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Abstract
The present study extends initial work on the developmédntiefmathematics measures for
middle school students. Participants included 472 staderGrades 7 and 8. Sixief
mathematicsneasures were investigated, including two measures traditionally used with
elementary (Grade 6) students and four measures designed specifically for middle school. All six
requiredshortadministration times (lssthan 8 minutes) and would be suitable for both
screening and progress monitoring. In addition, Grade 7 students also completed three
mathematics screening measures at the beginning of the school yesadi$tiet screening
toolsincluded two comprehaive measuredeveloped by district teachgi@ne multiple choice
and one constructed response) and a commercial algebra prognosis test. Eadistoicthe
screeners required approximately4l® mi nutes f or administration.
stakes assessment in mathematics (the lowa Tests of Basic Skills) were available for all students.
Data analyses included examinations of the altesfoate reliability and criterion validity of the
progress monitoring measures. Criterion validity was elsmmined for the district screeners.
Regression methods were used to explore the potential use of the measures in combination
discriminant analysesere used to examirtee accuracy of predictinghich students would
passthe high stakes assessment. Rssabicated that the district screeners (particularly the
algebra measure and the multiple choice measure) had stronger relations with the high stakes
assessment than the majority of the progress monitoring measures. Among the progress
monitoring measureshe Grade 6 concepts and applications measure produced criterion validity

coefficients and classification accuracy results that were similar to the district screeners.
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A Replication of Static Use of SBrief Middle School Mathematidsleasures

Background Information

The research on progress monitoring tools in mathematics provides only limited guidance
for teachers at the middle school level (Foegen, Jiban, & Deno, 2007). Foegen (2008) described
the existing measures that have been used or arettymader investigation for middle school
mathematics. Foegen and her colleagues (Fo2§€0, Foegen & Deno, 20phave conducted
initial research on potential measures involving estimation and basic fact proficiency. In more
recent research conductegithe Research Institute on Progress Monitoring, additional measures
(Missing Number, Complex Quantity Discrimination) involving numeracy concepts have been
explored (Foegen, 2008; Foegen, Klein, Lind, & Jiban, 2008).

Evidence of technical adequacy vaiigstype of measure. For some measwash as
basic facts and estimatiogvidence exists fdar h e me tachnical adequacy as a static
measurgnecessary for screeninghd as an indicator @feeklygrowth (necessary for progress
monitoring. Foegeret ald €008) study was a first effort to establish the reliability and
criterion validity of the measures as static indicators and to explore rough estimates of growth
across a school year. Foegen et al. administxadeasuregMonitoring Basic Skik Progress
Computation, Monitoring Basic Skills ProgreSsncepts and Applications, Basic Facts,
Estimation, Missing Number, Complex Quantity Discriminatianjhree points in time (fall,
winter, spring) to an inclusive general education sample inclldigg numbers of sixth and
seventh grade students € 242 and 264, respectively), and a smaller nunm¥der §7) of eighth
grade students. They found thatdbmeasures generally had acceptable levels ofétsst and
alternateform reliability, with the exception of the Missing Number measure (across gradés)

theMonitoring Basic Skills Progress Computation measktells, Hamlett, & Fuchs, 19
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Grade 7. Although the Basic Facts and Monitoring Basic Skills Pre@rassepts and

Applications meages consistently produced reliable scores with a single administration, the
other four measurgdlonitoring Basic Skills ProgresSomputation, Estimation, Missing

Number, Complex Quantity Discriminatiopjoved to be more reliable when the mean of two
forms was used in the analys@&ie strongest concurrent criterion validity coefficients were
obtained for théVlonitoring Basic Skills ProgresSoncepts and Applications Grades 6 and 7

and the Complex Quantity Discrimination measure for students in Gr@adso8did not

complete either of the Monitoring Basic Skills Progress measures). Consistently weak relations
were obtained with th®lonitoring Basic Skills Progress Computation measorstudents in

Grade 7.

Predictive validity was examined with studemsrades 6 and 7; these results paralleled
the concurrent validity results. For students in Grade 6, strong relations were obtained for the
Monitoring Basic Skills Progress Concepts and ApplicatammComputatiormeasures. For
students in Grade 7, réilans were strongest for tidonitoring Basic Skills Progress Concepts
and Applicationsneasures (although the coefficients for three other measures were=néar
Missing Number, Basic Facts, and Complex Quantity Discrimination).

Purpose of the Study

The purpose of the presesitidy was to replicatine previous reseah study (Foegen,
2008; Foegeret al.,2008) involving the technical adequaaf six potential measures with brief
administration times that make them waliited formonitoring studenprogress in mathematics
at the middle school level. Tee briefmeasures examined included two measures that have been
investigated previously with middle school students (facts, estimation; Foegen, 2000, 2008;

Foegen & Deno, 2001), two measures that ltln@imented technical adequacy for use at
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elementary grade levels @vitoringBasicSkills ProgressComputation, Mnitoring BasicSkills
ProgressConcepts and Applications; Fuchs, Hamlett, & Fuchs, 1998, 1999), and two measures
that represent extensionsedémentary numeracy measures developed in other RIPM research
(Complex Quantity Discrimination, Missing Numbé&gegen et al., 2@). We subsequently
refer to these measures as fAbriefo middle sch
screening and pgress monitoring) to distinguish them from other forms of middle school
mathematics agssments, such as the district screemagsures described below. This study
examined the alternaterm reliability and criterion validity of the brief measures aingle
point in time. It differed from the previous study in that it had a larger sample of Grade 8
students and included scores from distiieveloped screening assessments for students in Grade
7. Another difference was that the Missing Number measuseadministered for a longer
duration (two minutes, rather than one) to address concerns identified in the earlier study.
Research Questions
The following research questions guided the study:

1. What is the alternatform reliability of the brief middle s@ol mathematics measures?

2. What is the criterion validity of the measures?

3. Does using the measures in combination increase the variance accounted for in the criterion

measures?
4. To what extent do two types of scoring procedures fored computaton measure
produce similar results?
5. Do the brief middle school mathematics measuand the districicreening measures

produce similar levels of predictive criterion validity?
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6. Do the brief middle school mathematics measures and the district sgreszasures
produce similar levels of classification accuracy when predicting whether students will pass
the districtds high stakes test in mathemat
Method

Setting and Participants

The study was conducted in a Midwestern middle school. During the@066éhool
year, the middle school enrolled 472 students (222 in Grade 7 and 250 in Grade 8), with 52
percent being male, 96 percent white, 1 percent African American, 1 percent Asian, 1 percent
Hispanic, and less than 1 percent other ethnicities. Tthiree percent of the students in the
district qualified for free or reduced lunch, approximately 15 percent of students were receiving
special education services, and 0.3 percent were identified as Limited English Proficient.

