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We evaluated the reliability and validity of two oral reading fluency scores for
1-minute equated passages: median score and mean score. These scores were cal-
culated from measures of reading fluency administered up to five times over the
school year to students in grades six to eight (n = 1,317). Both scores were highly
reliable with strong convergent validity for adequately developing and struggling
middle grade readers. These results support the use of either the median or mean
score for oral reading fluency assessments for middle grade readers.

Oral Reading Fluency

Oral reading fluency (ORF), a measure of accuracy and rate of
reading grade level text, is a component of progress monitoring
growth in reading during early elementary school (grades one to
three). In general, students are individually administered a pas-
sage (expository or narrative) and are asked to read aloud for 1
minute while teachers record errors and determine the number
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134 A. E. Barth et al.

of correct words read during the allocated time (Reschly, Busch,
Betts, Deno, & Dong, 2009; Shinn, 1989; Stecker, Fuchs, & Fuchs,
2005; Wayman, Wallace, Wiley, Ticha, & Espin, 2007). This score
is plotted in relation to benchmarks to indicate reading progress.
The reading materials used for ORF are derived from grade level
or instructional level texts selected from the classroom curricu-
lum, basal readers, or prepackaged ORF texts.

Technical Adequacy of ORF Among Elementary Grade Readers

Elementary grade teachers have widely adopted ORF as a primary
means of measuring growth in reading. ORF measures have good
reliability (Deno, 1992; Reschly et al., 2009). This is evidenced
from controlled studies that show that when teachers use ORF
assessment in a curriculum-based measurement (CBM) frame-
work for instructional planning and adaptation, goal setting, and
other aspects of instruction, student outcomes are better than
when ORF measures are not used (Stecker et al., 2005). In terms
of validity, ORF is highly predictive of performance on reading
comprehension measures, even though it does not directly as-
sess reading comprehension abilities (Hintze & Silberglitt, 2005;
Kranxler, Brownell, & Miller, 1998; McGlichey & Hixson, 2004;
Shinn, Good, Knutson, Tilly, & Collins, 1992; Stage & Jacobson,
2001). Correlations of ORF and standardized measures of read-
ing comprehension commonly range from 0.50 to 0.90, with most
falling around 0.70 for early grade readers (Deno, Mirkin, &
Chaing, 1982; Marston, 1989; Shinn, 1989). In addition, small
changes in reading growth can be reliably quantified to monitor
reading progress (Fuchs, Deno, & Mirkin, 1984; Fuchs & Fuchs,
1986; Fuchs, Fuchs, Hamlett, & Ferguson, 1992; Mirkin, Deno,
Tindal, & Kuehnle, 1982; Stecker & Fuchs, 2000) and determine
whether instruction is beneficial (Powell-Smith & Stewart, 1998;
Shinn, Powell-Smith, Good, & Baker, 1997; Tindal, 1989).

Technical Adequacy of ORF Among Older Readers

Despite the large research base on the technical adequacy of
ORF among early grade readers and its usefulness as a method
of informing instruction for elementary grade teachers, gaps in
research and practice remain (Ticha, Espin, & Wayman, 2009).
One gap is the reliability and validity of ORF among middle grade
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Reading Fluency 135

readers. However, research has begun to investigate the technical
adequacy of ORF among middle grade readers. For example,
Fuchs, Fuchs, and Maxwell (1988) examined the criterion validity
of ORF among 70 male students with mild disabilities (age 9–15
years). For the entire sample, the correlation between the average
number of words read correctly per minute for two passages
and scores on the Stanford Achievement Test was 0.91. However,
correlations were not reported separately for students in the
middle grades.

Building on the findings by Fuchs et al. (1988), Espin and
Foegen (1996) investigated the relative strength of ORF, maze,
and vocabulary matching as a means of predicting middle school
students’ (n = 184) performance on three researcher-developed
assessments that tapped comprehension, acquisition, and reten-
tion of expository texts. Results indicate that the correlation of
ORF and the three reading comprehension tasks ranged from
0.52 to 0.57. Regression analyses indicated that oral reading
fluency rates did not uniquely account for variance in read-
ing comprehension after controlling for maze and vocabulary
performance.

Yovanoff, Duesbery, Alonzo, and Tindal (2005) investigated
the relative importance of vocabulary and oral reading fluency
as dimensions of reading comprehension in two independent
samples of students (n = 3,203 and n = 3,225) in grades four to
eight. ORF was assessed with a 1-minute read-aloud that consisted
of a 250-word, grade-level-appropriate passage (as determined by
the Lexille framework and Flesch-Kincaid readability statistics).
Reading comprehension was assessed with a second grade-level
appropriate passage that included 15 comprehension questions.
Results revealed that while ORF significantly relates to reading
comprehension, its effect diminishes significantly across grades.
Correlations between ORF and comprehension ranged from 0.42
to 0.52 in grades six to eight, in contrast to 0.60 to 0.65 in grades
four to five.

Silberglitt, Burns, Madyn, and Lail (2006) evaluated the rela-
tionship between ORF and performance on the Minnesota Com-
prehensive Assessment of Reading among students in seventh
(n = 582) and eighth (n = 843) grade. Students were admin-
istered three passages that were standardized and equated us-
ing Lexille scores and student performance data. Results indi-
cated that the correlation between the median ORF score and
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136 A. E. Barth et al.

performance on the Minnesota state reading test was 0.60 for stu-
dents in seventh grade and 0.50 for students in eighth grade.

