http /A nap edu/catalog/11025 himl |

We ship printed books within 1 business day; personal PDFs are available immediately.

On Evaluating Curricular Effectiveness: Judging
the Quality of K-12 Mathematics Evaluations

Committee for a Review of the Evaluation Data on the
Effectiveness of NSF-Supported and Commercially
Generated Mathematics Curriculum Materials, Jere

JFIOORSD THE CUSLITY OF

o s (s Confrey and Vicki Stohl, Editors, National Research
Council

ISBN: 0-309-53287-6, 288 pages, 6x9, (2004)
This PDF is available from the National Academies Press at:

L. hbup/wew nap educatalag/11025 hind

Visit the National Academies Press online, the authoritative source for all books
from the National Academy of Sciences, the National Academy of Engineering,
the Institute of Medicine, and the National Research Council:

e Download hundreds of free books in PDF

Read thousands of books online for free

Explore our innovative research tools — try the “Research Dashboard” now!
Sign up to be notified when new books are published

Purchase printed books and selected PDF files

Thank you for downloading this PDF. If you have comments, questions or
just want more information about the books published by the National
Academies Press, you may contact our customer service department toll-
free at 888-624-8373, visit us online, or send an email to
feedback@nap.edu.

This book plus thousands more are available at http://www.nap.edu.

Copyright © National Academy of Sciences. All rights reserved.

Unless otherwise indicated, all materials in this PDF File are copyrighted by the National
Academy of Sciences. Distribution, posting, or copying is strictly prohibited without

written permission of the National Academies Press. Request reprint permission for this book.

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine



http://www.nap.edu/catalog/11025.html
http://www.nap.edu
http://www.nas.edu/nas
http://www.nae.edu
http://www.iom.edu
http://www.nationalacademies.org/nrc/
http://lab.nap.edu/nap-cgi/dashboard.cgi?isbn=0309068371&act=dashboard
http://www.nap.edu/agent.html
http://www.nap.edu
mailto:feedback@nap.edu
http://www.nap.edu
http://www.nap.edu/v3/makepage.phtml?val1=reprint
http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

On
Evaluating
Curricular

Effectiveness

JUDGING THE QUALITY OF
K-12 MATHEMATICS EVALUATIONS

Committee for a Review of the Evaluation Data on the
Effectiveness of NSF-Supported and Commercially Generated
Mathematics Curriculum Materials

Jere Confrey and Vicki Stohl, Editors

Mathematical Sciences Education Board
Center for Education
Division of Behavioral and Social Sciences and Education

NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, D.C.
www.nap.edu

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

THE NATIONAL ACADEMIES PRESS 500 Fifth Street, N.W. Washington, DC 20001

NOTICE: The project that is the subject of this report was approved by the Govern-
ing Board of the National Research Council, whose members are drawn from the
councils of the National Academy of Sciences, the National Academy of Engineer-
ing, and the Institute of Medicine. The members of the committee responsible for
the report were chosen for their special competences and with regard for appropri-
ate balance.

This study/publication was supported by Contract/Grant No. ESI-0102582 between
the National Academy of Sciences and the National Science Foundation. Additional
funding was provided by an award from the Presidents’ Committee of the National
Academies. Any opinions, findings, conclusions, or recommendations expressed in
this publication are those of the author(s) and do not necessarily reflect the views of
the organizations or agencies that provided support for the project.

Library of Congress Cataloging-in-Publication Data

On evaluating curricular effectiveness : judging the quality of K-12 mathematics
evaluations / Committee for a Review of the Evaluation Data on the Effectiveness
of NSF-Supported and Commercially Generated Mathematics Curriculum
Materials, Mathematical Sciences Education Board, Center for Education,
Division of Behavioral and Social Sciences and Education.

p. cm.

Includes bibliographical references.

ISBN 0-309-09242-6 (pbk.) — ISBN 0-309-53287-6 (pdf)

1. Mathematics—Study and teaching—Evaluation. I. National Research
Council (U.S.). Committee for a Review of the Evaluation Data on the
Effectiveness of NSF-Supported and Commercially Generated Mathematics
Curriculum Materials.

QA11.2.05 2004

510'.71—dc22

2004015000

Additional copies of this report are available from the National Academies Press,
500 Fifth Street, N.W., Lockbox 285, Washington, DC 20055; (800) 624-6242 or
(202) 334-3313 (in the Washington metropolitan area); Internet, http://
www.nap.edu.

Printed in the United States of America.
Copyright 2004 by the National Academy of Sciences. All rights reserved.

National Research Council. (2004). On Evaluating Curricular Effectiveness: Judg-
ing the Quality of K-12 Mathematics Evaluations. Committee for a Review of the
Evaluation Data on the Effectiveness of NSF-Supported and Commercially Gener-
ated Mathematics Curriculum Materials. Jere Confrey and Vicki Stohl, Editors.
Mathematical Sciences Education Board, Center for Education, Division of Behav-
ioral and Social Sciences and Education. Washington, DC: The National Academies
Press.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society
of distinguished scholars engaged in scientific and engineering research, dedicated
to the furtherance of science and technology and to their use for the general welfare.
Upon the authority of the charter granted to it by the Congress in 1863, the Acad-
emy has a mandate that requires it to advise the federal government on scientific and
technical matters. Dr. Bruce M. Alberts is president of the National Academy of
Sciences.

The National Academy of Engineering was established in 1964, under the charter of
the National Academy of Sciences, as a parallel organization of outstanding engi-
neers. It is autonomous in its administration and in the selection of its members,
sharing with the National Academy of Sciences the responsibility for advising the
federal government. The National Academy of Engineering also sponsors engineer-
ing programs aimed at meeting national needs, encourages education and research,
and recognizes the superior achievements of engineers. Dr. Wm. A. Wulf is presi-
dent of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of
Sciences to secure the services of eminent members of appropriate professions in the
examination of policy matters pertaining to the health of the public. The Institute
acts under the responsibility given to the National Academy of Sciences by its
congressional charter to be an adviser to the federal government and, upon its own
initiative, to identify issues of medical care, research, and education. Dr. Harvey V.
Fineberg is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences
in 1916 to associate the broad community of science and technology with the
Academy’s purposes of furthering knowledge and advising the federal government.
Functioning in accordance with general policies determined by the Academy, the
Council has become the principal operating agency of both the National Academy
of Sciences and the National Academy of Engineering in providing services to the
government, the public, and the scientific and engineering communities. The Coun-
cil is administered jointly by both Academies and the Institute of Medicine. Dr.
Bruce M. Alberts and Dr. Wm. A. Wulf are chair and vice chair, respectively, of the
National Research Council.

www.national-academies.org

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

COMMITTEE FOR A REVIEW OF THE EVALUATION DATA ON
THE EFFECTIVENESS OF NSF-SUPPORTED AND COMMERCIALLY
GENERATED MATHEMATICS CURRICULUM MATERIALS

JERE CONFREY (Chair), Department of Education, Washington
University in St. Louis, MO

CARLOS CASTILLO-CHAVEZ, Department of Mathematics and
Statistics, Arizona State University

DOUGLAS A. GROUWS, Department of Learning, Teaching, and
Curriculum, University of Missouri

CAROLYN MAHONEY, Division of Academic Affairs, Elizabeth City
State University, NC

DONALD SAARI, Institute for Mathematical Behavioral Sciences,
University of California, Irvine

WILLIAM SCHMIDT, College of Education, Michigan State University

PATRICK W. THOMPSON, Department of Teaching and Learning,
Vanderbilt University, TN

WILLIAM VELEZ, Department of Mathematics, University of Arizona

CAROLE B. LACAMPAGNE, Study Director

VICKI STOHL, Research Associate
DIONNA ]. WILLIAMS, Senior Program Assistant

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

MATHEMATICAL SCIENCES EDUCATION BOARD
2004

JOAN LEITZEL (Chair), President Emerita, University of New
Hampshire

JERE CONFREY (Vice Chair), Department of Education, Washington
University in St. Louis, MO

THOMAS BANCHOFF, Department of Mathematics, Brown
University, RI

JAN DE LANGE, Freudenthal Institute, Utrecht University, The
Netherlands

LOUIS GOMEZ, School of Education and Social Policy, Northwestern
University, IL

DOUGLAS A. GROUWS, Department of Learning, Teaching, and
Curriculum, University of Missouri

ARTHUR JAFFE, Department of Mathematics, Harvard University, MA

ERIC JOLLY, Science Museum of Minnesota

JIM LEWIS, Department of Mathematics and Statistics, University of
Nebraska-Lincoln

GEORGE MCSHAN, National School Boards Association, TX

KAREN MICHALOWICZ, Mathematics Department, The Langley
School, VA

JUDITH MUMME, WestEd, CA

CASILDA PARDO, Teaching and Learning Systems, Valle Vista
Elementary School, NM

SUE PARSONS, Instructor, Cerritos College, CA

MARGE PETIT, The National Center for the Improvement of
Educational Assessment, VT

DONALD SAARI, Institute for Mathematical Behavioral Sciences,
Universityof California, Irvine

RICHARD SCHEAFFER, Professor Emeritus, University of Florida

FRANCIS SULLIVAN, Center for Computing Sciences, MD

HUNG HSI WU, Department of Mathematics, University of California,
Berkeley

vi

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

Foreword

The Mathematical Sciences Education Board (MSEB) of the National
Research Council was established in 1985 to provide national leadership
and guidance for policies, programs, and practices supporting the improve-
ment of mathematics education at all levels. Curriculum materials for grades
K-12 play a central role in what mathematics topics are taught in our
schools, how the topics are sequenced and presented to students, what
levels of understanding are expected, what skills students will develop and
when. Schools, practitioners, policy makers, and the public depend on
evaluations of materials undertaken during their development and imple-
mentation in making decisions about the appropriate uses of the materials.
The MSEB recognized that the nature and quality of the evidence used to
judge claims of success and failure are critical elements in enabling the
community to make sound judgments. This report presents a synthesis of
the evidence used in the evaluations of several sets of recently developed
curriculum materials, provides a framework for the design of evaluation
studies of curriculum materials, and gives conclusions and recommenda-
tions to guide future efforts in evaluating curriculum materials.

