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Abstract. The purpose of this study was to develop short-duration assessment
measures hypothesized to be valid samples of early mathematical behavior. The
Early Numeracy Skill Indicators were designed using a curriculum-based assess-
ment approach. Participants included 64 kindergarten children from a school
district in the rural Northeast. Design components featured longitudinal correla-
tion analyses conducted over a 26-week period. Decision analyses were com-
pleted using receiver operating characteristic techniques. Results indicated that
selected Early Numeracy Skill Indicators tasks produced reliable, valid, and
diagnostically accurate scores in relation to established criterion measures. Im-
plications focus on the use and development of the measures as a means to
prevent failure and enhance mathematics competency. Further, these tools com-
plement the growing availability of early mathematics curriculum-based measures.

Preventing early learning problems tional support mechanisms. Typically, screen-

through effective formative assessment has
been shown to promote student success and
enhance competence (Black & Wiliam, 1998;
Daly, Hintze, & Hamler, 2000; Deno, 1989;
Fuchs & Fuchs, 2001; Shinn, 1995). Screening
young children for readiness skills upon
school entry is an established educational tra-
dition continually in need of empirical support
(Fuchs & Fuchs, 2001; Gredler, 1992). Many
schools feature kindergarten screening pro-
cesses as means to establish relationships, ex-
amine entry-level skills, and prepare instruc-

ing entails the brief examination of children
for skill proficiency in foundational areas of
academic development such as social behav-
ior, speech, language, early literacy, and early
numeracy (Howell & Nolet, 1999). The aim of
these examinations is to help educators make
accurate placement and instructional support
decisions before the onset of schooling (Gredler,
1992).

Adopting a data-driven, curriculum-
based measurement (CBM) assessment ap-
proach at kindergarten entry may reduce the
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need for higher stakes assessment later in a
child’s educational career and may serve to
equalize opportunity (Black & Wiliam, 1998;
Fuchs & Fuchs, 1986, 2001). Stanovich
(1986) applied the idea of a “Matthew effect”
to children learning to read; he noted that
children with strong early literacy skills in-
creasingly outperform less competent peers
throughout their educational careers (Good,
Simmons, & Smith, 1998). Early assessment
and intervention are crucial for preventing this
divisive trend. Large-scale data from the Na-
tional Assessment of Educational Progress and
the Early Childhood Longitudinal Study sug-
gest similar Matthew effects. The National
Assessment of Educational Progress is a na-
tionally representative assessment examining
subject matter proficiency. Fourth-grade re-
sults in mathematics from 1996 through 2004
indicate that the percentage of children at or
below basic levels of proficiency (approxi-
mately 40%) has remained stable, whereas the
number of children at or above proficient lev-
els has doubled (National Center for Educa-
tion Statistics, 2004). These data are consistent
with the spirit of the Matthew effect in read-
ing, suggesting that students with stronger
skills are more likely to profit from education
than lower skilled peers (Kavale, Forness, &
Siperstein, 1999; Stanovich, 1986).

Factors placing young children at risk
for mathematics achievement problems are ev-
ident in the results of the Early Childhood
Longitudinal Study, which followed a cohort
of 10,500 kindergarten students from 1998 to
their third-grade year in 2002 (Denton &
West, 2002). On a standardized measure of
number sense, operations, and geometry de-
signed to align with popular curricular
“strands” (National Council of Teachers of
Mathematics, 2000, 2006), students with no
reported risk factors significantly outper-
formed students with more than one risk fac-
tor. Lower achieving children in third grade
also began kindergarten with considerably
fewer entry-level skills. This latter issue is
consistent with the findings of Griffin, Case,
and Siegler (1994), who demonstrated that
experiential differences in number skills are
less obvious upon kindergarten entry but be-
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come more evident with the passage of time.
Consistent with the intention of a response to
intervention paradigm, these results are an
alarming call to implement prevention efforts
through early screening that informs the allo-
cation of instructional resources.

Deno (1989) referred to fundamental
math skills as cultural imperatives, a notion
shared by numerous mathematics researchers
and educators (Ginsburg & Russell, 1981;
Griffin et al., 1994). Recognizing and using
numbers is both a cultural practice and criti-
cal basic skill set (Baroody, 2004; Joram,
Resnick, & Gabriele, 1995). As such, the Na-
tional Council of Teachers of Mathematics
(2006) has recently adopted a pared-down set
of goals and objectives, termed curriculum
focal points. At the kindergarten level, these
standards place more emphasis on the number
sense and operations strand, which serve as
fundamental building blocks for developing
more comprehensive skills over time (Clem-
ents, 2004; Clements, Sarama, & DiBiase,
2004). Further emphases are placed on build-
ing basic number skills, describing shapes, and
assigning numbers to dynamic natural phe-
nomena such as time, weather, and money.

