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In 2000-2001, the ARC Center, located at the Consortium for Mathematics and Its Applications (COMAP)
[http://www.comap.com/elementary/projects/arc/], carried out a study of reform mathematics programs in
elementary schools in Illinois, Massachusetts, and Washington. The study examined the performance of
students using three elementary mathematics curricula—E?¢y  ay Mata s that 4g; Matoh- o 4}, b ¢y, and
I#2¢1 pars pg 1 N ¥ty ¢, Date, “, f, s «—on state-mandated standardized tests administered in spring
2000. The study included over 100;000 students, 51,340 students who had studied one of the three reform
curricula for at least two years and 49,535 students from non-using comparison schools matched by reading
level, socioeconomic status, and other variables. Small differences on the SES variables remaining between
the reform schools and the matched comparison schools were further controlled by adjustments based on
regression analyses. Usage of the reform curricula was verified by a telephone survey of schools and
districts.

Results show that the average mathematics scores of students in the reform schools are significantly higher
than the average scores of students in their matched comparison schools. The results hold across five
different state-mandated tests, and across topics ranging from computation, measurement, geometry, and
algebra to problem solving and making connections. The study compared the scores on all the topics tested
at all the grade levels tested (grades 3-5) in each of the three states. Of 34 comparisons across five state-
grade combinations, 28 favor the reform students, six show no statistically significant difference, and none
favor the comparison students. The results also hold across all income and racial/ethnic subgroups, except
for Hispanic students, where there are no significant differences between the scores.






As Ball and Cohen (1996) point out, there are good reasons to believe that changing curriculum materials
can alter classroom instruction. Curriculum materials provide the activities that shape the daily interactions
between teachers and students. If they are written with sufficient specificity, curriculum materials can help
teachers translate research findings and authoritative recommendations into classroom reality. Because
they can be easily disseminated, curriculum materials have the potential to help large numbers of teachers
transform their classroom instruction.

In the early 1990s, the National Science Foundation (NSF) recognized this potential and funded groups
from three institutions to create comprehensive elementary mathematics curricula that would be research-
based and aligned with the vision for school mathematics in the National Council of Teachers of
Mathematics (NCTM’s) C ¥4 ¥1¥rhap, E’aV¥urx p Stap, ar,c v rSeary MMarocrrar 4o (1989). The
institutions were The University of Chi%ago, the University of Illinois at Chicago, and TERC in
Cambridge, MA. The curricula those groups produced are E?ﬁfyvay Matoétat ng; Matoh- o ify b ¢y and
IF24t patx pg N ¥ty ¢, Data, g, et respectively.

1.1 The Curricula

While each of the programs is unique, the three teams of curriculum designers began with the same goal: to
develop materials with broader, more rigorous content than traditional texts. At the same time, the projects
sought to develop curricula with balanced approaches to the subject matter and to teaching. Curriculum
development was based on detailed examinations of current practice and on recent research findings about
children’s mathematical learning. This common goal has resulted in curricula that claim to:

e Build on children’s experiences;

e Teach basic arithmetic as well as geometry, data analysis, measurement, probability, and concepts of
algebra;

e Challenge students with engaging and meaningful applications;

e  Connect topics within mathematics and with other subjects;

e  Encourage students to solve problems in many ways;

e Balance skills with concepts and problem solving;

e Include a variety of instructional approaches;

e Help teachers extend their understanding of mathematics and teaching; and

e Provide a variety of assessment instruments and procedures.

Development of the curricula began in the late 1980s. Each program was created one grade at a time to
allow for extensive field testing to inform both revisions and the design of subsequent materials. E?¢y  ay
Mazro ¢ trat 4 (EM) was published between 1989 and 1998. 14?4t par p; ip N ¥1ty ¢\, Date, ap, 3, as ¢
(IN) was published between 1994 and 1998, and Mazoh- a4}, b ¢r, (MT) was published in 1997 and 1998.

1.2 Prior Research

A growing body of research suggests that elementary mathematics instruction aligned with the NCTM
Standards (1989, 2000) has a positive impact on student achievement. (Carpenter, Fennema, Peterson,
Ching, & Loef, 1989; Cobb, Wood, Yackel, Nicholls, Wheatley, Trigatti, & Perlwitz, 1991; Fennema,
Carpenter, Franke, Levi, Jacobs, & Empson, 1996; Fuson & Briars, 1990; Hiebert & Wearne, 1993, 1996;
Smith, Lee, & Newman, 2001; Wood & Sellers, 1997.) Much of this early research was exploratory and
small scale—focused on individual classrooms, schools, and districts. Student achievement was often
assessed with instruments developed by the researchers rather than with standardized tests. Many of these
studies were based on work with teachers and on instructional materials designed to supplement or replace
parts of whatever curriculum was already in place. Although these research results are suggestive, they



cannot be used to predict effects of comprehensive Standards-based curricula such as those targeted in this
study.

Schoenfeld (2002) points out that Standards-based curricula are just entering a phase of large-scale
implementation. In his examination of the available literature he found evidence that at least some of these
curricula are producing gains in student achievement on measures of conceptual understanding and
problem solving. He found no evidence that the curricula are having a negative impact on basic skills.
Likewise, Hiebert (1999) found that instructional programs emphasizing conceptual understanding could
produce the desired learning without sacrificing skill proficiency. Although the evidence is limited, both
Schoenfeld and Hiebert found it encouraging.

Preliminary research does suggest that E?¢y  ay Matotat ug, Marok- o 4, b ¢y, and 1§24t patx g are
having a positive impact on student learning’in individual classrooms, schools, districts, and in some cases
larger geographic regions such as cities and states. (Briars & Resnick, 2000; Carroll, 1997; Carroll &
Isaacs, 2003; Carter, Beissinger, Cirulis, Gartzman, Kelso, & Wagreich, 2003; Flowers, 1998; Fuson,
Carroll, & Drueck, 2000; Goodrow, 1998; Mokros, 2003; Mokros, Berle-Carman, Rubin, & O'Neil, 1996;
Mokros, Berle-Carman, Rubin & Wright, 1994: Riordan & Noyce, 2001.) Under a variety of research
conditions, including state-level comparisons of reform and traditionally-taught students, longitudinal
studies, pre- and post-test comparisons, case studies, dissertation research, and publicly available school
district evaluation reports, students using these curricula have been found to outperform students using
other programs. (See Carroll & Isaacs, 2003; Carter, Beissinger, Cirulis, Gartzman, Kelso, & Wagreich,
2003; and Mokros, 2003 for reviews of this work.)

For example, Carter, Beissinger, Cirulis, Gartzman, Kelso, & Wagreich (2003) report on five studies
examining the impact of Mazok- e 4}, b ¢, on student achievement. Several of the studies examined
standardized test performance of students prior to implementation of Mazak- & 4}, b ¢ versus performance
after several years of implementation. Other studies examined student achievement in schools that were
using the curriculum compared with matched schools not using the curriculum. In the final study reported,
a school within a school that had adopted the curriculum, was compared to the larger school, which had
not. In all cases standardized tests scores were compared and students using the Maz - & 1§, & ¢/ program
outperformed comparison groups not using the program. Of special interest is a case study of student
performance in a suburban district. Students in the only school in the district that used Mazak- o 44, b 1
performed significantly better on the open-ended items of the Srapr y Asn $2¢treph 41, Ninth Edition
(SAT9) than the other students in the district. ’

Similarly, a series of early studies suggests a positive impact of the 7#?¢¢ gar s curriculum on student
learning. Three studies comparing students using /4?4 pat¥ sg With students using other curricula were
reviewed in Mokros (2003; also see Flowers, 1998; Goodrow, 1998; Mokros, Berle-Carman, Rubin &
Wright, 1994). The studies used a variety of testing techniques, examining traditional computation skills,
higher level problem solving, and conceptual understanding using both paper/pencil and interview
methods. In these studies, matched comparison groups and 7474 gat ¥ s students showed similar gains
across the school year on basic computation problems, but the comparison students were less successful
than the 7474z gt 5 students on tasks requiring complex problem solving or a deep understanding of
arithmetic operations.