The report was prepared by a committee of experts who devoted their
time, skills, and scholarship to this project over the past two years. On
behalf of the MSEB, I want to thank each of them for their commitment to
the important and difficult set of issues this study comprised. I especially
want to commend Jere Confrey and extend deepest appreciation to her for
her extraordinary leadership and commitment as chair of this project. In
addition to her leadership of the committee, Jere played an extensive role

vii
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in drafting and redrafting the report through the final stages of committee
consultation and the intensive review process. Her dedication to maintain-
ing the highest standards of scholarship and the full engagement of the
committee, despite her many other professional obligations, was exem-
plary. The report bears the imprint of her commitment to intellectual
and empirical rigor; the field of mathematics education is the fortunate
beneficiary.
Joan R. Leitzel
Chair, MSEB
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Executive Summary

Curricula play a vital role in educational practice. They provide a
crucial link between standards and accountability measures. They shape
and are shaped by the professionals who teach with them. Typically, they
also determine the content of the subjects being taught. Furthermore, be-
cause decisions about curricula are typically made at the local level in the
United States, a wide variety of curricula are available for any given subject
area. Clearly, knowing how effective a particular curriculum is, and for
whom and under what conditions it is effective, represents a valuable and
irreplaceable source of information to decision makers, whether they are
classroom teachers, parents, district curriculum specialists, school boards,
state adoption boards, curriculum writers and evaluators, or national policy
makers. Evaluation studies can provide that information but only if those
evaluations meet standards of quality.

Under the auspices of the National Research Council, this committee’s
charge was to evaluate the quality of the evaluations of the 13 mathematics
curriculum materials supported by the National Science Foundation (NSF)
(an estimated $93 million) and 6 of the commercially generated mathemat-
ics curriculum materials (listing in Chapter 2).

The committee was charged to determine whether the currently avail-
able data are sufficient for evaluating the effectiveness of these materials
and, if these data are not sufficiently robust, the committee was asked to
develop recommendations about the design of a subsequent project that
could result in the generation of more reliable and valid data for evaluating
these materials.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

2 ON EVALUATING CURRICULAR EFFECTIVENESS

The committee emphasizes that it was not charged with and therefore
did not:

e Evaluate the curriculum materials directly; or
e Rate or rank specific curricular programs.

In addressing its charge, the committee held fast to a single commit-
ment: that our greatest contribution would be to clarify the proper elements
of an array of evaluation studies designed to judge the effectiveness of
mathematics curricula and clarify what standards of evidence would need
to be met to draw conclusions on effectiveness.

ASSESSMENT OF EXISTING STUDIES

The committee began by systematically identifying and examining the
large array of evaluation studies available on these 19 curricula. In all, 698
studies were found. The first step in our process was to eliminate studies
that were clearly not evaluations of effectiveness—those lacking relevance
or adequacy for the task (e.g., product descriptions, editorials) (n=281),
and those classified as providing background information, historical per-
spective, or a project update (n=225). We then categorized the remaining
(192) studies into the four major evaluation methodologies—content analy-
ses (n=36), comparative studies (n=95), case studies (n=45), and syntheses
(n=16). Criteria by which to judge methodological adequacy, specific to
each methodology, were then used to decide whether studies should be
retained for further examination by the committee.

Content analyses focus almost exclusively on examining the content of
curriculum materials; these analyses usually rely on expert review and judg-
ments about such things as accuracy, depth of coverage, or the logical
sequencing of topics. For the 36 studies classified as content analyses, the
committee drew on the perspectives of eight prominent mathematicians and
mathematics educators, in addition to applying the criteria of requiring full
reviews of at least one year of curricular material. All 36 studies of this type
were retained for further analysis by the committee.

Comparative studies involve the selection of pertinent variables on
which to compare two or more curricula and their effects on student learn-
ing over significant time periods. For the 95 comparative studies, the com-
mittee stipulated that they had to be “at least minimally methodologically
adequate,” which required that a study:

¢ Include quantifiably measurable outcomes such as test scores, re-

sponses to specified cognitive tasks of mathematical reasoning, performance
evaluations, grades, and subsequent course taking; and

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 3
¢ Provide adequate information to judge the comparability of samples.

In addition, a study must have included at least one of the following
additional design elements:

e A report of implementation fidelity or professional development
activity;

e Results disaggregated by content strands or by performance by stu-
dent subgroups; or

e Multiple outcome measures or precise theoretical analysis of a mea-
sured construct, such as number sense, proof, or proportional reasoning.

The application of these criteria led to the elimination of 32 compara-
tive studies.

Case studies focus on documenting how program theories and compo-
nents of a particular curriculum play out in a particular real-life situation.
These studies usually describe in detail the large number of factors that
influence implementation of that curriculum in classrooms or schools. For
the 45 case studies, 13 were eliminated leaving 32 that met our standards of
methodological rigor.

Synthesis studies summarize several evaluation studies across a particu-
lar curriculum, discuss the results, and draw conclusions based on the data
and discussion. All of the 16 synthesis studies were retained for further
examination by the committee.

The committee then had a total of 147 studies that met our minimal
criteria for consideration of effectiveness, barely more than 20 percent of
the total number of submissions with which we began our work. Seventy-
five percent of these studies were related to the curricula supported by the
National Science Foundation. The remaining studies concerned commer-
cially supported curricular materials.

On the basis of the committee’s analysis of these 147 studies, we con-
cluded that the corpus of evaluation studies as a whole across the 19
programs studied does not permit one to determine the effectiveness of
individual programs with a high degree of certainty, due to the restricted
number of studies for any particular curriculum, limitations in the array of
methods used, and the uneven quality of the studies.

This inconclusive finding should not be interpreted to mean that these
curricula are not effective, but rather that problems with the data and/or
study designs prevent confident judgments about their effectiveness. Incon-
clusive findings such as these do not permit one to determine conclusively
whether the programs overall are effective or ineffective.

Copyright © National Academy of Sciences. All rights reserved.
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4 ON EVALUATING CURRICULAR EFFECTIVENESS

A FRAMEWORK FOR FUTURE EVALUATIONS

Given this conclusion, the committee turned to the second part of its
charge, developing recommendations for future evaluation studies. To do
so, the committee developed a framework for evaluating curricular effec-
tiveness. It permitted the committee to compare evaluations and consider
how to identify and distinguish among the variety of methodologies em-
ployed.

The committee recommends that individuals or teams charged with
curriculum evaluations make use of this framework. The framework has
three major components that should be examined in each curriculum evalu-
ation: (1) the program materials and design principles; (2) the quality,
extent, and means of curricular implementation; and (3) the quality,
breadth, type, and distribution of outcomes of student learning over time.

The quality of an evaluation depends on how well it connects these
components into a research design and measurement of constructs and
carries out a chain of reasoning, evidence, and argument to show the effects
of curricular use.

ESTABLISHING CURRICULAR EFFECTIVENESS

The committee distinguished two different aspects of determining cur-
ricular effectiveness. First, each individual study should demonstrate that it
has obtained a level of scientific validity. In the committee’s view, for a
study to be scientifically valid, it should address the components identified
in the framework and it should conform to the methodological expecta-
tions of the appropriate category of evaluation as discussed in the report
(content analysis, comparative study, or case study).

Defining scientific validity for individual studies is an essential element
of assuring valid data about curricular effectiveness. However, curricular
effectiveness cannot be established by a single scientifically valid study;
instead a body of studies is needed, which is the second key aspect of
determining effectiveness. Curricular effectiveness is an integrated judg-
ment based on interpretation of a number of scientifically valid evaluations
that combine social values, empirical evidence, and theoretical rationales.

Furthermore, a single methodology, even replications and variations of
a study, is inadequate to establish curricular effectiveness, because some
types of critical information will be lacking. For example, a content analysis
is important because, through expert review of the curriculum content, it
provides evidence about such things as the quality of the learning goals or
topics that might be missing in a particular curriculum. But it cannot deter-
mine whether that curriculum, when actually implemented in classrooms,
achieves better outcomes for students. In contrast, a comparative study can

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 5

provide evidence of improvement in student learning in real classrooms
across different curricula. Yet without the kind of complementary evidence
provided in a content analysis, nothing will be known about the quality or
comprehensiveness of the content in the curriculum that produced better
outcomes. Furthermore, neither content analyses nor comparative studies
typically provide information about the quality of the implementation of a
particular curriculum. A case study provides deep insight into issues of
implementation; by itself, though, it cannot establish representativeness or
causality.

This conclusion—that multiple methods of evaluation strengthen the
determination of effectiveness—led the committee to recommend that a
curricular program’s effectiveness should be ascertained through the use of
multiple methods of evaluation, each of which is a scientifically valid study.
Periodic synthesis of the results across evaluation studies should also be
conducted.

This is a general principle for the conduct of evaluations in recognition
that curricular effectiveness is an integrated judgment, continually evolving,
and based on scientifically valid evaluations. The committee further recog-
nized, however, that agencies, curriculum developers, and evaluators need
an explicit standard by which to decide when federally funded curricula (or
curricula from other sources whose adoption and use may be supported by
federal monies) can be considered effective enough to adopt. The commit-
tee proposes a rigorous standard to which programs should be held to be
scientifically established as effective.

In this standard, the committee recommends that a curricular program
be designated as scientifically established as effective only when it includes
a collection of scientifically valid evaluation studies addressing its effective-
ness that establish that an implemented curricular program produces valid
improvements in learning for students, and when it can convincingly dem-
onstrate that these improvements are due to the curricular intervention.
The collection of studies should use a combination of methodologies that
meet these specified criteria: (1) content analyses by at least two qualified
experts (a Ph.D.-level mathematical scientist and a Ph.D.-level mathematics
educator) (required); (2) comparative studies using experimental or quasi-
experimental designs, identifying the comparative curriculum (required);
(3) one or more case studies to investigate the relationships among the
implementation of the curricular program and the program components
(highly desirable); and (4) a final report, to be made publicly available,
should link the analyses, specify what they convey about the effectiveness of
the curriculum, and stipulate the extent to which the program’s effective-
ness can be generalized (required). This standard relies on the primary
methodologies identified in our review, but we acknowledge the possibility
of other configurations, provided they draw on the framework and the

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

6 ON EVALUATING CURRICULAR EFFECTIVENESS

definition of scientifically valid studies and include careful review and syn-
thesis of existing evaluations.

In its review, the committee became concerned about the lack of inde-
pendence of some of the evaluators conducting the studies; in too many
cases, individuals who developed a particular curriculum were also mem-
bers of the evaluation team, which raised questions about the credibility of
the evaluation results. Thus, to ensure the independence and impartiality
of evaluations of effectiveness, the committee also recommends that sum-
mative evaluations be conducted by independent evaluation teams with no
membership by authors of the curriculum materials or persons under their
supervision.

In the body of this report, the committee offers additional recom-
mended practices for evaluators, which include:

Representativeness. Evaluations of curricular effectiveness should be
conducted with students that represent the appropriate sampling of all
intended audiences.

Documentation of implementation. Evaluations should present evi-
dence that provides reliable and valid indicators of the extent, quality, and
type of the implementation of the materials. At a minimum, there should be
documentation of the extent of coverage of curricular material (what some
investigators referred to as “opportunity to learn”) and of the extent and
type of professional development provided.