Contrasting cultural imperatives with
the epidemic of mathematics underachieve-
ment in American schools, problem-solving
school psychologists are in great need of strat-
egies that help to solve “big problems”
through prevention and assessment-driven in-
tervention (Shapiro, 2006). An instructionally
relevant assessment approach should be in-
formed by a sound theoretical and practical
base with professional consensus on target
content and domains. As a result of the Con-
ference on Early Math Standards (Clements,
2004; Clements et al., 2004), early numeracy
has such a consensual base, which is known as
number sense. Similar to the role of phono-
logical awareness in reading, number sense
presupposes an awareness of the central con-
ceptual structure of number (Griffin et al.,
1994). Like a letter, a number is representative
of a concept; instead of a language concept, a
number represents a more objective percept.
For example, the number 4 can represent four
items, as well as two sets of two items. Given
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this cognitive base, it is not surprising that
number sense is defined by a relatively clear
subset of numeric knowledge represented by a
mental number line (Baroody, Ginsburg, &
Waxman, 1983; Clements, 2004; Ginsburg &
Russell, 1981; Griffin et al., 1994). When chil-
dren are able to count, represent objects
through one-to-one correspondence, under-
stand relative size and polarity, and under-
stand the ordinal nature of number, they are
equipped with what Ginsburg and Russell
(1981) term “informal” knowledge. Formal
mathematical knowledge refers to the sym-
bolic system—numbers—typically introduced
upon entry to kindergarten. Children demon-
strating difficulty in early mathematics have
been shown to lack accuracy and fluency with
these numerical concepts as well as with basic
arithmetical operations (Gersten & Chard,
1999). The thrust of the research into mathe-
matics CBM has targeted basic facts and op-
erations (Foegen, Jiban, & Deno, 2007).

Outlined in Table 1, numerous early
mathematics measures have begun to tap into
target domains relevant to number sense (Na-
tional Council of Teachers of Mathematics,
2000, 2006). In referencing virtually all avail-
able measures, tasks such as number recogni-
tion, counting, and enumeration of sets appear
to exemplify important early math skills. Fur-
ther, the results of the studies including these
tasks suggest the importance of using a CBM
approach to inform intervention for children
with different levels of educational need. To
facilitate assessment to intervention links,
most of the available measures in Table 1
include stimulus features that are instruction-
ally relevant. For example, at basic levels of
knowledge, children are directed to name,
identify, produce, select, and choose (Kame’enui
& Simmons, 1990). These measures also vary
in terms of the use of numerals versus pictures
or sets of objects.

In the current study, we intend to aug-
ment the content of the current research base
in three ways. First, this study includes repli-
cations of selected assessment tasks (e.g.,
number recognition). Second, we include vari-
ations of existing tasks (e.g., matching num-
bers to sets of objects). Third, the current

study proposes a set of unique assessment
tasks linked to both informal and formal early
mathematical curricular domains such as
counting up, ordinality, and numeral recogni-
tion (Aubrey, 2001; Clements, 2004; National
Council of Teachers of Mathematics, 2006).
These domains are featured in Clements
(2004) as hierarchical concepts resembling
key “big ideas” for early mathematics: count-
ing, ordering, partitioning, decomposing,
grouping, and basic operations (see Methe &
Riley-Tillman, in press). The Early Numeracy
Skill Indicator (ENSI) tasks were designed to
operationalize these ideas.

In addition, this study extends the meth-
odological content of the current research base
by including receiver operating characteristic
(ROC) curves. Consistent with previous re-
search (Hintze, Ryan, & Stoner, 2003; Hintze
& Silberglitt, 2005; Silberglitt & Hintze,
2005), ROC analyses were used in this study
to examine (a) the accuracy of screening de-
cisions made on the basis of cutoff scores
(Streiner, 2003; Swets, 1992), (b) the effi-
ciency in generating indices for a wide range
of cutoff scores, and (c) the ability to examine
the utility of the ranges of scores in the form of
visual plots. To complete ROC analyses, it is
necessary to obtain scores on an experimental
screening measure concurrently with binary-
coded criterion scores delineating the presence
or absence of a condition. In this study, a math
problem is represented by an obtained stan-
dard score at or below the 24th percentile.
Using the 25th percentile to identify low
achievers is a recommended and commonly
accepted cutoff that has been used in kinder-
garten screening as well as extensive longitu-
dinal studies in reading diagnostics (Gredler,
1992; Shaywitz, Fletcher, Holahan, & Shay-
witz, 1992). With reference to each obtained
score on an experimental measure, ROC anal-
yses code into four indices: (a) true positives
(1 and 1), (b) true negatives (0 and 0), (c) false
positives (1 and 0), and (d) false negatives (0
and 1). Each experimental score is automati-
cally assigned a set of statistics, informing the
user of its decision accuracy.

The central purpose of the current re-
search is to assist the developing paradigm of
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Table 1

Review of Early Mathematics CBM Measures

Grade and Activities Involved
Study Sample in Tasks Technical Summary

Joyce & Wolking  K-1 (144) Count dots Did not use criterion to validate.
(1987) Name printed numbers No reliability data.

Count backwards from ten Classification accuracy ranged
from 76% to 78% correct
classification.

Daly, Wright, 1 (30) Name printed numbers Reliability analyses indicate
Kelly, & Count orally from one utility for screening.

Martens (1997) Count orally from one Moderate concurrent and

Write dictated numbers predictive correlations

Select dictated number between CBA probes and

Name shapes criteria.

