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Abstract. Recent studies indicate that students in the United States are not achiev-
ing sufficient mathematics skills to meet the demands required of them within and
outside of school. Among the keys to preventing mathematics difficulties are to
identify and intervene with those students who may be most at-risk for later fail-
ure, monitoring their progress as frequently as possible. Unfortunately, current
mathematics tests do not meet both these keys until mathematics instruction is
well underway. This study examines the reliability, validity, and sensitivity of four
experimental early mathematics measures designed for use in early identification
and formative evaluation. The measures were based on the principle of number
sense and were designed to assess the precursors of mathematics understanding
learned before children are able to do formal mathematics. First grade students (N
= 52) were tested and interscorer, alternate form, test-retest reliability, and concur-
rent and predictive validity with three criterion measures were examined. Results
showed that the four experimental measures each had sufficient evidence of their
reliability, validity, and sensitivity. The differences in the utility of each experi-
mental measure are analyzed from an early identification and formative evalua-
tion perspective. Implications for practice are discussed.

10 years ago, the United States Department of
Labor (1990) recognized the growing empha-
sis placed on technology in the marketplace.
The demands of a new marketplace required
greater proficiency by employees in mathemat-
ics. In this new environment, many of the fields
projected to have the highest rate of growth in
available jobs would be open only to individu-
als who are proficient in mathematics (United
States Department of Labor, Bureau of Labor
Statistics, 1997). The increased need for pro-

A primary goal of instruction for schools
is the development of students with mathemat-
ics skills. Mathematics is defined as a language
that is used to express relations between and
among objects, events, and times. The language
of mathematics employs a set of symbols and
rules to express these relations (Howell, Fox,
& Morehead, 1993).

Proficiency in the language of mathemat-
ics is becoming an increasingly vital skill for
all individuals in today’s society. More than
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ficiency in mathematics is exemplified further
by the hiring practices of companies. Compa-
nies are often requiring workers to have a mini-
mum of mathematics skill, even if the job is
one that is not typically associated with the
need for skill in this area. Once employed, in-
dividuals who are proficient in mathematics
earn 38% more than individuals who are not
proficient in mathematics (Riley, 1997).

Given the pressing need for mathemat-
ics proficiency, an examination of the current
state of mathematics performance in the United
States is warranted. Recent national studies
indicated that the current performance of
United States students may be such that stu-
dents will not have the necessary skills to meet
the changing demands of the United States
workplace. The 1996 National Assessment of
Educational Performance (Reese, Miller,
Mazzeo, & Dossey, 1997) results classified
only 21% of fourth-grade students as at or
above proficiency in mathematics perfor-
mance. The low level of students classified as
having proficient skills stands in sharp con-
trast to the classification of 36% of fourth-grade
students as below basic in mathematics per-
formance. The pattern of large numbers of stu-
dents scoring below the basic level and few
students scoring at or above proficient level is
also found in Grades 8 and 12.

Assessment Solutions to Mathematics
Problems

The demand for students skilled in math-
ematics coupled with current low levels of
achievement suggest a need to examine ways
to increase achievement. A number of critical
variables have been identified that are related
to general increases in student achievement
(Brophy & Good, 1986). Foremost among
these variables are (a) early intervention and
(b) formative evaluation of student progress.

Early intervention can be defined as “for-
mal attempts by agents outside the family to
maintain or improve the quality of life of
youngsters starting with the prenatal period and
continuing through entry into school” (Karoly
et al., 1998, p. 4). To maximize the effective-
ness of early intervention, individuals without
critical skills or who are at risk for failure to

develop these skills must be identified as soon
as possible. Additionally, formative evaluation
needs to be incorporated into early interven-
tion as a way of measuring growth and im-
provement. Formative evaluation is a method-
ology of testing during the instructional pro-
cess for the purpose of evaluating the effec-
tiveness of an intervention and monitoring stu-
dent performance and growth (Deno, 1985,
1986). The information gathered in formative
evaluation improves outcomes by providing an
empirical database that can be used to design
and modify instructional programs to be more
effective (Fuchs, 1986). A meta-analysis by
Fuchs and Fuchs (1986) found that when in-
structional programs employ systematic for-
mative evaluation and use the information to
develop and monitor programs over time, stu-
dent achievement increased an average of .7
standard deviation units.

Unlike more summative assessment (i.e.,
one-shot achievement tests), formative evalu-
ation measures must be designed differently
according to features identified by Fuchs and
Fuchs (1999). Formative evaluation measures
must be evaluated by the following criteria:
(a) technical adequacy, (b) capacity to model
growth, (c) treatment sensitivity, (d)
instructionally eclectic, and (e) feasibility.