More recently, Espin, Wallace, Lembke, Campbell, and Long
(2010) examined the reliability and predictive validity of ORF
among 236 eighth grade students. In the fall, students read two
passages aloud for 3 minutes, with the number of words read cor-
rectly calculated at 1-, 2-, and 3-minute time frames. All passages
were selected from the newspaper, were approximately 800 words
in length, and ranged in difficulty from fifth to seventh grade lev-
els, according to Flesh-Kincaid readability formulae. In the win-
ter, students also completed the Minnesota Basic Standards Test
(MBST) in reading. Results revealed that the alternate form reli-
ability for the mean ORF score ranged from 0.94 to 0.96 across
the 1-, 2-, and 3-minute time frames. Correlations between the
mean ORF score and scores on the MBST ranged from 0.78 to
0.79 across the three time frames. For a small subset of students
(n = 31) ORF growth was examined across 10 weeks. Alternate
form reliability between adjacent pairs of passages ranged from
0.79 to 0.92 for the mean score obtained at the 1-minute time
frame. Growth over time was minimal for both the 1- and 3-minute
time frames.

In a follow-up study, Ticha, Espin, and Wayman (2009) ex-
amined the validity and reliability of ORF as an indicator of
performance on the Minnesota Basic Skills Test (MBST) and
the Woodcock-Johnson III Test of Achievement (WJ-III), Passage
Comprehension subtest, among 35 students in eighth grade. Stu-
dents completed three ORF passages, the WJ-III Passage Compre-
hension subtest, and the MBST at pretest. For the subsequent
10 weeks, students received one ORF passage. Students read
each passage for 3 minutes, with the number of words read cor-
rectly calculated at the 1-, 2-, and 3-minute time frames. Passages
were created from the local newspaper, were approximately 750
words long, and the readability level as measured by Flesh-Kincaid
ranged from fifth to eighth grade levels. Results indicated that
the alternate-form reliabilities, as calculated by examining cor-
relations among the scores for the three passages administered
at pretest, ranged from 0.95 to 0.97 for the 1-, 2-, and 3-minute
time frames. Differences across time frames were not statistically
significant, thus demonstrating relatively little growth over the
10-week progress monitoring period. Correlations between the
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Reading Fluency 137

WJ-III Passage Comprehension and the median ORF score ranged
from 0.87 to 0.89 across the 1-, 2-, and 3-minute time frames. Cor-
relations between the MBST and the median ORF score ranged
from 0.77 to 0.78. Results indicated that the 1-minute ORF sam-
ple was as reliable and valid as the 2- or 3-minute ORF samples.

Limitations of Past Research

Taken together, these studies have begun to address the reliability
and validity of ORF measures among middle grade readers. Alter-
nate form reliability ranged from 0.79 to 0.92 (Espin et al., 2010).
The correlation between ORF and measures of reading compre-
hension (validity) ranged from 0.42 to 0.78, depending on how
reading comprehension was measured (Espin et al., 2010; Ticha
et al., 2009; Silberglitt et al., 2006; Yovanoff et al., 2005).

However, looking across this body of research, two key fea-
tures of measures considered to be standardized, longitudinal as-
sessments of reading abilities varied across these studies. The first
variation relates to the administration procedures (Fuchs, Fuchs,
& Compton, 2004). Note that Silberglitt et al. (2006) and Ticha
et al. (2009) used the median score of three passages to calcu-
late the number of words read correctly. In contrast, Espin et al.
(2010) and Fuchs et al. (1988) used the mean score of two pas-
sages to determine students’ ORF scores. Thus, it is very likely that
the use of different statistics (mean versus median) could lead to
different estimates of reliability and validity at the beginning of
the school year and across progress-monitoring time points.

The second variation is the use of alternate forms that func-
tion as equivalent within grade (Jenkins, Fuchs, van den Broek,
Espin, & Deno, 2003). Only Silberglitt et al. (2006) reported
that equating procedures were utilized to ensure that the stan-
dard error of measurement was minimal across passages admin-
istered fall, winter, and spring (within grade). All other studies
utilized readability formulae to determine the equivalence of pas-
sages that are problematic, because these formulae are impre-
cise estimates of form equivalence (Francis, Santi, et al., 2008).
Research on the equivalence of alternate forms has shown that
ORF passages deemed equivalent via readability formulae, such as
Flesch-Kincaid, vary significantly within grade. For example, Fran-
cis, Santi, et al. (2008) examined the effects of passage order and
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138 A. E. Barth et al.

presentation order on ORF among second grade students (n =
134) randomly assigned to read six passages in one of six fixed
orders. Oral reading fluency (WCPM) rates varied across passages,
but not as a function of passage order. Passage effects (i.e., dif-
ficulty level, text type) affected both the shape of ORF growth
trajectories and estimates of linear growth rates. However, when
the alternate forms were equated, using equipercentile equating
methods, the passage effects were removed. Consequently, Fran-
cis, Santi, et al. (2008) suggested that when using ORF to monitor
reading progress, equating (e.g., the statistical process of deter-
mining comparable ORF scores on alternate forms) is essential
to ensure that changes in reading performance from one testing
time point to another reflect true change in reading proficiency
and do not reflect differences in the difficulty of passages admin-
istered. Therefore, to address the issue of form equivalence, this
study used linearly equated scores in order to more precisely es-
timate the reliability and validity of ORF scores among middle
grade readers.

Use of ORF Among Struggling Readers

Another issue with any progress-monitoring assessment is the ex-
tent to which the tool is technically adequate for students with
reading disabilities and reading difficulties. Middle school teach-
ers have become increasingly interested in monitoring students’
response to general education instruction and special education
remedial intervention requiring more precise measurement data
(Espin et al., 2010; Ticha et al., 2009). In order to better address
the instructional needs of readers who fail to respond to instruc-
tion, middle grade teachers are increasingly using ORF to identify
at-risk students, inform instructional decision making, and mon-
itor the reading progress of struggling readers and students with
disabilities.

