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aBsTRAcT: 1his study examined the reliabiliry, validity, and predictive utility of kindergarten
screening for risk for math difficulty (MD). Three screening measures, administered in September
and May of kindergarten to 196 students, assessed number sense and compurational fluency. Con-
ceptual and procedural outcomes were measured at end of first grade, with MD operationalized as
below the 16th percentile. The authors compared single- versus multiple-skill screeners, fall versus
spring kindergarten screening, and conceptual versus procedural outcomes. Reliability and validity
coefficients were adequate. Logistic regression and receiver operating characteristics analyses indi-
cated that the single- and multiple-skill screeners produced good and similar classification accuracy
at the fall and spring screening occasions in forecasting conceptual outcome. 1o forecast procedural

outcome, the screeners produced similar but less accurate fits.

rior to the 2004 reauthorization  represents a major alternative approach to identi-

of the Individuals With Dis-  fying learning disability, as reflected in the 2004

abilities Education Act IDEA),  reauthorization.

an IQ-achievement discrepancy Implementing evidence-based academic in-

was the major approach for
identifying learning disability. This identification
procedure is problematic for children in kinder-
garten and first grade, however, because students

terventions and documenting response to inter-
vention are major features of RTT (Marston,
2005). Students progress through increasingly in-
in the early grades have not had sufficient expo- tensive levels of a prevention system, and or.11y

. . . those students for whom standard forms of in-
sure to academic instruction to accrue a discrep-
ancy. Other possible problems include the
“wait-to-fail” nature of this approach (Vaughn & i ’
Fuchs, 2003) and the possibility of identifying al., 2007). Although IDEA allows for identifica-
students as having a learning disability without ~tion of learning disability within an RTI frame-
eliminating poor instructional quality as the rea- Work, many questions remain unanswered
son for poor learning (Vaughn & Fuchs, 2003).  concerning the implementation of this approach

A response-to-intervention (RTI) approach  (Mastropieri, & Scruggs, 2005).

struction are deemed insufficient receive formal
evaluation for special education services (Fuchs et
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Particularly with respect to students in the
early grades, screening potential risk for develop-
ing learning disability represents an important
focus of assessment within RTI. The earlier risk
for disability is identified, the sooner efforts can
begin to prevent or minimize the effects of that
disability. In the area of reading, for example, re-
searchers have documented that poor phonemic
awareness and letter-sound knowledge for young
students predicts future reading difficulty (e.g.,
Schatschneider, Fletcher, Francis, Carlson, &
Foorman, 2004), and early intervention efforts
for kindergarten and first-grade students at risk
for reading disability have proven effective (e.g.,
Foorman, Francis, Fletcher, Schatschneider, &
Mehta, 1998; Torgesen et al., 1999).

By contrast, a construct or set of skills that
represents a strong predictor of future mathemat-
ics disability has yet to be identified. A 2005 issue
of the journal of Learning Disabilities focused in
large part on this problem. Gersten, Jordan, and
Flojo (2005) summarized research on early
screening for mathematics disability, concluding
that a screening instrument for 5- and 6-year-olds
based on the skills of counting/simple computa-
tion or a sense of quantity/use of mental number
lines show promise. These skills are considered
aspects of number sense (e.g., Dehaene, 1997;
Okamoto & Case, 1996), which may serve as a
predictor of mathematics performance. As Berch
(2005) and Dowker (2005) noted, however, num-
ber sense is not clearly defined or easily opera-
tionalized. In spite of the ambiguous nature of
number sense, screening measures that incorpo-
rate aspects of number sense such as counting
skill or quantity discrimination may prove useful
for forecasting which young students are at risk
for mathematics disability (Gersten et al., 2005).
In the research literature and this article, mathe-
matics disability is operationalized as low mathe-
matics performance and referred to as

mathematics difficulty (MD).

PRIOR WORK DETERMINING
MD RISK OF KINDERGARTEN
STUDENTS

We identified 13 studies that targeted kinder-
garten students, included screening measures or
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outcome variables specific to mathematics perfor-
mance, and reported predictive validity or predic-
tive utility: Baker et al., 2002; Bramlett, Rowell,
and Mandenberg, 2000; Chard et al., 2005;
Clarke, Baker, Smolkowski, and Chard, 2008;
Jordan, Kaplan, Locuniak, and Ramineni, 2007;
Kurdek and Sinclair, 2001; Lembke and Foegen,
2005; Locuniak and Jordan, 2008; Mazzocco and
Thompson, 2005; Pedrotty Bryant, Bryant, Kim,
and Gersten, 2006; Simner, 1982; Tiesl, Maz-
zocco, and Myers, 2001; and VanDerHeyden,
Witt, Naquin, and Noell, 2001. Chard et al.,
Lembke and Foegen, and Pedrotty Bryant et al.
included samples of kindergarten and first-grade
students; we report results for the kindergarten
samples only.

Table 1 lists the number of participants,
grades at which screening and outcome assess-
ment took place, screening and outcome mea-
sures, correlations between screeners and
outcomes, and the predictive utility of measures
(i.e., sensitivity, specificity, and overall accuracy, if
provided by the authors) for each study. The ma-
jority of these studies screened students in kinder-
garten and assessed mathematics outcome later
that same year (Chard et al., 2005; Clarke et al,,
2008; Lembke & Foegen, 2005; Pedrotty Bryant
et al., 2006; Simner, 1982; VanDerHeyden et al,,
2001) or the following year (Baker et al., 2002;
Bramlett et al., 2000; Jordan et al., 2007; Simner,
1982; Tiesl et al., 2001). Only four studies (Jor-
dan et al., 2007; Kurdek & Sinclair, 2001; Locu-
niak & Jordan, 2008; Mazzocco & Thompson,
2005) allowed for greater than 12 months before
assessing outcome.

With the exception of Mazzocco and
Thompson (2005) and VanDerHeyden et al.
(2001), all studies provided data on predictive
validity. Correlations ranged from .27 to .72,
averaging .51. Five studies provided information
on overall accuracy, sensitivity, and specificity, ei-
ther with predictive validity correlations (Bramlett
et al., 2000; Locuniak & Jordan, 2008; Simner,
1982; Tiesl et al., 2001) or without (Mazzocco &
Thompson, 2005; VanDerHeyden et al., 2001).
For these studies, overall accuracy ranged from
59.8% to 89.4%. Sensitivity ranged widely
(00.0%-91.7%), as did specificity (57.5%-—
94.4%), with the wider spread for sensitivity indi-
cating that screeners were more accurate in
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predicting students who would not develop MD
than for specifying which students would develop
MD.

The majority of studies used single-skill
rather than multiple-skill screeners. For example,
Bramlett et al. (2000) presented students with
randomly ordered numerals between 1 and 20 on
a sheet of paper, and students named as many
numbers as possible in 1 min. In contrast to the
single-skill screening measures, four studies incor-
porated multiple-skill screeners. Baker et al.
(2002), for example, used the Number Knowl-
edge Test (NKT; Okamato & Case, 1996), which
samples a range of basic arithmetic concepts and
applications. Mazzocco and Thompson (2005)
used composite scores from a variety of commer-
cially published tests and subtests of math, read-
ing, and visual-spatial ability to predict future
mathematics performance. Across studies, predic-
tive validity was similar for the single- versus mul-
tiple-skill screeners. Coefficients for the
single-skill screeners ranged from .27 to .67, aver-
aging .50; coefficients for the multiple-skill
screeners ranged from .34 to .72, with an average
of .51. Although some studies used both types of
screeners, none specifically tested which type clas-
sified MD with greater precision. This is impor-
tant because earlier work (e.g., Fuchs et al., 2008)
suggested that different aspects of mathematical
knowledge may involve separate abilities; a single
math task may not effectively predict future math
difficulties, as the scope of skills necessary for suc-
cess expands.