Developing Assessment Tools for
Mathematics Early Identification and
Formative Evaluation

Once students have begun explicit in-
struction in mathematics it is possible to iden-
tify at-risk students and monitor achievement
interventions using mathematics curriculum-
based measurement (M-CBM). M-CBM, like
other CBM measures, is based on a validated,
standard, simple to administer and score, short-
duration fluency measure where students write
answers to computational problems for 2 min-
utes.

One obvious problem with M-CBM is
the difficulty in using M-CBM in early identi-
fication. M-CBM measures, like other math
achievement tests, are reactive to identifying
problems in mathematics achievement. M-
CBM can be used once students are expected
to be learning mathematics and there is suffi-
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cient mathematics growth to measure. For
many students, this means that M-CBM can
be used in mid to late first grade at best. Prior
to this point, nearly all students will have ini-
tial scores of 0 on M-CBM probes and thus
early identification is hampered by floor ef-
fects. The inability to use M-CBM in early
identification may result in a failure of students
to acquire critical mathematical concepts and
skills related to subsequent math achievement.

Viable Mathematics Concepts for Use as
Early Mathematics-CBM (EM-CBM)

The acquisition of basic numerical con-
cepts during early childhood serves as a foun-
dation for the acquisition of later higher order
mathematical concepts (Ginsburg & Allardice,
1984). Thus, failure to attain critical early nu-
merical concepts can influence later ability to
acquire important mathematic skills. A failure
in understanding and acquiring early numeri-
cal concepts can also influence the level of in-
terest and confidence a student brings to new
experiences with numbers and math. Early fail-
ure in mathematics has the potential to funda-
mentally alter the child’s mathematics educa-
tion program throughout their time in school
(Jordan, 1995).

One frequently mentioned outcome of
informal early math learning is the beginning
of number sense development. Although a for-
mal definition of number sense has not been
set forth, there is a growing consensus regard-
ing what number sense is and what character-
istics make up number sense. The National
Council of Teachers of Mathematics (Commis-
sion on Standards for School Mathematics,
1989) described children with number sense
as having the ability to understand the mean-
ing of numbers and define different relation-
ships among numbers. Children with number
sense can recognize the relative size of num-
bers, use referents for measuring objects and
events, and think and work with numbers in a
flexible manner that treats numbers as a sen-
sible system (Resnick, 1989). A potential work-
ing definition of number sense that encapsu-
lates the critical features of number sense and
its role in mathematics was offered by Gersten
and Chard (1999) who defined number sense

as “a child’s fluidity and flexibility with num-
bers, the sense of what numbers mean, and an
ability to perform mental mathematics and to
look at the world and make comparisons” (p.
20).

The need to develop number sense is
reflected in Standard 6 of the Curriculum and
Evaluation Standards for School Mathematics
for students in kindergarten through fourth
grade. One of the primary goals for students is
to develop number sense (Commission on
Standards for School Mathematics, 1989). In
addition, the National Research Council (1989)
proclaimed, “The major objective of elemen-
tary school mathematics should be to develop
number sense” (p. 46). Based on research that
suggested students entering kindergarten dif-
fered on their ability to complete basic activi-
ties requiring number sense, Griffin, Case, and
Siegler (1994) suggested that early interven-
tion efforts be focused on building and expand-
ing the informal number sense that children
bring to school. Subsequent research studies
(Griffin et al., 1994) provided preliminary evi-
dence that programs to build number sense
were successful in providing students with
number sense at the conclusion of the program
and that the expanded number sense knowl-
edge was still prevalent at later dates. In addi-
tion to the importance of developing instruc-
tional programs to build number sense, an im-
portant first step of mathematics research into
number sense is the investigation of assessment
tools that could be used to identify students at-
risk for later failure in mathematics Gersten
and Chard (1999).

The purpose of this study was to inves-
tigate four potential EM-CBM measures of
number sense. An oral counting measure, a
number identification measure, a quantity dis-
crimination measure, and a missing number
measure were examined as potential EM-CBM
measures for use in early identification and
formative evaluation. The measures were
evaluated from a sequenced set of standards.
First, the measures needed to meet reliability
criteria. If reliability criterion were met, the
validity of the measures from both a concur-
rent and predictive standpoint must be estab-
lished. Finally, the measure’s sensitivity to stu-
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dent growth was examined as a necessary com-
ponent for potential use in formative evaluation.

Method

Participants

Participants in this study were 52 first-
grade students from the Fall 2000 to Spring
2001 academic year. Participants were re-
cruited through a letter sent home to their par-
ents explaining the purpose of the study. Par-
ents returned the letter indicating whether or
not they wished their child to participate. Par-
ents who did not return the letter were consid-
ered to have not granted permission for par-
ticipation. All participants were receiving their
schools’ standard first-grade mathematics cur-
riculum. Participants were drawn from two
schools in a medium-size school district of
2,500 students located in the Pacific Northwest.
The two schools had 58% and 59% of their
students qualified for free and reduced lunch.
Of the 52 participants, 29 were female and 23
were male. The majority of the participants
were Caucasian, with 2 students who were
Native American and 3 who were Hispanic.
Three of the participants (6%) were receiving
special education services.

