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Abstract
The purposes of this study were (a) to identify measures that when added to a base 1st-grade
screening battery help eliminate false positives and (b) to investigate gains in efficiency associated
with a 2-stage gated screening procedure. We tested 355 children in the fall of 1st grade, and
assessed for reading difficulty at the end of 2nd grade. The base screening model, included
measures of phonemic awareness, rapid naming skill, oral vocabulary, and initial word
identification fluency (WIF). Short-term WIF progress monitoring (intercept and slope), dynamic
assessment, running records, and oral reading fluency were each considered as an additional
screening measure in contrasting models. Results indicated that the addition of WIF progress
monitoring and dynamic assessment, but not running records or oral reading fluency, significantly
decreased false positives. The 2-stage gated screening process using phonemic decoding efficiency
in the first stage significantly reduced the number of children requiring the full screening battery.
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The success of prevention models, such as Responsiveness-To-Intervention, hinges on an
accurate determination of which children are at risk for future difficulty (e.g., Compton,
Fuchs, Fuchs, & Bryant, 2006; Fuchs & Fuchs, 2007; Good, Simmons, & Kame’enui, 2001;
MaCardle, Scarborough, & Catts, 2001;VanDerHeyden, Witt, & Gilbertson, 2007). Correct
identification of children at risk for reading difficulty (RD) in kindergarten and first grade
can trigger early intervention prior to the onset of significant problems, which, in turn, can
place children on the path of normal reading development. Universal screening is a principle
means of identifying at-risk children (see Glover & Albers, 2007). In both research and
practice, it usually involves precursor measures of literacy (e.g., phonemic awareness, letter
naming fluency, concepts about print, word reading, oral language ability) and the use of a
cut-point to demarcate risk and non-risk (for a review, see Jenkins, Hudson, & Johnson,
2007).

By definition, a diagnostic screening measure is a brief assessment that provides predictive
information about a child’s development in a specific academic area. Its purpose is to
identify any children who are at-risk so that these children can receive extra support through
early intervention. The screening measure is given to all children and used to identify an
initial risk pool of children suspected of being at risk of developing RD. Screening
information must be dichotomized into a yes-no decision of risk for each child screened.
Typically, risk decisions are made by selecting a critical cut-point along a continuum of
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scores on a single or group of screening measures. A child scoring below the cut-point is
considered at risk of developing RD, whereas a child scoring above the cut-point is not. The
cut-point can be adjusted up or down to produce more or fewer positive decisions.

For early intervention programs to work effectively screening procedures for determining
RD risk must yield a high percentage of true positives (approaching 100%). Adjusting the
cut-point to be more lenient will give the desired effect of increasing the probability that a
greater percentage of true-positives will be identified as at risk for RD. Unfortunately, more
lenient cut-points will also result in a greater number of false-positives, or children who
score below a cut-point but eventually become competent readers. False positives undermine
prevention efforts by burdening schools with the obligation to provide early intervention to
an unnecessarily large percentage of the population (Fletcher et al., 2002; Jenkins &
O’Connor, 2002). Alternatively, if the cut-point is made stricter to decrease the probability
of selecting false-positives, then the number of true-positives selected will necessarily go
down. Children who score above a cut-point on the screener but later exhibit serious reading
problems are known as false negatives. False negatives diminish prevention efforts by
depriving at-risk children of the intervention they require (Jenkins et al., 2007; Torgesen,
2002a). Thus, when setting cut-points a balance must be established between true-positives
and false-positives. This balance should be determined by the negative ramifications of
misdiagnosing true positives as not at risk for RD versus the cost of providing intervention
to children who are false-positives and will develop normally in reading without the
intervention.

The accuracy of a screener to correctly distinguish true positives from true negatives is often
characterized in terms of “sensitivity” and “specificity.” Sensitivity, refers to the degree a
measure correctly identifies children as at high risk for RD (i.e., true positives). It is
calculated by dividing the number of true positives by the sum of true positives and false
negatives. Sensitivity increases as false negatives decrease. Specificity, on the other hand,
refers to how well a measure correctly identifies children at low risk for RD (i.e., true
negatives). It is derived by dividing the number of true negatives by the sum of true
negatives and false positives. Specificity increases as false positives decrease. For early
identification to be accurate, screening must yield a high percentage of true positives (e.g.,
sensitivity rates above .90 [Jenkins, 2003]), while limiting false positives, and thereby
producing a manageable (economical) risk pool.

Challenges to the Development of a Useful Universal Screen
Universal screening batteries in reading typically suffer from two persistent problems:
Classification accuracy rates are generally too low to be used in early prevention models,
and screening batteries with adequate classification accuracy often use multiple measures
that require too much administration time per child and, therefore, are inefficient. Below, we
expand on each of these shortcomings and describe how the present study addresses them.

The majority of screening studies used a one-stage approach, and reported classification
accuracy well beyond the acceptable range, with false positives ranging from 20% to 60%
(see Jenkins & O’Connor, 2002; Torgesen, 2002b); false negatives running from 10% to
50% (Catts, 1991; Scarborough, 1998; Torgesen, 2002b). We were able to identify only two
early screening studies that demonstrated acceptable classification accuracy with
sensitivities above .90 and specificities above .80. O’Connor and Jenkins (1999) used a
multiple-measure screening battery involving letter naming fluency, phoneme segmentation,
and sound repetition administered in the fall of kindergarten to correctly classify 100% true
positives and 88% true negatives with respect to word reading performance at the end of
first grade. Compton et al. (2006) reported that, in fall of first grade, a screening battery
comprising word identification fluency (WIF), sound matching, rapid digit naming, and oral
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vocabulary, when combined with 5 weeks of WIF progress monitoring, predicted RD on a
composite reading measure at the end of second grade with sensitivity and specificity
estimates of .90 and .83, respectively.