The majority of studies used outcome vari-
ables reflecting mathematics performance on pub-
lished tests (e.g., the Stanford Achievement Test,
9th ed.; The Psychological Corporation, 1995;
the Woodcock-Johnson Psycho-Educational Bat-
tery-Revised Calculations and Applied Problems
subtests, WJ-R, Woodcock & Johnson, 1989). Yet
authors also reported outcomes such as teacher
ratings (Simner, 1982) and other professional
judgments of academic difficulties (VanDerHey-
den et al., 2001). Although some of these out-
comes related to conceptual understanding of
mathematics concepts (e.g., NKT; Okamato &
Case, 1996) or procedural outcomes (e.g., WJ-R
Calculations subtest; Woodcock & Johnson,
1989), none of the studies addressed whether de-
velopment could be forecast more precisely for
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which type of outcome. If aspects of mathemati-
cal knowledge involve separate abilities, as some
research suggests (Fuchs et al., 2008), then pin-
pointing the area of difficulty for students yields
valuable information for instructional purposes.
In terms of decision utility data, the sensitivity of
screening variables ranged widely, from 0.00%
(i.e., VanDerHeyden et al.s 2001 prediction of
“validation problem”) to 91.7% (i.e., Mazzocco &
Thompson’s 2005 prediction of composite scores
on published tests).

The majority of studies assessed mathemati-
cal outcomes 1 year or less after initial screening.
As a result, students were classified as MD or
non-MD before the end of first grade or as early
as the kindergarten year. Because kindergarten
students vary in their experience with number
concepts prior to formal schooling, assessing
math outcome before a substantial amount of
mathematics instruction occurs potentially yields
an inflated estimate of false positives. This is
problematic because false positives stress the re-
sources available in schools to provide remedia-
tion for students who truly need intervention.
Waiting until the students have completed first
grade to assess math outcome allows students who
have had less preschool exposure to number con-
cepts to “catch up” to peers via formal classroom
instruction, and thus should reduce false identifi-
cation of students as at risk for MD.

Because kindergarten students vary in their
experience with number concepts prior to
formal schooling, assessing math outcome

before a substantial amount of mathematics

instruction occurs potentially yields an
inflated estimate of false positives.

In addition, the majority of studies relied on
predictive correlational data as the sole indication
of a measure’s ability to forecast MD. Few studies
evaluated sensitivity and specificity. This is unfor-
tunate because within RTI, screening tools must
accurately pinpoint students with true risk for
academic failure so that timely intervention can
occur. Therefore, screening studies are tasked to
provide evidence of a test’s accuracy in classifying
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students’ MD risk. Although predictive correla-
tions can provide general support for the value of
kindergarten screening, the decision utility data
that attest a screener’s value are missing from the
majority of previous work.

THE PRESENT STUDY

In the present study, we addressed these limita-
tions in the literature in three ways. First, we
adopted a longer perspective than in many prior
studies, screening students in the fall and spring
of kindergarten and measuring outcomes during
the spring of first grade—in effect, a period of
two full academic years. Second, in addition to
providing evidence of technical adequacy (i.e., re-
liability; concurrent and predictive validity), we
also examined the math screeners’ predictive util-
ity (i.e., sensitivity and specificity). Specifically, by
holding sensitivity constant at approximately
90%, we were able to consider how the prediction
models affected false positives. This allowed us to
determine if a single screener or some combina-
tion of the screeners resulted in the fewest num-
ber of students misidentified as at risk for MD,
even while the number of students correctly iden-
tified remained constant and high. Third, we ex-
tended previous research on the predictive utility
of kindergarten math screeners by contrasting (a)
the predictive accuracy of single- versus multiple-
skill screeners, (b) fall versus spring administra-
tion of kindergarten testing, and (c) conceptual
versus procedural outcomes.

Our research questions were: What is the
reliability of mathematics screening measures for
kindergarten students? What are the concurrent
and predictive validities with respect to kinder-
garten and first-grade performance on various
mathematics measures? While holding the num-
ber of true positives constant (i.e., ~ 90%), which
screener or combination of screeners result in the
fewest number of false positives? How do single-
skill versus multiple-skill math screeners compare
in terms of predictive utility? How accurate is fall
versus spring kindergarten screening? And, finally,
can first-grade mathematics development be fore-
cast more precisely in terms of conceptual or pro-
cedural outcomes?
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METHOD

PARTICIPANTS

We randomly selected 20 kindergarten teachers
from five schools in a southeastern metropolitan
school district from a pool of 25 teachers inter-
ested in participating. One-half of the kinder-
garten classrooms received Title I funding. From
the 20 classrooms, 252 (of approximately 300)
students (i.e., approximately 84%) returned
signed parental consent and participated in the
initial testing wave in the fall of kindergarten. Of
these 252 kindergarten students, 196 completed
testing through the end of first grade (or the sec-
ond year of kindergarten, if retained), an attrition
rate of approximately 22% over the 2-year study
(i.e., 20 students moved out of the school district
before the end of kindergarten, and 36 students
moved during first grade). We used inferential
statistics to compare students who exited versus
those who remained on demographic variables
and screening scores. There were no significant
differences except on the number sense multiple-
skill screener (X = 12.91, SD = 6.04 for students
who exited the study; 15.65, SD = 6.80, for those
who remained). We report results for the sample
of 196 students with complete data.

Teachers provided demographic information
for students and number of minutes of daily math
instruction they delivered. The average age of stu-
dents at the beginning of the study was 5 years 8
months. Of the students, 53% were male, and
52% received free or reduced-price lunch. With
respect to race, 36% of the sample was African
American, 44% Caucasian, 11% Hispanic, 6%
Asian and 3% Kurdish, Indian, Somalian, or
Iraqi. Thirteen percent received special education,
identified as having a learning disability (< 1%),
speech/language disability (6%), giftedness (6%),
visual impairment (< 1%), or developmental
delay (< 1%). Approximately 5% of students
qualified as English language learners; 51% at-
tended preschool prior to kindergarten. As re-
ported by the end of kindergarten, students
received an average of 49.08 min of daily math
instruction (SD = 20.83). The math curriculum
used in kindergarten and first grade was Houghton
Mifflin Math (2004).
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KINDERGARTEN SCREENING MEASURES

Multiple-Skill Screeners. We created two
kindergarten multiple-skill math screeners: Com-
putation Fluency (CF), which is group adminis-
tered, and Number Sense (NS), which is
individually administered. Items were derived
from three sources: (a) interviews with experi-
enced kindergarten and first-grade teachers; (b)
examination of the existing literature base and the
district’s kindergarten academic standards; and (c)
discussions with university professors familiar
with elementary school kindergarten. After pilot-
ing the measures with 90 kindergarten students to
identify items with poor discrimination, we used
WINSTEPS Rasch measurement software (Ver-
sion 3.58.1) to eliminate or revise items that were
inappropriate or ambiguous. We also used the re-
sults from the WINSTEPS Rasch software on the
individually administered NS measure to order
the items by difficulty and derive a ceiling rule for
administration, which allowed discontinued test-
ing after five consecutively incorrect answers.