Measures

Participants were administered seven
different measures of mathematics over the
duration of the study, four experimental mea-
sures and three criterion measures. The four
experimental measures were Oral Counting
(OC), Number Identification (NI), Quantity
Discrimination (QD), and Missing Number
(MN). The criterion measures were the Wood-
cock-Johnson Applied Problems subtest (WJ-
AP; Woodcock & Johnson, 1989), the Num-
ber Knowledge Test (NKT; Griffin, Case, and
Siegler, 1994), and math curriculum-based
measurement (M-CBM) first-grade computa-
tion probes.

Experimental Measures

Each of the experimental measures was
individually administered. All were 1 minute
in duration. Copies of the standard directions

and sample measures are available from the
first author.

Oral Counting Measure (OC). The
OC measure required students to count orally,
starting with 1. No student materials were used.
An examiner recorded student responses by
following along on a scoring sheet. Numbers
that were correctly counted in sequence were
scored as correct. Numbers that were not cor-
rectly counted in sequence were scored as in-
correct. If a participant stopped, struggled, or
hesitated to say a number for 3 seconds, they
were instructed to say the next number. Par-
ticipant performance on the OC measure was
reported as the number of numbers correctly
counted in 1 minute.

Number Identification Measure
(NI). The NI measure required participants to
identify orally numbers between 0 and 20 when
presented with a set of printed number symbols.
Participants were given a sheet of randomly se-
lected numbers formatted in an 8 by 7 grid. Num-
bers that were correctly identified were counted
as correct. Numbers that were not correctly
identified or skipped were counted as incorrect.
If a participant struggled or hesitated to correctly
identify a number for 3 seconds, they were in-
structed to “try the next one.” Participant per-
formance was reported as the number of num-
bers correctly identified in 1 minute.

Quantity Discrimination Measure
(QD). The QD measure required participants
to name which of two visually presented num-
bers was larger. Participants were given a sheet
of paper with a grid of 32 individual boxes. In
each box were two randomly sampled numbers
from 0 to 20. In the box, one number was al-
ways larger than the other number. Boxes in
which the participant correctly identified the
larger number were counted as correct. Boxes
in which the participant named the smaller
number, named any number other than the big-
ger number, or did not state a number were
counted as incorrect. If a participant stopped,
struggled, or hesitated for 3 seconds, the par-
ticipant was instructed to “try the next one.”
Participant performance was reported as the
number of correctly identified larger numbers
in 1 minute.
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Missing Number Measure (MN). The
MN measure required the participant to name
the missing number from a string of numbers
between 0 and 20. Students were given a sheet
with 21 boxes on it. In the boxes were strings
of three numbers with either the first, middle,
or last number of the string missing. The par-
ticipant was instructed to orally state the num-
ber that was missing. Numbers missing that
were correctly identified were counted as cor-
rect. Numbers missing that were not correctly
identified or skipped were counted as incor-
rect. If a participant struggled or hesitated to
correctly identify a number missing for 3 sec-
onds, they were provided the number by the
examiner and instructed to “try the next one.”
Participant performance was reported as the
number of missing numbers correctly identi-
fied in 1 minute.

Criterion Measures

Criterion measures were utilized to help
examine the concurrent and predictive valid-
ity of the experimental measures.

Math CBM Grade 1 Computation
Probes (M-CBM). M-CBM Grade 1 com-
putation probes required the participant to write
answers to math problems drawn from stu-
dents’ first-grade mathematics curriculum for
2 minutes. M-CBM probes were individually
administered. Math probes were composed of
addition and subtraction problems up to two
digits without regrouping. Standardized M-
CBM scoring and administration procedures
were followed (Shinn, 1989). Each participant
completed three first-grade M-CBM probes.
For each probe, the examiner scored the num-
ber of correct digits with an answer key and
the median score from the three probes was
used in later analysis.

M-CBM interscorer agreements are re-
ported as .93 to .98 (Marston, 1989). The inter-
nal consistency and test-retest reliability of M-
CBM probes were reported as .93 for both types
(Fuchs, Fuchs, & Hamlett, 1988; Tindal,
Germann, & Deno, 1983). Correlations with the
Metropolitan Achievement Test (MAT) Problem
Solving and Math Operations for M-CBM are
reported to range from .26 to .65. For younger

students, the correlations are lower. At the first-
and second-grade levels, correlations have been
reported of .26 to .34 with the MAT (Skiba,
Magnusson, Marston, & Erickson, 1986).