Whereas the Compton et al. (2006) screening battery predicted future RD risk with
precision, it was too long and inefficient for use as a universal screen with all first-grade
children. Recognition of this fact prompted the notion of a two-stage screening process. In
the first stage, a single efficient measure would be administered to all children in hopes of
eliminating from the risk pool those considered at low risk for developing RD (i.e., true
negatives). Only those children with scores in the risk range would then be administered a
battery of tests in the second stage.

The purpose of this study was to develop and validate a two-stage screening procedure with
both sensitivity and specificity above .90. In the first stage, we examine measures that, when
added to the base model of Compton et al. (2006) further decreased the number of false
positives and therefore increased specificity of the screening battery. In the second stage, we
identify a single measure showing promise to eliminate true negatives, thereby limiting the
number of students requiring the more time intensive full screening batter.

A Two-Stage Approach to Screening
In selecting stage-one measures with potential to identify a large percentage of true
negatives while leaving true positives in the risk sample, we decided to use standardized
word-level measures because they are quick to administer, represent a large and diverse
corpus of words/nonwords, and correlate highly with future reading skill (e.g., Wagner et al.,
1997). Although these measures exhibit significant positive skew at the start of first grade,
this is of little consequence when identifying children at the upper range, who are true
negatives for RD. Thus, we pit various standardized word-level reading measures against
each other to identify which show the most promise in eliminating true negatives in the first
step of a two-step screening process.

In stage two, children who fail the initial screen are assessed with a multivariate screening
battery to discriminate true positives from false positives. In selecting additional measures to
improve specificity of the base model, we sampled tests from two broad categories.
Measures in category #1 quantify children’s potential to benefit from early reading
instruction. Specifically, we considered (a) two types of short term (i.e., 5 weeks) progress-
monitoring measures based on WIF and (b) a measure of dynamic assessment (DA).
Measures in category #2 represent oral reading in connected text because it better
approximates demands of the reading process than reading isolated words.

Stage-two measures of responsiveness-to-instruction—Our two WIF progress-
monitoring measures were used to distinguish children scoring below criteria on the
screening battery but showing adequate response to classroom instruction, as revealed by
slope and/or level of performance. The two WIF measures are identical in form, but differ in
the range of words selected for the sampling corpus: one samples words narrowly (WIF_N;
sampling from the 100 most frequent words); the other, more broad (WIF_B; sampling from
the 500 most frequent words). The combination of WIF_N slope and intercept has been
shown to significantly improve the classification accuracy of the base screening battery
Compton et al. (2006).

Our other strategy for indexing a student’s potential to benefit from early reading instruction
was a single-session DA, which indexes the degree of scaffolding, or amount of assistance, a
child needs on tasks that tap key learning processes (see Grigorenko & Sternberg, 1998). In
this study, we operationalized DA in terms of graduated prompts (moving from initially
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implicit hints that gradually become more explicit) to represent a titration process for
estimating the minimum amount of help a child needs to learn. Campione, Brown, Ferrara,
Jones, and Steinberg (1985) showed that students of lower ability (vs. higher ability)
required more help to reach criterion and show transfer. Studies have reported that DA
scores make a statistically significant and unique contribution in predicting achievement
above and beyond one-point-in-time scores (Campione, 1989; Day, Engelhardt, Maxwell, &
Bolig, 1997; Resing, 1993; Swanson, 1995; Swanson & Howard, 2005), specifically with
respect to reading performance (Jenkins & O’Connor, 2002; Murray et al., 2000; Spector,
1992).

Stage-two measures of reading in connected text—We also considered measures
of reading in connected text for use in the multivariate screening battery. Reading connected
text better resembles the actual demands of reading than the kind of measures typically used
as universal screeners and is considered a more authentic assessment of school and home
reading (Fawson, Ludlow, Reutzel, Sudweeks, & Smith, 2006). One text-reading measure
was Running Records (RR); the other was curriculum-based measurement passage oral
reading fluency (ORF).

Originally introduced by Clay (1993) to identify the needs of struggling first graders
enrolled in Reading Recovery, RRs are now used widely to gauge the instructional reading
level of developing readers and identify children at risk for RD (Bean, Cassidy, Grumet,
Shelton, & Wallis, 2002). RRs, in which students read leveled passages, is a test of
contextual reading accuracy and strategy use (Clay; Fountas, & Pinnell, 1996; Rathvon,
2004). We found no published studies using RRs at first grade, alone or in combination with
other measures, to predict later RD.

As indicated, ORF is an example of curriculum based measurement. There is substantial
evidence to support ORF’s validity and reliability (e.g., Deno, Marston, Shinn, & Tindal,
1983; Fuchs & Fuchs, 1992; Fuchs et al., 2001), and it is used extensively for screening/
benchmarking and progress monitoring (see Fuchs & Fuchs, 1998; 2007; Hosp & Fuchs,
2005; Kaminski & Good, 1996). With ORF, students read a graded passage orally for a
brief, fixed time (usually 1 to 3 min). The score is the number of words read correctly. At
second and third grade, ORF correlates strongly with high-stakes reading tests (e.g.,
Roehrig, Petscher, Nettles, Hudson, & Torgesen, 2008; Schilling, Carlisle, Scott, & Zeng,
2007), but distributional problems limit its effectiveness as a first-grade predictor of future
reading risk (Catts, Petscher, Schatschneider, Bridges, & Mendoza, 2009). It is possible,
however, that when used in combination with other first-grade screeners, ORF can reduce
false positives. Even so, we located no published studies using ORF in combination with
other measures in first grade to predict later RD.

