Hispanic, and 9% Caucasian,
with 80% economically disadvantaged. All students in the general education reading classroom

J Sch Psychol. Author manuscript; available in PMC 2009 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Francis et al.

Measures

Procedures

Page 9

participated in the study regardless of special status (e.g., limited English proficiency or special
education) and were receiving their literacy instruction in English.

We used DIBELS oral reading fluency (DORF) (Good & Kaminski, 2002a) to measure
students’ reading rate. There are a total of 29 passages in second grade, 20 stories are read in
order throughout the school year, nine stories serve as benchmarks for the beginning, middle,
and end of the year. These stories are considered equivalent according to the technical manual
and suitable for grade 2 students. For the purposes of this study, six passages were randomly
selected from the 20 stories that are read throughout the school year. The six passages chosen
for inclusion in the study were: I'm a Good Babysitter; The New Bookstore; Color of the
Rainbow; Going to the Movies at Home; Going to the Swimming Pool; and Twins. These six
randomly selected stories had an average Spache readability of 2.65 with three at 2.6 and three
at 2.7 (Good & Kaminski, 2002b). The six DORF passages were used intact, i.e., they were
not modified for the sake of the current study.

Table 1 presents a schematic of the overall research design. The six DIBELS passages were
arranged into six possible orderings so that each passage appeared in each position (e.g., first,
second, etc.), and students were randomly assigned to read the stories in one of these six orders
(A—F) described in Table 1. Thus, each student read each passage one time, and all of the
students assigned to a particular order read the passages in the same order. This design allows
for tests of passage effects, order effects, and interaction of passage with order, but does not
allow for tests of sequence effects. To test for sequence effects would have required that many
more sequences be used, and therefore would have required many more students. Thus, we
opted to design the study to test for the more common effects of passage, order, and their
interaction.

Students read the six DIBELS passages over the course of seven weeks from November to
December. In week one, students were given the first three DIBELS passages that appeared in
the order to which they had been assigned. These passages are numbered 1, 2, and 3 in Table
1 for each group A-F. In each of the remaining six weeks (i.e., Waves 2-4), students read one
additional DIBELS passage, in each case reading the passage that appeared next in the fixed
order to which the student had been assigned (i.e., passages 1,2, and 3 were read on the first
day, passage number 4 was read in week 3, passage humber 5 in week 5, and passage number
6 in week 7). We first examine performance from the first assessment, when students read the
first three of the six passages (i.e., those numbered 1, 2, and 3 in Table 1). These three passages
were read in a single sitting. Thus, one can legitimately infer that there has been no true change
in students’ reading ability over the span of time that took place between reading the first and
third passage, a span of roughly five minutes. Rather, any significant differences in
performance across passages at Wave 1 must be due to (1) passage effects, (2) order effects,
and/or (3) their interaction. In contrast, it is possible that students will experience gains in true
oral reading fluency over the ensuing seven weeks represented by Waves 2-4. Consequently,
we also employed individual growth models to examine the effects of passages on patterns
and/or rates of growth in oral reading fluency from Waves 1-4.

Three research assistants were trained in correct administration procedures for the fluency
measures. A pair-wise inter-rater reliability of .85 was established between the three research
assistants and the first author. The assistants went to the schools to administer the oral reading
fluency measures once every two weeks. At the first school, the assistants sat in the back of
the classroom to administer the assessment to students individually. In the second school, a
common testing area was used by all three assistants instead of the classroom.

J Sch Psychol. Author manuscript; available in PMC 2009 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Francis et al.

Page 10

The research assistant placed the passage in front of the student and stated, “Please read this
out loud. If you get stuck, I will tell you the word so you can keep reading. When I say ‘stop,’
I may ask you to tell me about what you read, so do your best reading. Start here. Begin.”
Students read for one minute while the research assistants noted errors on a record sheet. Words
correct per minute (WCPM) was calculated using the criteria provided in the DIBELS manual.
Although students were advised that they might be required to answer questions after a passage,
no questions were asked as part of the study. After reading the passage numbered 1 in Table
1 for their group (A—F), the student then read the passage humbered 2 for one minute, followed
by the passage numbered 3.

