() SEEFORUMS

Scientific Evidence in Education Forums

In This Issue

ResearchLink is a publication series produced by the
Scientific Evidence in Education (SEE) Forums.

& Effects of Four Early Elementary School Mathematics Curricula on Student Achievement
First-year results from a large-scale study of the effectiveness of four popular mathematics curricula

@ Resources for Research on Mathematics Education
Spotlight on a new practice guide on students struggling with elementary and middle school math-
ematics and other resources for research on mathematics education

Setting the Stage

The growth of scientific and technology-related jobs
and the increase in computerized aspects of once
purely service or manual jobs have underscored the
importance of mathematics skills in the 21st century
economy. However, as the most recent National As-
sessment of Educational Progress shows, at all of the
grades tested (4th, 8th, and 12th), many U.S. stu-
dents fail to meet the level of “proficient” and, de-
pending on the grade, between 18 to 29 percent of
students fall in the “below basic” level (Grigg, Dona-
hue, & Dion, 2007; Lee, Grigg, & Dion, 2007). Addi-
tionally, by the fourth grade, significant differences
exist in performance among students from different
racial/ethnic and socioeconomic backgrounds, dem-
onstrating a critical need for effective mathematics
instruction in the early grades.

The Federal No Child Left Behind (NCLB) education
legislation highlights the importance of the acqui-
sition of mathematics skills beginning in the early
grades. NCLB requires schools to make adequate year-
ly progress (AYP) in mathematics (and reading) start-
ing in the third grade and, by 2014, to ensure that all
their students reach or exceed the State’s proficiency
standard for these subjects. At the same time, how-

ever, there has been little rigorous research available
on, specifically, the instructional materials being used
to teach mathematics. One research review (Slavin &
Lake, 2007) found only two studies of mathematics
curricula that had used an experimental design and
thus were capable of providing the type of strong
evidence needed to judge their impacts on student
learning. Similarly, the What Works Clearinghouse
(WWCQ) reviewed more than 200 studies of school
mathematics curricula and found only five curricula
that had strong research and that only one of those
showed a positive impact on student achievement.

It is within this context that the Institute of Educa-
tion Sciences (IES) commissioned a major study of
elementary mathematics curricula to provide edu-
cators with information to help them evaluate cur-
ricula, improve students’ mathematics knowledge
and skills, and meet AYP requirements. This article
summarizes the recently released report on the first
year of this rigorous study. Conducted by Mathemat-
ica Policy Research, Inc., and SRI International, this
study is the first large-scale evaluation of elemen-
tary mathematics curricula to use an experimental
design and provides important preliminary evidence
about the relative effects of different curricula on
students’ achievement (Agodini et al., 2009).
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Which curricula were studied?

Using a competitive selection process, the research
team identified four curricula for inclusion in the
study. The curricula were selected because they
are widely used, have promise for improving stu-
dent achievement (i.e., they are based in research),
and represent a range of instructional approaches
commonly used in U.S. classrooms. The four cur-
ricula are: Investigations in Number, Data, and
Space (Investigations); Math Expressions; Saxon
Math (Saxon); and Scott Foresman-Addison Wesley
Mathematics (SFAW). Market share data confirm
the widespread use of these curricula: Investiga-
tions, Saxon, and SFAW (the three curricula for

Understanding differences and similarities in the
curricula is important in developing an under-
standing of the study’s results. For example, dif-
ferences in factors such as the degree of ease of
implementation (e.g., degree of scripting) or time
investment (e.g., for training or implementation)
may have an impact on results and also may af-
fect results differently over time (e.g., as teachers
or students become more familiar with the curri-
cula). One interesting difference that was pointed
out in the study was that the teachers using Saxon,
one of the curricula the studied showed as having
relatively stronger effects, provided about 1 hour
more of mathematics instruction per week than
teachers using the other curricula, who tended to

which data exist) are among the seven most widely ~ provide about 5 hours of instruction per week.
used curricula in K-2 in the United States and to-
gether represent about one-third of the curricula
being used by educators in these grades. Figure 1
provides an overview of the four curricula selected

for the study.

How was the study conducted?