WJ-R Applied Problems subtest (WJ-
AP; Woodcock & Johnson, 1989). The WJ-
AP subtest is an individually administered
norm-referenced test of applied mathematics
consisting of problems that require the use of
mathematics operations to solve a variety of
applied math problems. For students in first
grade, the use of addition and subtraction op-
erations are required to solve problems.

The WJ-AP subtest has a reported inter-
nal-consistency reliability coefficient of .84 for
the 6-year-old norming group. Validity data for
the WJ-AP subtest were collected as part of a
larger examination of the validity of the WJ-R
Broad Math Cluster. Concurrent validity evi-
dence for the WJ-R Broad Math Cluster was
collected with groups of children ages 3, 9, and
17. The age 9 group most closely approximates
the estimated age of the participants in this
study. Correlations ranged from .41 to .83 with
a median of .71 with five criterion measures
of mathematics including the BASIS-Math,
KABC-Arithmetic, and KTEA-Math Compos-
ite among others.

Number Knowledge Test (NKT;
Okamoto & Case, 1996). The NKT test con-
tains four levels and students are required to
obtain a minimum number of correct responses
at one level to move to the next level. On Level
1, students are required to complete tasks such
as counting chips and geometric shapes. Level
2 requires students to do tasks such as identi-
fying bigger or smaller numbers from a pair,
naming numbers, and solving simple addition
and subtraction problems. Level 3 requires stu-
dents to solve problems similar to those of
Level 2, but with larger numbers. Level 3 also
requires students to complete new items such
as stating how many numbers are between a
pair of numbers. Level 4 is a more difficult
version of Level 3 and also adds new tasks such
as telling which difference between two pairs
of numbers is bigger or smaller.

Limited evidence for technical adequacy
of the NKT was found. Evidence consisted of
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its use to evaluate an early mathematics cur-
riculum (Griffin et al., 1994). The NKT was
sensitive to student improvement and differ-
entiated between participants in the treatment
and control groups.

Data Collection

Data were collected three times during
the 2000-2001 academic year in the months of
October (Fall), February (Winter), and May
(Spring) with approximately 13 weeks be-
tween data collection periods. The data col-
lection schedule detailing the timing of the
administration of all is displayed in Table
1. Administration of experimental measures
was counterbalanced. Per participant, the
Fall data collection took approximately 35
minutes, Winter data collection took approxi-
mately 20 minutes, and Spring data collection
took 25 minutes.

Examiners with a background in early
childhood assessment were trained to admin-
ister and score the EM-CBM measures, M-
CBM probes, the NKT, and the WJ-AP during
a 2-hour training session. The training session
consisted of instruction on administering the
measures according to standardized directions
and following standard protocols for scoring

the measures. Data collectors were observed
administering and scoring each measure and
appropriate feedback was provided. Feedback
included what to do in cases where the partici-
pant failed to supply an answer or when the
participant skipped items.

Results

Descriptive Statistics

Means and standard deviations for all
measures in the Fall, Winter, and Spring are
reported in Table 2. An examination of Table 2
indicates two patterns. First, across all four
experimental measures, participants’ scores
improved implying change over time. Second,
across each experimental measure, participants
scored highest on the Oral Counting (OC)
measure followed by the Number Identifica-
tion (NI) measure, the Quantity Discrimina-
tion (QD) measure, and the Missing Number
(MN) measure. Thus, the experimental mea-
sures had a consistent rank ordering at each
point of the data collection. The standard de-
viations for each of the EM-CBM measures
were consistent at each point of the data col-
lection and followed the same pattern of rank
ordering.

Table 1
Data Collection Schedule

Measures  Fall (00)  Winter (01)  Spring (01)

Experimental

Oral Counting 1 probe 2 probes 1 probe

Number Identification 2 probes 2 probes 1 probe

Quantity Discrimination 2 probes 2 probes 1 probe

Missing Number 2 probes 2 probes 1 probe

Criterion

Woodcock-Johnson 1 subtest 1 subtest
    Applied Problems

Number Knowledge Test 1 measure

Mathematics Curriculum- 3 probes  3 probes
    Based Measurement
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Based on the WJ-AP, participants in this
study were in the average range compared to a
national normative sample. In the Fall, partici-
pants scored 104.5 or at the 62nd percentile.
In the Spring, participants scored 107.7 or the
69th percentile.