Reid, Morgan, PK (117) Count orally from 1 Strong item and scale reliability
DiPerna, & Lei Name printed numbers analyses, utility for progress
(2006) Count objects aloud decisions. Moderate to strong

Identify number of objects concurrent correlations.

in set

Identify patterns using shapes

Identify relative size

Floyd, Hojnoski, PK (163) Count objects aloud Strong test-retest reliabilities.

& Key (2006) Count orally from 1 Moderate to strong concurrent

Name printed numbers correlation. Factor analyses

Compare and name larger indicate single-factor loading.

quantity

VanDerHeyden, PK, K Choose correct dictated Moderate to strong concurrent
Broussard, & (102, 82) number correlations across probes.

Cooley (2006)
Count aloud

Count objects aloud

Measures detected predicted
performance differences.

Discriminate various symbols
Count circles then identify

number

Note. CBM = curriculum-based measurement; CBA = curriculum-based assessment. See Foegen, Jiban, and Deno

(2007) for a more comprehensive technical review.

early mathematics assessment by proposing
experimental measures linked to important do-
mains of early mathematical knowledge (Na-
tional Council of Teachers of Mathematics,
2000, 2006). Given our interest in the domain
of early mathematics, the research methods
are designed to directly examine the reliability
and to produce validity evidence based on
external relations for a variety of experimental
measures targeting early numeracy. For se-
lected tasks of the ENSIs, our experimental
measures, we hypothesize the following: (a)

4

stability in obtained scores across time, exam-
iners, and within items; (b) meaningful rela-
tionships between experimental and criterion
measures; and (c) experimental measures will
accurately predict risk status on criterion mea-
sures when used in reference to cutoff scores.

Method
Participants and Setting

Children included in the full longitudi-
nal analyses were 64 kindergarten students (30
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boys and 34 girls) enrolled in a public school
district in the rural northeastern United States.
The school district included 10 kindergarten
classrooms in three separate elementary
schools, with a total kindergarten enrollment
of 139 students. Data were collected during
the 2003-2004 school year. Each measure
listed in the Materials and Measures section
(experimental measures, criterion measures,
and teacher rankings) had been adopted by the
participating school district as part of its kin-
dergarten screening protocol; therefore, no
formalized consent was necessary. As such,
the current study was exempt from review
according to the procedures of the university’s
human subjects institutional review board. Ini-
tial study participants (N = 100) were selected
using a random number generator. At the be-
ginning of the study, participants’ ages ranged
from 4 years 10 months to 6 years 8 months,
with a median age of 5 years 1 month.

From these initial 100 students, 13 were
selected to participate in pilot testing of the
experimental measures, 8 students moved out
of the district, and full data on the remain-
ing 15 students were incomplete owing to
other factors such as student absences and lack
of personnel. Demographic characteristics of
the 64 children included in the full analysis
were similar to those of the full kindergarten
(N = 139) as well as kindergarten through
twelfth grade district data (47% boys; 53%
girls; 93% Caucasian, 4% Hispanic, 3% Afri-
can American; 49% free and reduced-priced
lunch). Comparisons of the current sample
and district demographics to state free and
reduced-priced lunch rates (27%) indicated
higher rates. However, sample and district
data compared somewhat more evenly to 2004
U.S. census data, indicating that close to 35%
of school-aged children meet poverty thresh-
old criteria when such criteria are doubled to
account for aggregate family size.

Materials and Measures

Test of Early Mathematics Achieve-
ment, Third Edition (TEMA-3). The math-
ematics ability of the kindergarten sample was
assessed using the TEMA-3 (Ginsburg & Ba-

roody, 2003). The TEMA-3 was chosen be-
cause of its sound theoretical base; the authors
of the TEMA-3 have been widely involved in
the development of instruction, assessment,
and curriculum at both practice and policy
levels (Baroody, 2004; Baroody et al., 1983;
Clements, 2004; Clements et al., 2004; Gins-
burg & Baroody, 2003; Ginsburg & Russell,
1981). The TEMA-3 measures numbering
skills, number-comparison facility, numeral
writing and recognition, number facts, calcu-
lation skills, and number concepts. These
skills comprise the “number sense and opera-
tions” curricular strand (National Council of
Teachers of Mathematics, 2000). The TEMA-3
is available in two alternate forms. Reported
internal consistencies were above .92, and the
alternate-form and two-week test—retest reli-
ability both exceeded .80. Concurrent correla-
tion coefficients between the TEMA-3 and
four commonly used published norm refer-
enced tests ranged from .55 to .91. Standard
scores were used as the primary criterion mea-
sure due to existing evidence of validity, to
control on age effects, and to represent best
the “true” population variance (Allen & Yen,
1979).

Teacher ratings. Teachers rated the
math performance of each child following the
fall and spring test administration. Teacher
ratings were included as a relatively efficient
additional criterion measure as well as a
means of social validation (Gresham & Mac-
Millan, 1997). In a comprehensive review of
the literature pertaining to teacher judgments
of achievement, Perry and Meisels (1996)
concluded that teachers are highly accurate in
predicting which students are actually at risk,
using common achievement tests as criteria.
Teachers were asked to rate student perfor-
mance at three levels of mastery in the kinder-
garten curriculum (0 = mastered none or few
curriculum objectives; 1 = mastered some of
the curricular objectives, and 2 = mastered all
or most of the curricular objectives).