Likewise, Carroll & Isaacs (2003) reviewed a variety of studies examining the impact of ¢y  ay

Mata ¢ mat 5g On student achievement. In the reported studies, students were tested on a variety of
standardized instruments (the 7 M ¢ Gr a } Agg 45 mept Pr gt the O 1 peasp ¥ ebe 4t ygp Pir grat,
3rd Edition; and ta¢ Mery, v htap Asa 324 theprh- 41, Tth Edition) and on well-known research-based tests
(the Naty patAgg 4o epty E, %sary pa Py prss and the O g ¢%¢h Bag ¢, E b theptary Matah- ¢t (Wood
& Cobb, 1989)). Studies were conducted using longitudinal designs (e.g., Briars & Resnick, 2000; Fuson,
Carroll, & Drueck, 2000), comparisons between matched schools (e.g., Carroll, 1997), and a comparison
between cohorts exposed to long-term implementation versus no implementation of the curriculum within
the same district were used (e.g., Briars & Resnick, 2000). Across these studies, students who had used the
E?ﬁwvay Mato ¢ trat 5 program outperformed peers who had had little or no exposure to EM.



Several studies have contributed directly to the work of the ARC study. In these studies, large samples of
students using the Standards-based curricula were compared to matched groups using state-mandated,
standardized test scores as the dependent variable.

One such study evaluated the impact of the E?¢y  ay Maz2¢taz 4 curriculum on student achievement
among third grade students in Illinois during the Y992—1993 school year. Carroll (1997) identified schools
that were using the program as the core curriculum in all third grade classes. Twenty-six schools, all
located in the Chicago metropolitan area, were identified as meeting this criterion. In 14 of the 26 schools,
EM had been in place since the students were kindergartners. The performance of these students on the
IMyr § Gr e} Agg 4 14pt P g 11 (IGAP), the state assessment at that time, was compared to the
performance of students in suburban Cook County and in the rest of the state. Carroll found that 25 of the
26 schools had mean scores significantly above the state mean and 20 of the 26 schools had mean scores
significantly above the suburban Cook County mean. (None of the schools scored significantly below the
state mean and one had a mean significantly below that of suburban Cook County.) Additionally, more than
half of the students who had been using EM since kindergarten exceeded the state math goals, double the
percentage of the students in the rest of the state.

Another study investigated the effects of E?¢y  ay Matortar 4 and Cr ppets, Marottat 4, (CMP; a
Standards-based middle school curriculum developed with NSF support) on 4wand 8" grade students’
mathematics scores on the 1999 Maggas 2 % 1, O B réné W Agg b et Sygt¢ 1 (MCAS) (Riordan &
Noyce, 2001). Groups of early and late implementers of each of the curricula were compared to matched
schools not using the programs.

It was found that students using EM or CMP outperformed their counterparts in terms of their overall
scaled scores and on some subtests (e.g., number sense and geometry) (Riordan & Noyce, 2001). Effect
sizes ranged from small to moderate depending on the outcome measure and duration of implementation.
Generally, the longer the implementation, the greater the advantage for reform students, both overall and
within subgroups of students. Evidence showed some narrowing of the performance gap between
racial/ethnic groups and between advantaged and disadvantaged populations. For example, Black,
Hispanic, and low SES reform students outperformed White and higher SES students in the comparison
groups. Among early implementers, girls outperformed boys. Positive differences were consistent across
performance quartiles suggesting that the two curricula were effective for students at the bottom, middle,
and top of the achievement continuum.

Another study of similar design examined student achievement resulting from the use of two Standards-
based middle grades curricula; MATHL 2 ¢ et 4, and O ppeté, Mato e rtat 5 (CMP) in Missouri (Reys,
Reys, Lapan, Holliday, & Wasman, 2003). The first three districts in the state to begin implementing these
curricula were compared to three districts matched in terms of prior test scores and free/reduced lunch
rates. The comparison districts were also selected to mirror the 6-8 configuration of the schools in the
reform districts and to reflect similar geographic locations. Student achievement was assessed by the 1999
M ggr ¥riAgg 4q ept P g o 1t (MAP) and by thek. ¢ Mr*7a test. In each paired comparison the reform
district outperformed the comparison district on at least two subtests (data analysis and algebra) and no
significant differences favored the comparison districts.

1.3 The Study

As Standards-based curricula reach multi-year, full-scale implementation in many schools and districts,
more is learned about how these materials affect student achievement. Preliminary evidence from a number
of studies using an array of research designs indicates that these curricula are improving student
performance on a variety of measures—both experimental instruments and standardized tests—without
sacrificing basic skills. However, most of the studies examined the outcomes of implementation efforts in
schools and districts that were among the first to embrace the approach embodied in these curricula, the
early adopters. Since these early adopters received a degree of support from publishers and developers that
could not be replicated given the large number of new implementers, the need to assess the curricula under
more typical conditions became apparent.



In 1999, EM, MT, and IN were used in about 10% of the nation’s school districts, which served about three
million students. Therefore, the programs were used widely enough and had sufficient maturity to warrant
a large-scale study of their effects on student achievement. Of particular interest was how reform students
fared on standardized tests. This resulted in a research design intended to answer the questions: Hr # r ¢
tacaan ¥2etrepty (1% opt by K oEM, My rIN o 15 aper tomry g% oprg % ppriocy e ¥ q BRY g
Smﬁ-ﬂa@az;, stpeg Y et ?and Dr & ta g 1 e n& ooy g g Bt “ stf/ " 1

2. Method

This study combined publicly available state test data from Illinois, Massachusetts, and Washington with
survey data from schools using EM, MT, and IN. The combined data set made it possible to compare the
achievement of students studying these curricula with matched comparison students not using any of the
three curricula.

2.1 Selecting States

The ARC Center study focused on Illinois, Massachusetts, and Washington for two reasons. First, the
reform programs EM, MT, and IN were represented by substantial numbers of users in these states, and
second, the five different standardized tests mandated in these states permitted analysis across a variety of
instruments. The five tests were:

o Iy }Sla@agsAlﬂ&g?ﬁfﬁ‘ﬂ“ 41 (ISAT), grade 3

Iy g 5"‘@“@ Asa $2¢treph. 41 (ISAT), grade 5

o MaggminX g O peaspW e Agg g tept Sygr e (MCAS), grade 4
o Ftal 4tv Bagy S« (ITBS), grade 3 (Washington State)

. 00 Pl pAgg 4o Mepty Sz@ pt Lo rp ipp (WASL), grade 4

With thé exception of the ITBS, the state-mandated tests were constructed to measure student achievement
as defined in published documents that outline the mathematics learning standards for each state. The
ITBS is a national, norm-referenced test. The five tests include a broad range of content including number
sense, computation, estimation, algebraic concepts, geometry, measurement, probability, data analysis, and
problem solving. All the tests include multiple-choice items. The MCAS and WASL also include short-
answer questions and extended-response items. See Appendix B for a detailed description of these
assessment instruments.

2.2 Surveying Schools

To assure that only schools fully implementing EM, MT, or IN were in the reform group and that no users
of these programs were in the comparison group, a survey instrument was developed and administered.
Each project conducted a telephone survey of districts and schools in Illinois, Massachusetts, and
Washington that were known to use, or were suspected of using, its curriculum. These districts and schools
were identified principally through customer lists provided by the program publishers. A district or school
on these lists was surveyed if the annual sales for that district or school exceeded a given dollar amount,
which varied by program, and even by state for a given program. The dollar amount cutoffs for inclusion in
the survey were set low enough to achieve a near census of all students in the three states using the
curricula. In addition, each project maintains a database of individuals and school systems that have
contacted them with implementation questions or requests. Each project checked these databases for
schools known to be using their materials but not appearing on the customer lists. Such schools were also
surveyed. Schools and districts designated to be surveyed included at least 90% of all students in the three
states using the three curricula.

The coverage rate for a survey is the ratio of total students in all schools responding to the survey to total
students in all schools designated to be surveyed. Coverage rates were generally at the 90% level or higher.



The survey collected 1999-2000 school year implementation information for the grades for which state
achievement test data were also available. To gauge the extent and length of implementation, survey data
were also collected for previous grades. Survey respondents included district math supervisors, principals,
or other knowledgeable persons.