Curricular validity of measures. A minimum of one of the outcome
measures used to determine curricular effectiveness should possess demon-
strated curricular validity. It should comprehensively sample the curricular
objectives in the course, validly measure the content within those objec-
tives, ensure that teaching to the test (rather than the curriculum) is not
feasible or likely to confound the results, and be sensitive to curricular
changes.

Multiple student outcome measures. Multiple forms of student out-
comes should be used to assess the effectiveness of a curricular program.
Measures should consider persistence in course taking, drop-out or failure
rates, as well as multiple measures of a variety of the cognitive skills and
concepts associated with mathematics learning.

Furthermore, the committee offers recommendations about how to
strengthen each of the three major curriculum evaluation methodologies.

Content analyses. A content analysis should clearly indicate the extent
to which it addresses the following three dimensions:

1. Clarity, comprehensiveness, accuracy, depth of mathematical inquiry

and mathematical reasoning, organization, and balance (disciplinary per-
spectives).
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2. Engagement, timeliness and support for diversity, and assessment
(learner-oriented perspectives).

3. Pedagogy, resources, and professional development (teacher- and
resource-oriented perspectives).

In considering these dimensions, specific evidence of each should be
provided to support their judgments. A content analysis should be ac-
knowledged as a connoisseurial assessment and should include identified
credentials and statements of preference and bias of the evaluators.

Comparative analyses. As a result of our study of the set of 63 at least
minimally methodologically adequate comparative analyses, the committee
recommends that in the conduct of all comparative studies, explicit atten-
tion be given to the following criteria:

¢ Identify comparative curricula by name;

¢ Employ random assignment, or otherwise establish adequate com-
parability;

o Select the appropriate unit of analysis;

e Document extent of implementation fidelity;
Select outcome measures that can be disaggregated by content strand;
Conduct appropriate statistical tests and report effect size;
Disaggregate data by gender, race/ethnicity, socioeconomic status
(SES), and performance levels, and express constraints as to the generaliz-
ability of study.

The committee recognized the need to strengthen the conduct of com-
parative studies in relation to the criteria listed above. It also recognized
that much could be learned from the subgroup (n=63) identified as “at least
minimally methodologically adequate.” In fields in their infancy, evaluators
and researchers must pry apart issues of method from patterns of results.
Such a process requires one to subject the studies to alternative interpreta-
tion; to test results for sensitivity or robustness to changes in design; to
tease out among the myriad of variables, the ones most likely to produce,
interfere with, suppress, modify, and interact with the outcomes; and to
build on results of previous studies. To fulfill the charge to inform the
conduct of future studies, in Chapter 5 the committee designed and con-
ducted methods to test the patterns of results under varying conditions, and
to determine which patterns were persistent or ephemeral. We used these
analyses as a baseline to investigate the question, Does the application of
increasing standards of rigor have a systemic effect on the results?

In doing so, we report the patterns of results separately for evaluations
of NSF-supported and commercially generated programs because NSF-
supported programs had a common set of design specifications including
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consistency with the National Council of Teachers of Mathematics (NCTM)
Standards, reliance on manipulatives, drawing topics from statistics, geom-
etry, algebra and functions, and discrete mathematics at each grade level,
and strong use of calculators and computers. The commercially supported
curricula sampled in our studies varied in their use of these curricular
approaches; further subdivisions of these evaluations are also presented in
the report. The differences in the specifications of the two groups of pro-
grams make their evaluative procedures and hence the validation of those
procedures so unlike each other, that combining them into a single category
could be misleading.

One approach taken was to filter studies by separating those that met a
particular criterion of rigor from those that did not, and to study the effects
of that filter on the pattern of results as quantified across outcome measures
into the proportion of findings that were positive, negative, or indetermi-
nate (no significant difference). First, we found that on average the evalua-
tions of the NSF-supported curricula (n=46) in this subgroup had reported
stronger patterns of outcomes in favor of the experimental curricula than
had the evaluations of commercially generated curricula (n=17). Again we
emphasize that due to our call for increased methodological rigor and the
use of multiple methods, this result is not sufficient to establish the curricu-
lar effectiveness of these programs as a whole with adequate certainty.
However, this result does provide a testable hypothesis, a starting point for
others to examine, critique, and undertake further studies to confirm or
disconfirm. Then, after applying the criteria listed above, we found that the
comparative studies of both NSF-supported and commercially generated
curricula that had used the more rigorous criteria never produced contrary
conclusions about curricular effectiveness (compared with less rigorous
methods). Furthermore, when the use of more rigorous criteria did lead to
significantly different results, these results tended to show weaker findings
about curricular effects on student learning. Hence, this investigation rein-
forced the importance of methodological rigor in drawing appropriate in-
ferences of curricular effectiveness.

Case studies. Case studies should meet the following criteria:

e Stipulate clearly what they are cases of, how claims are produced
and backed by evidence, and what events are related or left out and why;
and

¢ Identify explicit underlying mechanisms to explain a rich variety of
research evidence.

The case studies should provide documentation that the implementa-

tion and outcomes of the program are closely aligned and consistent with
the curricular program components and add to the trustworthiness of
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implementation and to the comprehensiveness and validity of the outcome
measures.

The committee recognizes the value of diverse curricular options and
finds continuing experimentation in curriculum development to be essen-
tial, especially in light of changes in the conduct and use of mathematics
and technology. However, it should be accompanied by rigorous efforts to
improve our conduct of evaluation studies, strengthening the results by
learning from previous efforts.

RECOMMENDATIONS TO FEDERAL AGENCIES, STATE AND
LOCAL DISTRICTS AND SCHOOLS, AND PUBLISHERS

Responsibility for curricular evaluation is shared among three primary
bodies: the federal agencies that develop curricula, publishers, and state and
local districts and schools. All three bodies can and should use the frame-
work and guidelines in designing evaluation programs, sponsoring appro-
priate data collections, reviewing evaluation proposals, and assessing evalu-
ation studies. The committee has identified several short- and long-term
actions that these bodies can take to do so.

At the federal level, such actions include:

e Specifying more explicit expectations in requests for proposals for
evaluation of curricular initiatives and increasing sophistication in method-
ological choices and quality;

¢ Denying continued funding for major curricular programs that fail
to present evaluation data from well-designed, scientifically valid studies;

e Charging a federal agency with responsibility for collecting and
maintaining district- and school-level data on curricula; and

e Providing training, in concert with state agencies, to district
and local agencies on conducting and interpreting studies of curricular
effectiveness.

For publishers, such actions include:

e Differentiating market research from scientifically valid evaluation
studies; and

e Making evaluation data available to potential clients who use fed-
eral funds to purchase curriculum materials.

At the state level, such actions include:

e Developing resources for district- and state-level collection and main-
tenance of data on issues of curricular implementation; and
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e Providing districts with training on how to conduct feasible, cost-
efficient, and scientifically valid studies of curricular effectiveness.

At the district and local levels, such actions include:

e Improving methods of documenting curricular use and linking it to
student outcomes;

e Maintaining careful records of teachers’ professional development
activities related to curricula and content learning; and

e Systematically ensuring that all study participants have had fair op-
portunities to learn sufficient curricular units, especially under conditions
of student mobility.

Finally, the committee believes there is a need for multidisciplinary
basic empirical research studies on curricular effectiveness. The federal
government and publishers should support such studies on topics including,
but not limited to:

e The development of outcome measures at the upper level of second-
ary education and at the elementary level in non-numeration topics that are
valid and precise at the topic level;

e The interplay among curricular implementation, professional devel-
opment, and the forms of support and professional interaction among teach-
ers and administrators at the school level;

e Methods of observing and documenting the type and quality of
instruction;

e Methods of parent and community education and involvement, and

e Targets of curricular controversy such as the appropriate uses of
technology; the relative use of analytic, visual, and numeric approaches; or
the integration or segregation of the treatment of subfields, such as algebra,
geometry, statistics, and others.

The committee recognizes the complexity and urgency of the challenge
the nation faces in establishing effectiveness of mathematics curricula, and
argues that we should avoid seemingly attractive, but oversimplified, solu-
tions. Although the corpus of evaluation studies is not sufficient to directly
resolve the debates on curricular effectiveness, we believe that in the contro-
versy surrounding mathematics curriculum evaluation, there is an opportu-
nity. This opportunity should not be missed to forge solutions through
negotiation of perspective, to base our arguments on empirical data in-
formed by theoretical clarity and careful articulation of values, and to build
in an often-missing measure of coherence to curricular choice, and feedback
from careful, valid, and rigorous study. Our intention in presenting this
report is to help take advantage of that opportunity.
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The Challenge and the Charge

In the United States, where much educational decision making is under-
taken at the state or local level, the availability of a variety of curricula is
both expected and desired. However, the many products and approaches to
curricula are likely to result in varied quality and effectiveness. Conse-
quently, state and local decision makers need valid, informative, credible,
and cost-efficient evaluation data on curricula effectiveness to assist them in
the interpretation and use of these data. National-level policy makers and
agencies and commercial publishers that support the development of cur-
ricula also must be assured that the funds expended for such purposes result
in development of curricula and associated resources that demonstrably
enhance learning. Methodologically sound evaluations of those materials
are essential.

However, no single method of evaluation alone is sufficient. Evaluation
necessarily involves value judgments and requires careful consideration of
evidence. Well-conducted evaluations depend on the availability and distri-
bution of resources, are expensive to undertake, and reflect contextual
opportunities and constraints. Thus, decision makers need a flexible evalu-
ation framework that provides a highly reliable and informative means of
curricular review that fits local goals and expectations. Moreover, curricu-
lar decisions must be reexamined periodically, and curricula need to be
revised based on data and professional judgment. Curriculum evaluations
must accommodate local expectations, values, and resources.

To address this issue, a committee (hereafter referred to as “we”) was
assembled by the National Research Council (NRC) in spring 2002. Our

11
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assignment was to collect the evaluation studies of certain mathematics
curricula developed by for-profit companies or with National Science Foun-
dation (NSF) funds, or by a combination of the two, and to assess their
quality. This report presents our conclusions and provides recommenda-
tions for improvements to the evaluation process.

NEED FOR THIS STUDY

Between 1990 and 2007, the NSF will have devoted an estimated $93
million, including funding for revisions, to 13 mathematics projects to
“stimulate the development of exemplary educational models and materials
(incorporating the most recent advances in subject matter, research in teach-
ing and learning, and instructional technology) and facilitate their use in the
schools” (NSF, 1989, p. 1). As these NSF-supported materials, which were
informed by the publication of the National Council of Teachers of Math-
ematics (NCTM) Standards (NCTM, 1989), gained visibility, publishers
also produced curriculum materials aligned with NCTM Standards or de-
veloped alternative approaches based on other standards.