Experimental measures. Based on an
extensive literature review, a set of four mea-
sures were constructed to operationalize kin-

5
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dergarten mathematics knowledge, often re-
ferred to as “number sense” (Chard et al.,
2005; Clarke & Shinn, 2004; Clements, 2004;
Clements et al., 2004). Collectively, these
measures are referred to as the Early Nu-
meracy Skill Indicators (ENSIs). Typically,
number sense includes free counting, enumer-
ating sets of items, identifying attributes of
objects, naming numbers, and using order in
counting numbers. In constructing the ENSIs,
both non-numerical and numerical knowledge
were included. Baroody (Baroody et al., 1983;
Baroody, 2004), and Ginsburg and Baroody
(2003) classify this type of knowledge as for-
mal and informal, suggesting that they inter-
face upon kindergarten entry. Descriptions of
the four experimental measures are presented
in Table 2, and include Counting-on Fluency
(COF), Ordinal Position Fluency (OPF), Num-
ber Recognition Fluency (NRF), and Match
Quantity Fluency (MQF) measures. Each
measure was administered individually and
under timed conditions to assess both response
accuracy and fluency. Each measure included
a set of standardized instructions to account
for student hesitations, misunderstandings,
and mistakes. Administration directions also
included practice items with a prompt to begin
each probe. The OFF task included both pro-
duction- and selection-type responses, whereas
the other tasks required either production or
selection tasks. Each obtained score is pre-
sented as a rate-based metric, representing
units correct per minute.

Procedure

Procedural integrity. To facilitate
comparisons among scores and proactively ac-
count for administration error, three methods
of procedural integrity were included in the
current study: (a) examiner training, (b) obser-
vations, and (c) pilot test administration. Grad-
uate students with experience in administering
CBM to children served as primary examiners.
Before each testing period, examiners were
provided with practice and training in the pro-
cedures of the testing, supervision, observa-
tion, and feedback. Comprehensive 3-hr ses-
sions were provided by the primary author 1

6

day before the fall and spring assessment pe-
riods. Session attendees were the primary au-
thor and seven graduate students. During the
session, the primary author presented both the
TEMA-3 and ENSI tasks to trainees, and mod-
eled the administration of the tests. The re-
mainder of the session was dedicated to ad-
ministering the test to a partner with feedback
from the primary author. Session goals were to
familiarize participants with the materials and
procedures. Brief 1-hr sessions with observa-
tional feedback were provided before the win-
ter sessions. Before each administration pe-
riod, examiners took a 10-item quiz regarding
test administration procedures, directions, and
discontinue rules. All examiners scored 100%
on the quiz before test administration.

Observation of testing procedures.
The district pupil services coordinator, who
typically administers the kindergarten screen-
ing protocols, observed the fall testing session
and completed two assessment integrity obser-
vations per each test administrator. Behaviors
to be observed included (a) stating directions
verbatim, (b) speaking clearly, (c) using the
stopwatch as intended, and (d) adequate pac-
ing of tasks. Despite directions for numeric
coding on an assessment integrity rating scale,
the coordinator opted for brief qualitative
comments. Examination of notes recorded by
the coordinator indicated that each examiner
accurately stated directions, used the stop-
watch as intended, spoke clearly, and pro-
ceeded at an adequate pace.

Pilot administration. To field test the
experimental measures, 13 students taken
from the original sample of 100 students were
administered each ENSI task. Consequently,
these 13 students were not included in the final
sample. The purpose of the pilot testing was to
examine the measures for consistency and
clarity in directions, ease of use, and ease of
scoring. Three of the trained graduate students
including the current author administered the
tests to the 13 students. Following the admin-
istration, a group feedback session was held
and revisions recommended in (a) directions
and testing prompts and (b) scoring sheet lay-
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Table 2
Description of ENSI Measures

Stimulus Early Mathematics
Measure Materials Directions Domain Assessed
COF None “I want you to count some numbers aloud. COF assesses an

“unbroken chain”

Card with a group
of items on the
left and a set of
numerals on the
right.

Card with set of
randomly
selected numbers
ranging from 1
to 20.

Card with five
objects in a
straight line (cat,
cookie, toaster,
and so on) and
dots under each
item.

When I say begin, start at the number I
tell you, and count to another number I
tell you. Listen carefully as I try one. I
will start at four and count to seven. I say
‘four, five, six, seven.” Your turn. Start
with three and count to six.”

“We are going to look at some pictures and

numbers. I want you to point to the
number over here that tells how many
things are over here. Let’s try one. Watch
me. I am going to point to the number 4.
It looks like there are four ice cream
cones in this circle. The ice cream cones
here are the same as the number 4, so I
point to the number 4. Ready, your turn!
Let’s try one with cats. I want you to
point to the number that tells how many
cats are in the circle.”

“I want you to say the names of these

numbers as fast as you can. I want you to
start here, and name all the numbers in
this row before you go on to the next
row. Name as many numbers as you can.
Just do your best and tell me the names
of the numbers. Put your finger on the
first number. Ready, begin.”

“We are going to look at some pictures.