The study was designed to provide information on
two key research questions: (1) what are the rela-

Figure 1: The Curricula Studied

@ Investigations in Number, Data, and Space uses a student-centered approach to learning that encourages meta-
cognitive reasoning and draws on constructivist learning theory. The lessons focus on understanding, rather than on
“correct answers,” and build on students’ knowledge and understanding—and, as such, this is considered by some
to be the most “reform” curriculum of the four. Students are engaged in thematic units of 3 to 8 weeks in which
they first investigate, then discuss and reason about problems and strategies. Students frequently create their own
representations.

@ Math Expressions is a relatively new curriculum that blends both student-centered and teacher-directed approach-
es to mathematics. Students question and discuss mathematics, but are explicitly taught effective procedures, and
each lesson focuses mostly on new material. There is an emphasis on using multiple specified objects, drawings,
and language to represent concepts, as well as an emphasis on learning with real-world situations.

@ Saxon Math, which has been in use nearly 20 years, is a scripted curriculum that blends teacher-directed instruc-
tion of new material with daily distributed practice of previously learned concepts and procedures. The teacher
introduces concepts or efficient strategies for solving problems. Students observe and then receive guided practice,
followed by distributed practice. Students hear the correct answers and are explicitly taught procedures and strate-
gies. Daily routines and student monitoring are extensive and emphasize practice of number concepts and proce-
dures and use of representations.

@ Scott Foresman-Addison Wesley Mathematics is a curriculum that focuses on the fundamentals of mathematics
and combines teacher-directed instruction with a variety of differentiated materials and instructional strategies. Of
the curricula studied here, it is considered to be the most typical of those curricula in use at the elementary level.
Teachers select the materials that seem most appropriate for their students and often have access to a wide variety
of ancillary or supplemental materials in addition to the textbook. The curriculum is based on a consistent daily les-
son structure, which includes direct instruction, hands-on exploration, the use of questioning, and practice of new
skills.
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tive effects of the different curricula on students’
mathematics achievement, and (2) are there differ-
ences in effects for students in different subgroups
and school/instructional contexts?

The research team recruited districts to participate
in the study on the conditions that they had schools
receiving Title | funds (i.e., schools that had a high
percentage of low-income students) and—across
the sample—represented different geographic re-
gions. Districts needed to have at least four schools
interested in participating, so that all four curri-
cula could be compared within each district. Four
districts from four States in three different regions
of the country participated in the study. These dis-
tricts included two urban, one suburban, and one
rural district.

Within each district, schools interested in partici-
pating in the study were divided into blocks based
on characteristics such as size and income, with
each block containing four to seven schools with
similar characteristics. Within each block in each
district, schools were then randomly assigned to
the four curricula. This randomized block design
was used to minimize chance differences in school
characteristics and sample sizes across curriculum
groups, increasing face validity and improving sta-
tistical power. Analyses confirmed that the four

groups of schools were similar in terms of student,
school, and teacher characteristics.

The first cohort of students—the subject of the
report and this article—included 1,309 first-grade
students in the 2006-07 school year in a total of
39 schools, an average of about 325 students in
33 classrooms in 10 schools for each curriculum.
Analyses were based on a random sampling of
10 students from each participating classroom.
Figure 2 provides an overview of the key features
of the study.

Were there differences in student
achievement with the different
curricula?

The study used hierarchical linear modeling (HLM)
techniques to calculate the relative effects of the
curricula on mathematics achievement, as mea-
sured by the standardized, nationally normed
assessment developed for the Early Childhood
Longitudinal Study-Kindergarten (ECLS-K). The
HLM techniques accounted for the nested struc-
ture of the data (i.e., students within classrooms,
classrooms within schools) and student, teacher,
classroom, and school variables that could have
influenced the results, such as students’ baseline
mathematics scores on the ECLS—K.