These standards were viewed as a promising new approach for translat-
ing and infusing research results into classroom practice across the United
States. Although each NSF-supported curriculum underwent individual
evaluations, little emphasis was placed on reaching consensus about the
particular aspects of the curricula to be analyzed or methods to be used.
Furthermore, until these curricula had been used for a significant amount of
time, no meta-analysis of NSF efforts as a whole in supporting new math-
ematics curricula could be undertaken.

In 1999, the U.S. Department of Education convened a Panel on Exem-
plary Programs in Mathematics whose recommended curriculum programs
generated much controversy (Klein et al., 1999). Documented evidence of a
curriculum’s effectiveness was included in the Panel’s criteria. Part of the
controversy concerned the quality of this evidence. Because the NSF-sup-
ported materials have been marketed longer and additional evaluation stud-
ies have been conducted, reexamination of the adequacy of the evaluations
is timely.

Such examination is essential because several factors indicate that the
conditions that motivated NSF funding of those curriculum projects may
still persist (McKnight et al., 1987; Schmidt, McKnight, and Raizen, 1996).
The United States may not be meeting its own mathematical needs in pro-
ducing students who are capable, interested, and successful in the following
areas:
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e Attaining high school diplomas with adequate levels of mathemati-
cal knowledge and reasoning to function as an informed and critical citi-
zenry (Adelman, 1999);

e Undertaking study at two-year colleges without undue fiscal bur-
dens imposed by the need for remedial mathematics activities (Adelman,
1999);

e Pursuing advanced mathematics at the research level in mathematics
and science (Lutzer, 2003); and

e Pursuing mathematically intensive careers in technology fields, sta-
tistics, and “client disciplines”—engineering, chemistry, and, increasingly,
fields such as biology, economics, and social sciences (NRC, 2003).

In addition, concerns for preparation of all students (Campbell et al.,
2002) across the spectrum of academic achievement necessitate such exami-
nation, evaluation, and critique of mathematics curricula.

Currently, too many deliberations on mathematics curricular choices
lack a careful and thorough review of the evaluations of mathematics cur-
ricula. Because of the cumulative nature of mathematics topics, a weak
curriculum can limit and constrain instruction beyond the K-12 years. It
can discourage students from entering mathematically intensive fields or
hobble the progress of those who pursue them. International studies have
heightened American awareness that our mathematics performance has
deteriorated, especially in the 8th and 12th grades. Even the performance of
the most advanced students has suffered (Takahira et al., 1998).

The impetus for ways to examine effectiveness of curricular reform was
intensified with release of the 2003 National Assessment of Educational
Progress report, known as the Nation’s Report Card, which showed signifi-
cant improvements in mathematics achievement as reading scores remained
constant. Average 4th-grade student performance increased nine points,
while 8th-grade student scores increased by five points. Closer examination
shows that the percentage of students identified as below basic levels of
performance declined by 12 and 5 percentage points at the 4th and 8th
grades, respectively. The majority of subsequent gains occurred in the num-
ber of students identified as proficient, the second-highest level. These gains
were quite evenly distributed across ethnic groups and class lines. Interpret-
ing the scores over successive years created methodological issues, and the
factors instrumental in producing these gains are not known. Determining
the extent to which these gains can be attributed to curricular reform
requires application of sound, sophisticated evaluation design, establishing
an additional need for this report.
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TIMELINESS OF THE REPORT

This report is timely because a review of evaluations providing evidence
on the effectiveness of mathematics curricula must be undertaken after the
curriculum materials have been used under a variety of conditions and
when the materials are in final editions rather than preliminary forms.
Premature review would contribute to unrealistic perceptions that educa-
tion can be easily fixed in a short period. An early review also could
contribute to vacillation among approaches, wasted funding, and practitio-
ners skeptical of change who cringe as they await future reforms to displace
current efforts.

This review is also timely because of the federal No Child Left Behind
Act of 2001. This law specifies that all educational programs should dem-
onstrate effectiveness based on “scientifically based research.” Publishers,
decision makers, and researchers are now seeking clear guidelines to deter-
mine whether their curriculum development programs meet this standard.
Guidelines must be designed that are informed by and built on the state of
evaluation data currently available. As committee members, we believe that
funding decisions should be predicated on a realistic, honest assessment of
the quality of the current knowledge base. Given this legislative mandate,
we sought to define the phrase scientifically established as effective as ap-
plied to mathematics curricula. Our deliberations also have been informed
by the use of the phrase scientific research in education, as articulated by
the NRC report with the same name (NRC, 2002).

COMMITTEE CHARGE AND APPROACH

Our committee was assembled in June 2002 with the following charge:

The Mathematical Science Education Board will nominate a committee of
experts in mathematics assessment, curriculum development, curriculum
implementation, and teaching to assess the quality of studies about the
effectiveness of 13 sets of mathematics curriculum materials developed
through NSF support and 6 sets of commercially generated curriculum
materials. A committee will collect available studies that have evaluated
NSF-supported development and commercially generated mathematics
education materials and establish initial criteria for review of the quality
of those studies. The committee will receive input from two workshops of
mathematics educators, mathematicians, curriculum developers, curricu-
lum specialists, and teachers. The product will be a consensus report to
NSF summarizing the results of the workshops, presenting the criteria and
framework for reviewing the evidence, and indicating whether the cur-
rently available data are sufficient for evaluating the efficacy of these
materials. If these data are not sufficiently robust, then the steering com-
mittee would also develop recommendations about the design of a subse-
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quent project that could result in the generation of more reliable and valid
data for evaluating these materials.

Originally we were to review evaluation data on the effectiveness of
only NSF-supported mathematics curriculum materials. Our charge was
amended to include evaluation data on the effectiveness of six sets of com-
mercially generated mathematics materials. This expanded scope antici-
pated that methods of evaluation and data thus derived from commercially
generated materials might differ from the methods used to evaluate the
NSF-supported curriculum materials. By expanding its investigation to in-
clude commercially generated mathematics curricula, we anticipated learn-
ing about different techniques that might be incorporated into a curriculum
evaluation framework. Investigating these alternative approaches to evalu-
ation might be useful to a broader spectrum of people who evaluate math-
ematics curricula.

Our goal in writing this report is twofold. First, we aim to examine
evidence currently available from the evaluation of effectiveness of math-
ematics curricula. Second, we will suggest ways to improve the evaluation
process that will enhance the quality and usefulness of evaluations and help
guide curriculum developers and evaluators in conducting better studies.
To determine if the corpus of evaluations was “sufficient for reviewing the
efficacy of the materials,” we examined both their methods and the conclu-
sions, evaluating the quality of evidence and argument. We also distin-
guished between studies that were at least minimally methodologically ad-
equate and those with methodology lacking sufficient rigor or relevance.
Finally, “in order to make recommendations about the design of a subse-
quent project,” we summarized inferences that could be drawn from the
patterns of findings of those “at least minimally methodologically adequate”
studies that would inform the design and conduct of subsequent evalua-
tions and an evaluation framework. However, to stay within the limits of
our charge, we do not report summary data at the level of particular pro-
grams. Instead, we report at the level of program type, and use the sum-
mary data as a means to investigate the quality and stability of the evalua-
tions. Furthermore, we recognize that design weaknesses of some evaluation
studies render the summary statements only tentative. In this way, we
sought to fulfill our charge by advancing “the design of a subsequent project
that could result in the generation of more reliable and valid data for
evaluating these materials.”

Establishing clearer guidelines for curricular evaluation becomes in-
creasingly important as the number of U.S. publishing companies decreases
through mergers, acquisitions, and purchase by international publishing
conglomerates. This reduction in publishing companies is likely to affect
curriculum development, review, revision, and adoption. Also needed are
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criteria that enable researchers and policy makers to monitor and document
the effects of these changes on future curricular options that become avail-
able to U.S. educators and students. Members of these corporations indi-
cated to us that they welcome clear statements of their responsibilities in
this arena of curricula evaluation.

Thus, this report considers issues related to policy, practice, and mea-
surement in an integrated fashion. Policy makers should be knowledgeable
of real practice demands and their effect on evaluations. They need expert
advice on how to develop a plan of action that serves the needs of all
constituents and is reliable, strategic, and feasible. At the same time, prac-
tice in education is complex and subject to multiple forces. It exists within
multiple levels of organization, governance, and regulation. Practitioners,
the majority of whom are teachers of mathematics, are charged with math-
ematics curricular implementation, and their professional preparation,
knowledge, and experience are essential in selecting materials for their
curricular effectiveness. Curricular evaluation must consider not only the
quality of the materials but also a realistic assessment of the practice condi-
tions in which these innovations are set. Thus, our efforts address the
intended curriculum and the enacted curriculum.! Finally, undertaking
these studies within a scientific approach to educational research requires
the clear articulation of the tenets that underlie evaluations of curricula
effectiveness.

REPORT LAYOUT

Chapter 2 begins with a discussion of the methods used to collect
relevant evaluation studies. It describes the resulting database, methods,
and criteria used to review these studies and to decide which evaluation
studies should be included in the report. This chapter also describes the
initial study characteristic coding system that was used to create and ana-
lyze the large database.

The database and study characteristics were then used to develop a
framework for curriculum evaluation in mathematics. This framework is
presented in Chapter 3. Based on the framework, we identified four major
classes of evaluation studies—content analysis, comparative analysis, case,
and synthesis. We divided into four subgroups to study each in depth. The
subgroups refined the methodology to create a decision tree to map studies

lntended curriculum is the subject matter, skills, and values that policy makers or develop-
ers expect to be taught and enacted curriculum is the curriculum that was implemented in the
classroom (Goodlad, 1984; Cuban, 1992).
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into categories for further examination. Discussions of each of these catego-
ries, together with the refined methodology, appear in three chapters: Chap-
ter 4 details content analysis studies, Chapter 5 details comparative studies,
and Chapter 6 details case and synthesis studies. These subgroup reports
were subsequently reviewed and discussed by the entire committee and
were revised to relate to each other and to the framework.

Our conclusions and recommendations are listed in Chapter 7.
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2

Committee Procedures and
Characteristics of Studies Reviewed

As explained in Chapter 1, our charge as committee members was to
evaluate the quality of the evaluations of the 13 National Science Founda-
tion-(NSF-) supported and 6 commercially generated mathematics curricu-
lum materials.