Teacher participants in theusly included two Grade 7 general education teachers, two
Grade 8 general education teachers, and four special education teachers. The Grade 7 teachers
taught 5 sections of math each day, while the Grade 8 teachers taught 6 sections. The special
education¢achers taught from 1 to 4 sections of mathematics each day.

We obtained parental consent and student assent from tisaugats (70%Wwho
participated in the study (134 and 195 students in Grades 7 and 8, respedtlivstyents in
each grade levelere assessed to provide the teachers with complete data, but the results
reported here are based only on the students for whom consent was oli@hed. displays
the demographic characteristics of the student participants. Demographic data wesdatdea
for one student in Grade 7 and 5 students in Grade 8. The Total Percentage column in Table 1

was calculated using the 323 students for whom demographic data were available.
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Table 1

Demographic Characteristics of Student Participants

7" Grade 8" Grade Total
(n=134) (n=195) Percentage
Gender
Male 63 91 48%
Female 70 95 51%
Ethnicity
White 129 184 97%
African American 2 2 1%
Asian 1 3 1%
Hispanic 1 1 <1%
English Language 0 0 0%
Learners
Special Educatin 19 23 13%
Services

Note Categories may not total 100% due to rounding.
Measures

Brief Middle School Mathematics Measur8s mathematics measures suitable for
screening and progress monitoring were investigated in this study: Monitoring Basic Skill
Progress Computation (MBSPomp;Fuchs, Hamlett, & Fuchs, 1998onitoring BasicSkills
ProgressConcepts and Applications (MBSPonApp;Fuchs, Hamlett, & Fuchs, 199®Basic
Facts, Estimation, Complex Quantity Discrimination, and Missing Number. THeR\EBmMp
task reflected B grade curriculum content and required students to compute addition,
subtraction, multiplication, and division problems involving whole numbers, fractions, and
decimals. The task consisted of 25 problems; students had six nmmatesver as many
problems as possible. We scored this measure in two ways. First, we applied the procedures used
in our previous research (Foegen et 2008) by counting the number of correct digits in each

answer and summing across problemgdba téal score. We also used a second scoring method
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that was used by the mutlistrict education agency within which the school was located. This
method also considered correct digits, but all partial answers obtained in solving the problem
were includedn the count to obtain the total correct digas opposed to only considering the
digits in theanswer. We scored all MBSPomp probes using both measures in order to evaluate
the relative merits of the two approaches. Figure 1 illustrates the differetaegibé¢he two
methods.

The MBSRConApp task reflected Gradecbéncepts and applicatiossrricula and
required students to answer problems related to numeration, applied computation, measurement,
geometry, percentages, charts and graphs, word probleios,aiad probability, proportions,
and variables. Students had seven minutes to complete 24 items. We scored this measure by
counting the number of correct responses.

Figure 1. Two Methods for Digits Correct Scoring

Digits Correcti Answer Only Digits Correcti Full Problem

56 56
X 35 X35
280 280 (3 digits)
1680 1680 (4 digits)
1960 1960 (4 digits)
Il n this method, t he |Inthismethod, the digitsin each partial

compared to 1960 to determine the number
correct digits. An answer of 1960 would

receive 4 points for 4 correct digits, while an
answer of 1860 would be awarded 3 points.

product are scored, resulting in a total of 11
points possible for the problem. Students wh
write the correct answer are awarded all 11
points, even if they did not show the partial
products.

The Basic Facts task required students to solve single digit computation combinations (0

9) in each of the four operations. The task consisted of 80 items; students had one minute to

respond. We scordtie Basic Facts measure by counting the number of correct responses.
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The Estimation measure required students to select the most appropriate estimate from
three alternatives when presented with a problem involving either computatioh.§ixe4 is
abouf) or contextual (story) problems (i.8ared had $15.50 from mowing lawns. He made
another $9.25 from working at the retirement center. About how much does Jared have now?
The problems included all four operations and whole numbers, fractions, te@ndhpercents.

The answer alternatives differed by a factor of 10 (i.e., 4, 40, 400) to encourage students to use
estimation and number sense or mental math, rather than exact computation, to select the most
appropriate estimate. The task consistedogb#blems and students had 3 minutes to circle the
correct alternative for each problem. We scored this measure by counting the number of correct
responses and then subtracting from this valuehatfehe number of incorrect responses. This
scoring methd provides a correction for the potential that students will guess in responding to
the multiplechoice item format and has been found in previous research to produce scores with
higher levels of technical adequacy (Foegen, 2000).

The Complex Quantity Brrimination task consisted of 44 pairs of numbers or
equations. The task required students analyze the pairs of quantities (i.e., 40 + 7 and 70 + 4) and
write the appropriate symbol (greater than [>], less than [<], or equal to [=]) in a box between the
guantities. Students had one minute to complete the task. We scored the task by counting the
number of correct responses.

To complete the Missing Number task, students were presented with a series of three
numbers and one blank indicating a missing foaltiment in the sequence (the position of the
blank varied). The number patterns included counting sequences, multiples (i.e., 3,6,9, ),
skip counting starting on an off digit (i.e., 11, 14, _, 20) and halving/doubling patterns.

Students responded lyiting the missing number in the blank. The task consisted of 44 items;

RIPM Technical Repo21i Paged



students had two minutes to respond. The duration represents a change from previous studies.
We had obtained restricted distributions in earlier studiesden et al., 200&nd wared to

investigate the effects of a longer duration on the technical adequacy of the measure. We scored
the measure by counting the number of correct responses. Samples of the redeaetbeed
mathematics measures, including administration directamesprovided in Appendix A.

Criterion measuresThe cri teri on measures used in the
of their studentsd overall math proficiency,
scores, and (for Grade 7 students onlyyes@n three distriaieveloped screening measures.
Teachers were asked to rate each studentds ge
in his/her class using a Likert scale. The scale ranged from one to seven, with one being least
proficientand seven being most proficient. Teachers were asked to try to spread student ratings
across the full range of the scale, not clustering students only in the middle or toward one end.