CF is a 5-min timed assessment of counting,
addition, and subtraction fluency. It is adminis-
tered in a whole-class setting and includes 25
items (5 items each of five problem types) pre-
sented in random order on one side of an 8 1/2- x
11-inch piece of paper. The five types of items are
counting stars in a set, counting two sets of stars,
subtracting crossed-out stars from a set, adding
arithmetic combinations (presented without star
icons), and subtracting arithmetic combinations
(without star icons; contact the first author for ex-
amples of each problem type). This measure con-
tains five rows of five problems each; the items are
bordered in black to help delineate each problem.
The student is not penalized for number reversals
or pootly formed written responses. Performance
is scored as correct responses. We created two
forms, identical in format but comprising different
items. CF is conceptually based on the Computa-
tion CBM probes for Grades 1 through 6 (e.g.,
Fuchs & Fuchs, 2004; Fuchs, Fuchs, Hamlett,
Phillips, & Bentz, 1994). It resembles the Compu-
tation CBM probes in appearance, and it samples
computation items across the kindergarten cur-
riculum, as do the CBM probes. For analyses, we
used the average score across forms at the fall and
spring of kindergarten testing occasions.

Exceptional Children

NS is individually administered. It samples a
greater number of mathematics kindergarten
skills, with 30 items (3 items each of 10 types) or-
dered in difficulty from easiest to hardest. The
conceptual model for NS is based on early nu-
meracy skills that form the basis of numerical
knowledge, that is, knowledge related to count-
ing, patterns, magnitude comparison, and simple
arithmetic calculation (Berch, 2005; Gersten et
al., 2005; Jordan & Hanich, 2003). Research sug-
gests that deficits in these early numeracy skills
may lead to deficient calculation skill and risk for
developing MD (Mazzocco & Thompson, 2005).
NS comprises items linked to these early numer-
acy skill areas: three items each of quantity dis-
crimination, mental number lines, ordering
numbers, estimation, patterns, counting back-
wards, shape discrimination, number sentences,
writing number sentences, and one-to-one corre-
spondence. For example, for ordering numbers,
students are presented with a set of three numbers
printed on the page and instructed to write them
“in the correct counting order.” The first set com-
prises the numbers 2, 3, 4; the second set, 14, 15,
16; the final set, 18, 19, 20. For quantity discrim-
ination, students are presented with a pair of
numbers printed on a page and instructed to cir-
cle the larger/smaller item. The student writes an-
swers to items; as with CF, the student is not
penalized for misspelled or poorly formed written
responses. The score is the number of correctly
answered items. Similar to the Concepts/Appli-
cations CBM probes (Fuchs, & Fuchs, 2004), NS
is a multiple-skill screener that samples within-
grade-level skills. However, it differs from the
Concepts/Applications CBM probes in that it is
not group administered; items are scored immedi-
ately after each response; and a ceiling rule limits
the length of the test.

Single-Skill Screener. Quantity Discrimina-
tion (QD; Chard et al., 2005) is a 1-min timed
probe, individually administered, measuring stu-
dents’ ability to name the larger of two numbers
(ranging from 0-10), presented in 28 individual
boxes across two pages. Clarke et al. (2008)
reported test-retest reliability as .85-.99 and con-
current and predictive validity coefficients that
ranged from .70 to .80. We chose the QD mea-
sure because it has demonstrated strong predictive
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correlations at first grade (Clarke & Shinn, 2004)
and kindergarten (Chard et al., 2005).

OUTCOME MEASURES
AND MD DESIGNATION

Math Reasoning and Numerical Operations.
The Early Math Diagnostic Assessment (EMDA;
The Psychological Corporation, 2002a) is an in-
dividually administered norm-referenced test for
use with preschool to third-grade students. The
test comprises two sections. Math Reasoning
measures skills such as counting, ordering num-
bers, identifying/comparing shapes, problem solv-
ing with whole numbers, patterns, time, money,
graphs, and measurement. Numerical Operations
measures one-to-one correspondence, number
identification, number writing, calculation, and
rational numbers. Reliability ranges from .71 to
.93. Correlations with the Wechsler-Individual
Achievement Test (The Psychological Corpora-
tion, 2002b) are .82 and .78; with the Wide
Range Achievement Test-Revised (Wilkinson,
1993), .67 and .77.

Numeration and Estimation. KeyMath-Revised
(KM-R; Connolly, 1998) is an individually ad-
ministered norm-referenced test for use with stu-
dents from kindergarten through Grade 12. We
used two subtests: Numeration (i.e., concepts
such as counting, correspondence, sequencing
numbers, and ordinal positions) and Estimation
(i.e., estimation of rational numbers, measure-
ment, and computation). Reliability ranges from
.50 to .70 for the subtests. Correlations with the
Total Mathematics Score of the Iowa Test of Basic
Skills (Hoover, Hieronymous, Dunbar, & Frisbie,
1993) and the KM-R Numeration and Estima-
tion subtests are .67 and .43, respectively.

CBM Computation and Concepts/Applications.
First-Grade Computation and Concepts/Appli-
cations CBM (Fuchs & Fuchs, 2004) sample
items from the first-grade curriculum. Students
have 3 min to respond to 25 items for Computa-
tion; they have 10 min to respond to 22 items for
Concepts and Applications. The CBM assessments
were scored as number of items correct for Com-
putation and number of missing blanks filled in
correctly for Concepts and Applications (e.g., one
item on Concepts and Applications requires the
student to write the number of tens and the num-
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ber of ones for a 2-digit numeral; each blank cor-
rectly answered yields one point). Although the
CBM Computation and Concepts and Applica-
tions criterion tests can be administered as whole-
class progress-monitoring measures, we did all
assessments of final math outcome (including the
two CBM tests) individually.

MD Designation. Students received a desig-
nation of MD if they scored below the 16th per-
centile on the EMDA Math Reasoning subtest or
the EMDA Numerical Operations subtest (The
Psychological Corporation, 2002a) at the end of
first grade (or the end of the second year of
kindergarten, if a student repeated kindergarten).

INTERSCORER AGREEMENT
AND DATA-ENTRY ACCURACY

After the first wave of testing (i.e., fall of kinder-
garten), a second scorer independently scored
20% of protocols. Interscorer agreement (the
number of agreed points divided by the total
number of points) ranged from 99.29% to
100.0%. This was repeated after the second test-
ing wave (i.e., spring of kindergarten), when in-
terscorer agreement ranged from 98.96% to
100.0%. Interscorer agreement for the fall of
kindergarten administration of tests was as fol-
lows: QD (Chard et al., 2005), 100.00 %; CF 1,
99.84%; CF 2, 99.60%; NS, 99.73%; KM-R
Numeration, (Connolly, 1998) 99.75% ; KM-R
Estimation, 100.00%; EMDA Math Reasoning
(The Psychological Corporation, 2002a),
100.00%. Interscorer agreement for the spring of
kindergarten administration of tests was as fol-
lows: QD, 100.00%; CF 1, 100.00%; CF 2,
100.00%; NS, 99.65%; KM-R Numeration,
98.96%; KM-R Estimation, 100.00%; EMDA
Math Reasoning, 99.91%. Following the third
testing wave (i.e., spring of first grade), 100% of
the testing protocols were rescored and entered by
a second scorer into a second database. The two
databases were compared for discrepancies, which
were resolved by examining the original protocols.
In this way, we ended up with a single database
with no data-entry errors.