Key Features of the Study

Curricula

Saxon Math
Math Expressions

+ Investigations in Number, Data, and Space

+ Scott Foresman-Addison Wesley Mathematics
*

*

Target population and | First-grade students
subgroups

By district, baseline achievement, free and reduced-price lunch eligibility, teacher education, teacher
experience, and teacher pedagogical/content knowledge

Selection/ eligibility Districts that:

criteria ¢ Have schools receiving Title | funding

+ Represent diverse geographic areas of the United States

+ Have at least four schools interested in participating in the study
Scope 1,309 students in 131 classrooms, 39 schools, 4 districts

Data collection tools

Study-Kindergarten)
Student data from class rosters

Teacher survey on background characteristics and curriculum implementation
Assessment of teacher content/pedagogical knowledge
Assessment of student mathematics (assessment developed for the Early Childhood Longitudinal
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Student mathematics achievement was significant-
ly higher in schools assigned to Math Expressions
and Saxon than in schools assigned to Investiga-
tions and SFAW. The average HLM-adjusted spring
mathematics scores for students receiving Math
Expressions and Saxon was 0.30 standard devia-
tions higher than those for students receiving In-
vestigations, and 0.24 standard deviations higher
than those for students receiving SFAW. Because
the backgrounds and conditions of the students
in the four different curriculum groups were sim-
ilar across groups,' the study can say with confi-
dence that the observed differences are due to
the curricula, not preexisting differences between
students. For a student at the 50th percentile in
mathematics achievement, these findings mean
that the student’s percentile rank would be 9 to
12 points higher if the school used Math Expres-
sions or Saxon instead of Investigations or SFAW.
These results are summarized in figure 3.

The study also examined whether the curriculum
effects differed for different subgroups of students.
The research team created 15 subgroups based on
which district students were in and on a number
of school and teacher characteristics. For example,
there was a subgroup for each of the four districts;
one for students in high-poverty schools; one for
students in low-poverty schools; one for students
whose teachers were experienced; and one for stu-
dents whose teachers were inexperienced. Analy-
ses found that in 8 of the 15 subgroups, there
were statistically significant differences in student
mathematics achievement between curricula. The
significant curriculum differences ranged from
0.28 to 0.71 standard deviations, and all of the sig-
nificant differences for subgroups—like the find-
ings overall—favored Math Expressions or Saxon
over Investigations or SFAW. There were no sub-
groups for which Investigations or SFAW showed a
statistically significant advantage.

Figure 3: Average HLM-Adjusted Spring Mathematics Score With Confidence Interval, by Curriculum
(in standard deviations)
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Note: The dots in each symbol represent the average HLM-adjusted spring mathematics score (in standard deviations) for each cur-
riculum, and the bars that extend from each dot represent the 95 percent confidence interval around each average. Curricula with
non-overlapping confidence intervals have significantly different average scores at the 5 percent level of confidence.

" There was one exception: teacher race. Analyses adjusted for this difference.
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How were the curricula
implemented?

In addition to looking at achievement effects, it
is also important to look at issues related to how
each curriculum was implemented. For example,
did teachers receive similar levels of training; did
they implement their assigned curricula as directed
and to completion; or how were the curricula simi-
lar and different in terms of the content covered
or what they require of the implementing schools
and teachers? The study provides some data for
answering these questions.

Using self-report data collected from teachers in
the fall and spring of the 2006-07 school year, the
study found that nearly all teachers received the
initial and followup training required, although
the amount varied by curriculum, ranging from 1.4
to 3.9 days. The data also showed that nearly all
teachers reported using their assigned curriculum

as their core mathematics curriculum, although
about one-third supplemented the curriculum
(frequently with self-designed materials) for rea-
sons such as remediation or enrichment. A great
majority of teachers also reported completing at
least 80 percent of their assigned curriculum by
the end of the school year.

The study also looked at the degree to which
teachers adhered to essential features of the cur-
ricula with the frequency expected by the curricu-
lum designers. Data showed a great range in the
percentage of teachers adhering to the various
features for each of the four curricula, with some
features implemented more uniformly and others
more selectively. Generally speaking, teachers us-
ing Investigations showed the greatest adherence,
with 72 percent of teachers adhering to most of
the features, compared with 59, 63, and 55 per-
cent for Saxon, Math Expressions, and SFAW, re-
spectively. Finally, the study examined the math-

