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Abstract
The present study examinegdiability, criterion validity, and growth data for 563 middle school
students in Grades 6, 7, and 8 in two Midwestern middle schools. Two to three forms of six
different mathematics progress monitoring measures were administered in the fall, winter and
spring of the 200®6 school year. In the fall, two rounds of data were collected to evaluate test
retest reliability. The measures included in the study were Monitoring Basic Skills Progress
Computation, Monitoring Basic Skills ProgreSsncepts and Appdations, Estimation, Basic
Facts, Complex Quantity Discrimination, and Missing Number. Criterion measures included
teacher ratings of student proficiency, course grades, and scores ereferenced tests of
mathematics and reading achievement. Religliisults (both alternat®rm and testetest)
were adequate for most measures; using the mean of two forms provided the most reliable
estimates of student performance. Criterion validity (concurrent and predictive) coefficients
reflected a wide range the strength of relations between the mathematics progress monitoring
measures and the external criteria. The measures with the strongest criterion validity at each
grade level were the Monitoring Basic Skills Progr€sscepts and Applications and
Monitoring Basic Skills ProgresSomputation measures at Grade 6, the Monitoring Basic Skills
ProgressConcepts and Applications measure at Grade 7, and the Complex Quantity
Discrimination measure at Grade 8. These same measures were among those reflectisig the mo

rapid rates of improvement at each grade level.



Reliability, Criterion Validity, and Changes in Performance Across Three Points in Time:
Exploring Progress Monitoring Measures for Middle School Mathematics
Background Information

Limited options are\ailable for middle school teachers seeking progress monitoring
measures in mathematics. Foegen and her colleagues (F2@genfFoegen & Deno, 201
have conducted initial research on potential measures involving estimation and basic fact
proficiency. Héwig and his colleaguedielwig, Anderson, & Tindal, 2002; Helwig & Tindal,

2002 have examined the use of a condepsed measure to predict performance on a high

stakes state assessment. Unfortunately, Helwig and Tindal found this ebasegtmeasuredi

not prove to be sensitive to changes in performance at a level that would be useful to
practitioners was observed across the school year, as the mean total scores changed less than 2
points over the course of an academic year.

Foegen2000) and Foegesnd Deno (2001¢xamined the technical characteristics of an
estimation measure in which students chose the best estimate from among three options, each of
which differed by a factor of ten. The problems included both computational estimation (i.e., 219
+ 876 is about [10 100 1,000]) and stdwysed, or contextual problems (i.e., Joel earns $4.25
per hour stacking shelves at the grocery store. About how much will he earn in 20 hours? [$0.80
$8 $80]). Foegenb6és (2000) ntsatmplidwesternimadlen ded 10
school.The problems included all four operations and whole numbers, fractions, decimals, and
percents. The answer alternatives differed by a factor of 10 to encourage students to use
estimation and number sense or mental mather than exact computation, to select the most
appropriate estimatt.oegen and Denods (2001) sample incl

eight in an urban middle school. Research results for these studies have documented internal



consistency, alternatform, and testetest reliability coefficients ranging from= .67 to .93.

Criterion validity coefficients with outcome variables such as grades, teacher ratings, and
standardized test scores ranged from.29 to .62, with most in the= .40 to .50 ange. When

weekly rates of growth on the estimation measures were examined, students increased .25 points
per week on the estimation measures overad€k period.

In the same studies, Foegen and her colleagues also investigated the use of a simple basic
facts task that required students to solve single digit combinatiehsiiCeach operation.

Reliability estimates for the basic facts measure (internal consistency, alternate form,-and test

retest) ranged from=.79 to .95. Criterion validity coeffients (with the same outcome

measures as for estimation) ranged from44 to .66, with most in the= .40 to .50 range.
Students6é6 weekly growth on the basic facts me
estimation measure, withameanincreafe . 55 probl ems per week. Th
work suggested that both measures have acceptable levels of reliability and validity, but that the

facts measure is more likely to be sensitive to small changes in student performance.

In the absence of @ely available measures specifically designed for secondary
mathematics, many teachers and educational agencies are currently using two measures
developed to reflect elementary mathematics curriculum as a means to monitor the progress of
secondary studentgith disabilities who are performing below grade level in mathematics. Lynn
Fuchs and her colleagues at Vanderbilt University developed the Monitoring Basic Skills
ProgressComputation measur&chs, Hamlett, & Fuchs, 1998nd the Monitoring Basic Skl
ProgressConcepts and Applications measurei¢hs, Hamlett, & Fuchs, 1999 he measures

are distributed commercially in combination with a computerized system that provides graphing,



error analyses, and instructional recommendations. The measurebanesdted levels of
technical adequacy and have been examined in several published studies.

Teachers of secondary students with disabilities often use these measures by first
determining the grade level at which a middle school or high school studenti®hing; they
then use the corresponding | evel of MBSP meas
the Heartland Area Education Agency has published normative data on the measures from grades
K through 12 (Heartland AEA 11, n.d.). Special ediacateachers within the area education
agency use these data to compare a studentads
IEP goals.

We were unable to locate any research evidence in the literature addressing the efficacy
of using mathemats&cmeasures designed for elementary students with middle school and high
school students. Although the normative examples in the field provide data against which to
compare student performance, we have not been able to identify any published accouts in whi
criterion validity data are reported that dem
scores on the elementary mathematics measures and performance on external criterion measures,
such as a state or distreide assessment. Technical adegudata of this type are increasingly
important as IDEA 2004 reforms, in combination with NCLB provisions for Highly Qualified
Teachers and access to grade level curriculum are increasing the numbers of students with
disabilities who are participating grade level mathematics curriculum, often in general
education settings. One might argue that the use of progress monitoring measures that reflect the
studentdos functional | evel of performance may
individually desgned mathematics instructional program that corresponds to that level.

However, it is less clear that that the measures will have comparable levels of technical adequacy



when the student in participating in grade level curricula that may deviate fromntiesicof the
elementary measures.
Purpose of the Study
The purpose of this study was to examine the technical adequacy of six potential

measures for monitoring student progress in mathematics at the middle school level. The
measures examined included tmeasures that have been investigated previously with middle
school students (facts, estimation), two measures that have documented technical adequacy for
use at elementary grade levels (MBSP Computation, MBSP Concepts and Applications), and two
measuredhat represent extensions of elementary numeracy measures developed through the
Research I nstitut e RU’N)rd83aamchgeffoets Bhis Mumywas designed oo s (
explore the reliability (alternate form and testest) and criterion validityfdhe measures. In
addition, the measures were administered in the fall, winter, and spring of an academic year to
provide preliminary data about the measures?o
time.
Research Questions
The following reseah questions guided our study:

1. What is the reliability of the middle school mathematics measures?

2. What is the criterion validity of the measures?

3. How much academic growth do students display on each of the measures over the course of

one academischool year?