Study Purpose
We focused on improving first-grade screening by trying to decrease false positives and
exploring a 2-stage gated screening process. We posed two major questions: (a) Do
additional screening measures (two alternatives of WIF intercept and slope, DA, RR, and
ORF) improve classification accuracy of a base model comprising phonemic awareness,
rapid naming skill, oral vocabulary, and initial WIF; and (b) Can a gated screening
procedure make universal screening more efficient? To answer these questions, we recruited
a sample of 355 first-grade children, over-sampling for children who exhibit low initial
reading skills.

Regarding the first question, we explored how well the classification model developed by
Compton et al. (2006) transferred to a new population. This distinguished our effort from
that of O’Connor and Jenkins (1999), the only related study we could identify that provided
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cross validation data. Instead of cross validating on an independent portion of the original
sample, we collected a new sample separated by over five years, to replicate the
classification model. We contrasted measures to gain insight into which might provide the
best added value in reducing false positives. We asked whether additional screening
measures (two types of WIF intercept and slope, DA, ORF, and RR) improve classification
accuracy of a base model comprising phonemic awareness, rapid naming skill, oral
vocabulary, and initial WIF for use in the second part of a 2-stage screening procedure. To
address the second research question we contrasted various standardized word-level
measures against each other to identify those that showed the most promise in eliminating
true negatives for use in the first state of a 2-stage screening procedure to limit the number
of children requiring the full screening battery.

Method
Participants

Participants were selected from 56 first-grade classrooms in 14 schools in urban and
suburban districts located in Middle Tennessee. Seven study schools were Title I. We
assessed every formally-consented child (n=712) with three 1-min study identification
measures: WIF_N-screen, rapid letter naming (RLN), and rapid sound naming (RSN). With
WIF_N-screen, children are presented with a single page of 50 high-frequency words
randomly sampled from 100 high-frequency words from the Dolch pre-primer, primer, and
first-grade level lists (L. Fuchs et al., 2004). They have 1 min to read words. If they hesitate
on an item for 4 sec, the examiner prompts them to proceed. Test/retest reliability exceeds .
90. With RLN, the speed at which children name an array of the 26 letters is measured. The
score is the number of letters correctly identified in 1 min. With RSN, the speed at children
produce the sounds associated with an array of the 26 letters is measured. The score is the
number of sounds correctly identified in 1 min. Test/retest reliability of RLN and RLS
exceeds .85. For all three measures, scores were prorated if a child named all items in less
than 1 min.

We used these data to divide the 712 children into high, average, and low performing groups
with the use of latent class analysis and then randomly selected study children from each
group. We over-sampled low-performing children to increase the number of struggling
readers in the prediction models. A total of 485 children were included: 310 low-study-entry
(LSE), 83 average-study-entry (ASE), and 92 high-study-entry (HSE). Participant selection
occurred in late September and early October of first grade. At follow-up in spring of second
grade, 130 of the original 485 children (27% of the sample) had moved from the district and
were unavailable for assessment. Table 1 displays descriptive and inferential data as well as
effect sizes on demographic variables and first-grade screening measures for those who
moved versus completed the study. There were no significant differences between movers
and stayers on sex, race, and subsidized lunch status. However, a significantly higher
percentage of LSE students moved. In addition, stayers were associated with significantly
greater scores on RLN, RLS, and WIF_N, presumably due to the greater percentage of LSE
children who moved away. In this study we report results from only participants who were
present for assessment at the end of second grade. Table 2 presents means, standard
deviations, F tests, and effect sizes on the three study identification measures for the 355
children constituting the LSE, ASE, and HSE groups. As anticipated, large differences
existed among the three groups, with the most pronounced difference on WIF_N.

Procedure
Following subject selection, participants were assessed individually by trained examiners
(each of whom had demonstrated at least 95% accuracy during practice assessments) at two
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additional assessment waves: a prediction battery in the fall of first grade to designate RD
risk and an outcome assessment at the end of second grade to classify actual RD and NRD.
The fall of first grade prediction battery comprised phonemic awareness, rapid naming, oral
vocabulary, WIF_N screen, DA, and ORF. At the same time we administered word
identification, word attack, sight word efficiency, and phonemic decoding efficiency to
evaluate the univariate measures as the first step in the gated screening procedure. Also in
the fall of first grade, we administered WIF_N and WIF_B short-term progress monitoring
for 5 consecutive weeks, each time with an alternate form. Additionally, RRs were collected
from children’s first-grade teachers during fall semester. The outcome battery, administered
by trained examiners in April of second grade, comprised standardized reading measures:
untimed word identification and word attack, timed sight word reading and decoding, and
reading comprehension.

Measures
First-Grade Prediction Battery for Designating Risk for RD
Rapid digit naming (RDN): The Comprehensive Test of Phonological Processing: Rapid
Digit Naming (Wagner, Torgesen, & Rashotte, 1999) measures the speed at which an
individual can name an array of 36 digits. The array includes 2, 3, 4, 5, 7, 8 arranged in
random order in four rows with nine digits per row. The child names the digits as quickly as
possible. The score is the number of sec required to complete the task. Test/retest reliability
exceeded .85 for the first-grade children. RDN, as opposed to rapid letter naming, was used
as a predictor because of the superior distributional properties of RDN in at-risk children.

Phonemic awareness: The Comprehensive Test of Phonological Processing: Sound
Matching (Wagner et al., 1999) assesses matching of first and last sounds in words,
presented along with drawings depicting the words. To assess first sound matching, children
are presented with a word and asked to determine which of three different words (depicted
as pictures) start with the same sound (e.g., “Which word starts with the same sound as
‘pan’? pig, hat, or cone?”). A parallel procedure assesses last sound matching. The test
begins with three practice items and consists of 20 items. Split-half reliability exceeded .90
for the first-grade sample.