The primary reason for conducting the implementation survey was to verify usage of the reform curricula.
Additional questions about implementation variables such as staff development and time allotted for
mathematics instruction were included in the survey of reform schools; but without corresponding data for
the comparison schools, the analysis was limited. See Appendix C for the survey instrument. The analysis
below uses the following survey information, which was coded for each school-grade combination:

e Percentage of teachers fully using a reform program (A “fully using” teacher was defined as one who
used a program for at least 75% of his or her mathematics instruction.)

e  Number of years at full program implementation (“Full implementation” was defined as at least 75%
of teachers using the program for at least 75% of their mathematics instruction.)

2.3 ldentifying Eligible Schools

A grade in a school (a school-grade case) was considered eligible for inclusion in the analysis, provided:

1. The grade was one for which student test data is available (grades 3 and 5 in Illinois, grade 4 in
Massachusetts, and grades 3 and 4 in Washington);

2. The school-grade reported full implementation of EM, MT, or IN during the 1999-2000 school year;
and

3. The program had been implemented in the previous grade within the school for at least two years
(1998-2000)—so that students in the given grade would have had at least a two-year exposure to the
program. In schools that did not include the previous grade, this requirement was modified to require
that the program had been implemented in the previous grade for at least two years (1998-2000) for all
possible feeder schools to that school.

The coded implementation survey file contained 1,058 school-grade records for which student test data
were available (criterion 1, above). Of these, 742 (70%) were classified as eligible and were subsequently
matched to comparison schools. Failure to meet the two-year implementation requirement (criterion 3,
above) was the most common reason for classifying a school-grade case as “ineligible.” The distribution of
all school-grade case records, by state and grade level, is shown in Table 1. The distribution of eligible
reform school-grade cases, by program, state, and grade level, is shown in Table 2.

A total of 110 different school districts are represented by the 742 eligible reform school-grade cases: 52
districts in Illinois, 38 in Massachusetts, and 20 in Washington.

2.4 Matching Reform and Comparison School-Grade Combinations

A matching routine was carried out for each of the five state-grade combinations in order to identify
comparison schools that had not implemented any one of the three reform programs but that were similar in
how they would be expected to perform on the respective statewide test. The matching procedure selected
one matched comparison school for each of the 742 eligible reform school-grade cases included in the
analysis.

Within each state-grade combination, schools known to use, or suspected of using, any of the three reform
curricula were excluded as possible matched comparison schools. All remaining schools appearing on that
state’s public education data files formed the pool of schools eligible for selection as comparison schools.
The following schools were excluded as possible comparison schools:

o All schools that were identified to be surveyed, even if they were subsequently classified as ineligible,
or if the survey was not completed.



e Schools that were not surveyed, but that appeared on one of the publishers’ customer lists with more
than trivial annual sales.

e Schools that appeared neither on the publishers’ customer lists nor program databases as current users,
but that were known to have used one of the reform programs in the recent past.
Separate school-level regression analyses for the five state-grade combinations identified the strongest
predictors of the average school mathematics score for each state-grade test. Reading score and low-income
variables (variously designated as “low income” in Illinois, “eligible for free or reduced price lunch” in
Massachusetts, and “Title | status” in Washington) consistently accounted for the greatest percentage of
total variance. These variables were given greater weight in the matching process. Other variables—such as
percent White, school mobility rate, and percent with limited English proficiency (LEP)—accounted for
little of the total variance, but were typically significant. These variables were given less weight in the
matching process.

The actual matching routine was carried out separately for each of the five state-grade combinations. No
single routine could be used across states because the school, district, and student data available and related
to matching varied by state. Moreover, the matching ratios (number of available comparison schools:
number of reform schools to be matched) varied considerably by state. For example, matching in
Massachusetts (where the matching ratio was less than 6 to 1) did not allow the same flexibility in
accommodating multiple, simultaneous matching variables as matching in Illinois (where the matching
ratios were about 10 to 1).

Table 3 shows the number of excluded schools and matching ratio for each state-grade combination. For
the combined state-grade combinations, approximately 9% of the total schools were “exclusions” that had
not been surveyed. As expected, the exclusion rates were highest in Washington, where all three reform
programs are well represented; and lowest in Illinois, where only one program is well represented.

The variables used in matching for the different state-grade combinations were as follows:

e lllinois:
School averages for reading score, low-income percent, White percent, LEP percent, and mobility
percent.

e  Massachusetts:
School averages for reading score, free/reduced lunch percent, and White percent.

e  Washington:

School averages for reading score, Title | Mathematics percent, and White percent.

(The school variable Title IS was also used as a stratification variable in Washington: A reform school

and its matched/comparison school were required to have the same Title | status.)
For each reform school-grade case, the matching routine identified a comparison school that resembled the
reform school with respect to the matching variables. As a starting position for matching within any state-
grade combination, the maximum difference allowed in school reading scores was set to 1 point. For
Illinois and Massachusetts it became necessary to broaden this difference to 2 points. A maximum 2%
difference in averages between reform and matched schools for the low-income variable (low-income
percent in Illinois, free/reduced lunch percent in Massachusetts, and Title | Mathematics percent in
Washington) was allowed. Similarly, a maximum 5 percent difference in averages for White percent was
allowed. See Appendix A.1 for a complete description of the matching routine; see Table 12 for an
inventory of the matching variables and their data sources.

Table 4 shows the matching variable averages for students in the 742 eligible reform school-grade cases
and their comparison school-grades. There is generally close agreement between the reform and
comparison averages for the matching variables, but differences do exist, and such differences could bias
any subsequent comparisons of mathematics test scores. Therefore, the comparison-student averages for all
test variables were adjusted before any tabulated comparisons were made. Adjustment ensured that any bias
ensuing from the matching procedure was minimized. (See Appendix A.4 for a complete description of the
adjustment procedures.)
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2.5 Exclusions, Missing Data, and Weights

Before any differences in the performance of reform and comparison students were tabulated, procedures
were carried out to deal with missing data, unequal school size, and inconsistencies in the student
populations tested in the several states.

Illinois and Washington identify students with an Individualized Education Program (IEP); Massachusetts
identifies “mathematically disabled” students; and Washington identifies “special education” students. All
reform and comparison student records for IEP, “mathematically disabled,” and “special education”
students were deleted from the analysis and excluded from the tabulated comparisons. These deleted
records represent approximately 10% of all student records.

Fewer than 3% of the student records included missing or incomplete math test data or reading scores. All
such records were deleted from the analysis and excluded from the tabulated comparisons. Approximately
3% of the student records included missing values for race/ethnicity. Such records were not deleted;
instead, a school-level value for “White percent” was imputed as a surrogate for the student-level variable
“White” to each student record for that school with missing data. See Appendix A.2, together with Table 5,
for an expanded discussion of missing-data procedures.

Table 6 shows, for each state-grade combination, the number of student records for reform and comparison
students that were in fact used for tabulated comparisons and all subsequent analysis. In all, more than
100,000 student records are represented, with approximately equal numbers of reform-student and
comparison-student records.

The near equality in numbers of reform-student and comparison-student records shown in Table 6 does not
apply, however, at the individual school level. The difference between the number of students in a given
reform school-grade and its matched school-grade was highly variable and sometimes substantial.
Weighting was therefore necessary, and case weights were constructed for all comparison-student records.
(See Appendix A.3 for a description of the construction of case weights.) Use of case weights for all
tabulations (Tables 4 and 7-11) ensured that comparison schools contributed to overall statistics with the
same proportions as their reform-school counterparts.

3. Results

Differences between reform and comparison student scores were tabulated for each of the five state-grade
combinations; these results were also pooled to yield overall comparisons. Differences disaggregated by
race/ethnicity, income, and gender were also tabulated; these disaggragated comparisons pooled results
from all five state-grade combinations.

The mathematics test variables used for all tabulations are student-level variables. They vary somewhat by
state and even within state for Washington. The overall mathematics test score variables are “math” and
“total.” “Math” is the scaled test score; “total” is the percent of total possible points on the test. Each of the
variables “computation,” “measurement,” “geometry,” “prob/stat,” and “algebra” denotes the percent of
total possible points for the corresponding strand of test items.