All teachergatedstudens at the same time that studenbmpleted tB mathematics measures.
Prior to any statistical analyses, these scamere standardized for each teachecbgverting
the scores tascores. A sample of the teacher rating form is provided in Appendix B.

Data on student grades were collected byconvery each studentds end
grade in mathematics to a number on a 4.0 scale. For example, a grade of A was recorded as 4.0,
A- as 3.67, B+ as 3.33, B as 3.0 and so forth. Grades of A+ were awarded to a small number of
students and were convertidscores of 4.33.

Thedi strictds high wadtlehowasTesasoffBase Glallsn(€TBS;, t e st
Hoover,Dunbar & Frisbie 200L), whichis administere@nnually for reporting and
acountability purposes. The ITBS is a valid and reliable measure that can be used to describe

studentsodé devel opment @avialk &ssaldyke, 200TThatestwas c ont en
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http://www.riverpub.com/products/itbs/dunbar.html

designed to measure st udentaidn, inderentitlthioking, t hi nki
classification, analysis, comparisons). The ITBS is designed for students in kindergarten through
eighth gradeapproximately five and one half howase required to administdre entire battery
of tests. Internal consistenogliability, based on the performance of the standardization sample
in 2000, ranged from= .66 to .93 (Salvia & Ysseldyke, 2007). Salvia and Ysseldyke described
three types of evidence the test authors reported in support of the content validityT&S3he |
First, they consulted curriculum guides, textbooks, classroom teachers, and school administrators
when writing test items. Second, test items were administered to a national sample of students at
each grade level. Third, each test item was reviewecoiatent fit and item bias by a group of
experts (Salvia & Ysseldyke, 2007). The Math Problem Solving and Data Interpretation, Math
Concepts and Estimation, and Computation subscales, as well as the Math Total Score were used
in the analyses. The Math Gmapts and Estimation test includes numeration and number
systems, whole numbers, geometry, measurement, fractions, money, and number systems
problems. The Math Problem Solving and Data Interpretation test is comprised of two sections.
One section requiregudents to solve short word problems while the other section requires
students to interpret information in graph and table format. The Computation subtest requires
students to apply all four operations to whole numbers and rational numbers. We reaarded th
national percentile rank earned by each student on each scale for use in our analyses.

The three distriecselectedneasures included two types of general mathematics measures
developed by the teachers and a commercially avaidddpdraprognosismeasue
(subsequently referred to as District Multiple Choice, District Constructed Response, and
Algebra). The District Multiple Choice (District MC) test had 30 items and used a multiple

choice response format, while the District Constructed Response (D&¥®)janeasure had 25
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items and used a constructed response format. For both tests, the content was typical of 7th grade
mathematics curriculum in this district, including fractions (simplify, add and subtract, multiply

and divide), integer&compare and der), order of operations, whole number operations, and

decimal operations. The Algebra test was the Orlétarma Algebra Prognosis Test (Hanna,

1998), a nationally normed instrument for predicting future success in algebra. The district

shared scores fno these measures; it was participating in a stade pilot involving universal
screeningand mathematics teachers in the district iisetithese measures for the pilot. The

measures were administered to Grade 7 students only.

Procedures

The ITBS and thélgebra test were group administered to students by district staff using
standardized assessment procedures. Standard administration directions (as specified in the
teacher directions) and timing requirements were used; the district had administeT&Stie |
the early spring and the Algebra measure (to Grade 7 students only) in the fall. Classroom
teachers administered the district screening measures (District MC, District CR) at the beginning
of the school year.

The first author visited each classrotmexplain the study to students and describe the
assent/consent process. Student assent forms were completed in class; parent consent letters were
sent home with students. Teachers collected the consent forms as the students returned them.

All students pesent in each class participated in two rounds of data collection in April
2007. General education students in Grade 8 completed two forms each of theOQdBSP
Estimation, and Complex Quantity Discrimination measures on Tuesday, April 10. On Thursday,
April 12, students completed two forms each of the MB®RApp, Basic Facts, and Missing

Number measures. An identical administration procedure was used for Grade 7 general
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education students on Tuesday, April 24 and Thursday, April 26. Students in spgeciion

classes (that included students from both grade levels) completed the measures during one of the
two weeks of data collection. Group administration of the tasks took place during normal class
periods, with each data collection sessionigdbetveen 30 and 40 minuteNo makeup

sessions were held for students who were absent on a day when data were collected. For each of
the probe types, the administration of the multiple forms was preceded by a brief introduction to
the measure and a practiceemise in which students completed several problems similar to

those on the measure to ensure they were familiar with the task demands.

Trained data collectors gathered all the data for mathematics progress monitoring. Each
data collector participated amsmaklgroup training session lasting approximately 30 minutes.
Training was provided by the first author and included a review of administration directions and
procedures for each of the six measures.

Project staff completed all of the scoring and dsity for the middle school
mathematics progress monitoring measufes.each grade level, $tobe packets were+re
scored to assess intgrorer agreement; this represented 33% and 23% of the Grade 7 and Grade
8 packets, respectively. We computed ameste of scoring agreement by counting the number
of problems considered agreements (i.e., scored correctly) and the number in which there was a
disagreement in scoring (i.e., scoring errors) and dividing the number of agreements by the sum
of agreements ahdisagreements. We computed the scoring accuracy by measure type for each
of the selected students and then averaged across all students to obtain an overall estimate of
inter-scorer agreement. The scoring accuracy results are presented in Table 2a Tetedha

high rate of mean intescorer agreement.
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Table 2

Mean and Range for Percentage of IrBmorer Agreement

Measure Mean Range
Agreement

MBSP Computation

Digits Correct 98.8 79-100

Digits CorrectAnswer Only 98.7 66- 100
MBSP Concepts & Applications 98.8 75-100
Basic Facts 994 78-100
Estimation 99.8 86-100
Complex Quantity Discrimination 99.3 73-100
Missing Number 99.3 6371 100

Data Analysis

Data analysesvolving the brief middle school mathematics measwes conducted
using number correct scores for the Basic Facts, MB&®App, Complex Quantity
Discrimination, and Missing Number measures. Digits correct (DC; in tharsswers and final
answer) and digits correct in the answer only {BfCscores were used for the MB&mp
measure. For the Estimation measure, the final score was computed by subtraetialf thee
number of incorrect responses from the total number of correct respongesedative scores
(resulting when students had more than twice as many incorrect as correct answers) were
converted to OAll of the brief middle school mathematiteeasures wereand scored using
answer keys.