Watch me. I will name the pictures and
say what place they are in. The is
in first place, the is in second
place . .. I want you to tell me what place
the ball is in. Good. Now, point to the
picture in 4th place.”

of the counting
sequence
(Clements, 2004)

Enumeration;
formal written
representation of
sets (Clements,
2004)

Ability to identify
numerals to 20
(NCTM, 2000)

Order, structure,
and dynamism of
numbers
(Clements, 2004;
Griffin et al.,
1994).

Note. ENSI = Early Numeracy Skill Indicators; COF = Counting-on Fluency; MQF = Match Quantity Fluency; NRF =
Number Recognition Fluency; OPF = Ordinal Position Fluency; NCTM = National Council of Teachers of Mathematics.

out. Minor revisions for language clarity and
consistency in the use of prompts were made.

Data collection. Data on the experi-
mental measures were collected in the fall,
winter, and spring. The TEMA-3 and teacher
rating criterion data were collected in the fall
and spring to facilitate concurrent and predic-

tive validity analyses. Administration of all
measures occurred outside each kindergarten
classroom, where each student sat at a desk
facing the administrator in relatively close
proximity to other children in the same con-
ditions. Teachers were asked by building prin-
cipals to minimize transitions and disruptions
during testing. Data were collected individu-
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Table 3
Descriptive Statistics for ENSI and TEMA-3 Measures Across Fall, Winter,
and Spring Assessment Periods

Fall Winter Spring
Measure M SD M SD M SD
COF 7.8 4.1 10.4 3.6 12.8 3.7
NRF 24.0 16.3 32.8 16.6 42.1 16.9
MQF 17.8 7.4 19.8 6.6 21.1 6.3
OPF 22.8 219 33.0 19.9 38.6 19.2
TEMA-3 93.4 13.0 — — 102.8 12.4

Note. ENSI = Early Numeracy Skill Indicators; TEMA-3 = Test of Early Mathematics Achievement, Third Edition;
COF = Counting-on Fluency; MQF = Match Quantity Fluency; NRF = Number Recognition Fluency; OPF = Ordinal
Position Fluency. ENSI scores presented in raw-score units. TEMA-3 scores are presented as standard scores (M = 100,

SD = 15).

ally from each child directly outside the stu-
dent’s classroom. The sessions were designed
to take 2 weeks, with administration of the
ENSI measures first, followed by the TEMA-3
administration. The first data collection period
occurred in mid-October with subsequent test
sessions equally spaced 13 weeks apart. Ex-
aminers scored each test immediately follow-
ing its administration. The order of ENSI task
administration was randomized during the
winter and spring data collection periods to
dismiss order effects. Using a random number
generator, the numbers 1-4 were matched to
each ENSI task, uniquely varied in sets, and
each assessment packet was assembled with
respect to these numbers. To ensure random
assignment, each examiner was first given a
unique number from 1 to 7; a random number
generator was used to produce a single number
(among 1 to 7) while assembling each packet.
The examiner’s name was placed on the assess-
ment packet before the test. On the day of test-
ing, the examiner retrieved the premade packets
and proceeded to assess the specified child.

Results
Descriptive Statistics and Data Screening

Before analysis, we examined scoring
accuracy, the accuracy of the data file, and the
degree to which obtained data were normally

8

distributed (Tabachnick & Fidell, 2007). Scor-
ing accuracy was calculated by dividing the
number of corrections by the total number of
tasks administered. Scoring accuracy was high
for both the ENSIs (>95%) and TEMA-3
(>89%). Accuracy of the data file was
checked with two proofreaders, who checked
the original data from the test protocols
against the data entered into the file. Means,
standard deviations, and skewness and kurto-
sis statistics were examined for plausibility.
Notably high standard deviations were evident
in the fall OPF and NRF measures. Although
kurtosis was within acceptable limits across
ENSI measures, slight negative skew was ap-
parent in selected tasks. Scores on the exper-
imental and criterion measures were converted
to a z distribution, and a criterion of 3.29
standard deviations (Tabachnick & Fidell,
2007) was the cutoff for outliers. Six outlying
scores were detected over the course of the
study across ENSI measures. These scores
were deleted and mean scores were substi-
tuted. Inserting mean scores resulted in skew
reduction but did not affect correlation coeffi-
cients. (See Table 3.)

Reliability

Results of internal consistency and test—
retest reliability analysis are included in Table

AQ: 6
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Table 4
Internal Consistency and Test—
Retest Reliability Coefficients
for ENSI Subtests

Internal
Consistency Test—Retest
Subtest Mean KR-20% 13 Weeks (n = 20)
COF .80 (78) .68
NRF — 98
MQF .53 (81) 74
OPF .83(77) .81

Note. ENSI = Early Numeracy Skill Indicators; COF =
Counting-on Fluency; MQF = Match Quantity Fluency;
Sample size in parentheses. NRF = Number Recognition
Fluency; OPF = Ordinal Position Fluency; KR-20 =
Kuder-Richardson formula 20. Sample size in parentheses.
“Ranges for KR-20 coefficients = COF, .75-.85; MQF,
40-.75; OPF, .80-.85.