PROCEDURE

We administered tests to students in three waves.
During the first wave, in fall of kindergarten on
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three separate days across 3 weeks, students com-
pleted one form of CE NS, both subtests of the
EMDA (The Psychological Corporation, 2002a),
both subtests of the KM-R (Connolly, 1998), and
the alternate form of CF and QD (Chard et al.,
2005). (Note: Students completed CF in a whole-
class setting the first day; they completed it indi-
vidually on the third testing day.) During the
second testing wave (i.e., spring of kindergarten),
students were again tested across 3 weeks and on
3 separate days. The testing schedule was identical
to that of the first wave, except that both admin-
istrations of CF were conducted in groups.

The third testing wave occurred during the
final weeks of the subsequent school year. Again,
assessment occurred over 3 weeks and on 3 sepa-
rate days. At this wave, students completed alter-
nate forms of CBM Computation and CBM
Concepts/Applications tests (Fuchs & Fuchs,
2004), the EMDA (The Psychological Corpora-
tion, 2002a) subtests, and the KM-R Numeration
subtest (Connolly, 1998). (Because of a floor ef-
fect for the KM-R Estimation subtest when ad-
ministered the previous times, we omitted this
test from the final testing wave.) All testing in this
third wave was conducted individually. Testers
were graduate students with varying degrees of
classroom experience, who were trained to accept-
able levels of accuracy during practice sessions
and monitored by the first author throughout all
testing waves.

DATA ANALYSIS

Reliability of the Screening Measures. To exam-
ine the reliability of the kindergarten screening, we
evaluated the internal consistency reliability (i.e.,
coefficient alpha) of both multiple-skill screeners.

Correlations Among Screening and Outcome
Measures. We examined the concurrent validity of
the three kindergarten screening measures (i.e.,
QD, Chard et al., 2005; CF, and NS) by correlat-
ing the results from the fall and spring adminis-
trations with each mathematics outcome measure
administered at the same time. Further, we com-
puted Pearson product moment correlation coef-
ficients for the fall administration of the screening
measures and the spring administration of the
outcome measures to examine the predictive va-

lidity from the beginning to the end of kinder-
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garten. To assess predictive validity from the be-
ginning of kindergarten to the end of first grade
and from the spring of kindergarten to the end of
first grade, we correlated the kindergarten fall and
spring screening scores with the first-grade
EMDA subtests (The Psychological Corporation,
2002a), KM-R subtest (Connolly, 1998), and
CBM mathematics tests.

Classifying Risk for MD. We used logistic
regression to evaluate the utility of the kinder-
garten screening measures for classifying MD sta-
tus at the end of first grade, separately for math
reasoning (i.e., conceptual) and numerical opera-
tions (i.e., procedural) outcomes, while holding
sensitivity constant. Within the context of RTI,
we were interested in maximizing the number of
students who truly required additional and inten-
sive mathematics instruction (i.e., students who
were identified as at risk for MD at the time of
screening and who completed first grade meeting
our criterion for MD, or “true positives”) while
limiting the number of those who did not (i.e.,
students who were identified as at risk for MD at
the time of screening and who completed first
grade above our criterion for MD, or “false posi-
tives”). The set of true and false positives
comprises students identified for secondary inter-
vention. For this reason, we held sensitivity as at
least 87.5% of students and then observed how
the various models affected specificity. We used
SPSS 16.0 statistical software to generate the lo-
gistic regression models, entering the screeners in
stages to contrast their predictive capabilities.

ROC Curves to Contrast Various Models. We
used measures of sensitivity, specificity, overall hit
rate, and area under the receiver operating charac-
teristics (ROC) curve (AUC) to contrast the util-
ity of various logistic regression models. Sensitivity
refers to the proportion of children correctly pre-
dicted by the model to be MD in this study and
is computed by dividing the number of true posi-
tives by the sum of true positives and false nega-
tives. Specificity, by contrast, represents the
proportion of children correctly predicted to be
non MD. Specificity is computed by dividing the
number of true negatives by the sum of true nega-
tives and false positives. The overall hit rate is the
proportion of children correctly classified as either
MD or non MD, and represents the overall accu-
racy of a prediction model. Finally, the AUC is a

45



plot of the true positive rate against the false
positive rate for the different possible cut-points
of a test. To contrast the predictive accuracy of lo-
gistic regression models, we used the AUC as a
measure of discrimination (Swets, 1992). To illus-
trate, imagine that we had already placed children
into their correct MD or non-MD group. If we
then selected one child at random from each
group, we would assume that the child scoring
higher on the kindergarten screeners would be the
child from the non-MD group. The AUC, which
represents the proportion of randomly chosen
pairs of students for which the screeners correctly
classified as MD versus non MD, ranges from .50
to 1.00. The greater the AUC, the less likely clas-
sification is due to chance. An AUC below .70 in-
dicates a poor predictive model; .70 to .80, fair;
.80 to0 .90, good; and greater than .90, excellent
(e.g., Fuchs et al., 2007). The output from ROC
analyses includes confidence intervals for the
AUG; a lack of overlap for the confidence inter-
vals across models indicates significant difference
in predictive accuracy.

RESULTS

Table 2 provides means and standard deviations of
each test at each testing wave. For CEF, we report
the average score for the two forms of the test at
the fall and spring kindergarten testing waves. We
also report the average score for the CBM tests
from the spring of Grade 1 testing wave.

RELIABILITY AND VALIDITY OF
KINDERGARTEN SCREENING
MEASURES

We were interested in the reliability of only the
two multiple-skill screeners because previous
work has evaluated the reliability of the single-
skill QD measure (e.g., Chard et al., 2005; Clarke
& Shinn, 2004; Lembke & Foegen, 2005; Pe-
drotty Bryant et al., 2006). We evaluated inter-
item consistency for the fall administration of CF
as follows. Students completed two forms of the
measure (i.e., Forms A and B). Half the students
were randomly selected to complete Form A dur-
ing the first (group) administration and Form B
during the second (individual) administration;
the remaining students completed Form B first
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and then Form A. We then computed coefficient
alpha for the four sets of data and averaged the re-
sults. We repeated this procedure in the spring of
kindergarten, although at this wave, CF was ad-
ministered in a group format at both occasions.
Alpha for CF averaged .88 for the fall administra-
tion and .92 for the spring administration. For
the same students, coefficient alpha for NS was
.91 for the fall administration and .88 for the
spring. All coefficients were significant.

We examined concurrent and predictive va-
lidity with various mathematics outcome mea-
sures. With respect to concurrent validity, Table 3
provides the zero-order correlations for the fall
kindergarten screening and criterion measures
below the diagonal and provides the same infor-
mation for spring of kindergarten above the diago-
nal. All correlations at both testing occasions were
significant. Similar to the concurrent validity cor-
relations, all predictive validity correlations were
significant. Tables 4, 5, and 6 provide the zero-
order correlations among fall and spring kinder-
garten measures, fall kindergarten and spring of
first-grade measures, and spring of kindergarten
and spring of first-grade measures, respectively.