In addition to reading the DORF passages, students had also been administered a word reading
list and a story passage from the Texas Primary Reading Inventory (TPRI: Foorman, Fletcher,
& Francis, 2004) at the beginning of the school year. The TPRI uses a list of 15 words read
aloud to place students into an appropriately leveled story for assessing reading comprehension
and oral reading fluency. Children read from one of five TPRI passages depending on the
number of words read from the word list. Approximately 75% of the students read the same
story, Story 4, from the set of second grade passages, with another 10% reading Story 1, and
approximately 7% reading each of stories 2 and 3. Fewer than 1% of the students read a passage
from the end of Grade 1. TPRI fluencies ranged from 22 to 145 words per minute, with a mean
of 59.9 and standard deviation of 26.4. Correlations between the TPRI fluency rates and
DIBELS fluency rates were .88, .86, .69, .75, .82, and .84 for DIBELS stories 1-6, respectively,
on the first occasion of measurement. All correlations are statistically significant at p <.0001.

Design and Analysis

Oral reading fluency scores (i.e., WCPM) from the first wave of data collection were analyzed
using the mixed model approach to repeated measures analysis of variance through SAS PROC
MIXED (Littell, Milliken, Stroup, & Wolfinger, 1996). Despite random assignment of students
to study groups, an analysis of TPRI fluency scores indicated that the six groups differed
somewhat in oral reading fluency (F(s 112)=3.05, p<.009). Consequently, fluency scores on
the TPRI were used as a covariate to adjust for any between group differences in ability. Further,
the model included fixed effects for passage (1-6), presentation order (15, 219, or 3%, and the
interaction of passage and order. Statistically significant differences among passages in this
analysis were followed up by testing pair-wise comparisons using the adaptive version of the
Benjamini-Hochberg false discovery rate (FDR) with FDR = .05 (Benjamini & Hochberg,
1995; 2000).

Before examining fixed effects for passage, presentation order, and their interaction, we fit a
series of models with different error structures in order to determine an appropriate covariance
structure for the Wave 1 data. All models took into account the fact that observations made on
the same subject are not independent of one another. Failure to account for this within-subject
correlation can lead to incorrect statistical inferences about the fixed effects in the model due
to bias in the estimation of the standard errors. We used Akaike’s Information Criterion (AIC),
the Bayesian Information Criterion (BIC), and a comparison of likelihood ratio tests to select
an appropriate covariance structure for the Wave 1 data, and then used that model to examine
effects of passage, presentation order, and their interaction.

Following analysis of the Wave 1 data, we conducted an individual growth curves analysis of
changes in oral reading fluencies across the four waves of data to determine if patterns and/or
rates of growth differed across the six study groups. These analyses were also conducted using
PROC MIXED in SAS. If the passages function equivalently, then patterns and rates of growth
should not differ by study group. The individual growth models included effects for TPRI
fluency, wave, and group (A-F), and the interactions of TPRI with group, and of wave with
group. Wave was treated as a continuous measure centered at 2.51, and thus provided an
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estimate of the linear rate of change in oral reading fluency rates over the four waves, while
the intercept of the growth model reflected the student’s expected fluency midway through the
study. Parameterized in this way, the interaction of wave with group provided a test of
differences in rates of change in oral reading fluency as a function of the order in which passages
were read over the four waves of data collection. Random effects (i.e., variances and
covariances) for intercepts and slopes were estimated, but constrained equal across the six
study groups.

In order to complete the individual growth curve analysis, we had to first obtain a single
estimate of children’s fluency at Wave 1, where the children had read three passages. To do
so, we employed the commonly recommended CBM practice of selecting the student’s median
oral reading fluency, and evaluated this practice in terms of the relative frequency with which
each passage was selected within a study group. If passages function equivalently, then within
a study group, each passage should be equally likely to be chosen as the passage yielding the
median oral reading fluency. Thus, in all, we will present three sets of analyses designed to
examine equivalence across the DORF passages, and the extent to which non-equivalence
among passages might impact on decisions made about students’ oral reading fluency rates
and progress. Rejecting the equivalence hypothesis in each of these three analyses, we then
attempted to create a scale score metric in order to remove these form effects on estimates of
students’ oral reading fluency rates. Specifically, we demonstrate how equipercentile equating
can be used to create a scale score metric that will remove form effects from raw scores, but
still yield scores on an easily interpretable metric that would be useful and familiar to teachers.