Yet little is known about the psychometric properties of ORF
among struggling reader populations, particularly at the middle
grade level, where the correlation between fluency and compre-
hension is known to be weaker (Jenkins & Jewell, 1993; Yovanoff
et al., 2005). When using ORF we assume that the underlying
distribution of fluency is normal. However, using ORF among
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Reading Fluency 139

struggling readers and students with disabilities is likely to be pos-
itively skewed because of restriction of range. Restriction of range
may occur because design or circumstances (e.g., natural attri-
tion, explicit selection, or incidental selection) abbreviate the val-
ues of one or both variables (e.g., predictor or criterion) to be cor-
related (Crocker & Algina, 1986). Restriction of range may also
be caused in the observed scores if the predictor or criterion mea-
sures are too easy, such that students earn relatively high scores
(e.g., ceiling effect), or too difficult, such that students earn very
low scores (e.g., floor effect) (Crocker & Algina, 1986). Because
of the potential for range restriction among middle grade strug-
gling readers, it is important to examine the technical adequacy
(e.g., reliability and validity) of ORF for struggling readers and
students with disabilities at the beginning of the year as well as
across progress monitoring time points.

Purpose of the Current Study and Research Questions

The purpose of the present study was to examine the reliability
and validity of ORF among middle grade readers using equated
passages. The study addressed the following research questions:
(a) What is the reliability of the median and mean ORF scores
among middle grade readers, and are there significant differences
in the reliability of the two scores when using equated scores
across time points? (b) What is the magnitude of the relation (va-
lidity) between the median and mean ORF scores and external
measures of reading fluency, and are there significant differences
in the relationship magnitude at the beginning of the year and
across testing time points when using equated scores across time
points? (c) What is the reliability of the mean and median ORF
scores for struggling readers, and does reliability vary across test-
ing time points? (d) What is the magnitude of the relation (va-
lidity) between ORF and measures of reading proficiency when
using the median versus mean scores for struggling readers, and
does it vary across testing time points? (e) Does the reliability and
validity of the ORF median and mean scores differ between strug-
gling readers and adequately developing reader groups?

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

ex
as

 a
t A

us
tin

] 
at

 1
2:

20
 1

0 
A

ug
us

t 2
01

2 



140 A. E. Barth et al.

Methods

Participants

SCHOOL SITES
This study was conducted in two large-urban cities in Texas.

Approximately half of the sample was recruited from each site.
The study participants were students from seven middle schools
(grades six to eight). Students qualifying for reduced or free
lunch ranged from 56% to 86% in the first site, and from 40%
to 85% in the second site. Three of the seven schools were from a
large urban district in one city, with campus populations ranging
from 500 to 1,400 students. Four schools were from two medium-
size districts (school populations ranged in size from 633 to 1,300)
that drew both urban students from a nearby city and rural stu-
dents from the surrounding areas. Of the seven schools, two were
rated as recognized, four were rated as acceptable, and one school
was rated academically unacceptable according to the state ac-
countability system.

STUDENTS
The current study reports on 1,317 middle grade students

from the seven schools during the 2006–2007 academic year. The
sample includes 727 struggling readers and 590 adequate read-
ers. Of the 1,317 middle grade students, 52% were female, 38%
were in sixth grade, 23% were in seventh grade, and 39% were in
eighth grade. The sample is also ethnically diverse, with African
Americans comprising 40% of the sample, American Indians com-
prising less than 1%, Asians comprising less than 3%, Caucasians
comprising 20%, and Hispanics comprising 37% of the total sam-
ple, which represents an oversampling of African Americans com-
pared to Caucasians nationally or even in Texas.

Struggling readers were defined as students who either (a)
failed the state reading achievement test (i.e., scores below 2,100
points) (Texas Assessment of Knowledge and Skills; TAKS; Texas
Educational Agency, 2008), or (b) performed within one-half of
one standard error of measurement above the pass-fail cut-point
on their first attempt in the spring of 2005 (i.e., scale scores rang-
ing from 2,100 to 2,150 points) (see Vaughn et al., 2008 for more
detail). In addition, students in special education who did not take
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Reading Fluency 141

TAKS-Reading but did take the State Developed Alternative As-
sessment (SDAA) reading test because of an exemption due to
special education status were also defined as struggling readers.

Adequate readers were defined as students who obtained
scale scores above 2,150 on TAKS-Reading (performance above
one-half of one standard error of measurement above the pass-
fail cut-point) on their first attempt in the spring of 2005. A
one-half of one standard error of measurement above the pass-
fail cut-point was utilized to ensure that students who are highly
likely to fail at future testing points due to measurement error
associated with the test were considered struggling readers. Stu-
dents were excluded from the study if: (a) they were enrolled in a
special education life skills class with limited instructional time in
general education; (b) their SDAA-Reading performance levels
were equivalent to a first grade reading level or lower (i.e., non-
readers); (c) they presented a significant sensory disability, or (d)
they were classified as English as Second Language students by
their middle school. Because more than 80% of students pass
TAKS-Reading, we randomly selected adequate readers within
school (and grade) in relative proportion to the number of strug-
gling readers. This resulted in a sample comprising 41% adequate
readers at pretest.

Procedures

All participants were assessed by examiners who completed an ex-
tensive training program conducted by the investigators that fo-
cused on test administration, test scoring, and verification proce-
dures for each measure included in the test battery. During the
training examiners administered, scored, and verified many dif-
ferent samples to ensure accuracy. On the final day of training and
prior to testing study participants, each examiner’s testing perfor-
mance was evaluated by the research team, and only those exam-
iners who demonstrated at least 95% accuracy for each test were
permitted to evaluate study participants. All assessments were
completed at the students’ middle school in quiet locations desig-
nated by the school (i.e., library, unused classrooms, theatre, etc.).
Following data collection, all student test packets were checked
for accuracy of scoring. Packets were first scored by the exam-
iner who tested the child; packets were then rescored by two
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142 A. E. Barth et al.

examiners who did not test the child. Interscorer agreement ex-
ceeded 90 percent accuracy for all measures in the battery.

For reliability purposes, all students were assessed at five time
points during the school year: September (time one), November
(time two), January (time three), March (time four), and May
(time five). At each testing time point (one through five), the
test battery included three ORF passages. At each time point, the
number of words read correctly was calculated. Raw scores were
converted to equated scores in order to remove the effects of
form. The median score and the mean score for the three pas-
sages was calculated using raw scores and equated scores.