Research Question 1: Reliability

The interscorer, alternate-form, and test-
retest reliability of the experimental early math
measures are reported in Table 3. Reliabilities
were computed and analyzed using Pearson
product moment correlation coefficients.
Salvia and Ysseldyke (1998) provide a set of
criteria with which to evaluate reliability in the
context of educational decision making.
Reliabilities of .90 or greater are recommended
for making educational decisions about indi-
vidual students. Reliabilities of .80 or greater
are recommended for making screening deci-
sions about individuals, and reliabilities of .60
or greater are recommended for making edu-

cational decisions about groups of students.
Decisions made from early identification mea-
sures typically do not involve a high-stakes
decision to change an individual student’s
placement or educational classification (e.g.
eligibility for special education services;
Kaminski & Good, 1998). Thus, although mea-
sures as free from measurement error as pos-
sible are desirable, the reliability standard of
.80 was used as a minimum standard to evalu-
ate reliability.

Interscorer reliability was assessed dur-
ing the Fall data collection only, using 12 (23%)
student protocols. Interscorer data were col-
lected by having the lead author simultaneously
score all the experimental measures for an en-
tire testing session with a student. Each data
collector utilized in the study was included in
the sample to calculate interscorer reliability.
Interscorer reliability was calculated as the
number of items for which both data collec-
tors agreed divided by the numbers of items
for which both scorers agreed plus the number

Table 2
Descriptive Statistics for First-Graders’ Fall, Winter, and Spring Performance

on EM-CBM and Criterion Measures (N = 52)

Fall Winter Spring

Measures  M (SD)   M (SD)    M (SD)

Experimental

   Oral Counting 60.4 (20.5) 69.7 (23.1) 74.6  (20.9)

   Number Identification 36.0  (15.9) 42.5 (17.3) 48.1 (17.8)

   Quantity Discrimination 19.2 (10.6) 23.9  (10.9) 28.5  (9.9)

   Missing Number 11.3 (5.8) 14.5 (6.3) 17.4  (6.8)

Criterion

   Number Knowledge Test 12.2 (4.5) — —

   Woodcock-Johnson
    Applied Problems 104.5 (16.3) — 107.7 (20.7)

   Math-CBM — 9.5  (7.0) 12.1 (7.9)

Note. All scores are reported in raw score units except for Woodcock-Johnson Applied Problems which is a standard
score (M = 100, SD = 15).  Scores for Number Identification, Quantity Discrimination, and Missing Number in the Fall
are the average score of Form 1 and Form 2.  Scores for Oral Counting, Number Identification, Quantity Discrimina-
tion, and Missing Number in the Winter are the average score of Form 1 and Form 2.
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of items for which the scorers disagreed.
Interscorer reliability for all experimental mea-
sures was high with .99 for the OC, NI, and
QD measures and .98 for the MN measure,
exceeding the standard for making individual
educational decisions.

Alternate-form reliability was examined
during the Fall and Winter data collection pe-
riods. These data are summarized in Table 3.
In the Fall, students were tested on alternate
forms for the NI, QD, and MN measures, but
not the OC measure. Students were tested on
alternate forms of all four measures during the
Winter testing session. At this time, participants
repeated the OC measure (i.e., counting from
1) because there was only one possible form
of this measure. The order in which alternate
forms for the NI, QD, and MN measures, or
repeated for the OC measure, were given to
participants was alternated to avoid practice
effects.

Alternate-form reliability for the OC
measure, NI measure, and the QD measure was
consistently high and attained the .90 bench-
mark for individual educational decisions.
Reliability for this MN measure was lower in
the Fall (.83) and Winter (.78), but approxi-
mated the .80 standard for screening decisions.

Long-term test-retest reliability for all
participants was examined from the Fall to
Winter (13 weeks) and from the Fall to Spring

(26 weeks). All measures were acceptable,
approaching or exceeding .80.

Research Question 2: Concurrent
Validity

Concurrent validity was assessed by ex-
amining correlations among the four experi-
mental EM-CBM measures and the three cri-
terion measures, the WJ-AP and the M-CBM
and NST. These relations were examined at
each of the three data collection periods. Con-
current criterion-related validity data were col-
lected in the fall with the WJ-AP and the NST,
in the winter with M-CBM, and in the spring
with the WJ-AP and M-CBM.

Concurrent validity coefficients among
the experimental measures and between the
experimental and criterion measures by time
frame are reported in Table 4. To provide a
framework for interpreting the validity results,
obtained correlations among the criterion mea-
sures (i.e., the NKT, WJ-AP subtest, and M-
CBM probes) were examined. Concurrent va-
lidity correlations among the criterion mea-
sures ranged from .74 to .79 suggesting that
the construct of first-grade mathematics was
measured.