Oral vocabulary: Woodcock-Johnson Psychoeducational Battery – Revised: Oral
Vocabulary (Woodcock, McGrew, & Mather, 2001) assesses the ability to provide
synonyms and antonyms in response to stimulus words presented orally. Split-half reliability
exceeded .90 for the first-grade sample.

Progress monitoring: WIF_N-level, WIF_N-slope, WIF_B-level, WIF_B-slope:
Children were administered two alternate forms of WIF_N and WIF_B each week for 5
weeks (see Participants section for description of WIF). Alternate forms were constructed by
randomly sampling 50 words per form from the 100 most frequent words for WIF_N and the
500 most frequent words for WIF_B. Words were drawn from the Educator’s Word
Frequency Guide (Zeno, Ivens, Millard, & Duvvuri, 1995). At each assessment wave, two
alternate forms of WIF_N and of WIF_B were administered and the average of the alternate
forms was used to represent each type of WIF. Each child’s performance on narrow and
broad WIF over the 5 weeks was fit to a line using an ordinary least squares regression
procedure. Slope was expressed as the estimated number of words gained per week; level as
the estimated number of works read at week five. Alternate test-form/stability from 2
consecutive weeks exceeded .92. Initial screening performance on WIF (WIF_N-Screen)
was the raw score on the WIF_N measure from the sample identification assessment.
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Dynamic Assessment (DA): Pseudowords were used in the measure and instruction of DA.
Three decoding skills were taught: CVC (taught as linguistic word families), CVCe, and
CVC(C)ing. For each decoding skill, (a) instruction occurs only with the o vowel with
consonants controlled across levels, and (b) five levels of instructional scaffolding are
available, which gradually increase the explicitness of instruction. Between each scaffolding
level, 6 items (not used for instruction, but paralleling instructional items) are presented. If
the student read 5 of 6 nonwords correctly, the skill is deemed mastered, and he/she moved
on to the next DA skill. If a student fails to read all 6 words correctly after each of 5
scaffolding levels for a given skill, the DA is terminated. Scores reflect the scaffolding level
needed to correctly decode the 6 items across the 3 levels (where 3 = read 6 nonwords
correctly after 1st scaffold on each of 3 skills; 15 = did not reach mastery after 5th scaffold
on all 3 skills). We piloted DA on 100 1st-grade children with results suggesting that DA
may be an important predictor of reading skill growth: the partial correlation (controlling for
initial phonemic awareness and RAN) between DA and concurrent word identification was .
68, growth in word identification over a 4-week period .40, and word attack after 4-weeks .
65 (see Caffrey, 2005). In addition, the DA measure was stable over the 4-week period with
a pretest to posttest correlation of .72.

Running Record (RR): Participating teachers collected RR data at the fall of first grade
using a commercial assessment kit aligned with the district reading curriculum (Scott
Foresman, 2006). Teacher were trained by the district in administration using a commercial
set of leveled books designed to take RRs and an accompanying RR form. Instructional
reading level (ranging from level 1 to 24) was defined as the highest level book in which a
child achieves 90% or higher word reading accuracy and answers at least 80% of
comprehension questions correctly. RRs were not required of first-grade teachers; therefore,
we have RRs on approximately 90% of the sample. No psychometric data were available on
the RRs.

Oral Reading Fluency (ORF): ORF was measured using first-grade passages (400-word
folktales; Jenkins, Heliotis, Haynes, Stein, & Beck, 1986) from the Comprehensive Reading
Assessment Battery (Fuchs, Fuchs, & Hamlett, 1989). Students read aloud 2 passages, each
for 3 min; the score is the number of words read correctly. Test/retest reliability exceeded .
90 for the first-grade children. These ORF passages can be considered “context-free” in that
they were not drawn from the classroom curriculum.

First-Grade Univariate Screen and Second-Grade Battery to Determine RD
Status
Untimed decoding skill: The Woodcock Reading Mastery Test – R/NU: Word Attack
(WRMT-R: WAT, Woodcock, 1998), a norm-referenced test, evaluates children’s ability to
pronounce pseudowords presented in list form. It contains 45 nonsense words, ordered from
most easy to most difficult. Split-half reliability exceeded .90 and .94 for the first-grade and
second-grade sample, respectively.

Untimed word identification skill: The Woodcock Reading Mastery Test – R/NU: Word
Identification (WRMT-R: WID, Woodcock, 1998), a norm-referenced test, asks children to
read single words in list form. It consists of 100 words ordered in difficulty. Split-half
reliability exceeded .90 and .96 for the first-grade and second-grade sample, respectively.

Sight word reading efficiency: The Test of Sight Word Reading Efficiency (TOWRE:
SWE, Torgesen, Wagner, & Rashotte, 1997) is a norm-referenced measure of sight word
reading accuracy and fluency, assessing the number of real words accurately read in 45 sec.
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It consists of 104 words ordered in difficulty. Split-half reliability exceeded .91 and .95 for
the first-grade and second-grade sample, respectively..

Phonemic decoding efficiency: The Test of Phonemic Decoding Efficiency (TOWRE: DE,
Torgesen et al., 1997) is a norm-referenced measure of decoding accuracy and fluency,
measuring the number of nonsense words accurately decoded in 45 sec. It consists of 63
words ordered in difficulty. Split-half reliability exceeded .90 and .95 for the first-grade and
second-grade sample, respectively..

Reading comprehension: Woodcock Reading Mastery Test – R/NU: Passage
Comprehension (WRMT-R: PC) (Woodcock, 1998) is a norm-referenced, modified cloze
procedure. For the first set of items, the tester presents a symbol, or rebus, and asks the child
to point to the picture corresponding to the rebus. Next, the child points to the picture
representing words printed on the page. In later items, the child reads a passage silently and
identifies the missing word in the passage. Split-half reliability exceeded .90 for the second-
grade sample.