For validity purposes we also administered Form A of the Test
of Silent Reading Efficiency and Comprehension (TOSREC; Wag-
ner, Torgesen, Rashotte, & Pearson, 2010) and one grade level
AIMSweb Maze CBM Reading Comprehension measure (Shinn
& Shinn, 2002). At time points one and five, Form A of the
Test of Word Reading Efficiency (TOWRE; Torgesen, Wagner, &
Rashotte, 1999) was also administered.

Measures

Measures to Assess Reliability

Passage Fluency (Francis, Barth, Reed, & Fletcher, 2008). The ORF
consists of graded passages administered as short 1-minute probes
to assess oral reading fluency. Across all time points, students read
three passages for 1 minute each. For each of the three passages,
the number of correct words read per minute (CWPM) was calcu-
lated. In order to more precisely estimate students’ ORF abilities,
raw scores (i.e., CWPM) were then converted to linearly equated
scores on a story-by-story basis, within grade and time-point. The
distribution of scores was statistically adjusted so that any given
form has the same mean and standard deviation (Crocker &
Algina, 1986). Adjustments were made relative to an anchor test,
in this case the TOWRE Sight Word Efficiency. The equated scores
eliminated differences between passages in mean differences and
in within-passage variability at each assessment time point but al-
lowed differences over time and across grade in both mean perfor-
mance and variability in performance. Therefore, differences in
mean performance across time points and grades are preserved,
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Reading Fluency 143

and as a result we can be sure that differences are not due to
older-grade students reading easier passages, or students reading
difficult passages followed by easier passages later in the year, for
example (see Vaughn et al., 2008 for more detail).

Linear equating was utilized because readability formulae
imprecisely estimate passage equivalence (Frances et al., 2008).
Consequently, changes in ORF scores across time may reflect dif-
ferences in the scaling of forms themselves and may not reflect
changes in students’ achievement levels (Betts et al., 2009). For
example, two passages (i.e., passage one and passage two) may be
of equivalent difficulty (mean 100 CWPM), but passage one may
have a standard deviation of 10 words and passage two may have a
standard deviation of 20 words. This variability ultimately impacts
how ORF scores obtained from passage one and passage two can
be interpreted. For instance, if a student reads passage one and
passage two at a rate of 140 words correct per minute, one might
be inclined to infer that the both passages were read at equivalent
fluency rates. However, the student actually read passage one at a
rate of four standard deviations above the mean and read passage
two at a rate of two standard deviations above the mean. Thus the
two scores are not comparable and do not represent the same unit
of measurement (Betts et al., 2009).

Measures to Assess Convergent Validity

Test of Sentence Reading Efficiency and Comprehension (TOSREC; Wag-
ner et al., 2010). The TOSREC, Form A, is a 3-minute, group-
based assessment of reading fluency and comprehension. Stu-
dents are presented with a series of short sentences and are
required to confirm the accuracy of each sentence. The mean in-
tercorrelation across the five performances in the first year of the
study was 0.79 for standard scores for students in grade six and
0.92 for students in grades seven to eight. The standard score was
the dependent measure utilized.

AIMSweb Maze CBM Reading Comprehension (Shinn & Shinn,
2002). The Maze CBM Reading Comprehension subtest is a 3-
minute, group-based curriculum-based assessment of fluency and
comprehension. Students are presented with a 150–400 word pas-
sage and are required to identify the correct target among three
choices for each omitted word in the passage. Howe and Shinn
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144 A. E. Barth et al.

(2002) report a median test-retest reliability of 0.85 for students in
grade six, 0.79 for students in grade seven, and 0.92 for students
in grade eight. The raw score is the number of targets correctly
identified in 3 minutes and was the dependent measure utilized.

Test of Word Reading Efficiency (TOWRE; Torgesen, Wagner, &
Rashotte, 1999). At time point one the Sight Word Efficiency was
administered. For the Sight Word Efficiency subtest, the student
was given a list of 104 real words and asked to read them as ac-
curately and as quickly as possible. The raw score is the number
of words read correctly within 45 seconds. Alternate forms and
test-retest reliability coefficients are at or above .90 for students in
grades six to eight (Torgesen, Wagner, & Rashotte, 1999). Stan-
dard scores were the dependent measure analyzed.

Analytic Approach

To compare the reliability of the median statistic with the reliabil-
ity of the mean statistic we calculated test-retest reliability across
alternate forms. Test-retest reliability across alternate forms re-
quires constructing similar forms of a test and administering both
forms to the same group of students across time points (Crocker &
Algina, 1986). The higher the correlation between two scores (i.e.,
correlation of equivalence), the higher the confidence one has
in using the two scores interchangeably. For this study, alternate
form correlations were calculated between time points one and
two, time points one and three, time points one and four, and
time points one and five for both the mean and median. The du-
ration of time between time points ranged from 5 to 11 weeks.

To determine whether the alternate form reliability of the
median statistics was significantly higher than the alternate form
reliability of the mean statistic, z-tests of the difference were cal-
culated using a Bonferroni corrected alpha level to determine
significance.

To examine the convergent validity of a given score, we com-
puted correlations between ORF mean and median scores at time
point one and external measures of reading fluency at time points
two to five. At time points two to five correlations were calcu-
lated among mean and median ORF scores and the TOSREC and
AIMSweb Maze. Correlations among mean and median ORF
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Reading Fluency 145

scores with measures of reading fluency (e.g., TOWRE, TOSREC,
and AIMSweb Maze) are also reported at time point one.

To determine whether the mean score was significantly more
valid than the median score, the Hotelling Williams test for the
difference between two dependent correlations (Tabachnick &
Fidell, 2001) was calculated. The Hotelling Williams test for the
difference between two dependent correlations tests whether the
correlation between the mean score and external measures of flu-
ency differs from the correlation between the median score and
external measures of fluency, where all variables are measured on
the same students. This methodology was previously employed by
Ardoin, Will, Suldo, Connell, Koenig, et al. (2004) to determine if
there was a significant difference in magnitude of relations among
ORF median scores and measures of comprehension and single-
passage ORF scores and measures of comprehension.