Descriptive statistics for WCPM disaggregated by passage and wave are presented in Table 2.
As can be seen in Table 2, fluency rates varied considerably within passage as evidenced by
the magnitude of the standard deviations, as well as between passages as evidenced by the
differences among means in the column labeled Total in Table 2. In fact, mean fluency rates
at the first assessment ranged from 67.9 to 93.9 (M = 83.0, SD = 34.5) across the six passages,
with the most difficult passage being The New Bookstore and the easiest being Going to the
Movies at Home. Thus, the largest observed mean difference across passages is over 15 words
correct per minute. In contrast, mean reading fluency rates ranged from 82.0 to 85.6 as a
function of wave.

Correlations of WCPM as measured by different passages at Wave 1 are presented in Table 3.
It can be seen from Table 3 that fluency tends to be highly correlated across stories, with
correlation coefficients ranging from .87 to .93 (p<.0001). The magnitude of these within-time
correlations suggests that the passages have high reliability and validity for assessing oral
reading fluency, although these correlations are insufficient to guarantee that passages will
function equivalently and provide a constant metric for estimating rates of change in oral
reading fluency.

Mixed Model Results for Wave 1

In conducting the mixed-model repeated measures ANOVA, we first examined a variety of
covariance structures using SAS PROC MIXED (Littell et al., 1996) to arrive at an appropriate
covariance structure for the data prior to estimating the effects of passage, order, and their
interaction. These different covariance structures have different implications for the
correlations among the passages at Wave 1. The inclusion of TPRI fluency as a covariate in

IThe original wave variable was scored 1, 2, 3, and 4 corresponding to the first to fourth testing session, respectively. In modeling growth,
the values of wave were transformed by subtracting 2.5 from them so that the intercept value in the individual growth model represented
the student’s expected oral reading fluency between waves 2 and 3, or midway through the study.
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the model implies that the covariance structure being modeled is the residual covariance matrix
after predicting performance on each passage from TPRI fluency.2

Best fit indicators (Aikake’s Information Criterion and Bayes Information Criterion) for the
different covariance structures are presented in Table 4. Based on the information in Table 4,
the model of heterogeneous compound symmetry (CSH) was most appropriate for the data.
Although the compound symmetry (CS) model produced the lowest BIC and AIC, a
comparison of the likelihood ratio statistics for the CSH and CS models shows that the CSH
model’s allowance for different error variances across passages produced a statistically
significant improvement in fit to the data.

The CSH covariance structure implies that the passages cannot be considered equivalent. If
the passages were equivalent, i.e., substitutable, then the correlations among all pairs of
passages would be equivalent and the error variances of all passages would be equivalent,
which implies that the appropriate model would be one of homogeneous compound symmetry
(i.e., Model CS). Rejection of the CS covariance structure indicates that the parallelism
hypothesis is not supported3.

We next examine evidence for differences in mean oral reading fluencies across the six
passages using the CSH model as the basis for tests of these fixed effects. Tests of significance
for the fixed effects in the CSH model are presented in Table 5. Examination of Table 5 shows
that the TPRI fluency measure strongly related to the DIBELS oral reading fluency measures.
Nevertheless, despite controlling for fluency as measured by TPRI, significant effects of
passage were found at Wave 1 (F (s »19) = 15.3, p<.0001). In contrast, presentation order was
not statistically significant, and did not interact with passage effects. Least Squares Means for
each of the six passages as estimated from the CSH model are presented above the diagonal
of Table 3. It can be seen from the Least Squares Means that one passage is substantially more
difficult than the others (viz. Book) with a mean fluency of 71 WCPM, while a second passage
(viz. Baby) is somewhat more difficult than the other four with a mean WCPM of 83. The
remaining four passages are quite comparable on average, with means ranging from 87 to 90
words per minute. Using the FDR (Benjamini & Hochberg, 1995), we find that, in fact, fluency
rates are lower for Book than for each of the other five stories (FDR p < .00030), while fluency
rates are lower for Baby than for Color (FDR p <.006). Although raw p values for comparing
Baby with Twin and Home were less than .05, the FDR adjusted p values were not. In the
interests of space, we present the tests of significance for fixed effects and Least Squares Means