4. Internal consistency estimates are reported
as a (20), utilizing the Kuder-Richardson pro-
cedure (KR 20; Allen & Yen, 1979). Alpha
coefficients such as the KR 20 are not recom-
mended if the speed of a test prevents students
from attempting every task, thus differentially
affecting any given dichotomous answer
(Allen & Yen, 1979). With the exception of
the NRF task, latency-type administration pro-
cedures allowed students to attempt every
item, and item-level performance resulted in a
binary (i.e., correct or incorrect) score. For the
internal consistency reliability analysis, forms
were excluded in which students received a
score of O correct from the discontinue rules,
which prohibit task completion. Using Pear-
son product-moment correlation, stability co-
efficients—representing test—retest reliability
estimates—were obtained from data collected
over 13 weeks (from the winter to spring ses-
sion). Data were analyzed on the same exam-
iner—student pairs across sessions to minimize
variation because of the examiner (n = 20).
Internal consistency reliability estimates
were high for the COF and OPF tasks (.80 and
.83, respectively), but it was low for MQF
(.53). Stability coefficients were high for two

ENSI measures (.81 for OPF and .98 for
NRF). The MQF measure evidenced lower
stability, with a coefficient just under .80, and
the least reliable measure was COF (.68). Us-
ing internal consistency and stability coeffi-
cients as converging evidence, reliabilities
were high for the NRF and OPF measures—
with lower reliability over time evidenced on
the COF measure and the lowest reliability for
the MQF measure. To examine consistency
across persons, a one-way analysis of variance
was conducted using examiner as the grouping
variable. On the fall and spring administration
of the TEMA-3, no significant differences
across examiners were detected (F = 0.324,
p < .05). Differences were detected among
examiners only on the fall OPF measure
(F = 5.884, p < .05) and the spring NRF
measure (F = 2.48, p < .05).

Validity

Examining the Pearson bivariate corre-
lations in Table 5, the NRF, OPF, and COF
evidenced moderate concurrent relations with
the TEMA-3 scores during the fall and spring
assessment periods. All coefficients were .50
or higher. Although MQF also demonstrated
moderate relations with the TEMA-3 score in
the fall, its concurrent correlations were weak
(r = .20) in the spring, indicating a coefficient
of determination at .04 (Allen & Yen, 1979).
Relations between teacher ratings (TR in Ta-
ble 5) and ENSI measures were examined
using the eta (m) statistic for cross-tabulated
nominal by interval scales. Correlations were
moderate to strong across ENSI measures
and assessment periods (range = .66-.89).
Teacher rating data were also strongly related
to the TEMA-3 in the fall and spring (.83 and
.86, respectively).

Additional correlation coefficients were
calculated to examine predictive relations be-
tween ENSI measures and the TEMA-3 and
teacher ratings collecting in the spring. Results
are included in Table 6. The NRF measures
from the fall and winter administrations dem-
onstrated the strongest predictive correlations
with the TEMA-3. The OPF, COF, and MQF
measures also evidenced moderate predictive
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Table 5
Correlations Between ENSI Measures, TEMA-3 Measures,
and Teacher Ratings

Measure 1 2 3 4 5 6

Fall (N = 77)

1. COF —

2. NRF 47 —

3. MQF .36 .49 —

4. OPF 42 1 45 —

5. TEMA-3 .50 12 .55 .63 —

6. TR .68 .89 .70 .81 .86 —
Spring (N = 64)

1. COF —

2. NRF .56 —

3. MQF .35 37 —

4. OPF .49 .64 .38 —

5. TEMA-3 .55 .64 .20 .60 —

6. TR* .70 .89 .66 .79 .83 —

Note. ENSI = Early Numeracy Skill Indicators; TEMA-3 = Test of Early Mathematics Achievement, Third Edition;
COF = Counting-on Fluency; NRF = Number Recognition Fluency; MQF = Match Quantity Fluency; OPF = Ordinal

Position Fluency; TR = teacher ratings.

“TR uses a cross-tabulated eta () statistic for nominal by interval scale.

correlations with the TEMA-3. Using teacher
ratings as the predictive outcome, fall perfor-
mances on the NRF (.87), OPF (.79), and
MQF (.72) demonstrated strong relations with
spring teacher ratings of curricular mastery,
whereas winter performances on NRF (.88),
OPF (.77), and COF (.70) were strong
predictors.

Diagnostic Accuracy

Diagnostic accuracy results are dis-
played in Table 7. Six indices are used to
describe the nature of the 2 X 2 decision
matrix: (a) sensitivity, (b) specificity, (c) pos-
itive prediction, (d) negative prediction, (e)
correct classification, and (f) kappa. Among
all students with a math problem (e.g., at or
below the 24th percentile on the TEMA-3), a
cutoff score is sensitive as the percentage of
true positive classifications approaches 100%;
given a negative test, a score has specificity as
true negative classifications also approach
100%. Positive and negative predictive indices
are the proportion of cases falling above and
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below the specified cut score, respectively,
that subsequently meet criteria for classifica-
tion on the TEMA-3. Kappa measures the
strength of association between selected mea-
sures and the TEMA-3 with respect to the
proportion of chance agreement that exists in
any classification decision (Watkins & Pa-
checo, 2000).