Prior to analyses, we evaluated distributional data across all
time points both statistically and graphically for skewness, kurto-
sis, and normality, with few violations. Across time points and vari-
ables, skewness ranged from –0.30 to 0.74 and kurtosis ranged
from –0.07 to 1.05 for the full sample, skewness ranged from
–0.004 to 0.74 and kurtosis ranged from 0.32 to 0.63 among ad-
equate readers, and skewness ranged from –0.72 to 0.99 and kur-
tosis ranged from –0.08 to 1.5 among struggling readers. A total
of nine students were dropped because they did not complete the
AIMS-web Maze task. For all remaining students in the study, no
data were missing within testing time points and across testing
time points.

Results

Reliability and Validity of the Median Score

Table 1 shows the correlations among ORF mean, ORF median,
and external measures of reading fluency (AIMSweb Maze CBM
Reading Comprehension, TOSREC, and TOWRE) at time point
one. The ORF median score correlates moderately well with ex-
ternal measures of reading fluency (range r = 0.44–0.73). Across
time points and alternate forms, test-retest correlations are high
(see Table 2). The test-retest correlation for the median score at
time point one with time point two is 0.91; with time point three
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146 A. E. Barth et al.

TABLE 1 Correlation Matrix of Time Point One Variables

Variable 1. 2. 3. 4. 5.

Mean Passage Fluency 1.0
Median Passage Fluency .99 1.0
AIMSweb Maze CBM

Reading Comprehension
.57 .57 1.0

TOSREC .67 .66 .53 1.0
TOWRE .73 .73 .44 .59 1.0
Mean 127.7 127.9 173.7 90.4 96.8
Standard deviation 35.4 35.5 64.0 15.0 12.1

Note. n = 1317. Mean Passage Fluency = Mean score of three 1-minute fluency probes;
Median Passage Fluency = median score of three 1-minute fluency probes; TOSREC = Test
of Sentence Reading Efficiency and Comprehension; TOWRE = Test of Word Reading
Efficiency, Sight Word Efficiency subtest.

is 0.90; with time point four is 0.89; and with time point five is
0.87. The median ORF score possesses moderate convergent va-
lidity (see Table 3). The correlations among ORF median scores
at time point one with AIMSweb Maze CBM Reading Compre-
hension range from r = 0.57 to 0.64 across the five time points.
The correlations among ORF median score at time point one with

TABLE 2 Test-Retest Reliability Across Alternate Forms for ORF Median and
Mean Score Across Time Points and Z-Score Test of the Difference in
Test-Retest Reliability Across Alternate Forms for Testing Time Points One to
Five

Time Point 1– Time Point 1– Time Point 1– Time Point 1–
Time Point 2 Time Point 3 Time Point 4 Time Point 5

Test-Retest Reliability Across Alternate Forms for the ORF
Median and Mean Score (Time Point 1 with Time Points 2–5)

Median .91 .90 .89 .87
Mean .92 .91 .90 .88

Testing the Magnitude of the Difference Between the Test-Retest
Reliability ORF Median and Mean Score (Time Point 1 with Time

Points 2–5)
Median vs.

mean
–1.58a –1.42a 1.29a –1.20a

Note. n = 1317. aAlternate form reliability of ORF median score is statistically higher than
ORF mean score; Alpha per comparison = 0.05/2 = 0.025. Critical z = 2.33.
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Reading Fluency 147

TABLE 3 Correlations of ORF Median and Mean Scores at Time Point One
with External Measures of Reading Fluency Across Time Points Two to Five and
Test of the Difference of the Magnitude of Median and Mean Correlations at
Time Point One With External Measures of Reading Fluency Across Points Two
to Five

Time Point 2 Time Point 3 Time Point 4 Time Point 5

Maze TOSREC Maze TOSREC Maze TOSREC Maze TOSREC

Correlations of ORF Median and Mean Scores at Time Point
1 With External Measures of Reading Fluency at Time Points 2–5

Median .57 .68 .63 .63 .63 .65 .57 .65
Mean .57 .68 .63 .64 .63 .66 .57 .66

Testing the Magnitude of the Difference Between the ORF Mean
and Median Correlations at Time Point 1 with External Measures

of Reading Fluency across Points 2–5

Median 1.85 2.16a .44 1.86 1.67 1.51 .05 1.03
vs. Mean

Note. n = 1317. p < 0.05. Maze = AIMS-Web Maze CBM Reading Comprehension;
TOSREC = Test of Sentence Reading Efficiency and Comprehension. aValidity of the ORF
mean score is greater in magnitude than ORF median score.

TOSREC range from r = 0.63 to 0.68 across time points one to
five.

Reliability and Validity of the Mean Score

Table 1 shows that at time point 1, the ORF mean score corre-
lates moderately well with external measures of reading fluency
(range r = 0.57–0.73). Across time points and alternate forms,
the test-retest correlations are high (see Table 2). The test-retest
correlations for the ORF mean score at time point one with the
ORF mean score at time point two is 0.92, with time point three is
0.91, with time point four is 0.90, and with time point five is 0.88.
The mean ORF score poses moderate convergent validity (see
Table 3). Correlations among the ORF mean score at time point
one and AIMSweb Maze CBM Reading Comprehension range
from r = 0.57 to 0.63 across the five time points. The correla-
tions among ORF mean score at time point one with the TOSREC
range from r = 0.64 to 0.68.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

ex
as

 a
t A

us
tin

] 
at

 1
2:

20
 1

0 
A

ug
us

t 2
01

2 



148 A. E. Barth et al.

IS THE RELIABILITY AND VALIDITY OF ORF MEDIAN
AND MEAN SCORES SIGNIFICANTLY DIFFERENT?