LLNT3

The Massachusetts test categorizes test items by type as “open-response,” “short answer,” or “multiple-
choice.” The Washington State tests categorize test items into various skill sets: “problem solving,”
“concepts and estimation,” “logical reasoning,” “communicating understanding,” and “making
connections.” A test variable with any such name denotes the percent of total possible points for the
corresponding category of test items.

Each set of tabulated comparisons for a state-grade combination compares averages for reform students and
comparison students within that state-grade combination. These differences between averages were not
calculated simply by subtracting the observed comparison-student average from the observed reform-
student average for each test variable. The observed comparison-student average for each test variable was
instead adjusted prior to subtraction. The adjustment procedure was based on regression analyses and
ensured that any bias ensuing from imperfect matching of reform and comparison schools was minimized.
(See discussion at the end of Section 2.4.) Appendix A.4 describes the adjustment procedure more fully.
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Having calculated an adjusted difference of average scores between reform students and their comparison
students, the effect size for that difference was then calculated by dividing the adjusted difference by the
standard deviation of the comparison student scores. Effect sizes are reported in order to facilitate
comparisons across states and grade levels and comparisons with prior research. For comparisons by
race/ethnicity, income, and gender that combine results from the individual state-grade tabulations, effect
sizes were calculated as weighted-average effect sizes, taken across the state-grade combinations. (See
Appendix A.5 for details about the effect size calculations.)

For this study, an effect size can be thought of as the percentile standing of the average reform student
relative to the average comparison student. An effect size of 0.10 (the approximate three-state weighted
average effect size for both the “math” and "total” test scores) indicates that the mean of the reform-student
group is at the 54th percentile of the comparison group. This, in turn, implies a change in percentile
standing of 4 percentile points. Tables 7-10 all use the label “percentile change” to denote the change in
percentile standing of the average reform student relative to the average comparison student, as determined
by the effect size.

3.1 Comparisons by State-Grade Combination

Table 7 shows comparisons for all test variables, by state-grade combination. By definition, each of the test
variables except “math” has a range of 100 points (0% to 100%), so that the average differences reported
may be interpreted either as point differences out of 100 points or as percentage differences. “Math,”
however, is a scaled score whose range is 80 points in Illinois and Massachusetts, greater than 100 points in
Washington (grade 3), and greater than 350 points in Washington (grade 4), so that average differences for
this variable may not be interpreted as percentage differences.

The effect sizes for “math” and “total” are approximately the same for all state-grade combinations—as
expected, since these are the overall test score variables. The combined state-grade effect sizes for “math”
and “total” are virtually identical and correspond to a percentile change of about 4% favoring the reform
students.

Regarding “math” and “total” as a single comparison within each state-grade combination, 34 different
comparisons are represented in Table 7. Six of these comparisons show no statistical difference; 28 of the
comparisons show a significant difference, and all favor the reform students. The combined state-grade
effect sizes are highly significant (p < 0.001) for all mathematics strands; and they are fairly consistent
across strands, with probability and statistics as the single exception.

The pattern of differences and effect sizes across state-grade combinations varies according to the
mathematics strand.

e For measurement, the differences are all highly significant and the effect sizes are consistent.

e For algebra, the differences are all highly significant, but the effect sizes for Massachusetts and
Washington are roughly double those for Illinois.

e For computation, all differences are highly significant except for Washington grade 3 (p < 0.01). The
effect sizes for lllinois and Massachusetts are consistent, but the effect sizes for Washington are about
one-third those for Illinois and Massachusetts. The combined state-grade effect size, however, is
approximately the same as the combined effect size for “total.”

o For geometry, three of the differences are highly significant but the difference in Massachusetts is not
significant.

e For probability and statistics, only the Illinois grade 5 difference is highly significant, and all other
differences are virtually zero.

The comparisons shown in Table 7 are differences and convey no information about the level of student
performance. Table 11, however, does show the actual levels of student performance corresponding to the

! The strand “computation” is variously labeled: Estimation/Number/Sense/Computation (IL), Number
Sense and Numeration (MA), Number Sense (WA), and Math Concepts and Math Computation (ITBS).
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differences in Table 7. (Each difference in Table 7 may be recovered from Table 11 by subtracting the
corresponding reform- and comparison-student averages.) For comparative purposes, Table 11 also shows
the levels of performance for all non-reform students. “Non-reform students” include all students within a
state-grade combination that do not attend any of the eligible reform schools, and that are not identified as
IEP, mathematically-disabled, or special-education students?. In particular, non-reform students include all
comparison students. The side-by-side bar graphs in Figures 1 and 2 summarize information from both
Tables 7 and 11. The differences reported in Table 7 correspond to the differences in adjacent bar heights in
Figures 1 and 2.

Figure 1: Averages for the overall test score variable "total,’
by state/grade and reform status.
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Figure 1 shows that the lag in average performance between non-reform and comparison students is
substantially larger than the lag between comparison and reform students—across all state-grade
combinations, but especially in lllinois and Massachusetts. Including averages for all non-reform students
in Table 11 and Figure 1 highlights the impact of the matching procedure used to select comparison
schools. The reform schools have, relative to other schools in their state, higher average reading scores,
higher percentages of White students, and lower percentages of low-income students, all of which are
associated with higher mathematics achievement. Direct comparison of reform- and non-reform-student
performance would, therefore, largely reflect the differences in these variables between the two student
groups and would not furnish valid measures of the effects of the reform curricula. The matching
procedure, however, selected comparison schools with comparable values for these variables, and the
differences between reform- and comparison-student performance do furnish valid measures of program
effects. See Appendix A.6 for a discussion of the validity and measures taken to assure that regression-to-
the-mean artifacts are not producing spurious results.

2 The “non-reform students” in Table 11 are the aggregated students in all schools not classified as
“eligible reform schools.” (Table 2 inventories the “eligible reform schools,” which are defined in Section
1.3.) IEP, mathematically disabled, and special education students are not included in any tabulations.

13



Figure 2a: Test variable averages for IL grade-3,
by reform status.
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Figure 2b: Test variable averages for IL-grade 5,
by reform status.
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Figure 2c: Test variable averages for MA-grade 4,
by reform status.
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Figure 2d: Test variable averages for WA-grade 3,
by reform status.
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Figure 2e: Test variable averages for WA-grade 4,
by reform status.
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Averages for *problem solving® and "communicating” are not shown becausa they do not fit within the vertizal scale.
For "problem-solving”, the reform siudents’ awemge is 38.82, and the comparison student's awerags is 36.31.
For "commuricating”, the averages are 45 .03 and 45.08, respactivaly.

Figures 2a—2e show averages separately for each of the five state-grade combinations. Each graph shows
averages for all test variables considered for that particular state and grade.® The graphs all use the same
vertical scale to facilitate comparisons across state-grades. They are collectively useful for emphasizing the
high variability in average scores across the different strands and other test item categories. Within each
state-grade combination, there is typically a 10- to 15-point spread between the highest and lowest average
strand score. For Washington-grade 4, there is a 30-point spread between the averages for algebra and
problem solving.

3.2 Comparisons by Race/Ethnicity

Table 8 shows comparisons by race/ethnicity that combine results from the individual state-grade
tabulations. Effect sizes are shown separately for Asians, Blacks, Hispanics, and Whites. Student data for
those identified as Native American, “mixed,” or “other” race categories, or for those whose race/ethnicity
was missing and subsequently imputed, were included only in the calculation of the combined state-grade
effect size and not in any comparisons by race/ethnicity.

The effect sizes shown by Table 8 are remarkably similar for Blacks and Whites, and for both races these
effect sizes very nearly duplicate the combined state-grade effect sizes. The effect sizes for Asians are
generally at the same level or higher than those for Blacks and Whites—they are at about the same level for
computation and algebra, higher for measurement and probability and statistics, and much higher for
geometry. With the exception of probability and statistics, virtually all of the effect sizes for Asians,
Blacks, and Whites are highly significant and favor the reform students within each racial subgroup.