2\We examined five different models for the covariance structure: (1) An unrestricted model (UNR), (2) a one-factor model with unequal
error variance across passages (1F), (3) a one factor model with equal error variance across passages (1FEQ), (4) a heterogeneous
compound symmetry model (CSH), and (5) a compound symmetry model (CS). Model 1 is the least restrictive and allows that the
correlations among measures vary freely. Models 1F and 1FEQ imply that the correlations among measures can be explained by a single
underlying factor, but differ in their specifications for the error variance, with model 1FEQ constraining the error variance to be equal
across measures. Neither model constrains the factor loadings to be equal. The last two models are variations of the compound symmetry
model, both of which imply that the correlations among measures are constrained to be equal. The CSH model allows that the error
variances differ across passages, while model (5) constrains the correlations equal across passages as well as the variances. The CS model
is consistent with a single underlying factor with equal factor loadings and equal error variances across all measures. In contrast, the CSH
model is consistent with a single factor model with equal standardized factor loadings, but unequal unstandardized factor loadings and
unequal error variances across passages. While both covariance structures can also be produced from multi-factored data, the one factor
model is the most parsimonious factor model that can produce the CS or CSH covariance structure.

3Although the test of parallel forms is rejected, acceptance of the CSH model over the 1 Factor model indicates that the parallelism model
failed due to non-equivalence of V(ek) of Equation (3), and that the Ak of Equation (1) are equal when all measures have been standardized.
Direct comparison of the CSH and 1 Factor models shows these models not to be statistically significantly different from one another
(X2(5) =5.4, p <.37). This result implies that the hypothesis of equal standardized Ak is tenable. The CSH structure indicates that the
variance in reading fluency was different for different passages, whereas passage correlations could be considered equal. In the
psychometric literature, the passages would be considered to be essentially tau-equivalent (Bollen, 1989) when standardized to constant
variance. That is, standardized relationships to the underlying latent factor are the same for all passages. However, in their unstandardized
metric, the measures are simply congeneric, meaning they have a common factor structure. True scores for a given person on passages
that are essentially tau-equivalent may differ from one another because of the scaling constant (ak). As shown in the model for true scores
in Equation (2), the true scores can differ even if the factor loadings of Equation (2) are equal when standardized.
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for the CSH model. However, conclusions about the fixed effects were identical across the five
models for the covariance structure presented in Table 4. While the actual Least Squares Means
and standard errors vary somewhat across the different models, these differences tend to be
small with only minor changes in tests of significance. Thus, the conclusions presented here
regarding differences across passages at Wave 1 are invariant across a wide array of
assumptions about the error covariance structure of the model.

Analysis of Individual Growth

While the Wave 1 results indicate that the passages cannot be considered equivalent in terms
of means and variances, the question remains as to whether these differences have implications
for estimation of growth in the progress monitoring context. To investigate the latter question,
we fit individual growth models to the data from all four waves. In order to do so, we first had
to derive an estimate of reading fluency at Wave 1 for each child based on the three passages
that the student had read at that wave. Rather than take the mean fluency from the three
passages, we followed the recommended CBM practice of selecting the median oral reading
fluency from the three passages read by each child.

Table 6 shows the number of times that each passage was selected as the passage yielding a
child’s median oral reading fluency. If the passages function equivalently, then it should be
the case that each passage is equally likely to be chosen as the passage yielding the child’s
median fluency. However, as can be seen in Table 6, some passages are much more likely to
yield a child’s median fluency than are others. Not surprisingly, the passage Book is almost
never the passage yielding the median fluency for a child, while the passage Baby is almost
always chosen for group B when it is paired with a relatively easy passage (Color) and the
difficult passage Book. To test if the passages are equally likely to yield a child’s median fluency
we computed a chi-square statistic for the row associated with each Group as well as for the
row marked Total in Table 6. The chi-square for Group B was statistically significant (xz(z) =
10.9, p <.004), as was the chi-square for the total row. The latter statistic had to be computed
by hand due to the unequal expected cell counts (i.e., the total number reading a given story
divided by 3) and was found to be 11.655 with df = 5, p< .039. These results indicate that the
passages are not equally likely to yield a students’ median fluency, further corroborating the
conclusion that the passages are not equally difficult.