We were not charged with and therefore did not:

¢ Evaluate the curriculum materials directly
e Rate or rank specific curricular programs

We recognize that both tasks could interest a broad constituency, but
we believed that the field would profit from a careful, thorough review and
summary of previous evaluations and research studies in relation to how
previous work might inform and strengthen future efforts. We were aware
that the mathematics education field lacks a clear consensus on what con-
stitutes an effective curriculum and how to measure it to provide adequate,
valid, and timely information to decision making bodies. It is appropriate
to have a range of curricula from which to choose that represent a variety of
preferences and values; when this is the case, decision making on curricular
materials inevitably combines values and evidence-based reasoning. We did
not intend to recommend the elimination of values in curricular decision
making, but instead wished to contribute to efforts to increase the quality
of evidence provided to the process.

Some readers may be disappointed by our not offering a “stamp of

18
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approval” on specific curricula or providing a report card, as others have
done for state standards or tests (U.S. Department of Education, 1999;
Achieve Inc., 2002). This decision was deliberate. As a committee of the
National Research Council of The National Academies, our primary con-
tribution was to clarify the phrases scientifically valid evaluation study and
scientifically established as effective in the context of K-12 mathematics
curricula. Such an analysis can elucidate the current knowledge of how
these curricula were evaluated and help decision makers avoid judgment
errors that are likely when the completeness or scientific rigor of evalua-
tions of such materials is misunderstood.

Recognizing the complexity of judging curricular effectiveness, this re-
port is designed to assist future evaluators and policy makers in designing
and conducting evaluations that provide accurate, comprehensive, and valid
advice to decision makers and practitioners on the efficacy of curriculum
materials. Our primary goal was to advise our audiences on what could be
learned from these initial efforts and how lessons learned, strategic deci-
sions, adaptations in method, errors and weaknesses, and tentative patterns
of results could further future evaluation efforts and decision making on
curricular policy.

CURRICULA UNDER REVIEW

The following 13 mathematics curricula programs! (The K-12 Math-
ematics Curriculum Center, 2002) were supported by the NSF, and the
evaluations of these materials were reviewed by our committee:

Elementary School:

e FEveryday Mathematics (EM), Grades K-6 (SRA/McGraw-Hill)

o [nvestigations in Number, Data and Space, Grades K-6 (Scott
Foresman)

® Math Trailblazers, Grades K-6 (Kendall/Hunt Publishing Company)

Middle School:

e Connected Mathematics Project (CMP), Grades 6-8 (Prentice Hall)

IEach of the NSF-supported curricula is at least a three-year core curriculum (National
Science Foundation, 1989, 1991). A condition of second-year funding for the NSF-supported
curricula materials was a firm commitment by a publisher for national dissemination (Na-
tional Science Foundation, 1989, 1991).
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o Mathematics in Context (MiC), Grades 5-8 (Holt, Rinehart and
Winston)

® MathScape: Seeing and Thinking Mathematically, Grades 6-8
(Glencoe/McGraw-Hill)

® MathThematics (STEM), Grades 6-8 (McDougal Littell)

e Middle School Mathematics Through Applications Project (MMAP)
Pathways to Algebra and Geometry, Grades 6-8 (currently unpublished)

High School:

o Contemporary Mathematics in Context (Core-Plus), Grades 9-12
(Glencoe/McGraw-Hill)

o [nteractive Mathematics Program (IMP), Grades 9-12 (Key Curricu-
lum Press)

o MATH Connections: A Secondary Mathematics Core Curriculum,
Grades 9-12 (IT’S ABOUT TIME, Inc.)

® Mathematics: Modeling Our World (MMOW/ARISE), Grades 9-12
(W.H. Freeman and Company)

o Systemic Initiative for Montana Mathematics and Science (SIMMS)
Integrated Mathematics, Grades 9-12 (Kendall/Hunt Publishing Company)

Given our expanded charge, we also included a few of the commer-
cially published, non-NSF-funded curricula. We planned to select the cur-
ricula by market share; however, such data are highly proprietary and
contested. An additional complicating factor was that most reports of mar-
ket share are identified by publisher name rather than a particular product
line. Publishers produce numerous overlapping and sometimes competing
mathematics curriculum products, especially given recent acquisitions and
mergers. Thus determining market share by program was problematic.

We located two sources of market share data independent of the pub-
lishers (Education Market Research, 2001; Weiss et al., 2001). In addition,
we received testimonial data from other suppliers of widely used curricular
materials in mathematics, including Key Curriculum Press, Saxon Publish-
ers,2 and Texas Instruments. Among the six curricula, we sought represen-
tation from each of the four major textbook publishers:

2Saxon Publishers suggested Simba Information Inc.’s (2002, 2003) Print Publishing for
the School Market 2001-2002 Yearly Report and Educational Marketer’s monthly newsletter
as sources for market share data.
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1. McGraw-Hill (including Direct Instruction, Frank Schaffler Publish-
ing, Macmillan, Glencoe, SRA/Open Court, Everyday Mathematics, and
the Wright Group)

2. Reed Elsevier (including Harcourt, LexisNexis, Reinhard and Win-
ston, Rigby, Steck-Vaughn, Reading Recovery, Heinemann, and Riverdeep)

3. Vivendi (including Houghton Mifflin, McDougal Littell, Riverside
Assessments, Sunburst Technology, and Great Source)3

4. Pearson (including Addison Wesley Longman, Scott Foresman, Sil-
ver Burdett Ginn, Simon and Schuster, Globe Fearon, Modern Curriculum
Press, Celebration Press, Dale Seymour Publications, Prentice Hall School,
Waterford Early Reading, Waterford Early Math and Science, Sing, Spell,
Read and Write)

We selected two publishers per grade band level (elementary, middle,
and high school). Because our independent sources only identified publish-
ers with the largest market share and not specific mathematics curriculum
materials, we asked the publishers to select their curricula with the highest
market share. The publishers then submitted the curricular materials and
accompanying evaluation studies that they had conducted or were aware of
for our review.

We analyzed evaluations of the following six commercially generated
programs:

Elementary School:

® Math K-5, 2002 (Addison Wesley/Scott Foresman)
e Harcourt Math K-6 (Harcourt Brace)

Middle School:

o Applications and Connections, Grades 6-8, 2001 (Glencoe/McGraw-
Hill)

* An Incremental Development, Sixth Grade, Eighth Grade (2nd edi-
tion) and An Incremental Development, Seventh Grade, Algebra 1/, and
Algebra (3rd edition) (Saxon)

3Houghton Mifflin Company was later sold by Vivendi (in December 2002). Houghton
Mifflin Company sold Sunburst Technology in October 2002.
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High School:

e Larson Series, Grades 9-12, 2002 (Houghton-Mifflin/McDougal
Littell)

o University of Chicago School Mathematics Project Integrated Math-
ematics, Grades 9-12, 2002 (Prentice Hall)

Prentice Hall* was an exception and could not choose its curricular
materials because we specifically asked for the secondary materials of the
University of Chicago School Mathematics Project (UCSMP) to be part of
our review. UCSMP was selected because its history and profile represented
a “hybrid” between the two categories (NSF-supported and commercially
generated curricular programs), and all of its development and research
support for the first edition was provided by foundations.® We chose
UCSMP because, similar to the NSF curricula, its philosophy and program
theory are aligned with the National Council of Teachers of Mathematics
(NCTM) Standards (NCTM, 1989), although it preceded the NSF-sup-
ported curricula in its development period (Thompson et al., 2003). It also
differs from the high school NSF-supported materials in that it preserves
the traditional course sequence of algebra, geometry, algebra and trigo-
nometry, and advanced mathematics, including newer topics such as statis-
tics and discrete mathematics, whereas the other NSF-supported materials
integrate across mathematical subfields at each grade level. UCSMP’s devel-
opment was situated at a university, unlike any other commercially gener-
ated curricula. As a result, many published studies and doctoral disserta-
tions were conducted on it.

DATA GATHERING

Information on evaluation studies of the 19 mathematics curricula
projects was gathered in several ways. First, we found contacts for all

4UCSMP, recently acquired by Prentice Hall, received broad NSF support and its second-
ary program was first headed by Zalman Usiskin and Sharon Senk. It eventually included five
components, including an elementary component that produced Everyday Math (headed by
Max Bell, with NSF support, and included in this study), a professional development compo-
nent with NSF support, and an evaluation component headed by Larry Hedges and Susan
Stodolsky. In this review, UCSMP refers to the secondary program only, and Everyday Math-
ematics is coded as EM. Following our charge, UCSMP is categorized as a secondary com-
mercially generated project, whereas EM is categorized as NSF supported. Both had private
foundation funding, and for grades 4 through 6 materials, EM received NSF funding.

SAmoco Foundation, Carnegie Corporation of New York, and General Electric Founda-
tion.
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curricula under review and requested copies of curricular materials and
evaluation studies. We received the requested curriculum materials from all
publishers except Harcourt Brace. Seventeen of the 19 curricula submitted
public evaluation materials to our committee (except Math K-5, 2002
[Addison Wesley/Scott Foresman| and Harcourt Math K-6 [Harcourt
Brace]). We requested that principal investigators from the NSF-supported
mathematics curriculum projects send reports they had submitted to the
NSF, as well as their own evaluation studies of their materials or others of
which they were aware. We also gathered evaluation studies from all four
mathematics NSF Implementation Centers (http://www.ehr.nsf.gov/esie/re-
sources/impsites.asp). We then checked citations and bibliography entries
from these studies for possible additional evaluations and acquired copies
of new studies. Finally, we conducted library and web searches, and e-
mailed several mathematics and mathematics education listservs requesting
evaluation studies. We then obtained copies of pertinent studies. A total of
698 evaluation studies were found or submitted for consideration.

We held two evidence-gathering workshops in 2002. The two work-
shop panels addressed the following questions:

How would you define or evaluate effectiveness of a K-35, 6-8, or 9-12
NSF-supported or commercially generated mathematics curriculum?

What evidence would be needed? Be specific in terms of (1) primary
and secondary variables, (2) methods of examining or measuring those
variables, (3) research designs, and (4) other relationships under investiga-
tion.

The first workshop consisted of panels addressing specific topics:

e Evaluation and cross-disciplinary frameworks on curriculum imple-
mentation in complex settings;

e Developer, researcher, and evaluator perspectives of curriculum ef-
fectiveness;

e The role of content analysis and research on learning in evaluating
curricula effectiveness;

¢ Consideration of professional development needs in curricular imple-
mentation; and

e Curriculum decision making and evaluation in school settings.

The second workshop on commercially generated materials asked the
same general questions, with two additional requests for comments:

e How do you evaluate materials in relation to the quality and effec-
tiveness of the materials themselves, including content analysis, theories of
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learning, and teaching? Discuss the role of authors and developers in the
process of evaluation.

e How does your company consider the issues of implementation in
relation to effectiveness, such as professional development, high-stakes tests,
standards, technology, equity, and the adoption of materials and marketing
issues?