Forthe criterion measures, teacher ratingse standardized by classroom and the

resultingz-scoreswvere used in the analyses. For the ITBS, we conducted analyses using national
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percentile rank scores. Raw scores from the District MC and District CR measures were used in
the analyses. For the Algea measure, scores from the Orleblana Algebra Prognosis Test
were reported as percentile ranks. We computed Pearson product moment correlation
coefficients in our analyses of reliability and criterion validRggression analyses were used to
evaluae the benefits of using the measures in combination and discriminant analyses were used
to examine classification accuracy in predicting passing scores on the high stakes achievement
test.
Results

This section begins with descriptive statistics for allgtmeasures. We next move to
analyses specific to each of the research questions. Means and standard deviations, along with
kurtosis andkewness statistics, for each of thréef middle school mathematics measures by
grade level are presented in Tabld 8sts of skewness akdrtosis were conducted for all study
variables and distributions met the assumptions for use of Pearson product moment correlations
in our subsequent analyses of reliability and validity.

In reviewing the data in Table 3, we coresield the nature of the distributions produced
on each of thérief middle school mathematioseasures. We were particularly interested in any
floor or ceiling effects and the size of the standard deviations. Although scores of zero were
observed for the MBR-ConAPR Basic Facts, Estimation, and Missing Number tasks, in all but
one instance, only a single student had obtained a score of zero. The one exception was Form B
of the MBSRConApp, on which two students obtained scores of zero.

We examined the stdard deviations produced for each measure and found that the
MBSP-Comp (digits correct) produced a much wider distribution of scores, with standard

deviations at least double the magnitude of those for the other measures. Among the remaining
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Table 3

Desciptive Statistics fothe BriefMiddle School Mathematics Measures

Measure
MBSP-Comp

(DC)

MBSP-Comp
(DCA)

MBSP-ConApp

Basic Facts

Estimation

Complex Quantity

Discrimination

Missing Number

Form
Form A

Form B
Mean of 2

Form A
Form B
Mean of 2

Form A
Form B
Mean of 2

Form A
Form B
Mean of 2

Form A
Form B
Mean of 2

Form A
Form B
Mean of 2

Form A
Form B
Mean of 2

n
129
128
129

129
128
129

131
131
131

130
130
130

128
128
128

128
128
128

130
130
130

Grade 7

Min
17
16

16.5

17
12
16.5

N

o

0.5
0.5
2.5

w w

'_\

Max
139

171
135

69
65
63

25
26
24

53
52
53

30.5
27.5
29.0

29
31
19.5

31
33
31

M
72.5
77.6
75.0

39.1
36.3
37.7

13.15
11.44
12.53

30.01
30.03
30.29

11.83
12.03
11.93

16.26
18.26
17.26

15.69
16.48
16.32
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SD
23.8
27.7
23.6

9.5
10.2
8.8

5.4
5.0
5.0

9.3
9.9
9.1

5.7
5.5
5.3

5.8
6.3
5.8

5.9
6.1
5.8

.52
.23
.36

.06
.09
.04

.06
-.09
.07

.30
-.02
21

-.06
-.09
-11

.20
.04
.08

Kurt
.02

.18
.03

43
-.36
-.12

-.52
-.36
-.55

-.23
-31
-.45

-11
-41
-.25

-.66
-.43
-.37

.28
.03
A1



Table 3 (continued)

Descriptive Statistics fahe BriefMiddle School Mathematics Measures

Grade 8
Measure Form n Min  Max M SD  Skew
MBSP-Comp Form A 189 7 182  88.06 24.5 .23
(DC) Form B 189 15 200 95.23 41.2 .33

Mean of 2 189 11 191 9165 36.2 .28

MBSP-Comp Form A 189 7 74 44.71 12.1 .08
(DCA) Form B 189 14 79 42.34 13.1 13
Meanof2 189 10.5 75 43.52 11.6 .09

MBSP-ConApp Form A 184 32 15.79 6.6 .10
Form B 185 30 13.56 6.2 24
Mean of 2 185 0 30 14.86 6.2 .09

o -

Basic Facts Form A 185 80 33.00 12.2 .53
Form B 185 73 32.06 12.3 .58
Mean of 2 185 8 76 32.80 11.9 57

o1 0

Estimation Form A 189 1 38.5 12.55 6.2 .75
Form B 189 0 40 12.70 6.6 72
Mean of 2 189 1.5 39.25 12.63 6.1 .80

Complex Quantity  Form A 187 1 34 17.03 6.5 .10
Discrimination Form B 188 1 34 19.97 6.5 -.28
Mean of 2 188 1 31.5 18.52 6.0 -.19

Missing Number Form A 185 44  17.23 7.3 .96
Form B 185 43 18.28 7.3 .89
Mean of 2 185 5 44  18.00 7.1 1.0

AN

Kurt
-.35
-.65
-.57

-.09
-.56
-.20

-.39
-.36
-41

.55
.16
46

1.4
11
15

-.40
-.46
-.30

15
1.2
1.6

Note.Skew = skewnes¥urt = kurtosis.
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measures, the standard deviations were greatest for the K2BSP (digits correct in the
answer) and the Basic Facts measures. In general, the standard deviations for students in Grade 8
were larger than those obtained for studenGrade 7. Skewness and kurtosis estimates were
examined for all measures and generally fell within the expected parameters for normality. Two
exceptions were the Grade 8 distributions for Estimation and Missing Number, which
demonstrated positive kurtosialues exceeding 1, suggesting that the distributions were more
Apeaked, 060 with | arger numbers of wvalwues in th
mean scores revealed increases from Grade 7 to Grade 8 in the expected direction.