Cutoff scores on the NRF and OPF mea-
sures suggested adequate levels of sensitivity
and specificity consistent with recommended
levels in the range of .75 (Swets, 1992). Evi-
dent across cutoff scores were higher indices
of negative prediction. This indicates ENSI
cutoff scores are much stronger when used to
rule out risk status in students who actually do
not have the problem. However, using the
OPF cutoff score of 15, specificity indices
remind the user that there remains a .30 prob-
ability that any student nominated as low risk
may be falsely classified. Remediating this
problem calls for increasing the cutoff score,
resulting in a trade-off with the number of
false positives. That is, not all of the cases

T7
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Table 6
Predictive Validity of ENSI Subtests
With Spring Criterion Measures

(N = 64)
Spring Spring Teacher
Measure TEMA-3 Ratings®
Fall
COF 46 57
NRF .70 .87
MQF 41 12
OPF .58 79
Winter
COF .62 .70
NRF .66 .88
MQF A7 .61
OPF 57 17

Note. ENSI = Early Numeracy Skill Indicator; TEMA-
3 = Test of Early Mathematics Achievement, Third Edi-
tion; COF = Counting-on Fluency; NRF = Number Rec-
ognition Fluency; MQF = Match Quantity Fluency;
OPF = Ordinal Position Fluency.

“Cross-tabulated eta () statistic for nominal by interval
scale.

below the raised cutoff criterion will actually
be at risk. The cutoff scores selected for dis-
play in Table 7 were those demonstrating an
optimal balance between sensitivity and
specificity.

Ranked from high to low, NRF, OPF,
COF, and MQF produced indices ranging
from 84% to 58% correct classification. To
adjust for chance agreement in hit rates and to
further examine general levels of agreement,
kappa indices can be interpreted much like
correlation coefficients (Watkins & Pacheco,
2000). Good to moderate relations character-
izing overall decision accuracy were notable
in the OPF and NRF measures. Moderate to
poor kappa coefficients were notable for the
MQF and COF subtests, indicating that the
range of cutoff scores, in general, failed to
agree with the TEMA-3 as it delineated risk
status.

Developmental Sensitivity

The utility of a CBM also hinges upon
its ability to model change over time. It is thus

important for a measure to model change
quantifiably (Clarke & Shinn, 2004; Fuchs,
Fuchs, Hamlett, & Walz, 1993; Shinn, 1995).
Descriptive statistics indicate that each mea-
sure indexed student growth over the course of
a school year. The NRF and OPF measures
allowed for quantification in whole raw-score
units (approaching one unit per week). For
example, over a 13-week period, NRF showed
increments of .84 raw-score units per week.
Conversely, COF indices changed by approx-
imately .20 raw-score units per week. Conse-
quently, growth increments for COF are small
and raw-score units, although fundamental to
CBM, may be inappropriate for indexing
change using this task (Fuchs et al., 1993).

Discussion

With regard to each of the research hy-
potheses, the OPF and NRF measures evi-
denced reliability, validity, and produced cut-
off scores that facilitated accurate classifica-
tion decisions. Although each of the measures
demonstrated relatively accurate grouping de-
cisions, the remaining two ENSI measures
(COF and MQF) evidenced lower levels of
reliability and validity. This study is aligned
with the recommendation of Fuchs (2004),
who suggested examining technical properties
of the static score using methods such as cri-
terion validation and reliability analyses. Our
results yield three key highlights of the OPF
measure: (a) adequate technical properties, (b)
little overlap with previously tested CBM
probes, and (c) relevant content that examines
knowledge of ordinal numbers, which help
children understand the structured yet dy-
namic nature of number and the number line
(Baroody, 2004; Clements, 2004; National
Council of Teachers of Mathematics, 2006).
Regarding the second point, the degree to
which the OPF task accounts for unique vari-
ance in early mathematics achievement is an
empirical question open for further inquiry
and development.

One limitation to this study was our
failure to recommend an optimal combination
or sequence of measures, primarily because of
the boundaries of our initial hypotheses. Al-
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Table 7
Diagnostic Accuracy Statistics for Selected Cutoff Scores

Measure Cutoff Score Sensitivity Specificity PPP NPP CcC K
OPF 14 75 75 .64 .83 75 48
15 .83 .70 .63 .88 75 .50

NRF 12 71 93 .85 .84 .84 .66
19 .79 78 .68 .86 78 .55

COF 7 1 73 .61 .81 72 42
8 75 48 46 .76 .58 .20

MQF 16 75 .68 .58 .82 .70 40
17 .79 .65 .58 .84 .70 41

Note. PPP = positive predictive power; NPP = negative predictive power; CC = percentage of cases correctly
classified; OPF = Ordinal Position Fluency; NRF = Number Recognition Fluency; COF = Counting-on Fluency;

MQF = Match Quantity Fluency.

though we cited theoretical data indicating
differences between prenumeric and numeric
knowledge, our analyses yielded to the lack of
applied data pertaining to (a) the exact sub-
skills that best exemplify number sense and
(b) the recommended sequence of such skills.
Developing measures that model growth in the
short-term can help practitioners identify and
treat skill breakdowns (Howell & Nolet,
1999). We believe these to be critical direc-
tions for future research into early numeracy
CBM. To inform such directions, we direct
readers to the extensive work included in
Clements et al. (2004).