Taking each student’s median frequency at Wave 1 as their score at that wave, we then fit an
individual growth model to the four waves of data using SAS PROC MIXED. The model again
included TPRI fluency as a covariate. However, in this case, the model included effects of
wave, study group, and the interaction of wave with study group, and the interaction of TPRI
with study group. Wave was treated as a continuous measure and thus served to estimate the
constant rate of change in oral reading fluency across the seven weeks of data collection. The
interaction of wave with study group thus reflects the extent to which groups are estimated to
have different rates of growth in their oral reading fluency. In so far as group membership was
assigned at random and simply reflects the order in which stories were read across the four
waves of data collection, and in so far as we have also included the covariate of TPRI fluency
in the model, there should be no interaction of group with wave unless the ordering of the
stories across the four waves of assessment affects the estimation of the rate of growth. Tests
of significance for fixed effects in the model are included in Table 7.

Examination of Table 7 shows that TPRI fluency did not interact with study group, nor were
there significant main effects of wave or study group (F(s 110) = 0.40, p = .8497, F(1,109) = 1.17,
p =.2824, and F(5 106) = 1.55, p = .1800, respectively). That is, oral reading fluency rates are
not changing on average over the seven weeks of the study, nor do the groups differ on average
in their oral reading fluency at the mid-point of the four waves, once TPRI fluency is controlled.
However, there were significant differences across study groups in the rate of change as
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evidenced by the significant group by wave interaction (F(s 109)=8.38, p < .0001). To
understand the Group by Wave interaction, mean growth curves are plotted for the six study
groups in Figure 1. Figure 1 illustrates that groups five and six, which received Book in Waves
4 and 3, respectively, have the appearance of negative growth, while group 1, which received
Book in Wave 2 has the appearance of positive growth. The impact of the placement of the
more difficult stories can be seen more clearly by graphing the means for each group across
the four waves (see Figure 2). Figure 2 illustrates that the slopes of the growth trajectories are
significantly influenced by the placement of the more difficult stories. In Figure 2, it is easily
noted that Book has little impact on groups two, three, and four. These three groups received
Book in Wave 1 where students read three stories, and as we have already seen, few students
obtained their median score on this passage.

Creating a Scale Score Metric to Equate Passages

Taken together, the three sets of analyses indicate that the six forms examined here are not
substitutable without consideration of scaling differences, thus supporting the first hypothesis.
Whereas scores are highly correlated across different forms, mean and variance differences
across forms are not ignorable for the purpose of estimating rates of growth for individual
children. These form differences should be taken into account in reporting fluency rates for
individual students and classrooms, and especially in progress monitoring of student growth
in fluency.

The reason for this recommendation is simple. The high correlation tells us that students’
relative standing is only minimally different when comparing one form to another. However,
the substantial mean and variance differences across forms indicate that actual WCPM scores
will vary on average from one passage to the next, and relative differences will vary in
magnitude as well. Thus, substantial fluctuations in scores can be expected due to form
differences when different forms are used from one week to the next. Without some correction
for these form effects, teachers run the risk of misinterpreting gains and losses in WCPM as
gains and losses in student fluency when, in fact, they are little more than expected differences
resulting from the use of easier or more difficult passages from one week to the next.

One approach to removing form effects from the WCPM scores is to create a scale score metric
for reporting fluency such that the reported scale scores take into account the difficulty of the
specific passage that was used to assess fluency. There are numerous approaches to creating
scale score metrics (Angoff, 1967; Kolen & Brennan, 1995). We develop scale scores for the
six forms by adjusting all scores to coincide with expected fluency rates from the passage
Home. In this way, the scaled score tells us the WCPM rate that would have been obtained if
students had read Home rather than the particular passage that they actually read. Home is the
easiest of the six stories. The reason for equating WCPM scores back to the easiest form has
the benefit that scores will tend to be adjusted upward (i.e., increasing the reported words
correct per minute), so that students and teachers are less likely to feel that the student has been
penalized by reading a passage more difficult than Home, which could be the case if students’
scores were adjusted downward.

Raw score conversion—In order to equate WCPM scores across the different stories, we
used an equipercentile equating method rather than linear equating. Linear equating would
adjust scores for differences across forms in the mean and standard deviation, such that the
resultant scale scores for different forms will have the same mean and standard deviation.
However, linear equating assumes that the same adjustment should be made throughout the
distribution of WCPM scores in order to equate fluency scores taken from different stories. In
contrast, equipercentile equating is more general than linear equating in that it allows that the
relation between the two forms may change across the range of scores on the base form, which
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in this case is Home. For example, it could be that Home is more difficult over one score range
than the passage to be equated, but easier over another score range. Alternatively, it could be
that the difference between forms is not consistent throughout the range of WCPM scores such
that one adjustment is needed for the lowest scores and another adjustment is needed for scores
near the center, and still another adjustment for scores at or near the top. Equipercentile equating
can take these differences into account, whereas linear equating will not.