Method
Setting and Participants

The study was conducted two Midwestern school districts. The first district (A), in a
suburban area, was comprised of six schools: four of them grafesr€ gradesd, one
grades &, and one grades 1I2. During the 20086 school year, District A enrolled 4,577
students, with 51 percent being male, 91 percent white, 3 percent African American, 3 percent
Asian, 3 percent Hispanic, and less than 1 percent other ethnicities. Ten percent of the students
qualified for free or reduced lunch, 8.8 percent of students were receiving special education
services, and 2.5 percent were Limited English Proficient. The second district (B) was located on
the fringe of a Midwestern town. District B had three schools: tadeg k6 and one grades 6
12. During the 20086 school year, District B enrolled 1,433 students, with 51 percent being
male, 98 percent white, 1 percent Hispanic, and 1 percent other ethnicities. Eighteen percent of
the students in District B qualifiedrféree or reduced lunch, eleven percent were receiving
special education services, and none were Limited English Proficient.

Teacher participants in the study included three grade 6 general education teachers, three
Grade 7 general education teacherg, Gnade 8 general education teacher, and one Grade 7
special education teacher. Each of the general education teachers taught 4 or 5 sections of
mathematics. The Grade 8 teacher and her students were from District B; the remainder of the
teachers were fromistrict A.

Five hundred sixty three students participated in the study (242, 264, and 57 students in
Grades six, seven, and eight, respectively). Table 1 displays the demographic characteristics of

the student participants.



Table 1

Demographic Charaeristics of Student Participants

6" Grade 7" Grade 8" Grade Total
(n=242) (n=264) (n=57) Percentage
Gender
Male 114 110 24 44
Female 120 145 33 53
Ethnicity
White 215 239 57 90.7
African American 8 5 0 2.3
Asian 6 7 0 2.3
Other ethnicities 5 4 0 1.6
Free/reduced lunch 14 16 13 7.6
ESL Services 2 1 1 .07
Special Education 10 18 5 5.9
Services
Measures

Middle schoolmathematicgprogressmonitoring measuresSix mathematics progress
monitoring measures were investigated in this study: Monitoring Basic Skills Progress
Computation (MBSFComp;Fuchs, Hamlett, & Fuchs, 1998UBSP Concepts and Applications
(MBSP-ConApp;Fuchs, Hamlett, & Fuchs, 199®Basic Facts, Estimation, Complex Quantity
Discrimination, and Missing Number. The MBSFomp task reflected™6grade curriculum
content and required students to compute addition, subtraction, multiplication, and division
problems involving whole numbers, fractions, and decimals. The task consi2egpmblems;
students had six minutes to answer as many problems as possible. We scored this measure by

counting the number of correct digits in each answer and summing to get a total score.



The MBSRConApp task reflected Grade 6 computation curricularagdired students
to answer problems related to numeration, applied computation, measurement, geometry,
percentages, charts and graphs, word problems, ratios and probability, proportions, and variables.
Students had seven minutes to complete 24 itemscddfed this measure by counting the
number of correct responses.

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
respondWe scored the probe by counting the number of correct responses.

The Estimation probe required students to select the most appropriate estimate from three
alternatives when presented with a problem involving either computatiod @e 4 is aboyt
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 havye Hiosv?
problems included all four operations and whole numbers, fractions, decintfsem@ents. 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 consisted of 4Blenas 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 method prades 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 Discrimation task consisted of 44 pairs of numbers or

equations. The task required students to analyze the pairs of quantities (i.e., 40 + 7 and 70 + 4)
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and write the appropriate symbol (greater than (>), less than (<), or equal to (=)) in a box
between the quiities. Students had one minute to complete the task. We scored the probe 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 foulgiment in the sequence (the position of the
blank varied). The number patterns included counting sequences, multiples (i.e., 3,6,9, ),
multiples starting on an off digit (i.e., 11, 14, |, 20) and halving/doubling patterns. Students
responded by wiihg the missing number in the blank. The task consisted of 44 items; students
had one minute to respond. We scored the probe by counting the number of correct responses.
Samples of the measures, including administration directions, are pravidpgendixA.

Criterion measuresThe criterion measures used in t

of their studentsd overall math proficiency,

he

were asked to rate each st uw&otheddudegtein leistharl pr o

class, on a Likert scale from one to seven, with one being least proficient and seven being most
proficient. Teachers were asked to spread student ratings across the full range of the scale, not
clustering stherdiddie orsowardoaetendnAdl teachers completed student
ratings in the fall and spring, concurrent with the respective probe administration procedures.
Prior to any statistical analyses, rating scores were standardized for each teacher bygonverti
the scores tascores. Teacher ratings were available for all students. A sample of the teacher
rating form is provided in Appendix B.

Data on student grades were collected by

grade in mathematics to a numio@ a 4.0 scale. For example, a grade of A was recorded as 4.0,
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A- as 3.67, B+ as 3.33, B as 3.0 and so forth. Grade data were only availaBlgrads
students in district B.

Two different normreferenced achievement measures were used in the Stadgwa
Tests of Basic Skills (ITB34.D. Hoover,S.B. DunbarD.A. Frisbie, 200Pand the Northwest
Achievement Levels Test (NALT; Northwest Evaluation Association, 2002). The ITBS is
desimed to be a valid and reliable measure that
|l evel within a content area. The test was des
(i.e., interpretation, inferential thinking, classification, analysomparisons). The ITBS is
designed for students in Kindergarten through eighth grade. It takes approximately five and one
half hours to complete the entire battery of tests. Internal consistency reliability, based on the
performance of a standardizatieample from 2000, ranged frams .66 to .93 (Salvia &
Ysseldyke, 2007). The authors have provided evidence for the content validity of the measure in
three ways. First, they consulted curriculum guides, textbooks, classroom teachers, and school
administators when writing test items. Second, test items were administered to a national sample
of students at each grade level. Third, each test item was reviewed for content fit and item bias
by a group of experts.

The Math Problem Solving and Data Interptieta, and the Math Concepts and
Estimation Subscales, as well as the Math Total Score were used in our analyses. The Math
Concepts test includes numeration and number systems, whole numbers, geometry,
measurement, fractions, money, and number systemsprsbThe Math Problem Solving test
is comprised of two sections. One section requires students to solve short word problems while

the other section requires students to interpret information in graph and table format. We


http://www.riverpub.com/products/itbs/dunbar.html
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recorded the national percentilenkaearned by each student on each scale for use in our
analyses.

The NALT is a nationally normed, standardized achievement test of reading and
mathematicsThe mathematics portion of the NALT measures student proficiency in
computation; number sense; shapspace and measurement; patterns, relations and functions;
randomness, uncertainty and discrete mathematics; and data investigation. Marginal reliability
estimates for the mathematics test at grades six through eight, as reported in the test manual
(Northwest Evaluation Association, 2003), ranged from 94 to .96. Testetest reliability
coefficients for these grade levels in mathematics rangedrfror@9 to .94. Correlation
coefficients between the NALT and the Stanford Achievementd astd thedwa Tests of
Basic Skills ranged from= .84 to .88. Typicallyobtained RIT scores fall between 150 and 300.
In contrast to percentile rank scores, RIT scores are equal interval. Students completed the
NALT in the fall and again in the spring; both matiagics scores were recorded for use in the
analyses.