Descriptive gatistics for the criterion measures are presented in Table 4. ITBS scores are
reported in percentile ranksd teacher ratings ascores, standardized by teacti@r Grade 7
students, district screenimgeasurearereported as raw scores for DistiMC and District CR,
and as percentile ranks for Algebra. Means on the ITBS reveal mean student performance levels
slightly above national mms. Scores on the two district screenergferal math (District MC
and District CR) approached or exceeded piszklevels for skewness, with many students

scoring in the upper range of the distribution.
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Table 4

Descriptive Statistics for Criterion Variables

Grade 7
Measure n  Min Max M SD  Skew  Kurt
ITBS Problem Solving & 133 3 99 59.21 263 -.53 - 74
Data Interpretation
Concepts & Estimation 133 1 99 56.98 26.1 -.33 -.95
Computation 133 2 96 55.56 24.1 -.46 -.82
Total Math 133 1 99 58.11 259 -43 -.78
Teacher Rating 134 -2.24 167 -008 1.03 -11 =77
District  District MC 134 6 29 22.5 5.3 -.97 37
Screeners District CR 134 5 25 19.28 3.8 -1.1 1.3
Algebra 134 0 99 57.47 31.34 -.60 -.79
Grade 8
Measure n  Min Max M SD  Skew  Kurt
ITBS  Problem Solving & 190 1 99 59.08 259 -28 -.89
Data Interpretation
Concepts & Estimation 190 1 99 59.05 26.3 -.32 -.93
Computation 190 2 99 56.26 28.4 -.28 -1.1
Total Math 190 4 99 59.42 26.0 -32 -.83
Teacher Rating 194 -1.84 1.64 -.0002 -- -.21 -.95

Note.Skew = skewness; Kurt = kurtosis.

Intercorrelations between tiheief middle schoomathematics measures are presented in
Table 5. Moderate to strong positive relations were observed between all measures in both grade
levels. Readers are reminded that the first two columns reflect two approaches to scoring the
MBSP-Comp (digits correctrad digits correct in the answer only). The relations between the

measures were generally stronger in Grade 8 than in Grade 7.
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Table 5

Intercorrelation Matrixfor the BriefMiddle School Math Measures

Grade 7

MBSP-Comp (DC)
MBSP-Comp (DCA)
MBSP-ConApp
Basic Facts
Estimation

Complex Quantity Discrimination

N o g M wDbd e

Missing Number

Grade 8

MBSP-Comp (DC)
MBSP-Comp (DCA)
MBSP-ConApp
Basic Facts
Estimation

Complex Quantity Discrimination

N o g M wDbd e

Missing Number

1.

.88
.61
.61
A7
46
.54

.92
.66
.66
.53
.59
.64

2.

.53
A5
A5
43
A7

.58
.62
A48
.56
.56

.61
.53
.56
72

.55
.68
.62
.69

.54
51
.61

.55
.65
.70

.55
.61

.55
72

.59

.65

Note.All coefficients significant ap < .01.
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Intercorrelations between the criterion variables are presented in Table 6. We observed
moderate to strong positive relations between most of the criterion measures.
Table 6

Intercarrelations Between the Criterion Measures

Measure 1 2 3 4 5 6 7
Grade 7
1 ITBS Problem Solving and --

Data Interpretation

2 ITBS Concepts & Estimation .82 -

3 ITBS Computation A7 .53 -

4 ITBS Total Math 97 94 52 --

5 TeachemRating .61 .63 A7 .65 -

6 District MC 72 .80 52 .79 .62 --

7  District CR .68 73 48 73 .54 .79 --

8 District Algebra 73 .79 .52 .79 .70 .78 74
Grade 8

1 ITBS Problem Solving and --

Data Interpretation

2 ITBS Concepts & Estimation .96 --

3 ITBS Computation .65 .68 --

4 ITBS Total Math .94 .94 .66 -
5 Teacher Rating .63 .66 .59 .67

Note All correlations significantp < .01

Research Question 1: What is the reliability of thdrief middle school mathematic
measure®
Alternateform reliability. We examined alternaferm reliability by computing Pearson

product moment correlation coefficients between the scores students obtained on the two forms
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of each of the sikrief middle school mathematics measures. For tBSRIComp, we

examined alternattorm reliability for both types of scoring. Table 7 displays the results of the
alternateform reliability analysesFor most of the measures, the conventional benchmartof

.80 was met across grade levels. The exceptions to this pattern were theQdBipPneasure,

which fell well below this benchmark in Grade 7 for both scoring methods and slightly below the
benchmark for the DCA (digits correct in the answer) method au&8. For Grade 8 students,

the Complex Quantity Discrimination measure also fell slightly below the desired level. In
general, reliability coefficients were higher for Grade 8 than for Grade 7.

Table 7

AlternateForm Reliability ofthe BriefMiddle Schol MathematicsMeasures

Grade 7 Grade 8
N r N r

MBSP Comp

Digits correct (DC) 128 .69 189 .82

Digits correct in answer (DCA) 128 .58 189 71
MBSP ConApp 131 .84 184 .86
Basic Facts 130 .81 185 .88
Estimdion 125 .81 189 .83
CQD 128 .83 187 72
Missing Number 130 .83 185 91

Note All correlations significantp < .01
Research Question 2: What is the criterion validity of theef middle school matematics
measures?

Theresults of the criterion validity analyses are repoitetiable 8 Criterion validity

coefficients were calculated using the mean of two probes. The criterion measures used in the
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Table 8 Ciriterion Validity Coefficients for the Middle School Math¢iteMeasures

Comp Comp ConApp Basic Facts Estimation Complex  Missing
DC DCA Quant. Dis. Number
Grade 7
ITBS
Data & Probability 43 .38 74 48 .64 .53 .61
Concepts & Estimation 43 34 75 48 .59 48 .65
Computation 48 41 41 49 40 .38 49
Math Total 45 .38 .78 .50 .65 .54 .66
District Screeners
District MC .38 .33 .69 46 .56 .52 .55
District CR 41 .33 .64 .50 .56 .59 .62
Algebra 41 .34 .69 .56 .59 .57 .65
Teacher Rating 45 .36 73 .54 A7 46 .50
Grade 8
ITBS
Data & Probability .64 54 .82 .55 .69 .64 .69
Concepts & Estimation .66 .56 .83 .57 .66 .64 .70
Computation .68 .60 .63 .61 51 .53 .59
Math Total .62 .52 .83 .54 71 .65 72
Teacher Rating .60 51 .67 48 52 .50 .55

Note. All coefficients significant ap < .01. CompDC = MBSRComp, digits correct; CompCA=MBSP Comp, digits correct in
answer; ConApp = MBSP ConApp; Complex Quant. Dis. = Complex Quantity Discrimination; CR = Constructed Response; MC =
Multiple Choice.
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ss udy included teacher ratings of students?®o
(ITBS), and, for Grade 7 students ortlyree district screening measures

Three sets of patterns emerged from the findings reported in Table 8. The first set
involved the strongest overall predictors among the brief middle school mathematics measures,
while the second set involved the ITBS Computation subtest. The third set of patterns involved
the Teacher Ratings. We address each of these in turn.