Testing the difference in test-retest reliability across alternate
forms for the median and mean score indicated that the two statis-
tics were not significantly different across all waves, p’s > 0.025
(see Table 2). Regarding convergent validity, Table 3 indicates
that the magnitude of the relation among the mean ORF score
and external measures of reading fluency were generally equiv-
alent to the magnitude of relation among the median ORF and
external measures of fluency across time points two to five. The
only exception to this is at time point two, where the magnitude
of the relation between the mean score and TOSREC was greater
than the median score and TOSREC.

Reliability and Validity of the Median ORF Score for Struggling Readers

Table 4 shows the correlations among ORF mean, ORF median,
and external measures of reading fluency (AIMSweb Maze CBM
Reading Comprehension, TOSREC, and TOWRE) at time point
one for struggling readers. At time point one, the ORF median
score correlates moderately well with external measures of read-
ing fluency (range r = 0.44–0.77). Across time points and alter-
nate forms, the test-retest correlations are high (see Table 5).
The test-retest correlation for the median score at time point one

TABLE 4 Correlation Matrix of Time Point One Variables Among Struggling
Readers

Variable 1. 2. 3. 4. 5.

Mean Passage Fluency 1.0
Median Passage Fluency .99 1.0
AIMSweb Maze CBM Reading

Comprehension
.44 .44 1.0

TOSREC .54 .54 .33 1.0
TOWRE .77 .77 .36 .55 1.0
Mean 113.3 112.9 153.2 83.3 92.3
Standard deviation 32.6 32.5 58.1 12.6 10.8

Note. n = 727. Mean Passage Fluency = Mean score of three short 1-minute fluency
probes; Median Passage Fluency = median score of three short 1-minute fluency probes;
TOSREC = Test of Sentence Reading Efficiency and Comprehension; TOWRE = Test of
Word Reading Efficiency, Sight Word Efficiency subtest.
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Reading Fluency 149

TABLE 5 Test-Retest Reliability Across Alternate Forms for ORF Median and
Mean Score and Z-Score Test of the Difference in Reliability Across Testing
Time Points One to Five for Struggling Readers

Time Point 1– Time Point 1– Time Point 1– Time Point 1–
Time Point 2 Time Point 3 Time Point 4 Time Point 5

Test-Retest Reliability Across Alternate Forms for the ORF
Median and Mean Score (Time Point 1 with Time Points 2–5)

Median .91 .90 .88 .85
Mean .92 .90 .88 .86

Testing the Magnitude of the Difference Between the
Test-Retest Reliability ORF Median and Mean Score (Time

Point 1 with Time Points 2–5)
Median vs. Mean –1.17 0 0 –.71

Note. n = 727. Alpha per comparison = 0.05/2 = 0.025. Critical z = 2.33.

with time point two is 0.91; with time point three is 0.90; with
time point four is 0.88; and with time point five is 0.85. The
median score possesses moderate convergent validity (see Table
6). Among struggling readers, the correlation between the ORF
median score at time point one with AIMSweb Maze CBM Read-
ing Comprehension range from r = 0.44 to 0.51 across the five

TABLE 6 Correlations of ORF Median and Mean Scores at Time Point One
With External Measures of Reading Fluency Across Time Points Two to Five and
Test of the Difference the Magnitude of Median and Mean Correlations at Time
Point One with External Measures of Reading Fluency Across Time Points Two
to Five Among Struggling Readers

Time Point 2 Time Point 3 Time Point 4 Time Point 5

Maze TOSREC Maze TOSREC Maze TOSREC Maze TOSREC

Correlations of ORF Median and Mean Scores at Time Point
1 with External Measures of Reading Fluency at Time Points 2–5

Median .51 .53 .51 .43 .48 .48 .45 .51
Mean .51 .53 .51 .43 .50 .48 .45 .51

Testing the Magnitude of the Difference Between the ORF Mean
and Median Correlations at Time Point 1 with External Measures

of Reading Fluency Across Time Points 2–5
Median .36 .98 .84 .67 .31 .89 .97 .85

vs. Mean

Note. n = 727. p < 0.05. Maze = AIMS-Web Maze CBM Reading Comprehension;
TOSREC = Test of Sentence Reading Efficiency and Comprehension.
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150 A. E. Barth et al.

time points. The correlation between ORF median score at time
point one with TOSREC range from r = 0.43 to 0.53 across time
points one to five.

Reliability and Validity of the Mean ORF Score for Struggling Readers

Table 4 shows that among struggling readers, the ORF mean score
correlates moderately well with external measures of reading flu-
ency (range r = 0.44–0.77) at time point one. Table 5 shows that
the test-retest reliability across alternate forms for the ORF mean
score at time point one with the ORF mean score at time points
two to five range from r = 0.86 to 0.92. Regarding convergent va-
lidity, the correlations among the mean ORF score at time point
one and AIMSweb Maze CBM Reading Comprehension range
from 0.43 to 0.51 at time points one to five and with the TOSREC
range from 0.43 to 0.54 among struggling readers (see Table 6).

IS THE RELIABILITY AND VALIDITY OF THE ORF MEDIAN
AND MEAN SCORE SIGNIFICANTLY DIFFERENT AMONG MIDDLE
GRADE STRUGGLING READERS?

Testing the differences in test-retest reliability across alter-
nate forms, the median and mean ORF score indicated that the
statistics were not significantly different among struggling readers,
z range = –1.17 to 0 (see Table 5). Regarding convergent validity,
the correlation among the median ORF score with external mea-
sures of reading fluency was not significantly different from the
mean ORF score with external measures of reading fluency p’s >

.05 (see Table 6).

Reliability and Validity of the Median ORF Score for Adequate Readers

Table 7 shows the correlations among ORF mean, ORF median,
and external measures of reading fluency (AIMSweb Maze CBM
Reading Comprehension, TOSREC, and TOWRE) at time point
one for adequate readers. At time point one, the ORF median
score correlates moderately well with external measures of read-
ing fluency (range r = 0.54–0.58). Across time points, test alter-
nate form correlations are high (see Table 8). Test-retest reliabil-
ity across alternate forms for the median score at time point one
with time point two is 0.87; with time point three is 0.86; with time
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Reading Fluency 151

TABLE 7 Correlation Matrix of Time Point One Variables among Adequate
Readers

Variable 1. 2. 3. 4. 5.