Procedures

Project staff visited each classroom to explain the study to students and describe the
assent/consent process. Student assent forms were completed in class; parent consent letters were
sent hane with students. Teachers collected the consent forms as the students returned them.

All students present in each class participated in four rounds of data collection spread
across the school year (fall, winter, spring). The first two rounds of dateceolé&zeted in mid
October. Data were collected again in mid February and in mid April. Group administration of
the tasks took place during normal class periods, with each data collection session lasting

between 30 and 40 minutes. No makeup sessions wigléon students who were absent on a
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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 practice exercise in which
students completed several prabgesimilar to those on the measure to insure they were familiar
with the task demands.

The measures were subdivided into four groups to minimize the demands for testing time
and assigned on the basis of teacher. Group A included two forms of-K288p andwo
forms of Estimation. Group B included two forms of MBEBnApp and two forms of Basic
Facts. Group C was subdivided into two groups, which differed with regard to one of the three
measures administered. TheEStimation Group included three forms afrGplex Quantity
Discrimination, three forms of Missing Number, and two forms of Estimation. Thao®
Group included three forms of Complex Quantity Discrimination, three forms of Missing
Number, and two forms of Basic Facts. The order of the taskswe#ah group was
counterbalanced across classes to control for any possible order effects. Table 2 shows the
assignment of measures by teachers.
Table 2

Assignment of Measures by Teacher

Period
Teacher Grade 1 2 3 4 5 6 7 8
GenEd1l 6 C-Fact C-Fact C-Est C-Est
GenEd2 6 A A A A
GenEd3 6 B B B B
GenEd4 7 A A A A
GenEd5 7 C-Est C-Est C-Fact C-Fact
GenEd6 7 B B B B
SpecEd1 7 C-Est
GenEd7 8 C-Est C-Est C-Est C-Est C-Est

The NALT and ITBS were grougdministered to all students by district staff using their

di strictbés standardi zed assessment procedures
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student assent had been obtained are reported in this paper. Standard administration directions
(as spedied in the teacher directions) and timing requirements were used.

Trained data collectors gathered all the data. Each data collector participated ir a small
group training session lasting approximately one hour. Training was provided by the graduate
resarch assistant using a PowerPoint presentation and assessment materials used in this study.

Project staff completed all of the scoring and data entry. At least ten percent of the probe
packets from each of the three rounds (with a larger proportion fiigheound) were rescored
to assess intescorer agreement. We computed an estimate of 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., scorggors) and dividing the number of agreements by the sum
of agreements and disagreements. 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-scoreé agreement. The scoring accuracy results are presented in Table 3.

Data Analysis

Data analyses were conducted using number correct scores for the Basic Facts, MBSP
ConApp, Complex Quantity Discrimination, and Missing Number measures. Digits correct
scoes were used for the MBSPomp measure. For the Estimation measure, the final score was
determined by subtracting oimalf the number of incorrect responses from the total number of
correct response$he Basic Facts, Estimation, Complex Quantity Discration, and Missing
Number probes were hand scored using answer keys. The MBSP measures were entered into the
software program that is provided by the publisher and the resulting scores were entered into our

database. For the criterion measures, teachegsawere standardized by classroom and the
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resultingz-scores were used in the analyses. For the ITBS and NALT, we conducted analyses
using national percentile rank scores (ITBS) and RIT scores (NALT).
Table 3

Mean Agreement, Range and Number of Prébesnined for InteiScorer Agreement

MBSP Computation MBSP Concepts & Applications

Mean # Probes Mean # Probes

Agreement  Range Rescored Agreement Range Rescored
Fall 0.974 0.851.00 136 0.99 0.91-1.00 150
Winter 0.990 0.831.00 32 0.990 0.921.00 34
Spring 0.974 0.77-1.00 44 0.990 0.67-1.00 48

Basic Facts Estimation

Mean # Probes Mean # Probes

Agreement Range Rescored Agreement Range Rescored
Fall 0.997 0.931.00 230 0.991 0.381.00 282
Winter 0.999 0.971.00 32 0.998 0.90-1.00 66
Spring 0.997 0.961.00 72 0.991 0.81-1.00 90

Complex Quantity Discrimination Missing Number

Mean # Probes Mean # Probes

Agreement Range Rescored Agreement Range Rescored
Fall 0.998 0.92-1.00 336 0.994 0.67-1.00 336
Winter 0.999 0.961.00 78 0.997 0.941.00 78
Spring 0.998 0.92-1.00 105 0.994 0.80-1.00 105

We computed Pearson product moment correlation coefficients in our analyses of
reliability and criterion validity. We estimated growth on the measures by determining Ordinary
Least Sgares regression slopes across the fall, winter, and spring data points and dividing the
obtained slope values by the number of weeks between each data collection period to estimate
weekly slope values.

Results
This section begins with descriptive statistfor all study measures. We next move to

analyses specific to each of the research questions. Means and standard deviations for each of the
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individually administered middle school mathematics measures by grade level are presented in
Table 4. Tests of gkvness an#lurtosis 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.

Table 4

Descriptive Statistics for Middle School Mathagios Measures

Grade 6
Measure Period Measure n Min Max M SD
MBSP Fall Form A 68 16 57 35.51 9.03
Computation Form B 68 10 52 3291  10.50
Winter Form A 70 13 73 43.06 13.88
Form B 70 7 66 39.13 13.94
Spring Form A 70 15 77 45.16 13.57
FormB 70 3 71 41.44 16.48
MBSP Concepts Fall Form A 83 0 28 12.94 5.90
& Applications Form B 83 2 28 1289  5.98
Winter Form A 84 4 33 17.76 7.19
Form B 84 3 31 17.25 7.12
Spring Form A 82 5 35 19. 83 6.57
Form B 82 6 35 20.27 6.98
BasicFacts Fall Form A 121 8 53 24.95 7.51
Form B 121 8 45 25.25 7.83
Winter Form A 121 13 62 28.77 9.33
Form B 121 9 63 28.40 9.63
Spring Form A 119 16 66 30.92 9.47
Form B 119 12 62 31.18 10.31



Table 4 (continued)

Descriptive Statigcs for Middle School Mathematics Measures

Measure

Period Measure

Estimation Fall

Winter

Spring

Complex Quantity Fall
Discrimination

Winter

Spring

Missing Number Fall

Winter

Spring

Form A
Form B
Form A
Form B
Form A
Form B

Form A
Form B
Form C
Form A
Form B
Form C
Form A
Form B
Form C

Form A
Form B
Form C
Form A
Form B
Form C
Form A
Form B
Form C

n

111
110
111
111
114
114

81
81
81
78
78
78
81
81
81

81
81
81
78
78
78
81
81
81

Min

R W W N O O

~N 0o W o NO

12
1

w

W W W NN WP b~

Max

28
34
35
35
38
39

28
28

3
31
35
35
42
39
42

16
19
16
21
25
18
21
23
23

M
11.85

12.54
17.73
18.50
20.58
20.24

14.95
17.37
18.31
17.51
21.12
22.92
21.01
24.27
25.86

7.85
10.33

8.79
10.37
11.95
10.54
11.84
13.68
12.02

SD

5.48
5.72
6.30
6.81
1.74
8.11

4.73
4.89
5.30
6.23
6.30
6.49
6.78
6.33
6.41

3.53
3.06
3.41
3.79
3.09
3.70
4.14
3.62
3.95



Table 4 (continued)