The results for Hispanics, however, are quite different. None of the effect sizes for “math,” “total,”
computation, algebra, and probability and statistics are statistically significant for Hispanics. The effect
sizes for measurement and geometry are both positive and significant; each, however, is smaller than the
corresponding effect size for Asians, Blacks, or Whites.

3 All differences are shown in the graphs in Figures 2a—2e, including differences that were not statistically
significant.

16



The effect sizes for probability and statistics are exceptional within Table 8, just as they are within Table 7.
They are small and generally favor the reform students, but are not statistically significant except for
Whites. The combined state-grade effect size for probability and statistics is highly significant, but so small
(0.025) that the result lacks practical significance.

The effect sizes shown in Table 8 are averages of the effect sizes for racial/ethnic subgroups taken across
the state-grade combinations. But Table 8 conveys no information about the actual test variable averages
and their differences that were used to calculate the effect sizes. Figure 3 complements Table 8 and shows
averages for the overall test score variable “total” by racial/ethnic subgroups, within state-grade
combinations. The differences in adjacent bar heights represent the differences in averages that were used
to calculate effect sizes and construct the Table 8 effect sizes for “total.”

Figure 3: Averages for the overall test score variable "{otal}

by state/grade, race/ethnicity, and reform status.
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Figure 3 shows several consistent patterns:

e  Of the 20 comparisons shown, 19 favor reform students. The only comparison favoring comparison
students is for Hispanics within Washington-grade 3.

e The actual differences in averages between reform and comparison students are roughly similar within
and across the state-grade combinations for Asians, Whites, and Blacks (excepting Washington-grade
3).

e  Averages for Asians and Whites are substantially higher than averages for Blacks and Hispanics—by
at least 10 points and by up to 25 points.

e  Averages for Asians are marginally higher than those for Whites, and averages for Hispanics are
marginally higher than those for Blacks.
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3.3 Comparisons by Income

Table 9 shows comparisons by student family income, which combine results from the individual state-
grade tabulations. Comparisons are reported by Title IS status for Washington State, and by socioeconomic
status (SES) categories for combined Illinois/Massachusetts data.

Recall that in Washington State, the school-level variable Title IS was used as a stratification variable for
matching: The comparison school for each reform school-grade case was required to have the same Title IS
status as the reform school to be matched. The tabulations for Washington in Table 9 offer a direct
comparison of effect sizes for lower-income Title IS students with those for higher-income non-Title IS
students.

For Illinois and Massachusetts, a school-level variable called “SES” was defined for each reform school.
The SES categories “low,” “middle,” and “top” were defined by using low-income school percent (in
Illinois) and free or reduced lunch school percent (in Massachusetts) to assign each school to one of these
three categories. Each comparison school was then categorized in the same way as the reform school it was
matched to. The SES categories defined for reform schools include the following percentages of low-
income (Illinois) and free or reduced lunch (Massachusetts) students: 47% in “low,” 12% in “middle,” and
2% in “top.” That is, 47% of the students in the “low” category schools are low-income, 12% of the
students in the “middle” category schools are low-income, and 2% of the students in the “top” category
schools are low-income. Virtually the same percentages hold for the SES categories defined for the
comparison schools. Table 9 offers a direct comparison of effect sizes for the three SES categories of
schools.

The effect sizes shown by Table 9 are quite similar across SES and Title IS categories for the overall test
score variables “math” and “total.” All such effect sizes are highly significant and all favor the reform
students. Effect sizes for students in low-SES and top-SES schools are at the same level, and marginally
higher than those for students in middle-SES schools. Effect sizes for Title IS students are marginally
higher than those for non-Title IS students, and marginally lower than those for low-SES students.

The pattern of effect sizes across SES categories varies according to the mathematics strand.

e For computation, effect size increases with SES status. The effect size for students in low-SES schools
is two-thirds that for students in high-SES schools.

e For measurement, effect sizes for students in low- and high-SES schools are at the same level, and are
larger than the effect size for students in middle-SES schools by a 4 to 3 margin.

e For geometry, the effect size for students in low-SES schools is three times that for students in high-
SES schools. The effect size for students in middle-SES schools is zero (no difference between reform
and comparison students).

e For algebra, all effect sizes are at about the same level.

e  For probability and statistics, the effect sizes are exceptional, just as they were within Tables 7 and 8,
and the previous discussion applies.

Except for probability and statistics, all of the effect sizes noted above are highly significant and all favor

the reform students.

A similar analysis of the pattern across Title IS and non-Title IS categories according to strand is not
productive except for the computation strand. The Title IS effect sizes for measurement, geometry, algebra,
and probability and statistics are based on 507 student records, representing only six schools. While these
effect sizes are reported in Table 9, they should not be considered as reliable. For the computation strand,
the Title IS effect size is positive (favoring reform students), not significant (although nearly so), and
actually larger than the corresponding effect size for non-Title IS students.
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Figure 4 complements Table 9 in the same way that Figure 3 complements Table 8. Figure 4 shows two
consistent patterns.

e  Averages increase with income status, within each state-grade combination.
e  Of the 13 comparisons represented, all differences in averages favor the reform students.

The pattern of differences in averages across income categories, however, varies according to the state-
grade combination.

e For lllinois-grade 3, the difference for students in low-SES schools is double that for students in high-
SES schools and the difference for students in middle-SES schools is negligible.

e For Illinois-grade 5, the differences are approximately equal for all SES categories.

e For Massachusetts-grade 4, the differences for students in middle- and high-SES schools are
approximately equal and the difference for students in low-SES schools is negligible.

e For each Washington grade, the differences by Title IS status are roughly equal.

The low-income variable used in Illinois to define SES categories was the school-level variable “low-
income school percent.” Individual student records could not be used to identify low-income students.
Direct comparison between low-income students attending the reform and their matched schools was
therefore impossible. The low-income variable used in Massachusetts to define SES categories was the
student-level variable “free or reduced lunch.” (Student-level data were aggregated to create the school-
level variable “free or reduced lunch school percent,” and this school variable was used to define SES
categories.) This made it possible to directly compare students attending the reform and their matched
schools by free/reduced lunch status. And tabulations of adjusted differences were made in the usual way.

o For free/reduced lunch students, none of the differences are significant. The difference for “total” is
zero; differences for computation, algebra, and open-response items are positive and favor the reform
students; and differences for the other four strands and item categories are negative and favor the
comparison students.
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e  For non-free/reduced lunch students, the differences are all marginally higher than those shown for all
Massachusetts reform students in Table 7, and have the same significance levels.

3.4 Comparisons by Gender

Table 10 furnishes comparisons by student gender that combine results from the individual state-grade
tabulations. All of the effect sizes shown in the table are positive and favor the reform students, and all are
highly significant, except those for probability and statistics, which are significant at the p < 0.01 level.
While the effect sizes for females are very slightly larger for “math” and “total” and across all strands
except for probability and statistics, such differences are insignificant.

4. Conclusion

This study examined achievement test data for a near census of students in three states using NSF-funded
comprehensive elementary mathematics curricula. These students’ test results were compared to those of
students in non-using schools carefully matched by reading level, SES, and other variables. Possible bias
due to imperfect matching was controlled by adjustments based on regression studies. The principal finding
of the study is that the students in the NSF-funded reform curricula consistently outperformed the
comparison students: All significant differences favored the reform students; no significant difference
favored the comparison students. This result held across all tests, all grade levels, and all strands, regardless
of SES, gender, and racial/ethnic identity. Use of these curricula results in higher test scores.

Two anomalous results deserve further study. One of these is the finding that for the most part reform
students did not outperform the comparison students in probability and statistics. The few differences that
were statistically significant did favor the reform students, but those differences were smaller than in other
areas. Since all three reform curricula include considerable work with probability and data analysis, it may
be that the failure of the reform students to outperform the comparison students can be attributed to a
misalignment of the tests and the curricula. The tests in the study appear to assess primarily low-level skills
in probability and statistics and may therefore fail to measure the learning that the curricula promote in
these areas. A careful content analysis of the test instruments may resolve this issue.