Within experimental measures. In
general, the intercorrelations among all experi-
mental measures were high. Notably, the NI,

Table 3
Early Mathematics Curriculum-Based Measurement (EM-CBM)

 Reliability For All Testing Sessions

Inter-Scorera  Alternate-Form  Test-Retest

 EM-CBM Measure

 Falla Winterb  13wksb 26wksb

Oral Counting  .99   —  .93  .80  .78

Number Identification .99 .89 .93 .85 .76

Quantity Discrimination .99 .93 .92 .85 .86

Missing Number .98 .83 .78 .79 .81

Note.  Test-retest reliabilities based on Form A.
an = 12, bn = 52.
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QD, and MN measures had consistently higher
intercorrelations with each other than they did
with the OC measure. Across all three testing
periods, the intercorrelations for the NI mea-
sure ranged from .72 to .93 with a median of
.85, for the QD measure from .86 to .93 with a
median of .88, and for the MN measure from
.72 to .90 with a median of .86 when their
intercorrelation with OC was excluded. In con-
trast, the intercorrelations for the OC measure
ranged from .55 to .79 with a median of .69.

Relations with criterion measures.
Relations among the experimental and crite-
rion measures were then examined. Concur-
rent validity correlations were strongest for the
QD measure ranging from .71 to .88 with a
median of .75. Of the experimental measures,
the OC measure had the lowest correlations
ranging from .49 to .70 with a median of .60.
The NI measure and MN measure concurrent
validity evidence were between the two with
the NI measure ranging from .60 to .70 with a

Table 4
Concurrent Validity Correlations

 Measures  1  2  3  4  5  6

 Fall

   1. OC —

   2. NI .69 —

   3. QD .77 .93 —

   4. MN .68 .84 .90 —

   5. NKT .70 .70 .80 .74 —

     6. WJ-AP .64 .65 .71 .68 .79 —

 Winter

   1. OC —

   2. NI .71 —

   3. QD .72 .88 —

   4. MN .69 .82 .88 —

   5. M-CBM .49 .66 .71 .75 —

 Spring

   1. OC —

   2. NI .68 —

   3. QD .68 .86 —

   4. MN .55 .72 .87 —

   5. M-CBM .50 .60 .75 .74 —

   6. WJ-AP .60 .63 .79 .69 .74 —

Note. OC = Oral Counting; NI = Number Identification; QD = Quantity Discrimination; NKT = Number Knowledge
Test; WJ-AP = Woodcock-Johnson Applied Problems; M-CBM = Mathematics Curriculum-Based Measurement.
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median of .66 and the MN measure ranging
from .68 to .75 with a median of .71.

Further analysis of the concurrent valid-
ity correlations was done via a test for differ-
ences between two dependent correlation coef-
ficients (Glass & Hopkins, 1996). Based on these
comparisons, it was demonstrated that the QD
measure was a better measure of early mathemat-
ics. The QD measure had significantly higher
correlations than the OC measure with M-CBM
in the Winter, t (49) = 2.93, p < .05 and again
with M-CBM in the Spring, t (49) = 3.31, p <
.05. The QD measure also had significantly
higher correlations than the NI measure with the
NKT in the Fall, t (49) = 3.18, p < .05, with M-
CBM in the Spring, t (49) = 3.03, p < .05, and
with the WJ-AP in the Spring, t (49) = 3.50, p <
.05. One other significant difference was found
with the MN measure having a stronger rela-
tionship with M-CBM in the Winter, t (49) =
3.50, p < .05 than the OC measure.

Research Question 3: Predictive
Validity

Predictive validity data were analyzed
using the Fall EM-CBM measures and M-

CBM collected in the Winter and the WJ-AP
and M-CBM data collected in the Spring. Pre-
dictive validity was also assessed between the
Winter EM-CBM measures and the WJ-AP and
M-CBM data collected in the Spring. The
predictive validity of the experimental mea-
sures is summarized in Table 5.

The QD measure had the highest median
correlation of .76, followed by the MN mea-
sure (.72). Both the NI measure (.68), and the
OC measure (.56) had strong relationships as
well.

Additional evidence further supported
stronger predictive validity evidence for the QD
and MN measures. Comparisons between the
strength of correlations for the EM-CBM mea-
sures were conducted by testing the differences
between two dependent correlation coefficients.
The QD measure had significantly higher corre-
lations than the OC measure with M-CBM from
Fall to Winter, t (49) = 3.18, p < .05, and from
Winter to Spring, t (49) = 3.34, p < .05. The
MN measure was also more highly related to
M-CBM than the OC measure from both the
Fall to Winter, t (49) = 3.08, p < .05, and from
Winter to Spring, t (49) = 3.34, p < .05.