Descriptive Statistics for Middle School Mathematics Measures

Grade 7
Measure Period Measue n Min Max
MBSP Fall Form A 73 23 58
Computation Form B 73 11 56
Winter Form A 71 26 66
Form B 71 18 73
Spring Form A 74 15 72
Form B 74 18 73
MBSP Concepts Fall Form A 77 4 37
& Applications Form B 77 2 37
Winter Form A 73 8 39
Form B 73 3 40
Spring Form A 72 7 39
Form B 70 6 38
Basic Facts Fall Form A 128 9 56
Form B 128 7 54
Winter Form A 123 9 71
Form B 123 13 64
Spring Form A 120 14 73
Form B 120 13 70
Estimation Fall Form A 126 0 32.5
Form B 126 1 34
Winter Form A 124 7 34
Form B 124 3 34
Spring Form A 119 5 36
Form B 118 4 34

M
38.47

36.62
45.62
41.63
45.93
42.09

18.22
18.71
23.19
23.86
25.10
26.16

30.57
31.38
35.41
33.93
36.85
34.93

12.06
12.90
17.49
18.95
19.57
20.47

SD
8.09

8.68
9.31
10.97
12.15
11.64

8.18
7.92
8.96
9.01
8.17
8.16

9.90
9.11
11.47
11.16
11.31
11.04

5.22
5.38
5.20
6.14
5.95
6.02

18



Table 4 (continued)

Descriptive Statistics for Middle School Mathematics Measures

Complex Quantity Fall
Discrimination

Winter

Spring

Missing Number Fall

Winter

Spring

Form A
Form B
Form C
Form A
Form B
Form C
Form A
Form B
FormC

Form A
Form B
Form C
Form A
Form B
Form C
Form A
Form B
Form C

103
103
103
102
102
102
94
94
94

103
103
103
103
103
103
94
94
94

N © © o W b

ol
o o

w oo M O O U1 WO b

33
33
38
44
42
44
44
44
44

21
26
21
26
25
25
28
27
25

16.83
19.64
21.28
23.03
25.73
26.91
25.94
28.45
29.67

9.37
11.18
10.45
11.74
13.00
12.16
13.09
14.43
13.24

6.02
5.97
6.72
7.14
7.39
7.17
7.66
7.96
4.82

3.88
4.23
3.76
4.81
4.18
4.76
5.05
4.47
4.36

19



Table 4 (continued)

Descriptive Statistics for Middle School Mathematics Measures

Grade 8
Measure Period Measure n Min Max
Estimation Fall Form A 57 15 27.5
Form B 56 2 31
Winter Form A 53 10 32
Form B 53 7 34
Spring Form A 55 8 39
Form B 55 7 38
Complex Quantity Fall Form A 57 7 31
Discrimination Form B 57 12 34
Form C 57 10 38
Winter Form A 53 11 42
Form B 53 14 43
Form C 53 12 43
Spring Form A 55 8 42
Form B 55 11 42
Form C 55 12 44
Missing Numbe  Fall Form A 57 3 27
Form B 57 3 25
Form C 57 3 28
Winter Form A 53 4 25
Form B 53 1 21
Form C 53 1 24
Spring Form A 55 1 29
Form B 55 1 27
Form C 55 0 26

M
15.3%
15.41
20.43
22.17
2291
23.65

16.81
20.86
23.49
22.38
26.42
27.55
24.38
28.22
29.42

9.58
11.95
10.21
11.08
12.36
11.23
12.22
13.04
11.87

SD
6.17

6.27
5.45
6.13
7.06
6.94

5.14
4.93
5.87
7.25
7.27
7.92
8.00
7.97
7.71

4.67
3.74
4.78
4.43
4.10
4.48
5.26
4.52
5.07




21

In reviewing the data in Table 4, we considered the nature of the distributions produced
by each measure. We were patrticularly interested in any floor or ceiling effects and the size of
the standard deviations. Some Grade 6 studdrtésned scores of zero during the fall data
collection period; this occurred for the MB&®nApp and Estimation measures. Some Grade 7
students obtained scores of zero during the fall and winter data collections periods; this occurred
for the Estimatiorand Missing Number measures. Some Grade 8 students obtained scores of
zero during the spring data collection period; this occurred for the Missing Number measure. As
we examined the data more closely, we found that only one student at each grade lienel obta
a zero score among the Grades 6 and 7 participants. Two Grade 8 students obtained zero scores
during the spring data collection period for the Missing Number measure.

We examined the standard deviations produced for each measure and found that the
MBSRComp in Grades 6 and 7 and the Basic Facts in Grade 7 produced a much wider
di stribution of scores than did the other mea
measures and at the Grades 6 and 7 increased from one administration to the next.

Descriptive statistics for the criterion measures are presented in Table 5. ITBS scores are
reported in percentile ranks, NALT scores as RIT scores, and Teacher Ratisgsi&s,
standardized by teacher.

Intercorrelations between the middle schoothmenatics measures are presented in
Tables 6, 7, and 8. Positive relations were observed between all measures in Grade 6. The
greatest intercorrelations were obtained between the MBS pp and the Basic Facts
measures, while the weakest relations wesenled between the Estimation and Complex
Quantity Discrimination tasks. In Grade 7, a different pattern of results emerged, with the

strongest intercorrelations produced by the Missing Number measure (with Basic Facts and



22

Estimation) and the weakest interrelations occurring between the MBEBmp and
Estimation measures. Positive relations were observed between all measures in Grade 8.
Intercorrelations were the strongest between the Complex Quantity Discrimination and the
Missing Number measures.

Table5

Descriptive Statistics for Criterion Variables

Measure n Min Max M SD
Grade 6
ITBS Probability & Data 240 21 99 75.46 21.02
Concepts & Estimation 239 13 99 76.38 19.99
Total Math 236 21 99 76.77 19.86
NALT  Math, Fall 230 184 251 223.10 10.98
Math, Spring 237 199 265 233.03 12.07
Reading, Fall 234 189 243 219.26 9.82
Reading, Spring 236 180 247 223.39 9.52
Teacher Rating 235 -3.07 2.0 0.00 1.00
Grade 7
ITBS Probability & Data 262 5 99 71.13 22.59
Concepts & Estimation 262 7 99 72.26 21.44
Total Math 262 11 99 72.27 21.62
NALT  Math, Fall 259 174 259 229.49 12.14
Math, Spring 248 189 265 236.12 12.79
Reading, Fall 263 168 245 221.63 11.32
Reading, Spring 254 172 247 223.74 11.07
Teacher Rating 256 -3.01 1.880 0.00 1.00
Grade 8
ITBS Probability & Data 57 7 99 53.16 22.46
Concepts & Estimation 57 18 94 57.42 21.44
Computation 57 2 98 46.40 27.01
Total Math 57 20 97 55.26 20.79