MD PREVALENCE AS A FUNCTION
OF MATHEMATICS OUTCOME

We determined MD prevalence for students based
on their performance on criterion measures
administered at the end of first grade, which al-
lowed 2 academic years to elapse from the initial
screening occasion to the final measurement of
mathematics outcome. MD designation was oper-
ationalized as scoring below the 16th percentile on
the EMDA Math Reasoning subtest or the
EMDA Numerical Operations subtest (The Psy-
chological Corporation, 2002a). The former fo-
cused primarily on conceptual skills and mental
manipulation of whole numbers (MD-concep-
tual). The EMDA Numerical Operations subtest
measured ability to identify and write numerical
symbols and perform written calculations (MD-
procedural). Forty students (20.41% of the sam-
ple) were MD-conceptual; 59 students (30.10%)
were MD-procedural. Twenty-one students
(10.71%) met criteria for both MD designations.
Chi-square analyses showed no significant differ-
ences when comparing the MD groups with their

Fall 2010



‘91008 —UHNTQNHWA ‘91008 MEY,

(3007 Syonyg 29 syony) 2qoid suonesriddy pue sideouory INGD T 9peID) = /D INGD ‘F00T
‘syonyg 29 syon) 2qoid uonemndwoy) JuswaIMSEI|A paseg-wninoLmy) [ apeir) = dwon) gD suoneurwiodsi Anuend) = O (2g00g ‘woneiodion) resrdojoyddsg ayr)
1591qns suonerdad() [edrRWNN Qudwssassy onsouder] sonewdyEN A[1ey = ON VAN ‘(82007 ‘uoneiodio]) [ed130[oyd4s oy ) 1521qns Juruoseay YIejy 1UawWssassy

onsouder(q sonewa ey A[1eqd = YN VAT (8661 A[[oUuo))) 1s21qns UONBWnST “pastanyg-yrej4a3y = 157 Y-JAD (8661 A[[OUUO0D)) 1s31qNS UONEBIWNN] ‘PISTANY
-PRNASY = WwnN Y- 9SULS JquinN = SN {UONENSIUIWpE puodas Kouany] uoneindwoy) = 7,10 ‘uonensiurwpe is1y Xouanp] uvoneindwo)) = [0 ‘9G] = % 20N

- - 91%) £L°0T — — — — — — — — a8eroae v/ INGD
— — (0L%) 1€°0¢ — — — — — — — — zwiog ‘v/D dND
— — (tTy) €Tt — — — — — — — — [ wiog y/D INdD
— — (€6'%) 8¢°TI — — — — — — — — a8erae ‘dwo)) INgD
— — FL9) ¥6'CI — — — — — — — — 7 wiog ‘dwo) INgD
— — (LLY) (4o — — — — — — — — [ wioyg ‘dwo) INgD
— — — — — — (60°01) 68°ST — — (€romn S&)! ao
@y 10°66 #€0 18°01 (66°11) ¢ocor  (18°1) y1'8 (8¢°11) ¢otor - (100 629 ON YaWd
(LLyD) LT86 (99°6) LLTT (S8%1) 89901  (66'%) 9% L1 (csen) 76766 #9%) Wl AN VANA
— — - - — — @1 60'1 — — (1) 80'1 337 - NI
(€ocr) 94901 (8€°¢) 076 (To'11) €601 F17) 6€°9 (171 yceor  (06°1) L% wnN Y-
— — — — — — (L8°9) ¥8°1C — — (08°9) Go¢l SN
— — — — — — (6L°6) 7691 — — (€0°9) 8¢'6 ae1ay 1D
— — — — — — #19) 8C° /1 — — (L9 TCIT (enprarput irej 3) 70
— — — — — — (T1°9) LT91 — — (T1°9) ey (dnos3 :qrey 3) 140
q(as) aN =(dS) N q(as) qN «(dS) AN q(as) aN =(dS) N UNSVIPN]
Surds [ spmn Su4ds 5 apviny 18] Y 2pvin)

SAUNSVIPA] [ dpvir) puv QN@Q&M&N\Q&Q &@\Q\KQNMN\.N\NMQ pAvpuUvIS puv SUvIjAz

< 3T74avVv.ll

47

Exceptional Children



TABLE 3

Concurrent Validity: Correlations Among Kindergarten Screening and Criterion Measures

CF KM-R KM-R  EMDA EMDA
Measures CF1 CF2 Average NS QD Num Est MR NO
CF1 — 79 .94 .67 .61 .62 .35 71 .64
CF2 72 — 95 .69 .64 .60 34 .68 .62
CF average 92 .94 — 72 .66 .64 .36 74 .67
NS .58 .67 .68 — .68 .68 .38 74 .55
QD .55 .67 .66 71 — .61 .34 .64 .56
KM-R Num 55 .59 .62 .67 .64 — 41 .68 .58
KM-R Est .26 29 .30 .30 31 .32 — 49 40
EMDA MR .60 .68 .69 79 .66 .67 .39 — .66
EMDA NO .56 .59 .62 .68 .60 .61 .26 .62 —

Note. Values below the diagonal correspond to correlations for fall kindergarten screening and criterion measures;
values above the diagonal correspond to correlations for spring kindergarten screening and criterion measures. All

correlations significant at the 0.01 level (2-tailed). CF1 = Computation Fluency, first administration; CF2 =

Computation Fluency, second administration; NS = Number Sense; KM-R Num = KeyMath-Revised, Numera-
tion subtest (Connolly, 1998); KM-R Est = KeyMath Revised, Estimation subtest (Connolly, 1998); EMDA MR
= Early Mathematics Diagnostic Assessment, Math Reasoning subtest (The Psychological Corporation, 2002a);
EMDA NO = Early Mathematics Diagnostic Assessment, Numerical Operations subtest; (The Psychological Cor-

poration, 2002a) QD = Quantity Discrimination.

non-MD counterparts on gender, socioeconomic

status, race, special education status, English

language learner status, or number of daily min-

utes of math instruction, except as follows. On

gender, the MD-procedural group comprised

TABLE 4

Predictive Validity: Correlations Among Kindergarten Screening, Fall and Spring

twice as many boys (68%) as girls (32%). On

socio-economic status, the MD-conceptual group

comprised twice as many students receiving free
or reduced lunch (68%) as those who did not

(32%).

Spring Kindergarten Screening

Fall CF KM-R KM-R  EMDA EMDA
Kindergarten CFI CF2 Average NS QD Num Est MR NO
CF1 .58 52 .58 .54 .58 48 .61 Sl 49
CF2 .67 .62 .67 .64 .66 44 .68 57 .62
CF average .67 .62 .68 .64 .67 49 .70 .58 .60
NS .68 .63 .69 .82 71 40 74 .56 .62
QD .64 .64 .68 71 .68 .34 .65 53 75

Note. All correlations significant at the 0.01 level (2-tailed). CF1 = Computation Fluency, first administration;
CF2 = Computation Fluency, second administration; NS = Number Sense; KM-R Num = KeyMath-Revised,

Numeration subtest (Connolly, 1998); KM-R Est = KeyMath-Revised, Estimation subtest (Connolly, 1998);

EMDA MR = Early Mathematics Diagnostic Assessment, Math Reasoning subtest (The Psychological
Corporation, 2002a); EMDA NO = Early Mathematics Diagnostic Assessment, Numerical Operations subtest

(The Psychological Corporation, 2002a); QD = Quantity Discrimination.
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TABLE 5

Predictive Validity: Correlations Among Fall Kindergarten Screening and Spring Grade 1 Measures

Spring Grade 1
Fall KM-R  EMDA  EMDA CBM CA
Kindergarten Num MR NO CBM1 CBM2  Average CIA1 C/IA2  Average
CF1 .58 .59 .56 41 45 46 42 44 46
CF2 .64 .65 .53 .45 48 .50 .50 .50 54
CF average .66 .67 .58 46 .50 52 .50 S1 .54
NS 72 .70 .55 48 .55 .56 .62 .63 .67
QD .65 .66 .52 43 .56 .53 52 .56 .58

Note. All correlations significant at the 0.01 level (2-tailed). CF1 = Computation Fluency, first administration;

CF2 = Computation Fluency, second administration; NS =

Number Sense; KM-R Num = KeyMath-Revised,

Numeration subtest (Connolly, 1998); EMDA MR = Early Mathematics Diagnostic Assessment, Math Reasoning
subtest (The Psychological Corporation, 2002a); EMDA NO = Early Mathematics Diagnostic Assessment,
Numerical Operations subtest (The Psychological Corporation, 2002a); CBM1 = Grade 1 Curriculum-Based
Measurement Computation probe (Fuchs & Fuchs, 2004), first administration; CBM2 = second administration;
C/A1 = Grade 1 Concepts and Applications probe (Fuchs & Fuchs, 2004), first administration; C/A2 = second

administration; QD = Quantity Discrimination.