Classification of Second-Grade RD Status—As with Compton et al. (2006), we
classified children as RD and NRD based on a composite that summed weighted
standardized scores for untimed word identification and word attack, timed sight word
reading and decoding, and reading comprehension. The weighting factor for each word
identification and decoding measure was .167; for comprehension, .333. This allowed the
composite measure of reading to be equally weighted across untimed word-level reading and
decoding, timed word-level reading and decoding, and reading comprehension. Children
with scores below 85 on the composite were classified RD. The composite was used to
provide a balanced representation of reading ability by limiting the effects of a single
reading skill on the classification. In this way, 54 children were identified as RD at the end
of second grade.

Data Analysis—We began by replicating Compton et al. (2006), a necessary step for the
present extension. To obtain parameter estimates for predicting the probability of RD, a
logistic regression model was run with original variables (WIF_N-screen, RDN, SM, OV,
WIF_N-level, WIF_N-slope) and 206 students from Compton et al. To classify the 355
children in the present sample into RD and NRD classes, we derived each child’s predicted
RD status by applying the derived logistic regression model (with associated parameters).
We then reported resulting indices of classification accuracy: sensitivity, specificity, and
area under the ROC curve (AUC).

Then, to extend the results presented in Compton et al. (2006), we used only the present
sample of 355 children. Given that each child was a member of a first- and second-grade
classroom, we used a 2-level analysis procedure. We used multi-level analyses for two
reasons. This allowed us to estimate the variance associated with first- and second-grade
classroom membership on RD designation. Although we were not interested in modeling
variance at the classroom level, we thought it would be of value to provide estimates of
intraclass correlations (ICCs) for those interested in classroom effects on RD prediction.
(Note: Partitioning variance into child and classroom levels has little effect on estimated
fixed effect parameters and therefore does not influence classification accuracy.) Also, a 2-
level model allowed for more accurate estimations of the standard errors for the child-level
variables and therefore allowed for more accurate estimation of p-values of model
predictors.

Because students from the same first-grade classroom did not all enter the same second-
grade classroom, students were cross-classified in analyses (Raudenbush & Bryk, 2002).
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Therefore 2-level cross-classified binary logistic regression models were used to predict
membership in the second-grade RD and NRD groups for each classification approach. We
initially tested for independence in the data using an unconditional multilevel model. The 2-
level unconditional cross-classified model was created to predict students’ log-odds of being
RD (level 1) controlling for the variance accounted for by first- and second-grade
classrooms (level 2). In the logistic regression equations first-grade classrooms are
represented by the subscript j and second-grade classrooms by the subscript k.

Level 1

where: 

Level 2

where: ηijk is the log of the odds of success. Success in our case is “being RD”.

β0jk is the log-odds of students in 1st grade classroom j and in 2nd grade classroom k
“being RD”.

γ00 is the grand-mean log-odds of “being RD”.

b00j is the random effect of 1st grade classroom j.

c00k is the random effect of 2nd grade classroom k.

In the cross-classified models, the random main effect of each first- and second-grade
classroom was included in the model. The average first-grade classroom effect, b00j, and the
average second-grade classroom effect, c00k, were assumed to be normally distributed with a
mean of 0 and variances of τb00 and τc00, respectively. This model assumes that sources of
variability in RD status are associated with particular characteristics of first- and second-
grade classrooms.

After running the unconditional models, we completed a series of conditional models using
child-level variables to predict RD status within the cross-classified framework. Ignoring
dependency in the data would have increased the likelihood of inflated standard errors and
Type I errors (Raudenbush & Bryk, 2002). The general form of the conditional 2-level
cross-classified model is:

Level 1

where: 
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Level 2

where: γ10 - γn0 represent the increase in the log-odds of students “being RD” associated
with child-level predictors X1 – Xn.

The effects of the various screening measures on the log-odds of RD were assumed to be
fixed across either first- or second-grade classrooms. In other words, the effect of student
screening score on the log-odds of RD was assumed to be the same across classrooms.

Differences in classification accuracy across models were assessed using AUCs. The trade-
off between sensitivity and specificity is characterized using ROCs and more specifically
AUC. A ROC curve is a plot of the true positive rate (sensitivity) against the false positive
rate (1-specificity) for the different possible cut-points of a diagnostic test. AUC is a
measure of test discrimination, or the ability of the measure to correctly classify RD versus
NRD. Consider the situation in which second-grade children are already correctly classified
into the RD and NRD groups. If one were to randomly pick one child from the RD group
and one from the NRD group and test both, the child scoring lower on the first-grade
prediction battery should be the one from the RD group. The AUC represents the percentage
of randomly drawn pairs for which this is true (that is, the test correctly classifies the two
children in the random pair) and ranges from 0.5 (i.e., chance performance) to 1.0 (i.e.,
perfect performance) (Swets, 1992). An AUC greater than .90 is considered excellent; .80
to .90, good; .70 to .80, fair; and below .70, poor. In this study, differences in predictive
accuracy across models, as measured by AUC differences, were indicated by calculating a
critical ratio z value between two AUC, with values greater than 1.96 designated as
significant. Critical ratio values were corrected for the correlation introduced between the
two AUC from using the same sample of participants for each model (see Hanley & McNeil,
1983). To help with comparisons of sensitivity and specificity across models we set a cut-
point for each model in which sensitivity that was as close to 0.90 as possible allowing the
reader to focus on the associated specificity across models.

For the 2-step gated procedure, we identified cut-points on various first-grade standardized
measures of word-level reading (word identification, word attack, sight word efficiency, and
phonemic decoding efficiency) such that all true positives for RD in second grade had a 99%
probability of scoring below the cut-point. This effectively removed a portion of true
negatives who would not need to be administered the larger screening battery. We then
compared the relative proportion of children who would require administration of the larger
screening battery as a function of initial screening device and used a z test for proportions
with dependent samples to test for statistical significance.