Teacher Rating 57 -2.13 1.42 0.00 1.00




Table 6

Intercorrelation Matrix for Middle School MatMeasures at Grade 6
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Measure

1 Fall
2 Winter
3 Spring

4 Fall
5 Winter
6 Spring

7 Fall
8 Winter
9 Spring

10 Fall
11 Winter
12 Spring

13 Fall
14 Winter
15 Spring

16 Fall
17 Winter
18 Spring

1

.84
T+

.56**
.56**
.60**

2

79**

50**
51**
54

3

S
53**
59%*

4

.86**
.84**
.64**

.63**
.65%*

5

87

70**
67**
.66**

6 7 8 9 10 11 12 13 14
Grade 6
MBSP Computation

MBSP Concepts & Applications

Basic Facts
B0 -
57 Q0%
BO%* Q2% g3
Estimation
745
755 81w

Complex Quantity Discrimination
A8 AT 44™ 29 16 .22

617 B4 5Am 27 17 29  .80% -

63 63 L™ 24 .06 .38 .67 .81
Missing Number

53 BE* 5O 4% 18 46" .64 65

A9% 863%™ 39 26 .40* 53 63

58 627 62 45% 19 Bl 54w GO

15 16
52X
AB% 79
53%*80**

17

.82**

18

Note.* = p< .05, * =p < .01.

Numbers at the top of the table correspond to variables listed in far left column.



Table 7

Intercorrelation Matrix for Mddle School Math Measures at Grade 7
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Measure

1 Fall
2 Winter
3 Spring

4 Rall
5 Winter
6 Spring

7 Fall
8 Winter
9 Spring

10 Fall
11 Winter
12 Spring

13 Fall
14 Winter
15 Spring

16 Fall
17 Winter
18 Spring

1

Ry
A2%*

.22
.27
17

2 3
.78**
17 .10
.26* .24*
.01 12

4

94**
.90**
.64**

.66**
67

5

.94**

.64**
.66**
.64**

6 7 8 9 10 11 12 13 14
Grade 7
MBSP Computation

MBSP Concepts & Applications

Basic Facts
66 -
677 93%
657 .88 .94
Estimation
T2
B10 73
Complex Quantity Discrimination
B7%  B2rx 4B BGe 4Qe 31%
54* 48 BEr B0 67 60™*  8lM
BLR 637 B3 45w GO 64 T5* Q4%
Missing Number
T2% 68T B6*™ 73 70 69 53 Bl
T6% 76 8O .62 BT 68  54* 5O
TLe 77 75 B5R G673 49w B1m

15 16
.50**
.60**  .86**
.66**  .82**

17

.90**

18

Note.* = p< .05, * =p < .01. Numbers at the top of the table correspond to variables listed in far left column.



Table 8

Intercorrelations between Middle School Mathematics Measures for Grade 8
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Measure 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Grade 8
MBSP Computation

1 Fall
2 Winter
3 Spring
MBSP Concepts &pplications
4 Fall
5 Winter
6 Spring
Basic Facts
7 Fall
8 Winter
9 Spring
Estimation
10 Fall -
11 Winter .65%*
12 Spring T1 o 82%
Complex Quantity Discrimination
13 Fall A2% 3% AW
14 Winter A49¥ 43 BB g3w
15 Spring AB* AT BOY* 81 .90
Missing Number
16 Fall A8 15 34* B2 6 B3 -
17 Winter B2%k ATR BOW B1R 70% 74 glw
18 Spring B7+ 35% B4R B3 72% 75% 8Gk gQOw

18

Note.* = p< .05, * =p < .01. Numbers at the top ofetltable correspond to variables listed in far left column.
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Intercorrelations between the criterion variables are presented in Table 9. We observed
positive relations between all of the criterion measures.
Table 9

Intercorrelations Between the Criteridleasures

Measure 1 2 3 4 5 6 7

Grade 6

1 Teacher Rating, Fall --

2 NALT Math, Fall 75 --

3 NALT Reading, Fall .64 .68 --

4 NALT Math, Spring .78 .82 .64 -

5 NALT Reading, Spring .56 .59 73 .60 --

ITBS (Winter)

6 Total Math 72 .82 .61 .78 .55 --

7 Probability & Data .66 75 .58 .70 54 .94 --

8 Concept Estimation 71 .76 54 .78 .50 .90 73
Grade 7

1 Teacher Rating, Fall --

2 NALT Math, Fall .66 --

3 NALT Reading, Fall 54 72 --

4 NALT Math, Spring .66 .86 .68 -

5 NALT Reading, Spring .55 72 .82 73 --

ITBS (Winter)

6 Total Math .59 .81 .67 .82 .70 --

7 Probability & Data .53 73 .63 .75 .65 .95 --

8 Concept Estimation .58 .80 .62 .80 .66 91 75
Grade 8

1 Teacher Rating, Fall --

ITBS (Winter)

2 Total Math .55 --

3 Probability & Data 42 .94 --

4 Concept Estimation .62 .88 .66 --

5 Computation .61 .66 .52 .73 -

Note All correlations significantp < .01

Research Question 1: What is the reliability of the nadaihool mathematic measures?
Alternateformreliability. We examined alternaferm reliability by computing Pearson

product moment correlation coefficients between the scores students obtained on the two forms

of the MBSRComp, MBSPConApp, Basic Factgnd Estimation measures. For the Complex
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Quantity Discrimination Measure and the Missing Number measure (for which students
completed three forms of each measure), we computed the correlations between each pair of
forms and reported the mean of these @sldrable 10 displays the results of the alterfata
reliability analyses. Only one of the measures, Basic Facts, met the conventional benclimark of
= .80 consistently across administration periods and grade levels. The-B&8%Hp and the
Complex Quatity Discrimination missed the criterion for Grade 6 students in therfall{6
and .77, respectivelybut met it for all other data points. The Estimation measure was more
reliable for students in Grades 6 and 8 than for students in Grade 7. ThegNNssnber
measure consistently produced the lowest estimated of altdonateeliability across all three
grade levels. The MBSEBomp produced acceptable levels of reliability for Grade 6 students in
the winter and spring, but was far below desirablelefor Grade 7 students in the fall and in
the winter.

Testretestreliability. Test retest reliability correlation coefficients are reported in Table
11. We first considered the degree to which
from a shgle measure was correlated to his/her score from that same measure administered one
week later. These data appear under the columns labeled Form A, B, and C in Table 11. Two of
the measures, MBSEonApp and Basic Facts, produced coefficients that excekded
conventional = .80 level across all forms and all grade levels. For the remaining measures, the
results varied by grade level. The MBEBmp produced particularly low levels of testest
reliability for Grade 7 students € .48 and .34). For théstimation measure, scores for Grade 6
students met thie= .80 criterion, but fell below for those students in Grades 7 and 8. Both the
Complex Quantity Discrimination measure and the Missing Number measure produced stronger

coefficients at Grades 7 andt&n at Grade 6.