The other anomalous result is that although Hispanic students using the reform curricula generally
outperformed the comparison Hispanic students, the differences were small and not statistically significant.
Understanding this result is complicated by the varying status of bilingual education in the several states
and differences among the states in the rules that govern when LEP students are required to take state-
mandated tests. Further study will require a careful look at the relationship among several factors including
use of language in the curricula, inclusion practices, and SES. It may be, for example, that limited English
proficiency among Hispanic students limits the benefit they receive from the classroom discussions that are
integral to these programs.

There are at least two directions for further study. One is to examine implementation variables more
carefully, including staff development, number of years of use, time allotted for mathematics instruction,
use of supplementary materials, and so forth. Questions about these variables were included in the
telephone survey of the reform schools, but without corresponding data for the comparison schools, the
analysis was limited. A minimum requirement for such a study would be to survey the comparison schools
to gather implementation data; a more ambitious approach would be to survey individual teachers in both
reform and comparison schools. A second direction for further work would be to replicate the study in
other states, including states with innovative assessment systems that emphasize problem solving,
mathematical reasoning, and communication.
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Appendir A

A.1 The Matching Procedure

The matching routine identified, for each reform school-grade case, a comparison school that resembled the
reform school with respect to the matching variables. Matching was carried out separately for each of the
five state-grade combinations. The variables used in matching for the different combinations were as
follows:

e lllinois:
School averages for reading score, low-income percent, White percent, LEP percent, and mobility
percent.

e  Massachusetts:
School averages for reading score, free/reduced lunch percent, and White percent.

e  Washington:
School averages for reading score, Title | Mathematics percent, and White percent.

In addition, for Washington State, the school variable “Title 1S” identifies Title | schools (At least 40% of
the students receive free/reduced lunch.) and was used as a stratification variable: A reform school and its
matched/comparison school were required to have the same Title IS designation. In Washington,
approximately 27% of all schools with third grade classrooms and 20% of all schools with fourth grade
classrooms are Title IS schools. (The variable Title IS should not be confused with “Title | Mathematics,”
which is a student-level variable used to designate Title | students in mathematics.)

As a starting position for comparing the values of matching variables for two schools within any state-
grade combination, the maximum difference allowed in school reading scores was set to 1 point; and a
“score” variable (a linear combination of the standardized school differences in the low-income variable,
White percent, mobility percent, and LEP percent) was defined, using a weight of 2 for low-income
percent, and weights of 1 for the remaining variables. The low-income variable used varied according to
state—"low-income percent” in lllinois, “free/reduced lunch percent” in Massachusetts, and “Title |
Mathematics percent” in Washington.

Passing through the reform schools sequentially, each reform school was compared with all available
comparison schools, and a “match” declared for the lowest value of “score”—ignoring any “score” for a
comparison school that had been previously selected as a “match” for another reform school. For a given
set of weightings for the matching variables in the “score” variable, the list order of reform schools
determined the complete set of matches. A comparison school, once matched, could not be used again as a
match. Thus, reform schools not near the top of the list could receive relatively high matching “scores,”
because all of their most compatible comparison schools had already been used as matches. To remedy this,
the sequential matching procedure was repeated twice. Prior to each repetition, the 10% of all reform
schools having just received the highest matching scores were advanced to the top of the list. The matches
determined by the second repetition were regarded as the final matches.

A maximum difference in averages between reform and matched schools of 2% for the low-income
variable (low-income percent in Illinois, free/reduced lunch percent in Massachusetts, and Title |
Mathematics percent in Washington) was enforced. Similarly, a maximum difference in averages of 5% for
White percent was enforced. If either of these maxima was exceeded, the maximum difference allowed in
reading scores was broadened until such average differences were within their required ranges. (A cap of 2
points was set for the difference in school reading scores.) Once this situation prevailed, the matching
program was rerun several times, with the weights of the components of the “score” variable systematically
perturbed—in an attempt to reduce further the difference in averages between reform and matched schools
for low-income percent. In all cases, for any alternative version of the “score” variable considered, the
weight of each non-low-income variable was constrained to be less than the weight of the low-income
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variable. Additionally, the difference in number of students between a reform school and its match was
minimized to the extent possible.

A.2 Exclusions and Missing Data Procedures

Table 5 shows, for each state-grade combination, the student record counts for all reform and comparison
students at various stages of exclusion.

e  Column A shows total record counts for data available from state files—for the combined set of reform
and matched students, prior to any exclusions.

e Column B shows record counts after mathematically-disabled, IEP, and special-education students’
records have been excluded.

e  Column C shows record counts after all remaining records containing incomplete mathematics test
data have been excluded.

e  Column D shows the extent of missing variable information for the records in column C. At this stage,
reading score and race/ethnicity are the only variables used by the matching routine that have any
missing data for student records.

No attempt was made to impute any missing reading score or race/ethnicity for students in Massachusetts.
Records with such missing data (1.2% of the total) were simply excluded for all subsequent analysis. Nor
was any attempt made to impute any missing reading score in the remaining state-grade combinations.
Student records with this value missing were excluded from all subsequent analysis.

Approximately 3% of student records included a missing value for race/ethnicity, and the pattern for this
missing data was problematic in Illinois and Washington. Twelve different schools completely withheld
student race data: 7 in lllinois-grade 3, 4 in Illinois-grade 5, and 1 in Washington-grade 3. Nearly all of the
remaining schools had only a small percentage of missing race/ethnicity data. Excepting Massachusetts, the
following imputation strategy was used, and no such student records were excluded from the subsequent
analysis.

e  For lllinois (grades 3 and 5), school-level race/ethnicity data was available from the School Report
Card state data file. A school-level value for “White percent” was imputed as a surrogate for the
student-level variable “White” to each student record for that school with missing data.

e For Washington (grades 3 and 4), the school-level value for “White percent” was calculated from the
partial student data available for that school, and appended to student records as just described. For the
one school with no available data, a school-level regression was run for Washington (grade 3) to model
“White percent” as a function of the remaining matching variables. The predictive equation generated
an imputed value that was appended to student records as just described.

A.3 Construction of Case Weights for Comparison Students

Case weights were constructed for all comparison-student records. Use of case weights for all tabulations
(Tables 4 and 7-11) ensured that comparison schools contributed to overall statistics with the same
proportions (number of cases) as their reform-school counterparts.

The case weight is the same for all students within a given comparison school-grade, but varies over the set
of comparison school-grades. Each case weight is a ratio that may be described by using Table 5: If R
denotes a reform school-grade case and M denotes its comparison school-grade, the case weight attached to
each comparison-student record in school-grade M was constructed using the file whose counts appear in
column E of Table 5:

e case weight = (# of R records in column E file) / (# of M records in column E file) .
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A.4 Corrective Adjustment for Matching Differences

The matching routine described above identified, for each reform school-grade case, a comparison school
that resembled the reform school with respect to the matching variables. Table 4 shows that there is
generally close agreement between the reform-student and comparison-student averages for those matching
variables. But differences do exist that could bias any comparisons. Therefore, comparison-student
averages for the overall test score variables (“math” and “total”) and all remaining test variables (such as
“computation,” “algebra,” and “problem solving™) were adjusted before any tabulated comparisons were
made. Adjustment ensured that any bias ensuing from the matching procedure was minimized.

The adjustment procedure followed these steps:

1. Comparison-student averages were adjusted independently within the five different state-grade
combinations. And they were adjusted independently for each test variable within a given state-grade
combination.

In cases of subgroup analysis that required comparisons by race/ethnicity, income, and gender,
averages were also adjusted independently within each relevant subgroup.

Example: For a subgroup analysis by gender, comparison-student averages were adjusted
independently for males and females. And for each gender, adjustments for the different test variables
(such as “total,” “geometry,” and “algebra”) were executed independently. Finally, all adjustments
within a given state-grade combination were executed independently of those for the other
combinations.

2. Consider a given test variable for a given subgroup, within a given state-grade combination. Using
comparison student data for that subgroup, a linear regression of the test variable (dependent variable)
was run on all of the matching variables (independent variables) used by the matching routine for that
state-grade combination.