To calculate the equiperentile rank for a target score, the cumulative percentage of the scores
below the target score is added to one half the percentage of cases who obtained the target
score. For example, if 70% of test takers achieve a score 19 or less on a given test and 5% of
individuals earn a score of 20, then the equipercentile rank of 20 is 72.5. For an explanation
of why the equipercentile ranking is not equal to the cumulative percent at a given score, readers
are referred to Blommers & Forsyth, 1977.

Through the conversion of raw scores to equipercentile ranks, students’ scores on
nonequivalent forms can be compared. However, when comparing scores across a large number
of tests it may be more useful to determine the raw scores that correspond to specific integer
percentiles. These conversions utilize a similar rationale to the raw score conversions to
equipercentile ranks described above, but determine the WCPM score on a given form that is
associated with specific percentiles. This latter approach facilitates the creation of conversion
tables that can handle multiple forms at the same time.

Table 8 provides equipercentile conversions for the six forms back to a common scale score
where the scale score gives the expected WCPM if the student had been asked to read the
passage Home. That is, the columns of Table 8 give scores for each of the six stories associated
with a particular integer percentile rank. The column marked WCPM is the proposed scale
score of words correct per minute and is identical to the column in the table for Home. To use
the table, a teacher would simply locate the title of the passage that the child had been asked
to read. The teacher would then read down the column until she/he found the WCPM score for
the specific child or, more commonly, found the two rows that bracket the student’s score. The
teacher would then read across the rows to the column marked WCPM and find the entry in
the WCPM column associated with the row (or set of rows) for the student’s score. To get the
most precise score, linear interpolation could be used. However, teachers could also round up
or down with only slight loss of accuracy.

For example, suppose a student had read the passage Book and obtained a score of 53 words
correct per minute. Scores for Book are found in column 4 of Table 8. Thus, the teacher would
scan down column 4 until coming to 53.55, which is associated with a percentile rank of 30.
Then reading across the rows to the column marked WCPM (Column 2), she/he would find
that the score of 53 on Book is approximately equal to a score of 73.65 WCPM if the child had
been asked to read the passage Home. In this particular instance, a score of 53 on Book is part
way between a score of 51.43 and 53.55, the scores on Book associated with the 29t and
30t percentiles. Thus, to get a more precise scaled score the teacher could interpolate between
the WCPM scores of 73.35 and 73.65 which are associated with the 29t and 30t percentiles,
respectively. To do so, the teacher would compute 53 as a percentage of the distance from
51.43 to 53.55 by taking (53.00 — 51.43) / (53.55 - 51.43) = 1.57 / 2.12 = .741. This number is
then multiplied by the difference between 73.65 and 73.35 (.741*(73.65 — 73.35) = .741*0.30
=.223) and the result added to 73.35 (73.35 + .223 = 73.573) to give the interpolated WCPM
score. In this case, the difference between the 29t and 30t percentiles are sufficiently small
as to make the interpolation not worth the effort of calculation (less than a quarter of a word
per minute), but in some cases the difference will be substantially larger and a more precise
score might be desired, in which case the interpolation method will work reasonably well. For
most purposes, rounding the numbers in Table 8 to the nearest integer will not sacrifice much
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in the way of precision and will be substantially more accurate than current practice which
ignores the rather substantial differences due to forms. These differences are apparent by simply
scanning across the various rows of Table 8 which highlights the different fluency rates
associated with a particular percentile rank depending on which story was read by the student.