Table 10

AlternateForm Reliability of Middle School Progress Monitoring Measures

Grade 6 Grade 7 Grade 8
N r N r N r
MBSP Comp
Fall 68 .64 73 43
Winter 70 .81 71 57
Spring 70 .84 74 .78
MBSP ConApp
Fall 83 .76 77 .86
Winter 84 .80 73 .88
Spring 82 .82 70 .81
Basic Facts
Fall 121 .80 128 .85
Winter 121 91 123 91
Spring 119 .89 120 .90
Estimation
Fall 110 .81 126 .78 56 .78
Winter 111 .83 124 .70 53 .90
Spring 114 .84 118 72 55 .80
CQD
Fall 81 g7 103 .82 57 .80
Winter 78 .87 102 .87 55 .88
Spring 81 .86 94 .88 55 .89
Missing Number
Fall 81 .65 103 .66 57 .68
Winter 78 .69 103 74 53 .58
Spring 81 72 94 .79 55 .80

Note All correlations significantp < .01

28
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Table 11

Test Retest Reliability of Single form and Aggregated Scores on Middle School déestlr &4

Form Avg. of 2 Avg. Median
Measure Grade A B C AB BC AC of 3 of 3
MBSP- 6 73 .70 -- .85
Comp n 65 66 66
7 48 34 - .55
n 72 72 72
MBSP- 6 .88 .83 -- .92
ConApp n 82 82 82
7 93 .90 -- .95
n 75 75 75
Basic 6 84 82 -- .90
Facts
n 120 120 120
7 .88 .88 -- .92
n 126 126 126
Estimation 6 .80 .81 -- .86
n 103 103 103
7 .69 .67 -- .75
n 118 118 118
8 .70 .67 -- .80
n 55 54 55
Complex 6 77 .65 .67 82 .71 .83 .82 .75
Quantity n 7 77 77 777 77 77 77 77
Discrim. 7 .71 .80 .75 82 .82 .81 .84 .84
n 96 96 96 96 96 96 96 96
8 .76 .85 .84 .86 .90 .87 .90 .87
n 55 55 55 55 55 55 55 55
Missing 6 69 72 74 .82 .82 .78 .84 .78
Number n 76 77 77 77 77 77 77 77
7 82 .69 .77 .83 .83 .86 .88 .85
n 96 96 96 97 96 97 97 97
8 .85 .79 .85 .88 .90 .90 .92 .85
n 55 55 55 55 55 55 55 55

Note All correlations significantp < .01
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We next considered the reliability of across testing sessions when scores from two
alternate forms were firaveraged before the correlations were computed. In all cases, this
aggregation increased the reliability of the scores. With the exception of the-MI&8p at
Grade 7, all of the coefficients exceededrtke.80 level when using this method.

For the wo measures for which students completed three forms (Complex Quantity
Discrimination and Missing Number) we could also consider the effects of aggregating across
the mean or the median of three forms when evaluatingeesit reliability. These resulise
presented in the last two columns of Table 11. When three forms were aggregated, we obtained
small or negligible improvements in the reliability of the measures over the results we obtained
when using the mean of two forms.

Research Question 2: Whattiee criterion validity of the middle school mathematics measures?

The results of the criterion validity analyses are reported separately by data collection
period. In Tables 12, 13, and 14, we report the concurrent validity coefficients for each grade
level for the fall, winter, and spring data collection periods, respectively. In Table 15, we report
the predictive validity coefficients for each grade level. Criterion validity coefficients were
calculated using the mean of two probes. The criterion messiged in the study included
teachersodo ratings of studentsd overall math p
comprehensive assessment associated with the district mathematics curriculum (NALT). In
general, most of the concurrent validigetficients were in the moderate to strong range,
particularly with respect to the strength of coefficients typically obtained for mathematics
measures (cf., Foegen, Jiban, & Deno, 2007). For the fall administration (Table 12), validity

coefficients for MBBRConApp were consistently higher=£ .73 to .86) than those obtained for
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the other five measures at Grade 6 and 7 levels. The weakest criterion validity relations were
identified between the MBSEomp at Grade 7 and Estimation at Grades 7 and 8.
Table 2

Concurrent Validity of Middle School Measures for Fall

Measure Grade Teacher Ratings NALT Math NALT Reading
N r N r N r

MBSP-Comp 6 67 .65 65 .64 67 .59
7 73 .35 71 .38 73 .40

MBSP ConApp 6 82 .75 79 .76 81 .58
7 77 .73 76 .86 77 .68

Basic Facts 6 119 .56 116 .50 118 .39
7 127 .54 126 .60 128 .33

Estimation 6 108 .60 106 57 107 .45
7 120 .26 124 .45 126 .32
8 57 .40

Complex 6 78 .57 78 52 77 .37

Quantity 7 96 42 102 57 103 .37

Discrimination 8 57 51

Missing Number 6 78 .56 78 A7 77 27*
7 96 42 102 .67 103 .39
8 57 .50

Note All correlations significant unless markgak .01; * =p < .05

For the winter administratiofTable 13), concurrent criterion validity coefficients for the
MBSP-ConApp were again consistently higher than those obtained for the other measures at
both Grades 6 and 7. In general, the progress monitoring measures tended to be more closely
related tole ITBS Concepts and Estimation subtest scores and to the ITBS Total scores than to

the ITBS Problems and Data subtest scores. A pattern similar to the fall data emerged for
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Table 13

Concurrent Validity of Middle School Measures for Winter

Measure Gracek ITBS Problems ITBS Concepts ITBS Math Total

& Data & Estimation
N r N r N r
MBSP-Comp 6 69 54 69 .60 69 .59
7 71 .33 71 .34 71 .38
MBSP ConApp 6 84 .60 84 72 84 71
7 73 .80 73 .87 73 .87
Basic Facts 6 121 .38 121 52 119 49
7 123 .52 123 .55 123 .55
Estimation 6 109 .50 109 51 108 .53
7 124 47 124 .46 124 51
8 53 .53 53 52 53 43
Complex 6 77 .50 77 .52 74 .53
Quantity 7 102 57 102 57 102 .60
Discriminaton 8 53 .52 53 41 53 .55
Missing Number 6 77 45 77 45 74 46
7 103 51 103 .53 103 54
8 53 41 53 31 53 A7

Note All correlations significantp < .01

the MBSRComp, with the Grade 7 coefficients substantially lower thasetlobtained for Grade
6. The weakest relations among the winter data were with the Missing Number measure across
all three grade levels and for the MBSBmp at Grade 7.

For the spring administration (Table 14), progress monitoring scores for students in
Grades 6 and 7 were correlated with their scores from the spring administration of the NALT.
The strongest relations for students in Grade 7 were with the MB®Rpp, Missing Number,
and Complex Quantity Discrimination measures. For Grade 6 studemse#seres with the

strongest criterion validity in the spring were the MBS®&np, Estimation, and MBS@onApp.



33

The same pattern of differential results for the MBS&#mp occurred in the spring data, with the

relation for Grade 6 students being the stronhfyesn among the six options, while the

correlation coefficient for Grade 7 was both negligible (.18) and nonsignificant.