We first conglered the correlations between the criterion measures and each of the brief
measures (e.g., reviewing Table 8 on a-toyyrow basis) The brief middle school mathematics
measure that demonstrated the strongest relations with the criterion measuredwW&SRhe
ConApp. Across both grade levels and three of the four ITBS subtests (all but Computation), this
measure produced the highest correlation coefficiardemparison to the other brief measures
After the MBSP ConApp, the Estimation and Missing Numheasures consistently produced
the next highest levels of correlation with the criterion measures. The Basic Facts, Complex
Quantity Discrimination, and MBSEBomp DC and DCA were consistently among the measures
producing the lowest correlation coefficisrftvith some exceptions).

The second pattern involvélde ITBS Computation subtest. Among Grade 7 students,
scores on the ITBS Computatisnbtest were the most highly correlated with the Missing
Number,MBSP-Comp DG andBasic Facts measurds Grade 8)]TBS Computation scores
were mostly strongl y thesMBSRCanp DE, MIBSFGonApE and s 6 s
Basic Facts measurgsorrelation coefficients were higher across these relations for Grade 8
students than for Grade 7 studeiitise strong reltions between the Computation subtest and the
MBSP-Comp and Basic Facts measures were not surprising, given the common emphasis on

computational proficiency. We were somewhat
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the MBSP ConApp correlated baghly with the Computation subtest, given the more limited
emphasis on computation in the Concepts and Applications measure.

Finally, correlation results for the Teacher Ratings for both grade levels reflected the
importance of both broader conceptuatlarstandings and computational proficiency. At both
grade levels, the highest correlation coefficient for Teacher Ratings was the &B®2¥p, the
measure with the broadest range of mathematical skills and concepts. The second highest
coefficient was witha measure reflecting computation skills (Basic Facts in Grade 7 and-MBSP
Comp, DC in Grade 8). For both grade levels, the next strongest relation was with the Missing
Number measure.

Research Question 3: Does using the measures in combination increasedtiance
accounted for in the criterion measures?

To further explore the degree to which the measures overlap in their predictive power, we
conducted two multiple regression analyses for each grade. In both, we used the brief middle
school mathematics @asures to predict an outcome variable; the outcome was the ITBS Total
Math score for the first analysis and Teacher Ratings for the second. The results of these
analyses are presented in Tables 9 and 10.

The regression analyses further reinforce theiptigd power of the MBSRConApp
measure for both the ITBS Total Math scores and the Teacher Ratings. When predicting the
ITBS Total Math (the high stakes outcome measure for the district) for Grade 7 students, a
model that included the MBS@onApp and th&stimation task accounted for 63% of the
variance in Total Math scores. For Grade 8 students, a model that included these two measures,

along with the Missing Number task accounted for 74% of the variance in Total Math scores.

RIPM Technical Repor21i Page25



Table 9
Regression ResulterfUsing Brief Middle School Mathematics Measures to Predict ITBS Total

Mathematics Scores

Variable B SEB 3
Grade 7 =123)
MBSP-ConApp 3.36 .398 .642**
Estimation 1.00 372 .204**

Grade 8 =174)

MBSP-ConApp 2.39 .250 .565**
Esimation 0.81 .256 .192**
Missing Number 0.67 .229 .185**

Note.R*= .63 for Grade 7R = .74 for Grade 8. ** < .01

Table 10

Regression Results for UsiBgief Middle School Mathematics Measures to Predict Teacher

Ratings
Variable B SEB 3
Grade 7(N = 124)
MBSP-ConApp 153 .012 748**

Grade 8 =177)
MBSP-ConApp .079 .012 A491**
MBSP-Comp DC .007 .002 .269**

Note.R*= .56 for Grade 7R = .49 for Grade 8. ** < .01
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Teacher Ratings were not predicted with similar leeélsuccess, as evidenced by the loRer
values. In Grade 7, a single factor model using only the MB&®App accounted for 56% of
the variability in Teacher Ratings; none of the other measures accounted for additional unique
variance. In Grade 8, a modeding both of the MBSP measures (CeB@ and ConApp)
accounted for just under half (49%) of the variance. The results of the regression analyses
suggest that there is considerable overlap in the variance accounted for by the brief middle
school mathematiasieasures.
Research Questiod: To what extent do two types of scoring procedures fdrief
computation measure produce similar results?

This question arose out of conversations with special education staff at the school
regarding the procedures to bsed to score the MBS@omp. The teachers had been instructed
by area education agency staff to count the number of correct digits in-aliefsoof each
problem, in addition to the correct digits 1in
eadh problem. In previous resear(foegen et al., 2008the first author had also used counts of
digits correct, but only counted the correct digits in each answer, without including thepab
of each problem. Given this discrepancy, a secondary peigicthe study was to gather data on
a direct comparison of the twoCompgrdbesdssng We sc
both the fAdigits correcto (DC) procedure used
answer 0 (DCA) piouslcby thesautkorsu s ed pr ev

The results of the study revealed strong relations between the scores produced using the
two methods (.88 and .92 in Grades 7 and 8, respectively; sees].ablernateform reliability
coefficients were higher for the DC methau both grade levels (.11 points in each case, see

Table7). The same pattern was observed in the criterion validity coefficients, with the DC
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method consistently producing higher coefficients (with increases ranging from .05 to .10, see
Table8).

Researb Question5: How do the technical features of thiarief middle school mathematics
measures compare to those of the district screening measures?

To provide a more direct comparison of the brief middle school mathematics measures
that served as the primalfigcus of this study with the district screening measures, we conducted
a series of analyses using the Grade 7 data that employed correlation, regression, and
discriminant analysis techniques. First, we compared the strength of the correlations between the
measures and two outcome variables (ITBS scores and Teacher Ratings). These results are
reported in Table 11.