Much of the debate around curriculum quality in the mathematics and
mathematics education community resulted in part because content analy-
sis is an ill-defined concept; therefore, we solicited statements on this topic.
Sixteen prominent mathematicians and mathematics educators from a vari-
ety of perspectives on content analysis were identified. We sent a written
request and received statements from eight: Richard Askey, University of
Wisconsin, Madison; Eric Gutstein, University of Illinois, Chicago; Roger
Howe, Yale University; William McCallum, University of Arizona; R. James
Milgram, Stanford University; Luis Ortiz-Franco, Chapman University;
Deborah Schifter, Education Development Center; and Hung Hsi Wu, Uni-
versity of California, Berkeley. We asked for their advice on content analy-
sis by addressing the following questions:

What should be included in a content analysis?

How would you judge the quality of a content analysis?

What is the definition of content analysis?

Does your response represent the intended and enacted curriculum?
What references are available in the field on this topic?

THE STUDY MATRIX

We included evaluation studies that focused on one or more of the 13
NSF-supported or 6 commercially generated mathematics curricula, and
whose authorship and affiliation were identified. Evaluation studies also
had to fall into one of the following categories: (1) Comparative Analysis,
(2) Case Study, (3) Content Analysis, (4) Synthesis Study, (5) Background
Information, Historical Documentation, or Report to the NSF; and (6)
Informative Study (Chapters 4 through 6 provide category descriptions.)
We did not wish to limit its initial review to published studies because the
topic is relatively current and some papers may not yet have been pub-
lished. Dissertations would have been excluded if only published studies
had been chosen, and we believed these studies could contain useful infor-
mation. Finally, we sought studies from the following classifications per-
taining to curriculum implementation:
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e Studies with specific student outcomes

e Content analysis studies

e Studies of classroom implementation and school environment

e Studies of teacher knowledge, teacher characteristics, and profes-
sional development

We decided to add to these classifications as we identified additional
relevant categories. None were found. The decision tree (Figure 2-1) illus-
trates the process for categorizing the evaluation studies.

We considered all 698 studies that were found or submitted. If the
study met the criteria listed, it was added to the bibliography for review. If
it did not meet these criteria, it was placed on a list along with the docu-
mented reasons for exclusion. A study whose inclusion was difficult to
determine was submitted for committee review. The bibliography of studies
that are included in our analysis appears in Appendix B. The 417 studies
that met the inclusion criteria for categories 1 through 6 were entered into
our database for review.

STUDY CHARACTERISTICS

Table 2-1 shows the distribution of studies by methodology and identi-
fies them as NSF-supported, commercially generated, or UCSMP.

We identified studies that fit the categories of content analysis (n=36),
comparative analysis (n=95), case studies (n=45), and synthesis (n=16) as
particularly salient. These 192 studies formed the core of the review be-
cause they provided direct information pertinent to reviewing the evalua-
tion on materials’ effectiveness. Therefore, a large percentage of studies
initially considered did not meet the criteria and were excluded from fur-
ther review. The categories of background information, historical docu-
mentation, reports to the NSF, or informative studies were eliminated from
further review, though they remain a valuable source of information about
program theory and decision making that affected evaluation study designs.

The number of studies in the commercial category was far smaller than
the number of studies on the NSF-supported materials or UCSMP.® Two
factors seem to account for this disparity. First, many NSF- or foundation-
supported curricula were required to provide evaluations. The NSF also
funded some of these curriculum projects to conduct further evaluation
studies. Second, the NSF and UCSMP materials were written primarily by

6The committee separated UCSMP from the NSF-supported and commercially generated
materials because of its hybrid nature.
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TABLE 2-1 Distribution of Types of Studies

Number of Percentage of
Type of Study Studies Total
1. Comparative analysis 95 13.6
NSF-supported curricula 66 69.5
Commercially generated curricula 16 16.8
UCSMP 11 11.6
Not counted in above 2 2.1
2. Case 45 6.4
NSF-supported curricula 45 100.0
Commercially generated curricula 0 0.0
UCSMP 0 0.0
Not counted in above 0 0.0
3. Content analysis 36 5.2
NSF-supported curricula 17 47.2
Commercially generated curricula 1 2.8
UCSMP 12 33.3
Not counted in above 6 16.7
4. Synthesis 16 2.3
NSF-supported curricula 15 93.8
Commercially generated curricula 0 0.0
UCSMP 1 6.3
Not counted in above 0 0.0
5. and 6. Background information and
Informative studies 225 32.2
7. Do not include 281 40.3
TOTAL 698 100.0

university faculty whose graduate students often conducted the studies as
part of research toward their degrees. Finally, unlike the NSF-supported
materials, commercial publishers often conducted market studies, which
emphasize how potential purchasers will view the materials. Thus, many
commercially generated studies were only marginally useful in evaluating
curricular effectiveness.

The evaluation studies were distributed unevenly across the curricula
(Table 2-2). Three of the five curricula with the most evaluation studies
under review received additional NSF funding to conduct revisions.” The
elementary, Everyday Mathematics, and secondary components of the
UCSMP materials followed.

A database was developed to summarize the studies. Each study was

7Connected Mathematics, Mathematics In Context, and Core-Plus.
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TABLE 2-2 Distribution of Curricula by Study Type

Type of Study* Number of
Appearances in
Curriculum Name 1. 2. 3. 4. S5.and 6.  Any Study
NSF-supported curricula
Elementary
Everyday Mathematics 17 9 7 2 16 51
Investigations in Number,
Data and Space 5 1 2 2 9 19
Math Trailblazers 1 1 1 2 6 11
Middle school
Connected Mathematics
Project (CMP) 10 18 8 2 42 80
Mathematics in Context
(MiC) 1 8 7 N 52 73
Math Thematics (STEM) 2 6 4 2 13 27
MathScape 0 2 1 1 5 9

Middle School
Mathematics Through
Applications Project
(MMAP) 0 0 0 1 7 8
High school
Contemporary Mathematics

in Context (Core-Plus) 13 5 3 3 19 43
Interactive Mathematics
Program (IMP) 17 2 4 2 12 37

Systemic Initiative for
Montana Mathematics and

Science (SIMMS) S5 1 2 2 10 20
Math Connections 2 0 2 2 6 12
Mathematics: Modeling

Our World

(MMOW/ARISE) 0 0 2 1 5 8

Commercially generated curricula
Elementary
Addison Wesley/Scott

Foresman 0 0 2 0 1 3

Harcourt Brace 0 0 1 0 0 1
Middle school

Saxon 13 0 6 0 21 40

Glencoe/McGraw-Hill 1 0 2 0 4 7
High school

Prentice Hall/UCSMP 13 0 14 3 46 76

Houghton-Mifflin/

McDougal Littell 2 0 0 0 1 3
Number of evaluation

studies 95 45 36 16 225 417

Number of times each
curriculum is in each type
of study 102 53 68 29 275 528

*Study types: (1.) Comparative Analysis, (2.) Case Study, (3.) Content Analysis, (4.) Synthe-
sis, (5. and 6., respectively) Background Information and Informative Study.
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read and analyzed by two or more committee members, the Mathematical
Sciences Education Board staff, or graduate students trained to search for
and record the study characteristics listed in Box 2-1.

After initial review, we studied in depth the first four categories in
Table 2-2 because these studies provided detailed evaluation data.

STUDY CHARACTERISTICS FOR CATEGORIES 1 THROUGH 4

Table 2-3 shows distribution of the published studies by type of study.
Of the studies reviewed, only 22 percent were published in journals or
books. Approximately 28 percent of comparative studies and 31 percent of
case studies were unpublished doctoral dissertations. Although disserta-
tions are unpublished, these studies have been vigorously screened and
provided valuable insight into current evaluation data on the curricula
under review.

TABLE 2-3 Distribution of Published Studies by Type of Study

Number Unpublished
of Published Unpublished Thesis or
Type of Study Studies Study Study Dissertation
1. Comparative analysis 95 15 53 27
NSF-supported curricula 66 12 39 15
Commercially generated
curricula 16 0 7 9
UCSMP 11 3 6 2
Not counted in above 2 0 1 1
2. Case 45 11 20 14
NSF-supported curricula 45 11 20 14
Commercially generated
curricula 0 0 0 0
UCSMP 0 0 0 0
Not counted in above 0 0 0 0
3. Content analysis 36 3 33 0
NSF-supported curricula 17 3 14 0
Commercially generated
curricula 1 0 1 0
UCSMP 12 0 12 0
Not counted in above 6 0 6 0
4. Synthesis 16 14 2 0
NSF-supported curricula 15 13 2 0
Commercially generated
curricula 0 0 0 0
UCSMP 1 1 0 0
Not counted in above 0 0 0 0
TOTAL 192 43 108 41
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BOX 2-1

Study Characteristics

Author(s)

Title and date of publication

Sample program(s) of interest
Comparison curriculum used program
Design of experiment

Author(s) background regarding study
Version of material

Published? Where?

Unit of analysis

Study of duration

Research question

Outcome measures: Student level
Standardized tests

Other measures (attitudes, absentee
rates, or dropout rates)

Outcome measures: Teacher level
Content knowledge
Attitude

Student population: Sample and
comparison

Total number of students

Gender
Race/ethnicity

Socioeconomic: Free or reduced
lunch

Other

Teacher population: Sample and
comparison

Total number of teachers

Hours of professional development
received

Use of supplemental materials
Mathematics certified

Average number of years of
teaching experience

School population: Sample and
comparison

Total number of schools
Staff turnover rate

School location (urban, suburban,
rural)

Enacted curriculum, measurement,
and findings

Author(s) findings/claims

Copyright © National Academy of Sciences. All rights reserved.



http://www.nap.edu/catalog/11025.html

idaing the Quality of K-12 Mathematics Evaluations

32 ON EVALUATING CURRICULAR EFFECTIVENESS

TABLE 2-4 Distribution of Author’s Background by Type of Study
Author’s Background Regarding Studies

Number
of Graduate
Type of Study Studies Internal External Student Unknown
1. Comparative analysis 95 35 27 29 4
NSF-supported curricula 66 20 24 19 3
Commercially generated
curricula 16 9 1 6 0
UCSMP 11 S 2 4 0
Not counted in above 2 1 0 0 1
2. Case 45 10 14 14 7
NSF-supported curricula 45 10 14 14 7
Commercially generated
curricula 0 0 0 0 0
UCSMP 0 0 0 0 0
Not counted in above 0 0 0 0 0
3. Content analysis 36 16 20 0 0
NSF-supported curricula 17 6 11 0 0
Commercially generated
curricula 1 0 1 0 0
UCSMP 12 10 2 0 0
Not counted in above 6 0 6 0 0
4. Synthesis 16 16 0 0 0
NSF-supported curricula 15 15 0 0 0
Commercially generated
curricula 0 0 0 0 0
UCSMP 1 1 0 0 0
Not counted in above 0 0 0 0 0
TOTAL 192 77 61 43 11

Table 2-4 shows the distribution of the author’s background by type of
study. Across the four types of evaluation studies reviewed, 40 percent were
done by authors internal to the curriculum project studied. If the study had
more than one author, the authors were considered internal if one or more
were related to the project (e.g., curriculum developer, curriculum project’s
evaluator, and curriculum staff). Twenty-two percent of the studies were
conducted by graduate students, who may be internal to the project because
often they are the curriculum developer’s graduate students who perform
the research studies. Because the relationship of the graduate student to the
curriculum project is not always known, it can only be definitively stated
that all authors were external to the project in 32 percent of the studies. The
relationship of the author to the curriculum project is unknown in 6 percent
of studies.
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TABLE 2-5 Distribution of the Study Size by Type of Studies
Study Size (Students)

Number
Type of Study of Studies 0-299  300-999 >1,000 n/a
1. Comparative analysis 95 42 28 23 2
2. Case 45 16 3 3 23

Table 2-5 shows the number of students sampled in each of the com-
parative and case studies (n=140). Studies with fewer than 300 students
made up the largest percentage in both comparative and case studies: 44
and 36 percent, respectively. Only 19 percent of the 140 studies had a
student sample greater than 1,000 students.