Table 14

Concurrent Validity of Middle School Measures for Spring

Measure Grade
MBSP-Comp 6
7
MBSP ConApp 6
7
Basic Facts 6
7
Estimation 6
7
ComplexQuantity 6
Discrimination 7

Missing Number 6
7

NALT Math
N r
69 .64**
69 18
69 ST
71 87**
116 A49**
117 .58**
112 59**
113 29
79 31
91 .61**
79 A6**
91 .63**

NALT Reading

N
67
72

67
72

117
119

110
117

79
93

79
93

r
.60**
29*

.50**
.68**

29
33**

52**
34**

.03**
A2%*

21%*
41

Note *=p< .05, *=p< .01

Predictive validity coefficients for Grade 6 and 7 students were computed by cogrelati

student sé f al

SCOres

(0]

n

t

he

progress

monitor

NALT (see Table 15). The correlation coefficients for the ME3mApp were the strongest

among the six measures for students in both grade levels" goadestudents, the next

strongest relations were with the MB&®mp, followed by Basic Facts, Estimation, and

Complex Quantity Discrimination. For Grade 7 students, the next strongest measure was Missing

Number (which had the weakest relations for Grade 6 stsjdollowed by Basic Facts,

Estimation, and Complex Quantity Discrimination.
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Table 15

Predictive Validity of Fall Middle School Math Measures to Spring Criterion Variables

Measure Grade NALT Math NALT Reading
N r N r
MBSP-Comp 6 67 .B64** 65 62%*
7 69 .25* 71 .23
MBSP ConApp 6 83 76%* 82 A4
7 76 87** 77 .65**
Basic Facts 6 118 55** 119 24%*
7 122 .59** 124 .36**
Estimation 6 109 .55** 107 52%x*
7 119 .34** 122 A41**
Complex Quantity 6 79 H53** 79 .25*
Discrimination 7 95 58** 97 A44**
Missing Number 6 79 A48** 79 22
7 95 .60** 97 .39**

Note *=p< .05, *=p< .01

Across all of the criterion validity data, the strength of the MBSIRApp is quite
remarkable. It dematrated the strongest relations with a variety of criterion measures in both
concurrent and predictive situations. The differential pattern of results for the I@B®B is
also noteworthy, given the relative strength of the relations between this maadwréerion
measures for students in Grade 6, and the relative absence of any meaningful relations for
students in Grade 7.

The correlations with NALT Reading also offer some interesting patterns in the criterion
validity data. Three measures (MB&®mp, MBSRConApp, and Estimation) produced
correlations with the NALT Reading that were either substantial in comparison to correlations
obtained by other mathematics progress monitoring measures with other criterion variables, or in

some instances, strongéan the relations for the same measure with the NALT Math. This
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finding is less surprising for the MBSPonApp and the Estimation measures, which both

require reading to interpret and respond to the items. We did not anticipate this result for the
MBSP-Comp measure.

Research Question 3: How much academic growth do students display on each of the measures
over the course of one academic school year?

OQur final research question examined the
school progress nmitoring measures changed over time. Our first set of analyses used effect
sizes for each of the measures. We computed a difference score (spring average minus fall
average) for each student and expressed the mean of these scores within a grade kvel and b
teacher in standard deviation unitsTable 16 we report the average effect sizes for each of the
SiX progress monitoring measuré&sie largest effect sizes (near or exceeding two standard
deviations) were obtained for MBSPonApp measure. The nextdast effect sizes (near or
exceeding 1.5 standard deviations) were obtained for the Complex Quantity Discrimination
measure at all three grade levels, and the Basic Facts and Missing Number measures at Grade 6.
The smallest effect sizes for Grades 6 amekre obtained for the MBSomp measure, while
the Estimation and Missing Number measures had considerably smaller effect sizes for students

in Grade 8.



Table 16

Standardized WithiGrade Growth on Middle School Math Measures
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Grade 6 Grade 7 Grade 8
Measure n ES n ES n ES
MBSP-Comp 66 0.88 71 0.70
MBSP-ConApp 79 2.13 71 1.93
Basic Facts 116 1.45 118 0.93
Estimation 108 1.19 114 1.12 55 0.80
Complex Quantity 78 1.46 90 1.68 55 1.49
Discrimination
Missing Number 78 1.62 90 1.25 55 0.79
Anot her method for evaluating a measu

over time is the slope of a line calculated using the data points. The datdarilTaepresent

slope values calculated by computing ordinary least squares (OLS) regression through each

student 6s data points.

Student s

wh o

had

these analyses. Slope values were adjusted axtetkpected weekly rates of growth and are

dat a

reported in the scoring unit for each measure, rather than in standardized form. In other words,

the slope of .41 for the MBS@omp in Grade 6 can be interpreted as representing an average

increase of .41 digitsorrect per week (the scoring metric for MBSBmp) among Grade 6

students. The SEE column represents the mean Standard Error of the Estimate, or the amount of

variability around the regression line. An SEE that is substantially larger than the slop&esdic

a considerable degree

of

fibounceo

n

t

h e

dat a

likely make interpreting the data more difficult. This factor is constrained in the current data set

because of the small number of points used to genemtegdhession line.



Table 17

Weekly Slope Values by Grade Level

Grade 6 Grade 7 Grade 8
Measure N Slope SEE N  Slope SEE N  Slope E
MBSP-Comp 72 41 .26 91 .36 21
MBSP-ConApp 91 42 .27 76 31 .11
Basic Facts 122 27 13 126 22 A2
Estimation 117 .28 13 126 22 A2 56 .20
Complex Quantity 83 31 A1 103 .38 A2 56 31

Discrimination

Missing Number 83 .16 .06 103 13 .06 56 .09
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For students in Grades 6 and 7, slope values were greatest for theGORER MBSP
ConApp and Complex Quantity Discrimination measures. In Grade 8, the Complex Quantity
Discrimination measure produced the largest mean slope value. In eadhesse&alues
exceeded 0.30 points per week of improvement. The Missing Number measure consistently
produced the smallest weekly slope values, with rates at or below 0.16 points per week at all
three grade levels.

Discussion and Future Research

The purpae of this study was to examine the technical adequacy of six potential
measures for monitoring student progress in mathematics at the middle school level. We
examined two measures used in previous middle school research (Basic Facts, Estimation), two
measires with established technical adequacy for progress monitoring at the elementary grades
(MBSP-Comp, MBSPConApp) and two new measures (Complex Quantity Discrimination,
Missing Number). Five hundred sixty three students in Grades 6, 7, and 8 completedrtore
types of probes at three points during the 2005chool year. Criterion measures included
teacher ratings gathered in the fall and spring, final course grades (Grade 8 only) and scores on
standardized achievement tests administered in theipatiig districts. Our analyses were
guided by three research questions addressing the reliability, criterion validity, and sensitivity to
growth of the potential measures.