The data in Table 11 permit a direct comparison of the correlations producedobigthe
middle school mathematics nsemes and the districti®zning measure3 he results indicate
that the district screeners generally produced correlation coefficients that were as high or higher
than those produced by the middle school mathematics measures. Of the three screeners, the
Algebra assessment gengradroduced the highest coefficients, followed closely by the District
MC screener (multiple choice). The District CR screener (constructed response) produced the
lowest coefficients of the three screening tools, but was generally similar (with the exadpti
teacher ratings) to the best of the brief middle school mathematics measures, the MBSP
ConApp. All of the remaining brief middle school mathematics measures produced coefficients

lower than those produced by the district screeners.
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Table 11

Criterion Validity Coefficients for the Brief Middle School Mathematics Measures and District

Screeners

ITBS ITBS ITBS ITBS Teacher
PrData ConEst Comp Total Math Rating

Middle School Math Measures

MBSP Comp

Digits correct 43 43 48 45 45

Digits correct in answer .38 .34 41 .38 .36
MBSP ConApp 74 75 41 .78 73
Basic Facts 48 48 49 .50 51
Estimation .64 .59 40 .65 A7
CQD .53 48 .38 54 46
Missing Number .61 .65 49 .66 .50

District Screeners

District MC 72 .80 .52 .79 .62
District CR .68 73 48 .73 .54
Algebra 73 .79 .52 .79 .70

Note.All coefficients significant ap < .01. ITBS = lowa Tests of Basic Skills, PrData = Problem
Solving and Data Interpretation subtest, ConEst = Concepts and Estimation subtest, Comp =
Computation subtest.

The second set of analyses used regression to determine which combinations of middle

school mathematics measures and district screeners woulgréaist ITBS Total Math and

Teacher Ratings. These results are reported in Table 12.
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Table 12
Regression Results for Using Middle School Mathematics Measures and District Screeners to
Predict ITBS Total Math and Teacher Ratings

Variable B SEB R R
ITBS Total Math (N = 123)
Algebra 0.26 .064 313** .642
MBSP ConApp 1.83 .339 .350** 735
District MC 1.49 .369 307** .765

Teacher Ratingd\(= 124)

MBSP-ConApp 0.13 .018 .609** .560
Algebra 0.01 .003 .399** .621
Missing Number -0.03 .015 -.191* .636

Note.** p<.01; *p<.05.

When the predictor variable was the ITBS Total Math score, three measures contributed
to the prediction equation at a statistically significant level: Algebra, MB8&®App, and
District MC. Together, studeris scores on these three measures
variance in ITBS Total Math scores. When the predictor variable was Teacher Ratings, three
measures again contributed to the equation: MBBSRApp, Algebra, and Missing Number.
Together, scores ohase three measures accounted for 64% of the variance in Teacher Ratings.
Substantial increases in the total percentage of variance accounted for resulted when a second
measure was included with the first, but the subsequent gains produced by addihg a thir
measure, while statistically significant, were relatively minimal.
Research Question 6: Do the brief middle school mathematics measures and the district
screening measures produce similar levels of classification accuracy when predicting whether

studentswi | | pass the districtds high stakes test
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Next, we computed two discriminant analyses to compare the predictive accuracy of the
Algebra and MBSFConApp, the two measures that were included in both sets of regression
results and produceté strongest individual correlation coefficients with the criterion measures.
To conduct these analyses, we coded student so
Passing, coded 1, was defined as an ITBS Total Math percentile rank of 41 or niioig. Fa
coded 0, was defined as an ITBS Total Math percentile rank of 40 or below. Only Grade 7
studentsl = 130) with data for all relevant variables were included in these analyses. We first
ran separate discriminant analyses using the District Algelof&8SRConApp as individual
predictors. Theliscriminant analysisesults are present@dclassification tablen the first two
sections of Table 13.

The results presented in Table 13 reflect identical levels of classification accuracy for the
MBSP-ConApp and the Algebra measure. The MBSP ConApp resulted in two less false
positives (students who are predicted to fail, but actually passed the ITBS Total Math) in
comparison to the Algebra measure, while the Algebra measure produced two less false
negativegstudents predicted to pass, but who failed the ITBS) than the MBSP ConApp.

The third section of Table 13 shows the results obtained when the prediction was based
on the sum of studentsdéd scores on the MBSP Co
aralysis revealed a very similar (88.5% vs. 87.7%) rate of classification accuracy for predicting
passing on the district 0 slLitkiadgihonatterselit was gamedt h e ma

by combining studentsd scores on the measures
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Table 13
Classification Accuracy for MBSP ConApp and District Algebra when Predicting a Passing

Score on ITBS Total Math

Predictor Variable = MBSP ConApplE 130)

Predicted to Falil Predicted to Pass
Actually Failed n=19 n=12
Actually Passed n=4 n=95

Predictor Variable = District AlgebrdN(= 130)

Predicted to Fall Predicted to Pass
Actually Failed n=21 n=10
Actually Passed n==6 n=93

Predictor Variable = District Algebra + MBSP ConApyp< 130)

Predicted to Fail Predicted to Pass
Actually Failed n=22 n=9
Actually Passed n==6 n=293

Note Classification accuracy = 87.7% for MBE®NApp, 87.7% for District Algebra, 88.5%
for District Algebra + MBSP ConApp.

RIPM Technical Repor21i Page32



Discussion and Future Research

The purpose of this study was &plicate previous research (Foegen et al., 2008) on the
technical adequacy of six brief middle school mathematics measures forpgderdil
screening measurelm addition, the study also compared the criterion validity and predictive
accuracy of thessix measures to three screening tools used by the district as part of a statewide
pilot project in which the seventh grade teachers were participating.

Alternateform reliability coefficients in the present study were comparable to those
obtained in thearlier research, with the exception of the Missing Number and Complex
Quantity Discrimination measures. As in the earlier research, the MB& was less reliable
than most of the other measures and, at Grade 7, was well below the conventional besichmark
r = .80 for reliability coefficients. The remaining measures were above or approached this level.
In Grade 8, the CQD measure was somewhat lomer{2) than coefficients resulting for the
same measure in the earlier study (which ranged from . BB tacross three administrations
over the course of a school year). In contrast, the Missing Number task, which had relatively low
levels of alternatéorm reliability in the earlier study, met or exceeded conventional benchmarks
in the present study. Thissult is likely due to the extended administration duration (2 minutes,
rather than 1) in the present study.