ROC CurvEs ToO CONTRAST THE
PREDICTIVE UTILITY OF LOGISTIC
REGRESSION MODELS

In Table 7, we report results of the logistic regres-
sion analyses for classifying MD status at the end
of first grade, with respect to conceptual and pro-

cedural outcomes. The table shows the hit rate

TABLE 6

(i.e., overall accuracy), sensitivity, specificity, and
area under the ROC curve (AUC) of the three
kindergarten math screeners when administered
to students in the fall and in the spring.

For classifying MD-conceptual based on the
fall-administered screeners (see the top half of
Table 7), while holding sensitivity high (87.5%-—
90.0%), the single-skill QD measure (Chard et

Predictive Validity: Correlations Among Spring Kindergarten Screening and Spring Grade 1 Measures

Spring Grade 1
Spring KM-R  EMDA  EMDA CBM C/A
Kindergarten Num MR NO CBM1 CBM2  Average CIA1 CIA2  Average
CF1 .60 .66 .59 51 .53 .56 55 .58 .61
CF2 .59 .62 Sl .45 Sl .52 .53 55 .58
CF average .63 .68 .58 51 .55 .57 57 .60 .63
NS .70 72 .55 48 .56 .56 .66 .68 72
QD .62 .62 47 44 54 .53 49 54 .55

Note. All correlations significant at the 0.01 level (2-tailed). CF1 = Computation Fluency, first administration;

CF2 = Computation Fluency, second administration; NS =

Number Sense; KM-R Num = KeyMath-Revised,

Numeration subtest (Connolly, 1998); EMDA MR = Early Mathematics Diagnostic Assessment, Math Reasoning
subtest (The Psychological Corporation, 2002a); EMDA NO = Early Mathematics Diagnostic Assessment,
Numerical Operations subtest (The Psychological Corporation, 2002a); CBM1 = Grade 1 Curriculum-Based
measurement Computation probe (Fuchs & Fuchs, 2004), first administration; CBM2 = second administration;
C/Al = Grade 1 Concepts and Applications probe (Fuchs & Fuchs, 2004), first administration; C/A2 = second

administration; QD = Quantity Discrimination.
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al., 2005) resulted in specificity of 66.0%; the hit
rate was 70.9%. The multiple-skill screeners, CF
and NS, produced similar results. Specificity for
those screeners were 57.1% and 64.1%, respec-
tively; hit rates were 71.9% and 78.1%. The
AUC:s for the three fall screeners were .857, .802,
and .841, which are deemed good (Fuchs et al.,
2007). Confidence intervals for the AUCs over-
lapped, indicating that the models were not sig-
nificantly different. Based on the fall screeners, 4
to 5 students who were designated MD-concep-
tual were missed (i.e., see FN column); 53 to 67
students identified as at risk did not the meet
end-of-first-grade criterion for MD-conceptual
(i.e., see FP column).

For predicting the same MD-conceptual out-
come but based on the spring-administered
screening measures (see middle of Table 7), again
holding sensitivity at - 90.0%, results were simi-
lar. The single-skill and multiple-skill screeners re-
sulted in specificity of 66.7% (QD; Chard et al.,
2005), 69.9% (CF), and 75.6% (NS); hit rates
were 71.4%, 74.0%, and 78.1% for the screeners,
respectively. AUCs ranged from .860 to .877,
which are deemed good, and overlapping confi-
dence intervals again attested to the comparability
of the models. Although the number of false neg-
atives remained the same (i.e., 4 to 5), the num-
ber of false positives was lower with the spring
administration of CF (from 67 to 47), and of NS
(from 56 to 38). The number of false negatives
for QD decreased by only one in the spring (from
53 to 52).

For predicting MD-procedural status, the
three screeners performed similarly in the fall and
in the spring (see bottom half of Table 7). Hold-
ing sensitivity at -~ 90.0%, specificity for QD
(Chard et al., 2005), CF, and NS based on fall
screening was 32.1%, 35.8%, and 32.1%, respec-
tively. Based on spring screening, specificity was
similar: 24.1%, 40.9%, and 28.5%, respectively.
Hit rates across both testing occasions ranged
from 43.4% to 55.6%. With the exception of the
spring-administered CF, which resulted in an
AUC of .722 (deemed fair), the screeners’ AUCs
were all less than .70 (deemed poor). Holding the
number of false negatives low at 5 to 7, false posi-
tives ranged from 81 to 104. With the exception
of CE with which the number of false positives
decreased from the fall to spring screening (by 7

Exceptional Children

students), the number of false positives increased
in the spring. Based on overlapping confidence
intervals of the AUC:s, the predictive utility of the
three screening measures were comparable at both
kindergarten screening occasions.

Although there were no significant differ-
ences when looking separately at MD-conceptual
and MD-procedural results (i.e., screeners per-
formed similarly, irrespective of testing occasion,
when predicting MD-conceptual or MD-proce-
dural status), there was a significant difference
when combining results. That is, the screeners
classified future MD status in terms of conceptual
outcome with significantly greater accuracy than
in terms of procedural outcome. The AUCs for
the three screeners when predicting MD-concep-
tual were higher than when predicting MD-pro-
cedural; their nonoverlapping confidence intervals
indicated statistically significant fits.

In Table 8, we report the results of the logis-
tic regression analyses for various combinations of
the screeners, again while holding sensitivity at
~90.0%. Models comprising combinations of the
fall administration of the screeners for predicting
MD-conceptual yielded specificity ranging from
66.0% to 70.5% and hit rates of 71.9% to
74.5%. Keeping the number of false negatives at
4, the number of false positives ranged from 46 to
51 for the various models. AUCs ranged from
.856 to .878, all deemed good, and did not over-
lap, indicating statistical comparability. Prediction
models comprising combinations of the spring
administration of the screeners, although not sta-
tistically different from the fall models, resulted in
fewer false positives (29 vs. 45). Specificity from
the spring models ranged from 71.2% to 81.4%;
hit rates from 75.0% to 83.2% AUC:s for each of
the spring prediction models approximated .90,
which is deemed excellent.

Models predicting MD-procedural based on
combinations of the fall administration of the
screeners, keeping sensitivity constant at ~ 90.0%,
resulted in specificity ranging from 31.4% to
38.7% and hit rates of 48.5% to 54.1%. AUCs
ranged from .702 to .713, all deemed fair;
nonoverlapping confidence intervals of the mod-
els indicated statistical comparability. Models pre-
dicting MD-procedural based on combinations of
the spring screeners were comparable. The mod-
els’ specificity ranged from 28.5% to 43.8% and
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hit rates ranged from 46.9% to 57.7%. The range
of AUG: for the spring models (i.e., .694 to .728)
were not significantly different than for the fall
models, although false positives decreased by 14
for the combination of QD (Chard et al., 2005)
and CF and by 17 for the combination of CF and
NS.