With respect to reliability, we found that most of the measures met expectednaekeh
for adequate alternaterm reliability, though scores from the fall administration tended to
produce lower coefficients. The Missing Number measure consistently fell below expected
benchmarks for most grade levels at most time periods, as did tB&M&mnp for students in

Grade 7. When we examined testest reliability and considered the benefits of combining
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scores from multiple forms, we found that two of the measures (MBS8fApp and Basic Facts)
consistently produced reliable scores, even wthercorrelations were based on only a single

form. Among the remaining measures, using the average of two forms produced correlation
coefficients at or near the conventional benchmark=0f80. One exception was the MBSP

Comp at Grade 7, for which we aloted an extremely low correlation coefficient even when
averaging across two forms. For two of the measures we examined the use of the mean and
median of three forms and found no benefits beyond those obtained for the mean of two forms.

We examined botboncurrent and predictive validity for the measures. The strongest
concurrent criterion validity coefficients were obtained for the MESRApp in Grades 6 and 7
and the Complex Quantity Discrimination measure for students in Grade 8 (who did not
completeeither of the MBSP measures). Consistently weak relations were obtained with the
MBSP-Comp for students in Grade 7. Predictive validity was examined with students in Grades
6 and 7; these results paralleled the concurrent validity results. For studénasién6, strong
relations were obtained for the MB&FonApp and MBSFComp measures. For students in
Grade 7, relations were strongest for the MB3App measures (although the coefficients for
three other measures were near.60: Missing Number, Baskacts, and Complex Quantity
Discrimination).

The final research question addressed the issue of growth over time on the measures. We
examined effect sizes based on fall to spring difference scores as well as linear regression slopes
based on the threetdapoints. Effect sizes exceeding 1.4 were obtained for the MBSRpp
measure in Grades 6 and 7, the Complex Quantity Discrimination measure in all three grades,
and the Basic Facts and Missing Number measures in Grade 6. We computed individual slope

values and divided by the approximate number of weeks between data collection sessions to



40

estimate weekly growth rates for each student. In Grade 6, the greatest levels of growth were
obtained on the MBSEonApp and the MBS omp (.42 and .41 points per week,
respectively). In Grade 7, students demonstrated the most growth on the Complex Quantity
Discrimination measure and the MB&®Pmp (.38 and .36 points per week, respectively).
Finally, in Grade 8, students improved .31 points per week on the Complext@Quanti
Discrimination measure.

Based on these findings (which much be considered tentative, especially given the
relatively small size of the Grade 8 sample), we would offer the following recommendations to
practitioners. The most reliable estimates of stugerformance were obtained when we
averaged across two forms of the measures. While a single form may prove to be sufficient in
future research within a progress monitoring context, we would recommend using two forms and
averagi ng st udnehmarleang assessmenepsogrammwhen the measures are only
given two to four times a year. With regard to the measures that are most likely produce valid
data and demonstrate sufficient growth over time, we would recommend the-®B&2®p for
students in Gides 6 and 7 (as well as the MBEBmp in Grade 6) and the Complex Quantity
Discrimination measure for students in Grade 8. Because the results of the validity analyses
varied across criterion measures, we would also recommend that practitioners examine the
criterion validity of the measures with respect to the important outcome measures in their
schools, districts, and states.

Future research studies should replicate these findings with larger samples (particularly at
Grade 8) and the use of the MBSBnApp and MBSFComp with Grade 8 students. It would
also be valuable to extend the range of criterion measures and to explore relations between the

measures and studentsd course grades, particu
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research is texamine the use of the measures for monitoring student progress at more frequent
intervals. The relations with measures of reading also pose an interesting area for future

investigation.
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Appendix A

Middle SchoolMathematics Measures

Monitoring Basic Skills ProgresSomputation
Sample Measure
Administration Directions
Monitoring Basic Skills ProgresSoncepts and Applications
Sample Measure (First page only)

Administration Directions
Basic Facts
Sample Measure
Administration Directions
Estimation
Sample Measure (First page only)
Administration Directions
Complex Quantity Discrimination
Sample Measure
Administration Directions
Missing Number
Sample Measure

Administration Directions



Sheet #1
Password: ARM

Computation 6

Name: Date:
A C
3_1_ 2.66 53 _ 35 = 15961 23281
5 3 X 5.4 5 5 + 92307 — 16754
F H
2.591 65983 3% 1_
+ 7.6588 + 56937 .13)884 122)8614 2
K 2 " = 1 2
5952 4 2 _ 1,82 3.4423
X 246 gy 45)65 35, —1.33
P R
22 _ 1.292 1,2_
575 81)9301 X 1.7 1.3).598 9 3
U \\Y
3596 7-:—1: 3+Z= gi_3§= 55867
X 168 5 4 9 10 5 - 32719
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Research Institute Prograg®nitoring (RIPM)
20052006
Middle School Measures Study

MBSP Basic Computation

Standard Directions
Set timer to 6 minutes.

AThe first type of probe you will be doing is a Computation projs¢old
up booklet with Computation sample page showimpi$ sample page shows
some examples of the types of problems on the probe. You can see that problem
A has been answered. The dot is a symbol for multiplication. On some of the
probes, you will see the dot used to stand for multiplication and on others, you
willsee an x, or O6timeso6 sign. Il n probl em
eighths is five 28ths. Notice that the answer has been written in lowest terms.
You are welcome to show your work as you solve these problems. Now try
problem B. When you do divisioproblems on this probe, please write the
remainder as a decimal and round to two places. Please take a minute to solve
problem B.[Pause as students work\|hat is the answer to problem BWait for
students to volunteer 1.04, or one and four hundredthg]s , t hat 6s corr
Hereds how you t a(komttdtieiugpertefecorneand St ar t
move across each row from left to rigfdemonstrate\When you come to a
problem thatodés easy for you, do i1t ri
hard, skip it. When youdve | ooked thr
problems, then go back to the beginning and try the harder ones.
We will score these tests by looking at each number, or digit, in the
answer. That way, youcanearnpartiatce di t even 1 f you answ
correct. As you work the problems, please write fractions in lowest terms
(reduce/simplify them). When you complete a division problem, write the
remainder as a decimal and round your answer to two places (hunith®d You
can convert improper fractions to mixed numbers OR leave them as improper
fractions. Either form of the correct answer will earn full credit.

g h
ou

Now web6ll take a minute so you can p
I f you finishb,bepgdloaraesd dcdmayNGTSttopr n t o t
questions?

Ready, begin[Time for 1 minut® watch clock or watch]
Stop. Please put your pencils down.



a7

Now that youdve had a chance to try
any guestions?7Only answer procedal questiond do not suggest ways to solve
the problems.]

Now web6ll do the first of téwnmnutdSo mput
to work on this probeRemember, your job is to answer as many problems
correctly as you can in 6 minutes. Please lookeatch problem, but if you do not
know how to do it, skip it and move on. If you get to the end of the probe before
the time is up, go back and work on the more difficult problems. If you get to the
STOP page, remember to stop there.

*When | say begin, plese turn past the sample/STOP page and start
working. Remember to start with the easy problems and then go back to the
problems that are more difficult. You will have 6 minutes. Do your best work.

Ready (Pause)pegin [Start timer. Time for 6 minutes.] Vém the timer
goes off, saySt o p . Pl ease put your ©pencils dow
STOP page, please do so. [Now we will do the second Computation probe.]

[REPEAT FROM * FOR SECOND PROBE.]
Now we will shift gears to a different type of prabe
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