Results
Means, standard deviations, and correlations among the first-grade screening measures and
the second-grade composite reading outcome (used to define RD) are presented in Table 3.
All correlations except those involving WIF_N-slope were statistically significant. WIF_N-
slope was not significantly correlated with oral vocabulary, WIF_N-screen, WIF_B-
intercept, ORF, or RR. The correlations between the first-grade predictor variables and the
composite measure of second-grade reading were all significant, ranging from .21 to .83.
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The correlation between DA and other measures were negative because lower performance
on DA indicated less scaffolding was necessary and therefore superior performance.

Replication
Two prediction models based on simple logistic regression are presented in Table 4. Model
1 presents the original logistic regression model based on the 206 participants in Compton et
al. (2006). These parameters do not exactly match those reported in the original study,
because Compton et al. used standard WIF scores based on local norming data. Because we
did not have local norms for the present study, we based the original and replication models
on raw score estimates of WIF_N-screen, WIF_N-level, and WIF_N-slope. The overall
classification accuracy was acceptable within an early identification framework with an
AUC over .90 and specificity of .83 associated with a sensitivity of .90. The model
parameters developed in the original model were then applied to the present sample of 355
children to predict membership in the RD and NRD groups. Results of the replication are
shown in Model 2, which replicated well with a specificity of .84 associated with sensitivity
of .91 and an AUC of .925. However, results were likely inflated by the composition of the
replication sample. The original sample comprised an at-risk population, in which the upper
end of distribution is truncated. In the replication sample, we purposefully sampled from the
middle and upper portions as well as the lower end of the distribution. The model replicated
well with children in the middle and upper portion of the distribution because most scored
well above the original risk population on the screening measures and had a low probability
of developing RD. To illustrate, we calculated AUCs for each of the LSE, ASE, and HSE
groups. For the HSE, the model was perfect, correctly identifying all HSE children as true
negatives (i.e., AUC = 1.0). The AUC decreased considerably as group risk increased, with
an AUC of .930 for the ASE group and .841 for the LSE group. So although the overall
replication results were positive, they were less impressive when considering LSE children,
the group that most resembled those in the original model-building sample.

Model Extension: Measures to Reduce False Positives
In the extension models, we examined increases in prediction accuracy above the base
model (WIF_N-screen, phonemic awareness, rapid naming skill, and oral vocabulary) by
adding measures of WIF progress monitoring, DA, RR, or ORF to the model. In examining
the effects of WIF progress monitoring and DA, we used the full sample of 355 children.
Whereas in examining the effects of using RR and ORF, we relied on a subsample of 320
children who were administered both the RR and measure of ORF. Prior to running these
models, we tested for dependency in the data using an unconditional multilevel model. Two-
level unconditional cross-classified model were created to predict students’ log-odds of
being RD (level 1) controlling for the variance accounted for by first- and second-grade
classrooms (level 2). The partitioning of variance into first- and second-grade classrooms for
two base models (Model 3 and 7) and five extensions models (Models 4, 5, 6, 8, and 9) are
shown in Table 5. Variance associated with classroom was not statistically significant for
either first- or second-grade classrooms. However, the percentage of variance associated
with first grade classroom membership ranged from 7.8 to 11.6 (i.e., Intraunit correlation
coefficient [IUCC]; a cross-classified model ICC). The variance associated with second-
grade classrooms was considerably smaller, ranging from 0.03% to 0.1%. The first-grade
IUCCs were in the typical range of 0.05 to 0.20 in educational research (e.g., Raudenbush,
Liu, & Congdon, 2004;Snijders & Boskers, 1999). Given the relatively high IUCCs
associated with first-grade classrooms, we retained the 2-level cross-classified binary
logistic regression models to better estimate the standard errors associated with the child-
level predictors.
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Table 6 shows results of the base model (Model 3) and model extensions including WIF_N,
WIF_B, and DA as predictors, respectively (Models 4–6). The base model including
WIF_N-screen, phonemic awareness, rapid naming skill, and oral vocabulary provided
adequate classification accuracy, with sensitivity of .90 (designated), specificity of .85, and
AUC of .948. In addition, all predictors made a unique contribution to predicting RD class
membership in the presence of the other predictors. Adding WIF_N progress monitoring,
WIF_B progress monitoring, or DA significantly improved classification accuracy by
decreasing the number of false positives in the base model by 8, 17, and 9, respectively, and
by increasing AUC estimates to .953–.963. WIF_N-level, WIF_B-level, WIF_B-slope, and
DA each uniquely added to the prediction accuracy of the base model. In contrast, although
Compton et al. (2006) reported the combination WIF_N-level and WIF_N-slope
significantly improved classification accuracy over the base model, neither was a unique
predictor of RD in the presence of the other predictors. The addition of WIF_N progress
monitoring resulted in WIF_N-screen and RDN no longer being unique predictors of RD.
Adding WIF_B progress monitoring rendered WIF_N-screen, RDN, and sound matching
predictors nonsignificant. In contrast, all screening variables remained significant predictors
in the model, including DA. Finally, differences in classification accuracy among the three
extension models (4–6) were not statistically significant. Thus, adding any of these three
additional measures to the base model improved classification accuracy and resulted in
specificity rates approaching .90.

Table 7 displays results of the base model (Model 7) and model extensions adding RR
(Model 8) and ORF (Models 9). On this somewhat smaller sample, the base model again
provided adequate classification accuracy with sensitivity of .90 (designated), specificity of .
87, and AUC of .950. However, adding RR or ORF to the base model decreased the number
of false positives by 0 and 2 respectively, and neither was statistically significant. ORF, but
not RR, was a significant predictor of RD status; however, this was not adequate to help the
overall model classify RD children better than the base model. Thus adding passage level
reading measures did not increase the predictive accuracy of the base model and therefore
do not warrant inclusion within screening. The effects for ORF over the base model were
similar when using the entire sample of 355 children.