Mean Passage Fluency 1.0
Median Passage Fluency .99 1.0
AIMSweb Maze CBM Reading

Comprehension
.56 .55 1.0

TOSREC .59 .58 .55 1.0
TOWRE .55 .54 .33 .40 1.0
Mean 145.9 145.9 199.1 99.1 102.3
Standard deviation 30.0 30.1 62.9 13.0 11.4

Note. n = 590. Mean Passage Fluency = Mean score of three short 1-minute fluency
probes; Median Passage Fluency = median score of three short 1-minute fluency probes;
TOSREC = Test of Sentence Reading Efficiency and Comprehension; TOWRE = Test of
Word Reading Efficiency, Sight Word Efficiency subtest.

point four is 0.85; and with time point five is 0.83. The median
score possesses moderate convergent validity (Table 9). Among
adequate readers, the correlation between the ORF median score
at time point one with AIMSweb Maze CBM Reading Comprehen-
sion ranges from r = 0.55 to 0.64 across the five time points. The
correlation between ORF median score at time point one with
TOSREC range from r = 0.58 to 0.63 across time points one to
five.

TABLE 8 Test-Retest Reliability Across Alternate Forms for ORF Median and
Mean Score Across Time Points and Z-Score Test of the Difference in
Test-Retest Reliability Across Alternate Forms for Testing Time Points One to
Five for Adequate Readers

Time Point 1– Time Point 1– Time Point 1– Time Point 1–
Time Point 2 Time Point 3 Time Point 4 Time Point 5

Test-Retest Reliability Across Alternate Forms for the ORF
Median and Mean Score (Time Point 1 with Time Points 2–5)

Median .87 .86 .84 0.83
Mean .88 .87 .85 0.83

Testing the Magnitude of the Difference Between the
Test-Retest Reliability ORF Median and Mean Score (Time

Point 1 with Time Points 2–5)
Median vs. Mean –.73 –.69 0 0

Note. n = 590. Alpha per comparison = 0.05/2 = 0.025. Critical z = 2.33.
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152 A. E. Barth et al.

TABLE 9 Correlations of ORF Median and Mean Scores at Time Point One
With External Measures of Reading Fluency Across Time Points Two to Five and
Test of the Difference of the Magnitude of Median and Mean Correlations at
Time Point One with External Measures of Reading Fluency Across Points Two
to Five for Adequate Readers

Time Point 2 Time Point 3 Time Point 4 Time Point 5

Maze TOSREC Maze TOSREC Maze TOSREC Maze TOSREC

Correlations of ORF Median and Mean Scores at Time Point 1
With External Measures of Reading Fluency at

Time Points 2–5
Median .64 .63 .60 .61 .62 .62 .56 .60
Mean .65 .64 .61 .62 .62 .63 .55 .60

Testing the Magnitude of the Difference Between the ORF Mean
and Median Correlations at Time Point 1 with External Measures

of Reading Fluency Across Points 2–5
Median 2.06a 2.33a .44 1.37 1.05 1.07 .28 .76

vs. Mean

Note. n = 590. p < 0.05. Maze = AIMS-Web Maze CBM Reading Comprehension;
TOSREC = Test of Sentence Reading Efficiency and Comprehension.

aValidity of the ORF mean score is greater in magnitude than ORF median score.

Reliability and Validity of the Mean ORF Score for Adequate Readers

Table 7 shows that among adequate readers, the ORF mean score
correlates moderately well with external measures of reading flu-
ency (range r = 0.55–0.59) at time point one. Table 8 shows
that test-retest reliability across alternate forms for the ORF mean
score at time point one with the ORF mean score at time points
two to five range from r = 0.83 to 0.88. Regarding convergent va-
lidity, the correlations among the mean ORF score at time point
one and AIMSweb Maze CBM Reading Comprehension range
from 0.55 to 0.65 at time points one to five and with the TOSREC
range from 0.59 to 0.64 among adequate readers (see Table 9).

IS THE RELIABILITY AND VALIDITY OF THE ORF MEDIAN
AND MEAN SCORE SIGNIFICANTLY DIFFERENT AMONG
MIDDLE GRADE ADEQUATE READERS?

Testing the differences in test-retest reliability for the median
and mean ORF score indicated that in the scores were not sig-
nificantly different among adequate readers, z = –0.73 to 0 (see
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Reading Fluency 153

Table 8). Regarding convergent validity, the general pattern of re-
sults suggests that the magnitude of the relations among the me-
dian ORF score and external measures of reading fluency are not
significantly different from the magnitude of relations among the
mean ORF score and external measures of fluency. Exceptions to
this pattern are at time point two, where the magnitude of rela-
tions among the Mean ORF score and external measures of flu-
ency is greater in magnitude than that of the Median ORF score
and external measures of reading fluency (see Table 9).

IS THE RELIABILITY AND VALIDITY OF THE ORF MEDIAN
AND MEAN SCORE FOR STRUGGLING READERS SIGNIFICANTLY
DIFFERENT THAN THAT OF ADEQUATE READERS?

Test of the difference in test-retest reliability for the median
score among struggling and adequate readers indicated that the
reliability of the median ORF score among struggling readers is
greater than that of adequate readers across time points two to
four (see Table 10). Also, the test-retest reliability of the mean
ORF score among struggling readers is significantly higher than
that of the mean ORF score among adequate readers at time point
three. Regarding convergent validity, correlations of the median
and mean score with AIMSweb Maze CBM Reading Comprehen-
sion and TOSREC were significantly greater in magnitude among
adequate readers than struggling readers across time points (see
Table 11).