Other Resources for Research on Mathematics Education

The latest IES Practice Guide focuses on actions that may be key to helping students who are struggling with mathematics. The
eight recommendations in the guide, rated by the level of evidence supporting them, are designed to help teachers, principals, and
administrators use Response to Intervention for the early detection, prevention, and support of students struggling with mathemat-
ics. For example, those recommendations with the strongest evidence are:

# That mathematics instruction should be explicit and systematic. It should provide models of proficient problemsolv-
ing, verbalization of thought processes, guided practice, corrective feedback, and frequent cumulative review

@ That interventions should include systematic, explicit instruction on solving word problems, based on the problem’s
underlying structure

More detail on these and the other six recommendations can be found in the report, online at
http://ies.ed.gov/ncee/wwc/pdf/practicequides/rti math pg 042109.pdf.

The National Mathematics Advisory Panel was created by Executive order in 2006 to provide guidance on how to advance
the teaching and learning of mathematics in the United States based on a review of the best scientific evidence available. The panel
issued its policy recommendations for mathematics education in the United States in a final report in March 2008, which can be
found at http://www.ed.gov/about/bdscomm/list/mathpanel/index.html.

The What Works Clearinghouse (WWC) reports on the evidence of effects of various elementary school mathematics interven-
tions for students in grades K-5 focused on improving mathematics achievement. Users can search for individual intervention
reports or summary documents at http://ies.ed.gov/ncee/wwc/reports/topic.aspx?tid=04.

Similarly, the Best Evidence Encyclopedia (BEE) provides summaries of scientific reviews of research evidence produced by
many authors and organizations on various education topics, as well as links to the full texts of each review and information to
for users to evaluate the strength of evidence. Information on elementary mathematics can be found at
http://www.bestevidence.org/math/elem/elem math.htm.
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ematics content that was covered by teachers in
each curriculum and whether coverage differed
by curriculum. The study showed that although
the curricula had significant overlap of topics and
similarity of coverage, on 8 of 20 topics examined,
there were significant differences in the average
number of lessons per topic among the curricula.
Differences such as these need to be taken into ac-
count when interpreting the achievement results
for the various curricula.

What are the next steps for the
study?

An additional 71 schools participated in the second
year of the study (school year 2007-08), in both
the first and second grades. The next study report
will present results for all 110 participating schools
in both the first and second grades. The second-
year report also will incorporate data from class-
room observations to provide additional insight
into issues of curriculum implementation and wiill
provide data on Spanish versions of the curricula
implemented in Spanish-only classrooms. A third
report will focus on expansion in the third year of
the study to third-grade students.

References

Agodini, R., Harris, B., Atkins-Burnett, S., Heavi-
side, S., Novak, T., & Murphy, R. (2009).
Achievement effects of four early elementary
school math curricula: Findings from first grad-
ers in 39 schools (NCES 2009-4052). Washing-
ton, DC: U.S. Department of Education, Na-
tional Center for Education Statistics, Institute
of Education Sciences.

Grigg, W., Donahue, P. L., & Dion, G. S. (2007). The
Nation’s report card: 12th-grade reading and
mathematics 2005 (NCES 2007-468). Washing-
ton, DC: U.S. Department of Education, Na-
tional Center for Education Statistics, Institute
of Education Sciences.

Lee, J., Grigg, W. S., & Dion, G. S. (2007). The
Nation’s report card: Mathematics 2007 (NCES
2007-494). Washington, DC: U.S. Department
of Education, National Center for Education
Statistics, Institute of Education Sciences.

Slavin, R. E., & Lake, C. (2007). Effective programs
in mathematics: A best-evidence synthesis
(working paper). Baltimore, MD: The Johns
Hopkins University.

further information, contact: info@seeforums.org.

ResearchLink is produced to accompany each Scientific Evidence in Education (SEE) Forum. The SEE Forums is
a project of the American Institutes for Research (www.air.org), a nonpartisan not-for-profit organization that
conducts behavioral and social science research and delivers technical assistance domestically and internationally
in the areas of education, health, and workforce productivity. The project is sponsored in part through a grant
from the Institute of Education Sciences of the U.S. Department of Education. To offer comments or request

(©DSEE

Scientific Evidence in Education Forums

ResearchLink

AMERICAN
INSTITUTES
FOR RESEARCH *