Two-Step Gated Procedure: Measures to Identify True Negatives
In the 2-step gated procedure, we attempted to identify single word-level reading measures
that would remove true negatives from the Step 2 screening activities. To accomplish this,
for sight word efficiency, phonemic decoding efficiency, word identification, and word
attack, we identified the standardized cut-point such that all true positives would complete
the Step 2 screening activities. We then calculated a 99% confidence interval around that
score and used the upper score of the interval to set the cut-point. This cut-point ensured a
99% chance that true positives would score below this value. Table 8 presents the cut-points,
number of true negatives scoring above the cut-point, and the proportion of children
eliminated from the sample. The z test for proportions was significant for each measure,
signifying that each measure significantly decreased the proportion of children needing the
full screening battery. In addition, when phonemic decoding efficiency was used as the Step
1 screener, it significantly reduced the proportion of children requiring the full screening
battery over sight word efficiency (z = 3.20), word identification (z = 7.20), and word attack
(z = 4.25). Results suggest that using a standard score cut of 108 on phonemic decoding
efficiency to eliminate true negatives from Step 2 screening activities reduced the overall
number of children who require the full screening battery by 43.4%, without changing the
overall classification accuracy of the prediction model. It is important to note that within a
2-step gating process the overall classification model should be developed first for the entire
sample; then cut-points to eliminate true negatives should be determined. Developing the
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models in the opposite order results in a less accurate overall classification model with
elevated false positive rates.

Discussion
The major purposes of the present study were to identify measures that, when added to a
base first-grade screening model, would remove false positives and to also examine the
tenability of a 2-step screening procedure to increase screening efficiency. Toward that end,
we began by replicating the Compton et al. (2006) classification model with a new
population of first-grade children, which included students with a broader range of initial
reading performance and students who would be the recipient of reading instruction
influenced by the No Child Left Behind reforms. In these ways, the present study differs
from and is more ambitious than the only other screening cross-validation effort, that of
O’Connor and Jenkins (1999). Moreover, by sampling more broadly in the replication
sample, we gained insight into how sensitivity and specificity differ at varying points on the
achievement continuum. In general, the original model, which relied on first-grade screeners
of WIF_N-screen, RDN, SM, OV, WIF_N-level, WIF_N-slope to predict end of second-
grade RD status, replicated well. The number of false negatives across the original and
replication models was low; thus, we conclude that false negative rates are of little
consequence when predicting early RD, at least when a broad screening battery is used. At
the same time, other work (e.g., Compton, Fuchs, Fuchs, Elleman, & Gilbert, 2008; Leach,
Scarborough, & Rescorla, 2003; Lipka, Lesaux, & Siegel, 2006) suggests the presence of
children who exhibit late-emerging RD who are missed by early screening efforts and
therefore who constitute false negatives. This presumably would become more evident with
longer follow-up.

The AUC was slightly higher for the replication sample, which is unusual in a replication.
Differences in the populations sampled in the original and present studies may account for
the overall improvement in model performance. The present model accurately classified
HSE and ASE children, who were omitted from the original study that was used to develop
the prediction model. In contrast, the LSE children in the present sample were not classified
as adequately, that is, specificity fell below .80 (when sensitivity was held at .90). Results
indicate that false positives in the population of LSE children represent the primary issue.
We are unsure why the LSE sample failed to replicate well. Changes in the population that
affect the base rate of RD, screening scores, or the covariance between RD occurrence and
screening performance can disrupt the models. Perhaps the instructional initiatives
associated with No Child Left Behind and Reading First created a shift in the relative
importance of the screening measures. It could also be that demographic changes across the
5-year period between studies affected the prediction model. In any case, these results
indicate that schools will need to periodically adjust their screening model coefficients by
recalibrating the models using the most current school or district data.

To extend the focus of the present study toward a 2-step screening procedure, we then
explored whether measures added to the base screening battery would help decrease false
positives. We employed multilevel modeling to partition variance associated with RD
prediction between child- and classroom-levels. This was done to estimate and control for
the influence of classroom membership on RD prediction through the estimation of IUCCs
and to provide better estimates of the child-level predictor standard errors for estimating p-
values. First-grade IUCCs ranged from .078 to .116; second-grade ICCs were smaller (.0003
to .001). The estimated first-grade IUCCs are similar to those previously reported
(Raudenbush et al., 2004; Snijders & Boskers, 1999), but second-grade estimates fall well
below the expected range. We offer two explanations for the discrepancies between first-
and second-grade IUCCs. It maybe that the dispersion of children from 56 first-grade
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classrooms into 105 second-grade classrooms led to few children within any given second-
grade classroom, thereby depressing estimation of second-grade influence on RD
designation. Or it may be that first-grade classroom membership, with its primary focus on
reading instruction, accounts for more classroom influence on later RD. In either case, the
IUCCs associated with first-grade classroom membership are large enough to justify further
exploration into classroom-level factors that account for variance in RD prediction.

A clear message emerged from our attempts to identify additional measures for limiting
false positives within the context of a second stage of screening. Measures designed to
directly assess (progress monitoring) or forecast (DA) children’s response to classroom
instruction added significantly to prediction accuracy by reducing false positives. By
contrast, measures designed to assess children’s ability to read passages, whether focused on
accuracy (RRs) or fluency (ORF), added little to the prediction models by way of limiting
false positives. The failure of RRs to improve classification accuracy must be evaluated with
caution since it was the only measure collected without fidelity data. There is evidence from
Allington (1976) suggesting that teacher administration of RRs can be unreliable. DA,
WIF_N progress monitoring, and WIF_B progress monitoring were each found to
significantly improve classification accuracy, with no statistical advantage found between
the three measures, indicating that the addition of any of the three measures in a second
screening step increases predictive accuracy. It is up to the user to decide whether two 1-min
probes administered weekly for five weeks or a single DA assessment (lasting 20–30 min) is
more efficient (see Jenkins et al., 2007). These results replicate claims by Compton et al.
(2006) that WIF_N progress monitoring can improve classification accuracy and further
extends the study by demonstrating that WIF_B progress monitoring and DA likewise
enhance classification.