In the present study, criterion validity coefficients were stronger across the range of
measures than those obtained in the previous studyrédhprevious concurrent validity
coefficients ranged from 030 .60, the coefficients in the present study were generally in the .4
to .8 range. As in previous research, the MBS&hApp was the strongest of the six middle
school mathematics measurest&bly, the districidentified screening measures demonstrated

criterion validity coefficients that met or exceedbdse of the brief middle school mathematics

RIPM Technical Repor21i Page33



measureadministeed by the research team. The distmeasures differed from theief

measires in thathey were more comprehensive (representing the range of mathematics concepts

for Grade 7) and they required a longer administration time (a full class periodptdtresting

that in comparing the District MC to the District CR measuresMBE (multiple choice)

measure produced higher criterion validity <co
mathematics assessment (ITBS) across all subtests.

The present study extends previous research by exploring the use of measures in
combinationto predict important outcomes. The regression results revealed that when the
outcome variable was the Mathematics subtest of the lowa Tests of Basic Skills (the high stakes
measure used for accountability in this district), a combination of three meesulg@siccount
for 77% of the variance. Not surprisingly, prediction of Teacher Ratings was somewhat less
accurate

The discriminant analyses provide an indication of the viability of the measures for
screening purposes. While the overall classificatedas were adequate (87.7%), educators must
note that the number of false negatives (students predicted to pass the high stakes test, but who
failed) exceed the number of false positives (students who were predicted to fail, but passed).
This pattern occued for the District Algebra measure, the MBSP ConApp, and the combination
of the two.

As educators seek measures to support universal screening and subsequent progress
monitoring tools, they will need to balance the qualities of technical adequacy evith m
pragmatic concerns related to efficiency. The distteteloped multiple choice measure and the
district algebra measure examined in this study produced stronger criterion validity coefficients

with the high stakes achievement measure than most bfi#tfeneasures. However, these
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measures required a full class period for administration purposes and are available only in a
single form, making them impractical for progress monitoring purposes. Educators may
determine that the added level of predictdity with a longer, more comprehensive measure
merits investing more time for administration for a single universal screening at the beginning of
the year. In contrast, the MBSP ConApp, which was the strongest brief measure, might be used
to monitor stalent progress or to screen students who were close to the cut off level at
subsequent points in the school year. This measure, which requires less than 10 minutes of
administration time, would likely provide beneficial data on student performance without
requiring the more substantial commitment of student and teacher time for administration.

Future research should extend research on classification accuracy, exploring the use of
more advanced statistical techniques to set cut scores for screening purpesesults of this
study suggest that measures that are more comprehensive in representing mathematical content
are likely to be better suited for screening purposes. Likewise, future research should explore the
technical adequacy of frequent administmatof the brief measures for purposes of progress

monitoring and determining the effects of intervention programs.
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Appendix A
Researchedeveloped math measures
Estimation
Complex Quantity Discrimination
Basic Facts

Missing Number

Administration Directions

Day 1

Day 2
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Estimation Probe 1

A large pizza has 16 slices. | 22 x 59 is about It takes 2 1/2 yards of fabric | 8)555 is about The gym shoes cost $82.
5 kids will share the pizza. to make a costume for the They are on sale for
About how many slices will play. Mom has 11 yards of 25% off. About how
each kid get? fabric. About how many much will you save?
costumes can she make?
0.3 3 30 12 120 1,200 0.4 4 40 0.7 7 70 $20  $200 $2,000
4 x 9.3 is about Edward makes $4 per hour | 0.45 - 0.14 is about Luis wants to buy 6 new 8)0.19 is about
doing odd jobs. If he works books. If each one costs
11 hours, about how much $12, about how much will
will he earn? Luis pay for the 62
0.36 3.6 36 $4 $40 $400 0.3 3 30 $0.60 $6 $60 002 02 2
Christine’s car went 300 97.7 - 21.4 is about There are 30 students in the | 73 - 18 is about Joel earns $4.25 per
miles on 11 gallons of gas. class. Each student paid hour stacking shelves at
About how many miles per $3.50 for the bus. About the grocery store. About
gallon did the car go? how much money do they how much will he earn
have for a bus? in 20 hours?
27 270 2,700 0.8 8 80 $10 8100 $1,000 5 50 500 $0.80 $8  $80
78 + 17 is about The car’s gas tank holds 14 | 219 + 876 is about For her birthday, Sue 82)71.3 about
gallons. You just pumped received $19 from Grandpa
in 11.75 gallons to make and $32 from Aunt Sue.
the tank full. About how About how much did she
many gallons were already receive from these two
in the tank? people?
10 100 1,000 2 20 200 10 100 1,000 $5 $50 $500 1 10 100
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Complex Quantity Discrimination Form A

so+s | | s+s0

18 [ ]2.0

56 D 78

.SD.E

lED 15+ 3

32:8 | 32+5

g0+2 [ | 20+6

0+3] | 72+3

20-8| |20-9

s3| | s

e[ ] a

70-1[ ]| 7-1

QGD S0+ 2

EDD 20-8

7080 [ | 7048

80+4| |a0+8

74 |7+

6s| | eo+s

30 |:| 34-4

so-9| |an-a

w+9[ | o9+10

60+4| | 61+4

Project RIPM, lowa State University
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Facts Probe 1

1-1= 8x1l= 9X5= 1x7=
4xX7= SX7= 4+6= 9x5=
3+0= 3)12= 2)14 = 6)6 =
12-9= 7+4= 0Xx7= 7-4=
§-2= 9+6= 6+6= 1x2=
8+7= 0x0= 11-2 = 8-5=
6-2= 7+0= 3+3= 17-9 =
10-4 = 9x9= 4)4 = 1)5 =
1ﬁ: 2-2= 5+9= 7x8=
6@2 9-3= 4?2: 16-7 =
4+5= 14-9= 7+6= 2X6=
8+8= 13-6= 2x4= 5)0 =
1+0= 6x2= 2+8= 1+8=
9)63= 3)27 = 3)i5= 9)36 =
0+0= 8x3= 8+5= 7Y42 =
13-8 = 6)24 = 2x2= 2-0=
9+1= 6-3= 0+7= 3x5=
8)g = 4x9= 9-7= 5%:
5+2= 7-0= 1x6= 8+0=
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