Given that the ENSI tests resemble sub-
skill mastery measures, which are assessment
tasks with specific short-term objectives
(Fuchs & Deno, 1991; Hintze, Christ, &
Methe, 2006), it is expected that the normality
of the experimental distributions would vary,
represented by problems in skewness. Al-
though this may prove a limitation to the re-
sults, inspecting non-normal histograms may
be a helpful direction for research examining
the sequencing of mathematics knowledge.
For example, group progression on the OPF
task suggests a measurable developmental
trend. Visual analyses of these histograms in-
dicate strong positive skew in the fall of kin-
dergarten, normality in the winter, and strong
negative skew in the spring. This type of data
leads to inquiries about testing readiness and

12

how ENSI measures model sequences of early
mathematics knowledge.

Clements’ (2004) hierarchy of number
sense and operation skills is a useful starting
point for future research into diagnostic as-
sessment using selected early numeracy CBM
measures (Methe & Riley-Tillman, in press).
Because this hierarchy operationalizes key do-
mains relevant to number sense and operations
strands included in many state curricula (Na-
tional Council of Teachers of Mathematics,
2006), it can be thought of as a unique orga-
nizing sequence, similar to the means by
which the Dynamic Indicators of Basic Early
Literacy Skills (Good, et al., 1998) model the
process of acquiring word reading facility. As
such, research should endeavor to examine the
fit of ENSI and other commercially available
early numeracy measures into a skill progres-
sion key to the purposes of diagnostic assess-
ment for pinpointing and remediating specific
skill deficits. Because the MQF and COF mea-
sures in the current study failed to demonstrate
strong technical features related to the static
score, these and tasks from other studies
should be better developed before inclusion in
diagnostic research.

Another limitation to the current study
was the 13-week intervals used to establish
consistency over time. These intervals were
lengthier than what is necessary to establish
test-retest reliability. Linn and Gronlund
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| tapraid4/spr-spr/spr-spr/spr00308/spr2124d08a | mequaten | S=18 | 7/22/08 | 9:43 | Art: spr-06-0144 | Input-ep |

Early Numeracy Skill Indicators

(2000) indicate that test-retest intervals should
be linked to the purposes of the test under
development. Given that our purposes were to
develop screening measures, we believe the
13-week interval to be acceptable for provid-
ing estimates of stability, however limiting it
proves as a measure of reliability. Recom-
mended methods to determine test-retest reli-
ability rely on shorter time intervals in the
absence of instruction (perhaps over a school
vacation), and thus address variability related
to factors extraneous to the test.

Although there were limitations to our
use of the TEMA-3 as gold standard, it is
important to note that no perfect criterion is
available for any diagnostic condition (Swets,
1992). Instead, it is important to select a com-
prehensive sample of the phenomenon of in-
terest. We included teacher ratings to address
the threat imposed by a single criterion mea-
sure. Although it was not our intent to develop
a scale for such ratings, we believe the con-
sistency of our findings would have been en-
hanced if we endeavored to concurrently de-
velop and validate a scale with clearer bound-
aries on curricular objectives. Such a rating
scale could prove quite useful if carefully
aligned with national, state, local and re-
search-based standards.

Further limitations included (a) failure
to counterbalance administration of the crite-
rion and experimental measures, (b) lack of
inter-rater reliability data, (c) evidence of
some interexaminer inconsistency, and (d) at-
trition of participants. In regard to counterbal-
ancing, given that the TEMA-3 was adminis-
tered to the kindergarten group before admin-
istration of the ENSIs, we cannot rule out the
alternative hypothesis that positive perfor-
mances on the ENSIs were from practice ef-
fects. Further, we sought to maximize proce-
dural integrity throughout the process of the
study, but a second alternative hypothesis sup-
poses that observed early math problems were
actually from inconsistencies in the adminis-
tration procedures. Although these results
should be interpreted both provisionally and in
tandem with reliability results, the data indi-
cate a need for refined test administration pro-
cedures. Refined procedures and logistics are

also important in light of attrition in the cur-
rent study.

In virtually any educational setting, risk
status changes when cutoff scores are ad-
justed. One key highlight of CBM that has led
to its viability in school assessment is the
utility of its raw scores to guide the decision-
making process using local norms. This idea
has implications regarding the development of
early numeracy assessment as a flexible para-
digm useful for instructional provision. To
illustrate, 100% of students scoring above a 23
on the OPF measure concurrently scored
above the 25th percentile on the TEMA (per-
fect specificity). It is defensible to describe
such performance as a means to define a low-
risk group (ostensibly hinging on the idea that
above the 25th percentile is synonymous with
low risk—certainly not a consistent finding).
Similarly, 100% of students who obtained an 8
concurrently scored below the 10th percentile
on the TEMA (perfect sensitivity), thus defin-
ing a high-risk group. Scores falling between
these parameters thus may indicate the need
for supplementary support. Although this de-
piction cannot perfectly account for false clas-
sification and needs to consider base rates, the
idea and methodology complement not only
the content of an assessment battery, but the
process by which school psychologists arrive
at important educational decisions.
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