Table 2-6 shows the distribution of sample school locations by type of

TABLE 2-6 Distribution of Sample School Location by Type of Study

Percentage of Studies That Reported

Location”
Percent
Number of Studies Only the
of to Report State/
Type of Study Studies Data Urban Suburban Rural = Region
1. Comparative
analysis 95 88 36 46 31 37
NSF-supported
curricula 66 89 29 38 24 35
Commercially
generated
curricula 16 81 31 44 19 38
UCSMP 11 91 40 60 40 20
Not counted
in above 2 100 100 50 50 0
2. Case 45 71 27 55 30 30
NSF-supported
curricula 45 71 27 5§ 30 30
Commercially
generated
curricula 0 0 0 0 0 0
UCSMP 0 0 0 0 0 0
Not counted
in above 0 0 0 0 0 0
TOTAL 140 84 33 49 31 35

*Many studies report more than one of the following three types of locations: urban, subur-
ban, or rural.
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study. Approximately 88 percent of comparative studies and 71 percent of
case studies reported data on school location (urban, suburban, rural, or
state/region). Suburban students were the largest percentage in both study
types. Rural students were the smallest sample in comparative studies,
which implies less information is known about curricular effectiveness in
these regions. Most studies did not break down the sample by each of the
school location types; thus an exact percentage of school types could not be
determined. The data that were reported showed wide variation in demo-
graphics, although compared with overall representation in the country,
minority populations were undersampled (U.S. Department of Education,
2001).

Content analysis studies are not included in Tables 2-5 and 2-6 because
they do not report data on students or sample school locations. Synthesis
studies are also excluded because they are summaries of multiple studies
and typically did not report data on types of schools or students or include
data from only some of the studies considered.

Only 19 percent of comparative and case studies provided detailed
information on teachers (e.g., certification, years of teaching, or measures
of content knowledge) shown in Table 2-7. Generally, comparison groups
were based on matching student and not teacher characteristics. Therefore,

TABLE 2-7 Distribution of Studies That Reported Teacher Data by Type
of Study

Percent of Reporting Studies

Reported Reported
Number of Number of Teacher
Type of Study Studies Teachers Experience*
1. Comparative analysis 95 52 14
NSF-supported curricula 66 56 9
Commercially generated
curricula 16 31 19
UCSMP 11 64 36
In 2 categories (not above) 2 0 0
2. Case 45 87 29
NSF-supported curricula 45 87 29
Commercially generated
curricula 0 0 0
UCSMP 0 0 0
In 2 categories (not above) 0 0 0
TOTAL 140 63 19

*If a study reported on teacher certification or number of years of teaching, it was counted
as “Reported Teacher Experience.”
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some bias may be present in the studies in terms of use of volunteer teach-
ers. A substantial percentage of the studies included some measure of imple-
mentation by including teacher logs, classroom observations, interviews,
and so forth. However, few included any type of measure of quality of
instruction, although case studies were more likely to provide insight into
these factors than were comparative studies.
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Framework for Evaluating
Curricular Effectiveness

In this chapter, we present a framework for use in evaluating math-
ematics curricula. By articulating a framework based on what an effective
evaluation could encompass, we provide a means of reviewing the quality
of evaluations and identifying their strengths and weaknesses. The frame-
work design was formed by the testimony of participants in the two work-
shops held by the committee, and by a first reading of numerous examples
of studies.

The framework’s purpose is also to provide various readers with a
consistent and standard frame of reference for defining what is meant by a
scientifically valid evaluation study for reviewing mathematics curriculum
effectiveness. In addition to providing readers with a means to critically
examine the evaluations of curricular materials, the framework should prove
useful in guiding the design of future evaluations.

The framework is designed to be comprehensive enough to apply to
evaluations from kindergarten through 12th-grade and flexible enough to
apply to the different types of curricula included in this review.

With the framework, we established the following description of and
definition for curricular effectiveness that is used in the remainder of this
report:

Curricular effectiveness is defined as the extent to which a curricu-
lar program and its implementation produce positive and cur-
ricularly valid outcomes for students, in relation to multiple mea-
sures of students’ mathematical proficiency, disaggregated by

36
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content strands and disaggregated by effects on subpopulations of
students, and the extent to which these effects can be convincingly
or causally attributed to the curricular intervention through evalu-
ation studies using well-conceived research designs. Describing
curricular effectiveness involves the identification and description
of a curriculum and its programmatic theory and stated objectives;
its relationship to local, state, or national standards; subsequent
scrutiny of its program contents for comprehensiveness, accuracy
and depth, balance, engagement, and timeliness and support for
diversity; and an examination of the quality, fidelity, and charac-
ter of its implementation components.

Effectiveness can be defined in relation to the selected level of aggrega-
tion. A single study can examine whether a curricular program is effective
(at some level and in some context), using the standards of scientifically
established as effective outlined in this report. This would be termed, “a
scientifically valid study.” Meeting these standards ensures the quality of
the study, but a single, well-done study is not sufficient to certify the quality
of a program. Conducting a set of studies using the multiple methodologies
described in this report would be necessary to determine if a program can
be called “scientifically established as effective.” Finally, across a set of
curricula, one can also discern a similarity of approach, such as a “college
preparation approach,” “a modeling and applications approach,” or a
“skills-based, practice-oriented approach,” and it is conceivable that one
could ask the question of whether an approach is effective, and if so,
producing an approach that’s “scientifically established as effective.” The
methodological differences among these levels of aggregation are critical to
consider and we address the potential impact of these distinctions in our
conclusions.

Efficacy is viewed as considering issues of cost, timeliness and resource
availability relative to the measure of effectiveness. Our charge was limited
to an examination of effectiveness, thus we did not consider efficacy in any
detail in this report.

Our framework merged approaches from method-oriented evaluation
(Cook and Campbell, 1979; Boruch, 1997) that focus on issues of internal
and external validity, attribution of effects, and generalizability, with ap-
proaches from theory-driven evaluations that focus on how these ap-
proaches interact with practices (Chen, 1990; Weiss, 1997; Rossi et al.,
1999). This permitted us to consider the content issues of particular con-
cern to mathematicians and mathematics educators, the implementation
challenges requiring significant changes in practice associated with reform
curricula, the role of professional development and teaching capacity, and
the need for rigorous and precise measurement and research design.
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We chose a framework that requires that evaluations should meet the
high standards of scientific research and be fully dedicated to serving the
information needs of program decision makers (Campbell, 1969; Cronbach,
1982; Rossi et al., 1999). In drawing conclusions on the quality of the
corpus of evaluations, we demanded a high level of scientific “validity” and
“credibility” because of the importance of this report to national consider-
ations of policy. We further acknowledge other purposes for evaluation,
including program improvement, accountability, cost-effectiveness, and
public relations, but do not address these purposes within our defined scope
of work. Furthermore, we recognize that at the local level, decisions are
often made by weighing the “best available evidence” and considering the
likelihood of producing positive outcomes in the particulars of context,
time pressures, economic feasibility, and resources. For such purposes, some
of the reported studies may be of sufficient applicability. Later in this
section, we discuss these issues of utility and feasibility further and suggest
ways to maintain adequate scientific quality while addressing them.

Before discussing the framework, we define the terms used in the study.
There is ambiguity in the use of the term “curriculum” in the field (Na-
tional Research Council [NRC], 1999a). In many school systems, “curricu-
lum” is used to refer to a set of state or district standards that broadly
outline expectations for the mathematical content topics to be covered at
each grade level. In contrast, at the classroom level, teachers may select
curricular programs and materials from a variety of sources that address
these topics and call the result the curriculum. When a publisher or a
government organization supports the development of a set of materials,
they often use the term “curriculum” to refer to the physical set of materials
developed across grade levels. Finally, the mathematics education commu-
nity often finds it useful to distinguish among the intended curriculum, the
enacted curriculum, and the achieved curriculum (McKnight et al., 1987).
Furthermore, in the curriculum evaluation literature, some authors take the
curriculum to be the physical materials and others take it to be the physical
materials together with the professional development needed to teach the
materials in the manner in which the author intended. Thus “curriculum” is
used in multiple ways by different audiences.

We use the term “curriculum” or “curricular materials” in this report
as follows:

A curriculum consists of a set of materials for use at each grade
level, a set of teacher guides, and accompanying classroom assess-
ments. It may include a listing of prescribed or preferred classroom
manipulatives or technologies, materials for parents, homework
booklets, and so forth. The curricula reviewed in this report are
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written by a single author or set of authors and published by a
single publisher. They usually include a listing or mapping of the
curricular objectives addressed in the materials in relation to na-
tional, state, or local standards or curricular frameworks.

We also considered the meaning of an evaluation of a curriculum for
the purposes of this study. To be considered an evaluation, a curriculum
evaluation study had to:

e Focus primarily on one of the curriculum programs or compare two
or more curriculum programs under review;

e Use a methodology recognized by the fields of mathematics educa-
tion, mathematics, or evaluation; and

e Study a major portion of the curriculum program under investiga-
tion.