To examine the effectiveness of the equipercentile equating method used here, we reanalyzed
the data for Wave 1 and the seven week growth models using the equated scores. That is, we
converted all of the raw scores to equipercentile scores and reran the mixed model at Wave 1
and the growth models across the four waves. Using the equated scores, the mixed model
analysis for Wave 1 showed no differences due to story (Fs, 119) = 0.07, p <.997) or the
interaction of story and order (F(10, 119) = 0.69, p < .732). Least squares means ranged from
88.1 to 89.1 across the six stories. At the same time, there were statistically significant
differences due to order of testing (F(2, 119) = 3.49, p < .0337). Least squares means indicated
the first story was read more slowly (Mean = 86.9, s.e. = 1.7) than either the second (Mean =
89.9, s.e. = 1.7) or third (Mean = 89.5, s.e. = 1.7).

Growth in oral reading fluency over the seven-week period was also examined using the
equated scores. The model included TPRI fluency as a covariate, linear growth in oral reading
fluency, group (i.e., the six groups to which students had been randomized), and differences
between groups in the linear growth rates. When growth was analyzed using equipercentile
equated scores, there was evidence of significant positive growth in oral reading fluency over
the seven week period (F(1 115) = 7.29, p <.008). On average, oral reading fluency increased
by 2.46 (s.e.= 0.94) words per wave (or roughly 1.2 words per week). Growth rates and average
fluency rates varied significantly across students (Intercept Variance = 254.1, s.e. =43.0,p <.
0001; slope variance =4.04, s.e. = 2.4, p <.0489). There were no significant differences among
the groups in mean oral reading fluency (F(s 114y = 0.62, p <.684), or in average rates of growth
(F(s, 115) = 2.10, p < .071). That is, the group differences in average rates of growth over the
seven-week period that were found in the previous analysis were eliminated when passages
were equated using equipercentile equating. In short, the failure to equate forms masked an
overall positive average rate of growth across all groups and suggested that groups were
growing at different rates. When passages were equated, groups were found to be comparable
both in their average oral reading fluencies and in their average rates of growth across the
seven-week period.

Discussion

In both special education and general education based applications of CBM-like assessments,
the criterion for growth is based on the slope of the student’s charted progress, that is, the rate
of change in the students’ performance. In the case of traditional CBM, this rate of growth is
based on end of year instructional materials,. In the case of DIBELS the rate of growth is on
leveled, grade-appropriate texts. This difference seems to be of minor consequence given the
expected connection between grade appropriate texts and end-of-year instructional material,
which one would expect to be high, especially in the elementary grades and in literacy
instruction. In both the general and special education applications of CBM for progress
monitoring, the rate of change in performance must indicate the rate of progress toward the
end of the year goal in order to be of use to teachers. Given this indicator of rate of progress
toward end of year goals, this growth rate also serves to signal when intervention is necessary
whenever that rate of progress is inadequate to reach the end of year benchmark.

In order to accurately influence decision making for individual students, the rate of progress

must be estimated with some precision, especially if decisions are to be based on estimates that
involve short time series (e.g., six to eight weeks of data). Here is where scaling issues come
to the fore. If point estimates of performance can differ significantly on the basis of form choice
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by as much as was found in the present study (26 words per minute), the potential for poorly
informed decisions is high. In a data rich environment, i.e., one with many data points on which
to base the estimate of the individual student’s rate of change in performance, such large
fluctuations due to form effects could be reduced, but not eliminated. But in the present context,
where point estimates are based on one minute of reading from a single passage, and decisions
to intervene could be based on slope estimates based on four such data points, failure to adjust
charted WCPM scores for form effects seems ill-advised.

Some CBM developers have recommended that students read three passages, each for one
minute, and that teachers take the median performance across the three measures. While the
gathering of additional data at each time point mitigates somewhat the scaling problem
identified in the current study, the decision to take the median performance across the three
measures works against the collection of the extra assessment data because the median will
throw out two of the three WCPM measures in favor of the middle measure. Thus, the final
estimate is again based on a single minute of reading from a single passage. In short, this point
estimate of a student’s reading rate would also benefit from scaling the WCPM scores to take
into account form effects. Of course, such rescaling of the observed WCPM scores should be
completed prior to taking the median.