3. Let Pred(y|X) denote the value of the resulting predictive equation, evaluated for a specific
combination of matching (independent) variables X. More specifically, let
Pred(y|reform X) = Pred(y|observed matching variable averages for reform students)
Pred(y|comparison X) = Pred(y|observed matching variable averages for comparison students)

4. Let Obs(y) denote the observed average for the given subgroup of comparison students on the given
test variable. Obs(y) was adjusted as follows:
Adj(y) = Obs(y) + [Pred(y|reform X) — Pred(y|comparison X)]
The adjusted difference between averages for this test variable and subgroup that was used for
tabulations is:
Observed test-variable average for the subgroup of reform students — Adj(y) .

The adjusted difference for any test variable and subgroup furnishes an estimate of the “treatment effect”
for that variable and subgroup, where “treatment” is defined as use of one of the reform programs. The
adjusted difference estimates are similar in form and generally quite close to the treatment estimates
furnished by an analysis of covariance (ANCOVA) model with multiple covariates (the matching
variables), where the regressions are constrained to be linear and parallel. The adjusted difference estimates
are also generally quite close to the estimates furnished by an ANCOVA model that allows for non-parallel
regressions, where each covariate is included in the model as a deviation from its overall mean (for
combined reform and comparison students). See Thomas Cook and Donald Campbell, Quasi-
Experimentation, Houghton Mifflin, 1979: p. 155.

A.5 Calculation of Effect Si es and Their Standard Errors

Each calculation of effect size for a difference of average scores used the standard deviation of the
comparison-student scores. The focus of this study is on change relative to the untreated group—i.e.,
relative to the set of comparison students. The standard deviation of the comparison-student scores is
therefore more appropriate for effect size calculations than the average of the standard deviations of the
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reform- and comparison-student scores. In fact, for this study, the method used to calculate a reference-
value standard deviation has negligible impact on effect size.

Consider (avgXg — avgX,), the unadjusted difference of average scores between reform and comparison
students for the test variable X within a given state/grade combination or subgroup of that combination.
The variance of this difference is

Var(avgXy — avgXc) = Var(avgXg) + Var(avgX;)
= (1 -f)ox’/ng + 6c%ng,

where 652 and o? are the population variances, ng and n¢ are the sample sizes, and f equals the proportion
of reform students sampled. The proportion f is approximately 0.81 within each state/grade combination.
For example, in Illinois, surveyed schools include approximately 90% of all reform students in the state, the
response rate was 94%, and 96% of student records have no missing data: thus

f=0.90x0.94x0.96 = 0.81
For all test variables 65> = 6% and ng = n. (unweighted), so that
Var(avgXg — avgXc) = 1.196:.%/ng

For the associated estimated effect size (avgXg — avgXc)/sc, where s is the sample estimate of ¢, the
standard error is approximately 1.09/sqrt(ng).

The effect sizes quoted in this report for a given state/grade combination have the form (avgXg —
avgXca)/sc, where X, is the adjusted comparison-student average described in Appendix A.4. More
generally, weighted-average effect sizes taken across state/grade combinations have the form X; (ngi/N)
(avgXg; — avgXeia)/sci, Where ng; equals the number of reform students sampled from state/grade i and N =
% n;. If all differences of average scores were unadjusted (i.e., if each X;, was replaced by Xg; in the
expression above), the general weighted-average effect size would have standard error = 1.09/sqrt(N). For
convenience, all significance levels quoted in this report are based on standard errors calculated via this
simplifying assumption.

A bootstrapping analysis was used to generate realistic standard errors of effect size, and these were
compared with estimates calculated under the simplifying assumption. The latter were invariably larger,
usually exceeding the realistic standard errors by 25 to 50%. Thus, the actual p-values are consistently
smaller than the p-values used to determine significance levels within this report. For example, some effect
sizes reported as significant at the p < 0.01 level are very likely significant at the p < 0.001 level.

A.6 Validit y of Results

Reliabilit y of measures and regression artifacts

The selection of matched/comparison schools is described in Section 2.4 and in Appendix A.1.
Measurement errors in any one of the covariates used for matching can bias the estimates of treatment
differences and effect sizes, and this problem has been described as a “regression artifact.” For example,
assume that schools were matched solely on the basis of fallible (unreliable) reading test averages: School
mathematics test averages would regress toward the respective group means, resulting in an overestimate of
the treatment effect. The key feature here is reliability, which may be conceptualized either as “stability” or
“high test-retest correlation.” Matching on unreliable covariates may bias the estimates of treatment effects.

With the exception of average school reading score, all matching variables were measured as either school-
wide percentages or school-grade percentages. In some cases these percentages were calculated by
aggregating individual student data; in other cases, reported school-level data was used. (See Table 12.) All
such measures may be considered to be extremely reliable, even when school-level data is used as a
surrogate for grade-specific data. For example, in grades 3 and 5 for Illinois, two independent sources of
race/ethnicity data are available—the School Report Card reports school-level data, and the student file can
be aggregated to generate grade-specific data. The correlation between these measures exceeds 0.98; and
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the correlation actually increases when IEP students are removed prior to aggregation (as they were in the
analysis.)

The four standardized reading tests represented in the study have approximately the same reliability for
reading test scores: Individual student test-retest correlations are all about 0.90. The matching procedure,
however, used aggregated units (schools) rather than individuals (students) to identify the control
population. Because group means are more stable than individual scores, the test-retest correlations for
school average reading scores are all about 0.99. The operative unit for matching is the school, and thus the
operative reliability for the reading test covariate is 0.99.

A simulation study was used to quantify the bias in reported treatment effects due to regression artifacts.
Bias was estimated for a range of assumed reliabilities for the covariates used in matching, and for
situations in which one or multiple covariates were used to determine the matches. Table 13 shows a
selection of typical results from the simulation study. Note the following:

e The estimated bias for all but one of the situations described in Table 13 is positive. Positive bias
means that treatment effects are overestimated, and in a direction that favors the reform students.

o  For realistic covariate reliabilities (0.99 for reading score, and 0.98 for the remaining covariates), the
estimated bias is typically small—averaging 4 to 5%, and rarely exceeding 10%.

e Even for relaxed covariate reliabilities that are substantially smaller than those likely to hold for this
study, the estimated bias is frequently less than 10% and rarely exceeds 20%

An alternative anal ssis

School reading score is a covariate that was used in matching and that was measured after treatment
implementation. It is plausible that student reading scores may have improved as a result of using one of
the reform programs, which would complicate the interpretation of treatment differences and effect sizes.

An alternative analysis was therefore considered. The matching procedure was repeated, but average school
reading score was dropped as a required matching variable in each case.! Table 14 summarizes the
treatment differences estimated under this revised matching procedure. For each state/grade combination:

o Differences in line (A) are the average differences reported in Table 7, under full matching that
included school reading score. All differences have been adjusted, as described in Appendix A.4.

o Differences in line (B) are the average differences under revised matching that excluded school reading
score as a matching variable. These differences have been adjusted as described in Appendix
A.4—using the full set of matching variables, but not the reading scores.

o Differences in line (C) are the average differences under revised matching, now adjusted using all
matching variables and the reading scores.

The weighted-average difference for the test variable total using lines (B) is about 8% higher than the
weighted-average difference using lines (A). The differences in lines (B) completely ignore the reading
score covariate—at both the matching and adjustment phase.

The weighted-average difference for the test variable total using lines (C) is about 20% lower than the
weighted-average difference using lines (A). The differences in lines (C) are adjusted for all of the
matching variables used, including the reading score covariate. Under the revised matching procedure, the
averages for all matching variables used are virtually identical for reform and comparison students. The
differences in average reading scores for reform and comparison students, however, are substantially
greater than those obtained previously and shown in Table 6. (For example, the two largest differences are
double the size of the largest difference obtained previously.) Consequently, the adjustments used to
generate the differences in lines (C) are principally driven by these differences in average reading scores.
Moreover, reform students have higher average reading scores in three of the state/grade combinations, and

! In Massachusetts, available data did not permit alternative matching.
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negligibly lower scores in the fourth. It is plausible that reading scores have improved as a result of using
one of the reform programs. And, if this is so, then the adjustments used to generate lines (C) will have
overcompensated for the observed differences in reading scores between reform and comparison students,
thereby underestimating the treatment effects.
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Appendix B

The ARC Center study includes data from five state-mandated tests administered in the spring of 2000. Table 15
compares the five tests based on the number and type of questions, time limits, and use of calculators and other
tools.