Discussion

The present study examined the reliability and validity of ORF
among middle grade readers using linearly equated passages. The
results reveal that among middle grade readers, ORF measures
are highly reliable across time points and possess moderate con-
vergent validity. Among middle grade readers with reading dis-
abilities and difficulties, ORF measures are also highly reliable
and moderately valid. Among students without reading disabili-
ties and reading difficulties (e.g., adequately developing middle
grade readers), a similar pattern of findings was obtained.

This study also compared the reliability and validity of the
ORF median and ORF mean score for struggling readers with
that of adequate readers to determine if the reliability and validity
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was significantly different between the two groups. Results indi-
cate that the alternate form reliability of ORF mean and median
scores was significantly greater among struggling readers. Corre-
lations among ORF mean and median with external measures of
reading fluency were moderate for both groups of readers but
were significantly greater in magnitude among adequately devel-
oping readers.

Results of this study provide further evidence supporting the
use of the median score among middle grade readers. The use
of the median score evolved as a method of dealing with the ten-
dency of passages, presumed equivalent in difficulty, to yield vary-
ing estimates of reading fluency ability. The primary advantage of
using the median score is that is based on a single story and re-
quires no further manipulation for interpretation. The major dis-
advantage of using the median score is that it disregards two key
data points (i.e., the low score and high score). Variable scores
(low, middle, and high) frequently resulted because the adminis-
tered passages were not of equivalent difficulty. However, variabil-
ity in student performance is not simply a matter of text inequality.
Measurement error also prevents an observed score from a single
test, or even scores from multiple tests administered at a simple
time point, from perfectly capturing ability (Fletcher, Denton, &
Francis, 2005).

The mean score does not eliminate the measurement issues
involved in quantifying reading ability. However, it would seem
that the mean score would likely increase the reliability of the flu-
ency estimate, since the random effects that represent measure-
ment error are averaged together. A partial cancellation (aver-
aging) of effects of measurement can be expected, which would
seem to lead to a more reliable estimate of reading ability. How-
ever, results of this study indicate that when using linearly equated
scores, both the median and mean scores possess high test-retest
reliability and moderate convergent validity.

Finally, in middle school, oral reading fluency measures are
primarily used with students in special education. Our results in-
dicate that the test-retest reliability of the median score was not
significantly different from the mean score. Additionally, the cor-
relation of the median with external measures of fluency was
not significantly different than the mean score. Interestingly,
when comparing the alternate form reliability between struggling
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readers and adequate readers, the reliability of the mean and me-
dian ORF scores is significantly higher among struggling read-
ers. However, when comparing the validity of the ORF median
and mean scores, the convergent validity is stronger in magnitude
among adequately developing readers.

Limitations

This study converted raw scores to equated scores in order to
ensure that the measurement of oral reading fluency ability was
not unduly influenced by differences in text type, text difficulty,
or order of administration. The use of equated scores represents
a departure from traditional administration procedures but en-
sures that the underlying assumption of passage equivalence is
met (Francis et al., 2008). Further, the extent to which the find-
ings of this study can be generalized may depend upon whether
parallel forms are available for administration and whether raw
scores can be converted to equated scores.

Further discussion of the sample is also noteworthy. Specif-
ically, Caucasians and Hispanics are under-represented and
African Americans are over-represented when compared to the
proportion of Caucasians, Hispanics, and African Americans ages
10–16 years in the state of Texas. For instance, by 2010 the Texas
Center for Demographic and Socioeconomic Research and Ed-
ucation estimates that, 37% of students in elementary and sec-
ondary school will be Anglo, 13.2% Black, 46.1% Hispanic, and
3.7% other (Murdock, White, Hoque, Pecotte, You, & Balkan,
2002). In our sample, 20% of students were Caucasian, 37% His-
panic, and 40% African American. Such sample selection proce-
dures may have contributed to restriction of range. However, the
amount of variability observed among African Americans, Cau-
casians, and Hispanics was similar for the mean and median score.
For the full sample of students, the standard deviations ranged
from 35.4 to 38.4 for the mean score and 35.4 to 38.7 for the
median score. Among African Americans the standard deviations
ranged from 35.4 to 37.9 for the mean score and 35.7 to 38.3
for the median score. Among Caucasians the standard deviations
ranged from 36.5 to 39.3 for the mean score and 36.2 to 40.1
for the median score. Among Hispanics the standard deviations
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ranged from 31.8 to 35.0 for the mean score and 31.6 to 35.1 for
the median score. In addition, across variables and time points,
skewness and kurtosis were not significant within the full sample,
adequate readers, or struggling readers. Altogether, this suggests
that sample selection procedures did not result in restriction of
range for passage fluency (e.g., mean or median scores) or the
external measures of fluency (e.g., TOSREC and AIMS-Web Maze
Reading Comprehension).

Implications for Practice

This study expands the small body of psychometric literature on
ORF reading probes for middle grade readers and the large body
of literature on ORF generally, showing that these ORF passages
are highly reliable and moderately valid for middle grade read-
ers. Of the two scores evaluated (i.e., mean and median passage
scores), the reliability and validity of the mean and median are
equivalent. Thus, when administering CBM reading probes to
middle grade readers, the examiner may select either the mean
or median score.

Future Directions

The moderate validity of oral reading fluency CBM suggests that
these measures might represent a reliable and valid indicator of
academic performance among middle grade readers. However,
to substantiate such a claim, it is necessary to first examine the
relation between ORF and measures of reading comprehension
and to then determine how much variance ORF accounts for in
reading comprehension ability. Addressing these questions could
determine whether CBM oral reading probes represent reliable
and valid indicators of overall reading proficiency among middle
grade readers.

The moderate validity of the ORF does not mean that teach-
ers require little or no other data sources to guide their instruc-
tional decision making. In addition to ORF, we would expect that
teachers would be interested in how students demonstrate un-
derstanding and learning from text, how motivated they are to
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Reading Fluency 159

read, and the extent to which they demonstrate text understand-
ing through oral discourse and in their writing.
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