Given the importance of fluency in the role of learning to read and the growing role of
assessment in monitoring of student growth in their reading skills, it is important to find a more
accurate and reliable way to measure growth of fluency rates. This study evaluated the DIBELS
Oral Reading Fluency measure for differences between passages. The developers of DORF
made significant efforts to control for passage differences by using multiple readability
formulas to equate passages, and by relying on the Spache readability index to make sure that
all grade two stories were written to be approximately in the 2.5 range. However, the current
study suggests that these efforts were not sufficient to equate the stories at a level that would
make them substitutable for one another without further adjustment when estimating students’
fluency. In a multi-tiered intervention model relying on progress monitoring assessments to
move students from one level to another, or to simply gauge response to instruction, the
magnitude of the observed form effects has important implications for the use of CBM as a
tool for identifying students who need Tier 2 and/or Tier 3 instruction. While some variability
is expected in fluency rates from one assessment to the next, a 20 word difference between
passages as observed in this study will be difficult for teachers to reconcile when attempting
to decide whether or not to alter a given student’s instruction.

This study found evidence of significant and substantial differences among the six DORF
passages. However, it should be pointed out that several of the passages displayed negligible
differences, and all passages tended to correlate quite highly, although possibly not equally.
Thus, while not all passages were found to be parallel, several passages appeared to be and
may well function in a manner that makes them function like parallel forms. At the same time,
there appeared to be little evidence of order effects in the original analysis. When forms were
equated, there was some evidence of order effects, although these were not large (roughly three
words per minute on average).

We proposed a solution to the scaling problem across passages that was based on equipercentile
equating. While equipercentile equating offers a viable solution to the problem of passage
effects, the current study is not optimal for carrying out the equating process and the equated
scores in Table 8 must be used with some degree of caution. The current study only included
134 students and tested only six of the 20 non-benchmark stories found in the second grade
oral reading measure, with each passage read by approximately one-third of the students. In
general, a much larger sample of students would be preferred for deriving the equated scores.
Future studies should include larger sample sizes and additional passages to better address the
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equating issue. It is important to keep in mind that future studies need not include all possible
passages, or have all passages read by all students. Rather, a single passage can be selected as
the base passage (e.g., Home), and all other passages equated back to that base passage. It is
important that future studies employ random assignment and counter balance the order of
presentation so that order effects can also be estimated on a larger sample and controlled in the
equating process. Given the random selection of the six passages from the population of 20
available, the finding of one or two passages that were substantially different from the others
would suggest that roughly one-third of the 20 passages may differ in their mean WCPM. Of
course, the extent to which this inference is supported awaits further research. The current
study simply provides a starting point from which to continue the study of passage effects on
the estimation of students’ oral reading fluency and the appropriate assessment of oral reading
fluency in order to monitor children’s progress toward end of year reading goals.

Finally, the current study focused only on the DORF as a representative example of CBM.
There is no reason to suspect that the issues raised in the current study are unique to DIBELS.
To the contrary, differences in raw scores across forms are likely the rule, not the exception.
These scaling issues must be taken into account in the reporting of scores, and not just assumed
to be negligible because readability estimates suggest equivalent passages and because all
passages yield reliable estimates of WCPM. For passages to be treated as equivalent, parallel
forms, some attention must also be paid to the development of a suitable scale score metric
when raw score distributions are found to differ across passages.
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Differences in Mean Growth Trgjectories among Groupe
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Figure 1.
Differences in Mean Growth Trajectories among Groups
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Differences among Groups in Mean Fluency by Wave
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Figure 2.
Differences among Groups in Mean Fluency by Wave
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Table 5

Analysis of Variance for Fixed Effects from CSH Model of Wave 1 Data
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Effect Num DF Den DF F Value p<

TPRI fluency 1 116 225.8 .0001
Passage 5 219 15.3 .0001
Presentation Order 2 219 2.44 .0899
Passage X Pres. Order 10 219 0.77 .6566
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Table 7

Analysis of Variance for Fixed Effects from Individual Growth Model
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Effect Num DF Den DF F Value p<
TPRI fluency 1 110 178.25 .0001
Wave 1 109 1.17 .2824
Group 5 106 1.55 .1800
TPRI fluency X Group 5 110 0.40 .8497
Wave X Group 5 109 8.38 .0001
Random Effects for Individual Growth Model

Effect Estimate Standard Error Z —value p
Intercept 273.9 45.9 5.97 .0001
Wave 3.45 11.8 0.29 .3849
Cov(l,W) 6.18 155 0.40 .6895
Corr(1,W) .2010

Note: Wave = slope or constant rate of change; Cov(l,W) = Covariance of Intercept and Slope parameters; Corr(l,W) = correlation of Intercept and Slope

parameters.
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