The present study also provided interesting contrasts between the predictive utility of
WIF_N and WIF_B slope estimates. WIF_B-slope was a unique and significant predictor of
future RD status; WIF_N-slope was not. The lack of WIF_N-slope to uniquely predict future
RD status replicates Compton et al. (2006). The two WIF measures are identical in form, but
differ in the range of words sampled: WIF_N samples the 100 most frequent words; WIF_B,
the 500 most frequent words. The sampling procedure used to construct WIF_B resulted in
lists containing more diverse and difficult words (as evidenced by lower level and slope
estimates compared WIF_N). It may be that WIF_B-slope better estimates children’s
successful encounter and learning of the diverse set of words that constitute early reading
instruction. That WIF_B-slope, not WIF_N-slope, was a unique predictor of future RD
highlights a disconnect in the literature regarding the utility of slope measures in predicting
future reading skill and RD status. For instance, Schatschneider, Wagner, and Crawford
(2008) showed that slope estimated using ORF measured in September, December,
February, and April of first grade did not predict, above and beyond end-of-first-grade ORF
level, performance on a standardized measure of reading comprehension administered at the
end of second grade. By contrast, Fuchs et al. (2004) reported that fall of first grade WIF-
slope was a unique predictor of end of year standardized reading performance even after
controlling for initial WIF level. Differences between the criterion measures, progress-
monitoring assessments, and participant sampling techniques make it impossible to isolate
the cause of the discrepancy across studies. Thus, the literature does not allow us to
formulate conclusions about the predictive utility of slope. With that in mind, what makes
the results of this study notable is that WIF_B-slope was a significant predictor of future RD
status in the presence not only of WIF_B-level but also of WIF_N-screen, rapid digit
naming, sound matching, and oral vocabulary. This finding allows us to speculate that
sampling procedures affect the usefulness of slope as a predictor and that sampling more
widely from the corpus of words to construct WIF likely results in a better slope estimate
and therefore a better predictor of response to classroom instruction and RD status.
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Finally, we further extended the screening literature by examining the efficacy of using 2-
step screening procedures, hoping that it might yield an effective overall screening system.
In such a 2-step procedure, all children are administered a single, brief measure, and only
children who score within the risk range on that initial measure complete the longer
screening battery. In the present study, we pitted various measures against each other to
identify which show the most promise in eliminating true negatives in the first step of the 2-
step screening processes, thereby limiting the number of children requiring the full screening
battery. Overall, the measure of phonemic decoding efficiency eliminated the greatest
number of true negatives (43.4% of the sample) from screening. Phonemic decoding
efficiency significantly outperformed measures of sight word efficiency, word identification,
and word attack in reducing the sample to be screened further. Moreover, as discussed,
measures of students’ capacity to learn from classroom reading instruction, as represented
by WIF progress monitoring or DA, appear to lend utility at a second screening step. We
therefore recommend the use of 2-step gated procedures as a means to increase the
efficiency of 1-step universal screening procedures.

Future research should extend this work by exploring the relations between child- and
classroom-level predictors that influence RD risk. It is probable that other types of measures
that assess or estimate children’s response to classroom reading instruction can be used to
improve classification accuracy. One source of screening information that has thus far been
ignored is teacher judgment, which might be used in the first or second step of a gated
screening procedure to increase classification accuracy rates. Teachers have the unique
opportunity to directly observe children’s response to instruction. Thus, we encourage
researchers to broaden the scope of child-level measures for gauging response to classroom
instruction with the intent of eliminating false positives and negatives within the context of a
2-step screening process. At the level of the classroom, the effects of individual differences
in teacher effectiveness and variations in curricular focus still require exploration as
predictors of classroom-level variance in forecasting RD risk. There is evidence to suggest
that RD risk can be reduced when systematic, high quality instruction in phonemic
awareness and phonemic decoding skills, fluency in word recognition and text processing,
construction of meaning, vocabulary, spelling, and writing is provided by the classroom
teacher (e.g., Torgesen, 2002b; Vadasy, Sanders, & Peyton, 2006). In addition to
curriculum, growing evidence suggests that children who are at risk of developing RD
require reading instruction that is more explicit, intense, and comprehensive than the
instruction required by the majority of children (see Foorman & Torgesen, 2001), and there
are some indicators that teachers vary in the ability to provide focused and explicit
instruction to children at risk for developing RD (see Moats, 2009). Thus, the context of the
classroom should receive greater attention as a source of variance in explaining RD risk
(e.g., Foorman, & Nixon, 2006; Foorman, York, Santi, & Francis, 2008; Skindrud, &
Gersten, 2006). Combining both child- and classroom-level effects in future prediction
models should greatly extend our understanding of how classroom practices mediate child-
level risk for RD.
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Table 8

Number of True Negatives Eliminated, with Associated Cut-scores, Using Timed and Untimed Measures of
Word-level Reading Skill in a Two-Step Gated Procedure

Measure Cut-score TN Eliminated Percent Reduction

Sight Word Efficiency 111 144 40.5*

Phonemic Decoding Efficiency 108 154 43.4*

Word Identification 117 103 29.0*

Word Attack 113 136 38.3*

Note. N = 355. Cut-scores represented as standard scores. TN = true negatives

*
p < .001
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