Table 5
Predictive Validity Correlations Between Experimental

 and Criterion Measures

Measure  M-CBM  M-CBM  WJ-AP

Winter Spring Spring

Fall

Oral Counting .56 .56 .72

Number Identification .68 .60 .72

Quantity Discrimination .76 .70 .79

Missing Number .78 .67 .72

 Winter

Oral Counting — .46 .68

Number Identification — .58 .68

Quantity Discrimination — .71 .79

Missing Number — .72 .71
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Research Question 4: Sensitivity

Further evidence of validity is provided
by examining the sensitivity of the EM-CBM
measures over time. If the measures were as-
sessing early mathematics achievement, then
it was hypothesized that as participants pro-
gressed throughout the school year, they would
learn more mathematics content and thus ob-
tain higher scores on the EM-CBM measures.

Participants’ scores improved on each of
the four experimental measures across the 26-
week period with students improving on the
OC measure 14.2 units (.55 units per week),
the NI measure 9.3 units (.47 units per
week), the QD measure 9.3 units (.36 units
per week), and the MN measure 6.1 units
(.23 units per week). To further examine
growth over time a repeated measures ANOVA
was conducted. Growth for each measure was
found not to be due to chance using the pa-
rameters of F (1,51), p < .01.

Discussion

The purpose of early intervention is to
prevent severe problems from developing. To
aid early intervention, assessment for this pur-
pose must meet a number of important crite-
ria. Like all assessment measures, those used
in early identification should meet stringent
criteria for reliability and validity. Educators
who utilize measures in early identification
should have confidence that the scores obtained
are accurate scores across rater, form, and time
and that the scores represent the critical con-
cepts they are meant to measure. In addition
to traditional criterion for measurement, mea-
sures used in early identification also must be
able to identify those students most at-risk for
failure and then be useful in monitoring their
growth on critical skills over time. The results
from this study indicate that the EM-CBM
measures may be potentially useful in accom-
plishing these goals.

A number of significant findings emerge
from the analysis of the reliability data col-
lected. First, although there were differences
in the strength of reliability data for each mea-
sure, no measure had poor reliability. In fact,
the lowest reliability was .77. Second, the QD

measure was the most reliable experimental
measure. All reliability coefficients exceeded
the .80 criteria and four out of six values ex-
ceeded .90. The NI measure appeared to be the
next most reliable experimental measure. The
OC and MN measures each had strong evi-
dence supporting their reliability, but were not
as reliable as the QD and NI measures. All four
EM-CBM measures met critical reliability cri-
teria for making screening decisions about in-
dividual students.

The EM-CBM measures had strong evi-
dence that they measure the skills they are in-
tended to measure. Generally moderate to
strong evidence of concurrent validity for all
experimental measures was found. Median
concurrent validity coefficients ranged from a
low of .60 for the OC measure to a high of .75
for the QD measure. The predictive validity
correlations between experimental and crite-
rion measures showed relatively the same pat-
tern as was found for concurrent criterion va-
lidity with the strongest evidence for the QD
measure followed by the MN measure, the NI
measure, and the OC measure. Further evi-
dence that suggested the QD measure was the
strongest measure of early mathematics was
found by comparisons to other experimental
measures that showed the QD measure as hav-
ing significantly stronger relationships with the
criterions. It is important to note that although
the QD measure may have stronger evidence
of measuring early mathematics, no measure
had weak evidence.

The strength of reliability and validity
evidence varied by measure. Across both re-
liability and validity, the QD measure had
the strongest support for use as a single in-
dicator of early mathematics. The OC mea-
sure had the weakest, albeit still strong, sup-
port. The NI and MN measures fell in be-
tween with the NI having greater evidence of
reliability and the MN measure showing
greater evidence of validity.

As a starting point for the development
of a measure designed for early identification,
evidence of reliability and validity are neces-
sary but not sufficient. Due to the unique pur-
poses of measures used in early identification,
other factors are paramount as well. Measures
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to be used in early identification must avoid
floor effects or in simpler terms they must
avoid multiple students showing little or no
behavior on the measure. Although both the
QD and MN measures were reliable and valid
measures, their usefulness in early identifica-
tion in the Fall may be less than the OC and NI
measures because more students scored in a
lower range (e.g., between 1–10) on these
measures.

As stated above, reliability and validity
are necessary but not sufficient evidence by
which to evaluate measures designed to be used
for early identification and formative evalua-
tion. The amount of growth, or sensitivity, is
important to examine in determining whether
or not a measure might have potential to be
used in the formative evaluation of a student’s
academic program. The results of repeated
measures (F-test outcomes) indicated that each
experimental measure accurately measured
change over time and thus met a key criterion
for use as a progress-monitoring measure. The
OC measure appeared to be the most sensitive
of the experimental measures followed by the
NI, QD, and MN measures. The OC and NI
measures may enable quicker decisions regard-
ing student growth that could be seen by educa-
tors as true growth and not random fluctuation
in scores. However, the measure that showed
the greatest growth, OC, had the lowest reli-
ability and validity coefficient correlations. The
other measures had higher reliability and va-
lidity coefficients, but were not as sensitive to
growth.