Based on these analyses, the model yielding
the fewest false positives (46) with respect to
MD-conceptual, based on fall of kindergarten
testing, comprised all three screeners. Predicting
the same MD-conceptual status, yet based on
spring of kindergarten testing, the three screeners
in combination again resulted in the fewest false
positives (29). To predict MD-procedural status
from fall of kindergarten testing, the combination
of QD (Chard et al., 2005) and NS resulted in
the fewest false positives (84). In the spring of
kindergarten, that number decreased to 77 when

using CF and NS for predicting.

DISCUSSION

We evaluated the technical adequacy and predic-
tive utility of one single-skill and two multiple-
skill measures for screening kindergarten students
for risk for MD. The single-skill screener assessed
students’ ability to quickly discriminate magni-
tudes within pairs of numerals ranging from 0 to
10. The multiple-skill screeners assessed computa-
tional fluency and various mathematical concepts
central to early mathematical development. Con-
ceptual and procedural math outcomes were
assessed at the end of first grade, with MD opera-
tionalized as performance below the 16th per-
centile. Holding sensitivity constant and high
(- 90.0%), we examined changes in specificity
and number of false positives for the screeners
used singly and in combination.

Performance cutoff scores for determining
MD status range widely in the research literature,
as Murphy, Mazzocco, Hanich, and Early (2007)
noted. Reasons for using a more restrictive cutoff
(e.g., < 10th percentile) or a more lenient cutoff
(e.g., < 35th percentile) may include, for example,
the need to obtain a particular sample size or to
reflect school eligibility decision guidelines. Al-
though the designation of a performance cutoff
criterion to designate MD status is arbitrary, it is
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used in research programs by necessity due to the
lack of a standard definition of MD. We opera-
tionalized MD status as performance below the
16th percentile, rather than using a higher cutoff,
in an attempt to identify students with serious
math deficits.

Previous studies had investigated the reliabil-
ity and validity of the single-skill QD screener
(Chard et al., 2005; Clarke & Shinn, 2004; Lem-
bke & Foegen, 2005; Pedrotty Bryant et al.,
2006). Results from these studies showed reliabil-
ity to average ~ .90, with concurrent and predic-
tive validity averaging approximately .60. Our
results echo these findings with respect to validity.
Validity correlations ranged from .57 to .63 with
criterion measures (i.e., excluding the KM-R Esti-
mation scores [Connolly, 1998], which demon-
strated a floor effect for kindergarten students at
the fall and spring testing occasions, resulting in
lower correlations). In the present study, we fo-
cused our attention on the technical adequacy of
the two multiple-skill kindergarten screeners (i.e.,
CF and NS), even as we considered the validity of
the single-skill QD test.

Reliability averages of the two multiple-skill
screeners were comparable to what had been
found previously for the single-skill screener (i.e.,
.90 for both the fall and spring administrations);
these reliability estimates are in the acceptable
range (Urbina, 2004). In terms of concurrent and
predictive validity, figures for the multiple-skill
screeners were similar to those of the single-skill
screener, QD (Chard et al., 2005). For example,
with respect to fall-of-kindergarten to end-of-
first-grade predictive validity, coefficients ranged
from .55 to .72 for the two multiple-skill math
screeners with outcome measures versus .52 to .66
for QD. Interestingly, the average predictive va-
lidity data for our three math screeners with re-
spect to end-of-first grade math skill remained
nearly the same from the fall to the spring testing
occasions (i.e., .63 and .62, respectively). These
validity estimates for the multiple-skill screeners
are higher than the average predictive validity of
the kindergarten screening literature, which com-
prises an assortment of screening and outcome
measures. Although some studies showed higher
predictive validity correlations (e.g., .72 in Baker
et al., 2002; .70 in Jordan et al., 2007), kinder-
garten math screeners from earlier studies corre-
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lated (on average) .50 with future measures of
mathematical performance. Because kindergarten
students begin school in the fall with varying lev-
els of developmental maturity, attention, or expe-
rience with paper-and-pencil tasks, it would be
understandable if the relations among math
screeners and criterion measures were stronger in
the spring, once some of the variability due to un-
equal preschool experiences is eliminated. Our re-
sults did not demonstrate this, however.
Predictive validity remained stable across the
kindergarten school year, with respect to end-of-
first-grade mathematics outcomes.

Number Sense comprises items linked to
these early numeracy skill areas: three items each
of quantity discrimination, mental number lines,
ordering numbers, estimation, patterns, counting
backwards, shape discrimination, number sen-
tences, writing number sentences, and one-to-one
correspondence. By combining the scores from
the items of each skill area, we were able to exam-
ine the correlations between each skill area and
the first-grade math outcome measures. Correla-
tions for the fall administration of NS with
EMDA Math Reasoning (The Psychological Cor-
poration, 2002a) ranged from .40 (shape discrim-
ination) to .61 (mental number lines); for the
spring administration of the screener, correlations
ranged from .26 (shape discrimination) to .63
(mental number lines). Correlations with Num-
bers Sense and EMDA Numerical Operations
ranged from .28 (shape discrimination) to .48
(counting backwards) for the fall and from .23
(patterns) to .48 (writing numbers) for the spring.

In addition to examining technical aspects of
the kindergarten math screeners, we specifically
questioned whether the predictive utility of our
tests differed as a function of item composition
(i.e., single- vs. multiple-skill); the time of year
screening occurred (i.e., fall vs. spring of kinder-
garten); or the focus of mathematical outcome
(i.e., conceptual vs. procedural). To our knowl-
edge, no previous work has addressed these issues.
If educators are to accurately pinpoint students in
need of intensive math intervention, research
should inform the practice of how, when, and
with respect to what outcome this may best be ac-
complished.

With respect to how, we asked: Might a brief
single-skill test of magnitude comparison forecast
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future math ability of kindergarten students just
as well as, or perhaps better than, multiple-skill
tests of varied early numerical concepts? To an-
swer this question, we compared the AUCs of the
single-skill QD (Chard et al., 2005) to the multi-
ple-skill screeners, at both the fall and spring
kindergarten screening occasions, and with re-
spect to two mathematical outcomes at the end of
first grade. We found no significant differences in
predictive utility for QD versus multiple-skill
screening, at fall or spring for either math out-
come, indicating that a brief, individually admin-
istered measure of quantity discrimination is
comparable to the multiple-skill screeners (which
include more widely varied arithmetical and nu-
merical items and take slightly longer to adminis-
ter) in forecasting MD. This is likely welcome
news for kindergarten teachers who often have
limited time and resources for screening. Of
course, separate from the issue of efficiency, the
multiple-skill screeners may provide teachers with
better information for instructional planning than
does QD. Sampling a wider variety of early math-
ematical skills, as the multiple-skill screeners do,
provides an opportunity for identifying students’
specific numerical strengths and weaknesses. It
also may avoid a ceiling effect during progress
monitoring, as has been shown to occur at first
grade with the use of a single screener (Fuchs et
al., 2007), and future research should contrast the
use of multiple- versus single-skill screeners for
progress monitoring at kindergarten.

Might a brief single-skill test of
magnitude comparison forecast fiture math
ability of kindergarten students just as well

as, or perbaps better than, multiple-skill
tests of varied early numerical concepts?