Table 15: State Tests Comparison

MA IL IL WA WA
grade 4 grade 3 grade 5 grade 3 grade 4

Name of Test
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Information and sample items are available at www.isbe.state.il.us/assessment/isat.htm.

The Wash,,wop,Assessment of Stwdept Leay MM(WASL) is deS|gned to measure the mathematics proficiency of
students accordlng to the state Esseptial Acadepic Leay mﬂaRe*'We ments (EALR). Administration of the test in
grade 4 was voluntary in 1997 and required since 1998. A total math score is reported along with scores in the
following content and process strands:

e  Number Sense

e Measurement Concepts

e  Geometric Sense

e  Probability and Statistics

e Algebraic Sense

e Solving Problems

e Reasoning Logically

e  Communicating Understanding

e Making Connections
Information and sample items are available at www.k12.wa.us

The Iowa Test of Basic S¥jlls (ITBS) is a norm-referenced test. Since 1999, grade 3 students in Washington State
have taken the ITBS (Form M). National norms for the test were established in 1995. The mathematics portion of
the test consists of three sections:

e Math Concepts and Estimation
The Math Concepts portion includes number properties and operations, algebra, geometry, measurement, and
probability and statistics. The Estimation portion measures students' mental arithmetic and estimation skills.

e Math Problem Solving and Data Interpretation
The Problem Solving and Data Interpretation test includes word problems and interpretation of tables and
graphs.

e Math Computation
Each problem in the Math Computation test requires the use of one arithmetic operation—addition, subtraction,
multiplication, or division.

Information on the ITBS is available at www.riverpub.com/products/group/itbs and www.uiowa.edu/~itp/iths.htm.

The Massachysetts Copmp ieheps p e Assessment System, (MCAS) was first administered in 1998. Early versions,
including the spring 2000 version, were based on the 1996 Massachygsetts Mathe matics Cwiiic wlwrm F ramewo i,
The following mathematics content strands were tested:

e Number Sense
e  Patterns, Relation, and Functions
e  Geometry and Measurement

e  Statistics and Probability

The test items from the spring 2000 administration of the MCAS are available at
http://www.doe.mass.edu/mcas/2000/release/.

Sample Items

The format of the items on the tests varies widely. As shown in Table 15, all of the tests include multiple-choice
items. Figure a shows two sample items from the grade3 ISAT in the Estimation/Number Sense/Computation
standard set. Figure b shows a released multiple-choice item from the grade 4 MCAS from the Number Sense
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reporting category and Fractions and Decimals substrand. Note that students are encouraged to use their toolkit to
help solve the problem.

9. Between what two numbers would 11, Sheila’s little brother is 1% years
325 appear? old. How many months old is he?

() 240 and 315 (®) 10 months
v (&) 270 and 436 12 months
(© 420 and 526 v/ () 18 months
(®) 524 and 626 () 24 months

Figure a. Sample multiple-choice items from the grade 3 ISAT

Use the figures below and the shapes in your tool kit to answer question 32.

hexagon rhombus

32. ¥ the hexagon equals one whole, what fractional part of the hexagon is one rhombus?

i 1, 1 i
vat 3l ¢l il

Figure b. Released multiple-choice item from the grade 4 MCAS

The state tests in Washington and Massachusetts included short-answer questions. Figure ¢ shows two short-answer
questions from the grade 4 MCAS. One is from the Number Sense reporting category and the Number Computation
substrand and the other is from the Geometry and Measurement reporting category and the Measurement substrand.

12. The volume of this cube is 1 cubic centimeter.

11, Compute:

536
X25

What is the volume of this figure?

{Correct Answer:
14 cubic centimeters

Correct Answer: 13,400

Figure c. Two short-answer questions from the grade 4 MCAS

In 2000, Washington and Massachusetts included results from open-response items in student scores. Figure d is a
sample open-response item from the grade 4 WASL. Figure e is the corresponding scoring rubric.
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Look at the following list of numbers.
9 18 27 36 45 54 63 72 81 90
Describe two different patterns you see in these numbers.

1.

Figure d. Sample open-response item from the grade 4 WASL

2 |A2-point response describes two different number patterns in the

given list of numbers. Possible patterns include the following (or

equivalent statements):

« All the numbers are multiples of 3.

o All the numbers are multiples of 9.

o The digit(s) in each number add up to 9.

» The ones digit decreases by 1 in each number.

» The tens digit increases by 1 in each number

» You add 9 to get the next number.

« Every other number is odd, or every other number is even.

1 | A 1-point response does one of the following:

» Cescribes one number pattern in the list of numbers.

 Describes two different number patterns, but the descriptions
may be vague, incemplete, or unclear {e.g., ‘the numbers are
getting bigger”). )

0 |AQ-point response shows little or no understanding of algebraic

sense.

Figure e. Scoring rubric for open-response item from the grade 4 WASL
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Appendix C

This Implementation Survey was administered in print and by follow-up phone interview to each school in the study using
one of the reform curricula.

To: From:
Phone:

Fax:

Phone: e-mail
Fax: Date:
Pages:

The (name of project) at the (name of institution), with funding from the National Science Foundation
and in collaboration with TERC, COMAP, The University of Chicago, and the University of Illinois at
Chicago, is carrying out a study of student achievement with (name of curriculum) and two other
reform-oriented curricula. As part of our study, we are surveying schools using these curricula.

The survey includes eight questions. We need this information about each school using (name of
curriculum). Please look over the questions and answer them as accurately as possible. Thank you.

School: Phone number and best time to call:

Name and position of person completing survey:

1. What was the primary mathematics program 2. What percentage of teachers for this school
(the instructional materials) used by this used (name of curriculum) or at least 75% of
school in each grade for mathematics during their math instruction during the 1999-2000
the 1999-2000 school year? school year?

Grade [ Primary Mathematics Program Grade | % of teachers
2 fully using
2
3 3
4
: 5
5
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3. As of June 2000, for this school at each

grade, how many years had (name of 6. On average, for what percent of math time
curriculum) been fully implemented? did teachers use (name of curriculum)
(Use “At least 75% of teachers using the during the 1999-2000 school year?
curriculum for at least 75% of their
mathematics instruction’ as the definition of Grade | % of time
“full implementation.”) 2
Grade | Years at full? 3
2
4
3
2 5
5 7. On average, during the 1999-2000 school
year how many units (or lessons, or
4. As of June 2000, at each grade level, what modules, as appropriate) did teachers
was the total number of hours on average of complete?
staff development related to (name of .
curriculum) for a typical teacher using it Grade # units
(since 1994)? 2

Grade | # of hours of staff development
(circle a range)

3
4
5

2 0-6 7-30 31-99 100+
3 0-6 7-30 31-99 100+
8. What supplementary mathematics materials
4 06 7-30 31-99 100+ (test prep, math facts practice, problem
solving, etc.) were used during the
5 06 7-30 31-99 100+ 1999-2000 school year?

5. How many actual minutes of mathematics Grade What supe&gme&g&y} materials
instruction were there per day during the :
1999-2000 school year? 2

Grade | Minutes per
day 3
2
3
4
4
S 5
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Table 6: Number of student records used for tabulated comparisons,
by state, grade level, school status, and curriculum.

| 2 [ 2
Re:” P [~

Gue | . Eey” M,
Sv™e Le'el S™ (\Syw M- lpe v.iivm T~ ie’e’ T v
Illinois 3rd Reform 13,840 0 1,035 14,875
Comparison 13,216 0 901 14,117
5th Reform 12,988 0 832 13,820
Comparison 13,098 0 563 13,661
Massachusetts 4th Reform 3,962 2,917 0 6,879
Comparison 4,181 3,337 0 7,518
Washington 3rd Reform 4,412 916 2,485 7,813
Comparison 3,923 783 2,150 6,856
4th Reform 4,499 920 2,534 7,953
Comparison 4,063 907 2,413 7,383
T v\ Reform 39,701 4,753 6,886 51,340
Comparison 38,481 5,027 6,027 49,535

78,182 9,780 12,913 100,875
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