For example, the QD measure scores
increased by about nine units over the 26-week
course of the study. Thus, it would take be-
tween 2 and 3 weeks for a student to increase
their score by one unit. Such a lack of sensi-
tivity to student growth may make it difficult
for educators to make timely decisions about
educational progress. If the QD measure were
to be used to evaluate a student’s growth in
early mathematics, it might be close to 2
months before educators were able to make a
confident decision about progress. For an at-
risk student, 2 months of failure may have an
undesirable effect on their acquiring critical
knowledge.

Limitations and Future Research

As is the case with any research study,
the conclusions drawn must be viewed
within the context of the study’s limitations.
Foremost of the limitations is external va-
lidity. Participants were first-grade students
from the Northwest United States. The
generalizability of findings to other geo-
graphic areas, grades, and students should
be investigated further.

External validity limitations are fur-
ther compounded by the sample size of the
study. Although sample size was similar to
that found in other studies investigating cur-
riculum-based measures for use in early in-
tervention (Kaminski & Good, 1996;
VanDerHeyden, Witt, Naquin, & Noell,
2001), the results of the study should be con-
sidered preliminary pending replication. In
particular, further research into these mea-
sures should be done with a greater sample
size to investigate interrater reliability and
collect preliminary short-term test-retest
data. Greater sample sizes would allow more
definitive conclusions regarding the mea-
sures’ potential and would allow more ad-
vanced statistical analysis to examine con-
struct validity using factor analysis and
growth over time using hierarchical linear
modeling.

In addition, the preliminary nature of this
study raises further questions to be investigated
in subsequent research. Critical questions yet
to be answered by this research fall under one
of three broad categories. First, are there ways
to improve the measures for first-grade stu-
dents? Second, are these measures valid for
younger students such as kindergartners?
Third, how strong is the long-term predictive
validity of these measures?

All the early math measures were reli-
able and valid measures of the early math-
ematics for first-grade students. However,
an ongoing challenge in developing mea-
sures for use in early identification is ex-
amining the relationship between the reli-
ability and validity of the measures and their
potential use in early identification and for-
mative evaluation. Future research should
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attempt to further parcel out the relationship
between reliability, validity, and the measures’
utility in educational decision making.

Perhaps the best answer to which, if any,
of the four measures “works best” will be
answered by research with kindergarten stu-
dents. The participants in this study were all
taken from a common grade (first grade)
rather than a cross-sectional design with
participants also being drawn from kinder-
garten. Because of emphasis on early inter-
vention as soon as possible, we cannot be
sure that first grade is early enough to pre-
vent the development of math problems. For
example, although the experimental math
measures were valid and reliable for first-
grade students, would they show the same
technical characteristics with younger stu-
dents in kindergarten? A research study that
examined the utility of the four experimen-
tal early math measures for kindergarten stu-
dents would help to determine whether or
not the early math measures were useful for
early identification at any point in the kin-
dergarten year. The measures as designed
may prove to be too difficult for kindergar-
ten students, thus resulting in multiple stu-
dents who show little to no behavior on the
measure. Such results may mean the measures
would have limited utility in early identifica-
tion and formative evaluation. One potential
modification could be to limit the range of re-
sponses from 1 to 10 versus the current range
of 1 to 20.

Extending research to kindergarten stu-
dents also allows for an investigation of what
type of assessment matrix is needed to track
the growth of early math skills prior to the use
of M-CBM in second grade. The use of mul-
tiple measures as an index of early mathemat-
ics skills would require more complexity and
difficulty in implementing early mathematics
assessment into everyday practice. This raises
the question of whether there is a single indi-
cator of early mathematics that can be used
across years until the students are performing
math and M-CBM can be used to measure
growth. Alternatively, does early mathematics
assessment require multiple measures to ac-
curately assess critical early math skills?

The long-term predictive validity aspect
of this study extended over the duration of 1
school year. Future research should attempt to
extend the duration of time between initial
measurement on the early math measures and
criterion measures at later dates such as the end
of second grade, third grade, and so on. A key
aspect of the DIBELS assessment matrix is the
ability to determine whether or not a student is
on the right trajectory to becoming a reader if
they have attained a specific criterion score on
a DIBELS measure at an earlier date. In the
same vein, what are critical criterion scores on
the experimental math measures that allow a
great enough degree of confidence to state that
a student is or is not on the trajectory to be-
coming a fluent mathematician?

The results from this study provide a
foundation upon which to further investigate
the potential for the effective use of early math-
ematics measures to be used in early identifi-
cation and formative evaluation. Continued
research in this area should enable educators
to provide better services to children attempt-
ing to acquire mathematics skills fundamental
to their success in school and later in life.
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