Second, in terms of when, we asked: Do
marked differences exist in decision-making util-
ity when screening students in the fall versus the
spring of kindergarten? This question is impor-
tant to answer for two related and competing rea-
sons. On the one hand, studies show that
screening for future reading disability at an early
age produces a high proportion of false positives
(Catts, 1991; Catts, Petscher, Schatschneider,
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Bridges, & Mendoza, 2009), stressing schools to
provide intervention to students who do not re-
quire that help. Thus, waiting a few months or
even until the kindergarten year is complete may
better identify students whose initially low perfor-
mance during screening results from developmen-
tal or experiential lag rather than from risk for
MD. If this were the case, one would expect a sig-
nificant difference in predictive accuracy for fall
versus spring screening. On the other hand,
refraining from screening students until the
spring of kindergarten (or even later), with the
belief that fall screening is untrustworthy, denies
students months of intervention that may serve to
offset or prevent math deficits. To address this
dilemma, we compared the AUCs of the fall ver-
sus the spring math screeners with respect to the
same two end-of-first grade mathematical out-
comes. Our results showed no statistically signifi-
cant differences in predictive utility between the
fall and spring screening occasions, underscoring
the potential value of beginning early, in the fall
of the kindergarten year. Nevertheless, the large
numbers of false positives (ranging from 46-67
for conceptual outcomes and from 84-95 for pro-
cedural outcomes) suggest that delaying screening
until the end of or after first grade may be pru-
dent. This issue should be pursued in future
work.

Third, with respect to what outcome, we asked:
What should we look for in terms of MD? Should
educators consider conceptual mathematical
deficits as a hallmark of MD at the end of first
grade or should the focus be on procedural
deficits? Prior work shows that elementary-aged
students with MD develop marked deficits in
computational fluency as well as number process-
ing (e.g., Jordan, Hanich, & Kaplan, 2003; Maz-
zocco, 2007). Yet it is plausible that students as
young as first graders may simply have insuffi-
cient formal experience with paper-and-pencil
tasks comprising addition or subtraction facts,
such as the EMDA Numerical Operations subtest
(The Psychological Corporation, 2002a). There-
fore, a math outcome for designating MD that
focuses on procedural skill for students at this
young age (e.g., solving written number combina-
tions or two-digit addition and subtraction items)
may prove less useful than one that focuses on the
numeracy concepts more likely to have been
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taught across kindergarten and first grade, as well
as informally in the home environment (e.g.,
shape identification or the meaning of “more” or
“less”). Our results supported this. When we con-
trasted predictive models with conceptual versus
procedural mathematical outcomes, we found
those with conceptual outcomes to be more accu-
rate than those with procedural outcomes, regard-
less of type of screener (i.e., single- or
multiple-skill) or time of screening (i.e., fall or
spring). During the fall or spring of kindergarten,
AUG: for our screening models ranged from .80
to .91 for the EMDA Math Reasoning subtest,
indicating good predictive utility for conceptual
outcome. By contrast, during the same time-
frames, AUCs ranged only from .66 to .73 for the
EMDA Numerical Operations subtest, indicating
poor predictive utility for procedural outcome.
This suggests that we can predict first-grade pro-
cedural deficits less accurately than conceptual
deficits, at least when screening learners in their
kindergarten year.

EDUCATIONAL IMPLICATIONS

In summary, single-skill and multiple-skill screen-
ing measures produced good and similar fits at
both fall and spring of kindergarten, in terms of
forecasting conceptual mathematics outcome at
the end of first grade. The practical implications
of this for kindergarten teachers are that a brief,
individually administered measure of quantity
discrimination is comparable to multiple-skill
screeners (which include more widely varied
arithmetical and numerical items and take slightly
longer to administer) in forecasting MD, and that
fall testing would allow for a greater length of in-
tervention time for students who fail the screen.
Yet, with respect to procedural outcome, the sin-
gle- and multiple-skill screeners produced similar
but significantly less accurate fits. Alchough our
results lend tentative support to the potential of
screening students at the beginning of kinder-
garten for end-of-first-grade MD, additional
study is needed to increase overall classification
accuracy. Regardless of the predictive model, we
found an unacceptably high proportion of stu-
dents misidentified as false positives. This weak-
ens the decision-making utility of the screeners
and raises concerns about one-time universal
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screening within an RTT framework. Similar find-
ings are accruing in reading (e.g., Jenkins, Hud-
son, & Johnson, 2007), suggesting the need for a
multiple-gating screening procedure, in which (a)
a cut-point on the universal screen is set to mini-
mize false negatives, and (b) a more thorough
conventional assessment, dynamic assessment, or
short-term progress monitoring is conducted
among the subset of students who fail the univer-
sal screen to discriminate true from false positives.

To illustrate this point, consider the results of
our prediction models comprising the screeners
used singly (see Table 7) and in combination (see
Table 8). Holding sensitivity at a level that mini-
mizes the number of students missed by the
screening event (i.e., approximately 10% of the
truly at-risk students), we note the unacceptably
high numbers of students misidentified as at risk
for developing MD, even with the models that
yield the fewest numbers of false positives. For ex-
ample, the prediction model that includes all
three screeners administered in the spring of
kindergarten and with respect to MD-conceptual
yields an overall hit rate of 83.2%. However, this
model also incorrectly categorizes 29 students as
at risk for MD—even with a lengthened screen-
ing event, because all three tests would be admin-
istered. Although some models result in fewer
numbers of false positives than others, students
misidentified as at risk for MD and in need of in-
tensive intervention stress school resources unnec-
essarily in terms of personnel, materials, and
instructional time. Future work should investigate
the potential of multiple-gating kindergarten
screening procedures to identify risk of MD more
precisely. In a more general sense, results show
that even with acceptable levels of predictive va-
lidity correlations, problems with predictive util-
ity may occur, indicating the importance of
incorporating classification analysis.

LIMITATIONS

As readers interpret findings, they should consider
five study limitations. Three pertain to the partic-
ipants; two to the nature of the screening mea-
sures. First, participants were selected from only
one school district in a southeastern metropolitan
area. Sampling students from a more diverse and
representative population would provide for
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greater generalizability. Second, although our at-
trition rate was within reason (22%) given the 2-
year timeframe of the study, we note that students
who remained through the end of first grade
scored higher than those who exited on the fall
kindergarten multiple-skill NS screening measure.
This raises questions about whether results would
change if the 56 children who moved prior to the
end of first grade had remained. Even so, the stu-
dents who exited and those who remained were
demographically comparable, and they were
mathematically comparable as indexed on the
other two screeners. Third, consented students
represented less than half of the classroom popu-
lation, questioning whether results would remain
stable had more families/students agreed to par-
ticipate. Fourth, with respect to the screening
measures, we did not address the issue of timed
testing in this study. The single-skill QD screener
(Chard et al., 2005) and the multiple-skill CF
screener were timed; the multiple-skill NS
screener was not. Additionally, neither subtest
used to determine MD status was timed. Students
were aware when they were completing assess-
ments with timed limits, and for some students,
timing may have been a distraction or a stressor.
Yet, as shown with some reading tests (e.g., Fuchs,
Fuchs, Hosp, & Jenkins, 2001), fluency may be
an important way of distinguishing students’ skill
levels, abilities, and potential. In any case, we can-
not state whether timed tests make a difference in
predictive utility for students at this age. Finally,
we did not include measures of general intelli-
gence or reading ability, so we do not know the
extent to which these factors may influence pre-
dictive utility. Future work should examine the
discriminant validity of the screening measures
with respect to IQ and reading.
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