A “major portion” was defined as at least one grade-level set of mate-
rials for studies of intended curricular programs and a significant piece
(more than one unit) of curricular materials and a significant time duration
of use (at least a semester) for studies of enacted curricular programs.
Evaluation studies were also identified and distinguished from research
studies by requiring evaluation studies to include statements about the
effectiveness of the curriculum or suggestions for revisions and improve-
ments. Further criteria for inclusion or exclusion were developed for each
of the four classes of evaluation studies identified: content analyses, com-
parative analyses, case studies, and synthesis studies. These are described in
detail in Chapters 4 through 6. Many formative, as opposed to summative,
assessments were not included.

The framework we proposed consists of two parts: (1) the components
of curricular evaluation (Figure 3-1), and (2) evaluation design, measure-
ment, and evidence, (Figure 3-2). The first part guides an evaluator in
specifying the program under investigation, while the second part articu-
lates the methodological design and measurement issues required to ensure
adequate quality of evidence. Each of these two parts is described in more
detail in this chapter.

The first part of the framework consists of primary and secondary
components. The primary components are presented in Figure 3-1: pro-
gram components, implementation components, and student outcomes.
Secondary components of the framework include systemic factors, inter-
vention strategies, and unanticipated influences.

The second part of the framework, evaluation design, measurement,
and evidence, is divided into articulation of program theory, selection of
research design and methodology, and other considerations.
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Articulation of ProgramTheory

Program Components Implementation Componenis
Mathematical content "'-"""""""""-.-._ Resources
Curricular design elements Processes
Contextual influences

Secondary Components
Systemic factors

Intervention strategies
Unanticipated influences

Student Quicomes

Multiple assessraent

Enrollment patterns
Attitudes

FIGURE 3-1 Primary and secondary components of mathematics curriculum
evaluation.

PRIMARY COMPONENTS

For each of the three major components (program, implementation,
and student outcomes), we articulated a set of subtopics likely to need
consideration.

Program Components

Examining the evaluation studies for their treatments of design ele-
ments was a way to consider explicitly the importance, quality, and se-
quencing of the mathematics content. Our first consideration was the major
theoretical premises that differentiate among curricula. Variations among
the evaluated curricula include the emphasis on context and modeling ac-
tivities: the importance of data; the type and extent of explanations given;
the role of technology; the importance of multiple representations and
problem solving; the use and emphasis on deductive reasoning, inductive
reasoning, conjecture, refutation, and proof; the relationships among the
mathematical subfields such as algebra, geometry, and probability; and the
focus on calculation, symbolic manipulations, and conceptual development.
Views of learning and teaching, the role of practice, and the directness of
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Articulation of Program Theory
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FIGURE 3-2 Framework for evaluating curricular effectiveness.

instruction also vary among programs. It is important for evaluators to
determine these differences and to design evaluations to assess the advan-
tages and disadvantages of these decisions in relation to student learning.
At the heart of evaluating the quality of mathematics curriculum mate-
rials is the analysis of the mathematical content that makes up these mate-
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rials. We call this “content analysis” (Box 3-1). A critical area of debate in
conducting a content analysis is how to assess the trade-offs among the
various choices. Curricular programs must be carried out within the con-
straints of academic calendars and school resources, so decisions on priori-
ties in curricular designs have real implications for what is subsequently
taught in classrooms. An analysis of content should be clear and specific as
to what trade-offs are made in curricular designs.

A second source of controversy evolves from a debate over the value of
conducting content analysis in isolation from practice. Some claim that
until one sees a topic taught, it is not really possible to specify what is

BOX 3-1
Factors to Consider in Content Analysis of

Mathematics Curriculum Materials
Listing of topics
Sequence of topics
Clarity, accuracy, and appropriateness of topic presentation
Frequency, duration, pace, depth, and emphasis of topics
Grade level of introduction
Overall structure: integrated, interdisciplinary, or sequential
Types of tasks and activities, purposes, and level of engagement
Use of prior knowledge, attention to (mis)conceptions, and student strategies
Reading level
Focus on conceptual ideas and algorithmic fluency
Emphasis on analytic/symbolic, visual, or numeric approaches
Types and levels of reasoning, communication, and reflection
Type and use of explanation
Form of practice
Approach to formalization
Use of contextual problems and/or elements of quantitative literacy
Use of technology or manipulatives
Ways to respond to individual differences and grouping practices
Formats of materials

Types of assessment and relation to classroom practice
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learned (as argued by William McCallum, University of Arizona, and Rich-
ard Lehrer, Vanderbilt University, when they testified to the committee on
September 18, 2002). In this sense, a content analysis would need to include
an assessment of what a set of curricular tasks makes possible to occur in a
classroom as a result of activity undertaken, and would depend heavily on
the ability of the teacher to make effective use of these opportunities and to
work flexibly with the curricular choices. This kind of content analysis is
often a part of pilot testing or design experiments. Others prefer an ap-
proach to content analysis that is independent of pedagogy to ensure com-
prehensiveness, completeness, and accuracy of topic and to consider if the
sequencing forms a coherent, logical, and age-appropriate progression. Both
options provide valuable and useful information in the analysis of curricu-
lar effectiveness but demand very different methodologies.

Another consideration might be the qualifications of the authors and
their experience with school and collegiate mathematics. The final design
element concerns the primary audience for curricular dissemination. One
publisher indicated its staff would often make decisions on curricular de-
sign based on the expressed needs or preferences of state adoption boards,
groups of teachers, or in the case of home schooling, parents. Alternatively,
a curriculum might be designed to appeal to a particular subgroup, such as
gifted and talented students, or focus on preparation for different subse-
quent courses, such as physics or chemistry.

Implementation Components

Curricular programs are enacted in a variety of school settings. Cur-
riculum designers consider these settings to various degrees and in various
ways. For example, implementation depends heavily on the capacity of a
school system to support and sustain the curriculum being adopted. This
implies that a curricular program’s effectiveness depends in part on if it is
implemented adequately and how it fits within the grade-level band for
which it is designed as well as whether it fits with the educational contexts
that proceed or follow it.

Implementation studies have provided highly convincing evidence that
implementation is complicated and difficult because curricula are enacted
within varying social contexts. Factors such as participation in decision
making, incentives such as funding or salaries, time availability for profes-
sional development, staff turnover or student attendance, interorganiza-
tional arrangements, and political processes can easily hinder or enhance
implementation (Chen, 1990).

In evaluation studies, these issues are also referred to as process evalu-
ation or program or performance monitoring. Implementation includes
examining the congruity between the instruction to students and the goals
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of the program, whether the implemented curriculum is reaching all stu-
dents, how well the system is organized and managed to deliver the curricu-
lar program, and the adequacy of the resources and support. Process evalu-
ation and program and performance monitoring are elements of program
evaluation that can provide essential data in judging the effectiveness of the
program and in providing essential feedback to practitioners on program
improvement (Rossi et al., 1999).

In the use of curricula in practice, many variations enter the process.
We organized the factors in the implementation component into three cat-
egories: resource variables, process variables, and community/cultural in-
fluences. Examples of each are listed in Table 3-1.

Resource variables refer to the resources made available to assist in
implementation. Process variables refer to the ways and means in which
implementation activities are carried out, decisions are made, and informa-
tion is analyzed on the practice and outcomes of teaching mathematics.
Community and cultural factors refer to the social conditions, beliefs, and
expectations held both implicitly and explicitly by participants at the site of
adoption concerning learning, teaching, and assessing student work and
opportunities.

We also identified a set of mediating factors that would be most likely
to influence directly the quality and type of implementation.

Appropriate Assignment of Students

Decisions concerning student placement in courses often have strong
implications for the success of implementation efforts and the distribution
of effects across various student groups. Evaluations must carefully docu-
ment and monitor the range of student preparation levels that teachers
must serve, the advice and guidance provided to students and parents as to
what curricular choices are offered, and the levels of attrition or growth of
student learning experienced over a curricular evaluation study period by
students or student subpopulations.

Ensuring Adequate Professional Capacity

This was viewed as so critical to the success of implementation efforts
that some argued that its significance exceeds that of curriculum in deter-
mining students’ outcomes (as stated by Roger Howe, Yale University, in
testimony to the committee at the September 2002 workshop). Professional
capacity has a number of dimensions. First, it includes the number and
qualifications of the actual teachers who will instruct students. Many new
curricula rely on teachers’ knowledge of topics that were not part of their
own education. Such topics could include probability and statistics, the use
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TABLE 3-1 Categories and Examples of Implementation Component

Variables

Resource Variables

Process Variables

Community/Cultural
Influences

Teacher supply,
qualifications, and rate
of turnover

Professional development
and teacher knowledge

Length of class

Class size and number
of hours of preparation
per teacher

Cost and access to
materials, manipulatives,
and technology

Frequency and type of
formative and summative
assessment practices

Extent and type of
student needs and
support services

Parental involvement

Teacher organization
and professional
community

Curricular decision
making

Course requirements

Course placements,
guidance, and
scheduling

Administrative or
governance of school
decision making

Forms and frequency
of assessment and use
of data

Teacher beliefs concerning
learning, teaching, and
assessment

Expectations of schooling
and future educational and
career aspirations

Homework time

Stability, language
proficiency, and mobility of
student populations

Combinations of ethnic,
racial, or socioeconomic
status among students,

teachers, and community

Community interest and
responses to publicly
announced results on school
performance

Student beliefs and

expectations

Parental beliefs and
expectations

of new technologies, taking a function-based approach to algebra, using
dynamic software in teaching geometry, contextual problems, and group
methods. In addition, school districts are facing increasing shortages of
mathematics teachers, so teachers frequently are uncertified or lack a major
in mathematics or a mathematics-related field (National Center for Educa-
tion Statistics [NCES], 2003). At the elementary level, many teachers are
assigned to teach all subjects, and among those, many are required to teach
mathematics with only minimal training and have a lack of confidence or
affection for the discipline (Ma, 1999; Stigler and Hiebert 1999). Finally,
especially in urban and rural schools, there is a high rate of teacher turnover
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(Ingersoll, 2003; National Commission on Teaching and America’s Future,
2003), so demanding curricula may not be taught as intended or with
consistency over the full duration of treatment.

Also in this category are questions of adequate planning time for imple-
menting and assessing new curricula and adequate support structures for
trying new approaches, including assistance, reasonable class sizes, and
number of preparations. Furthermore, if teachers are not accorded the
professional opportunities to participate in decision making on curricular
choices, resistance from them, reverting to the use of supplemental materi-
als with which teachers are more comfortable, or lack of effort can hamper
treatment consistency, duration, and quality. In contrast, in some cases,
reports were made of teacher-initiated and -dominated curricular reform
efforts where the selection, adaptation, and use of the materials was highly
orchestrated and professionally evaluated by practitioners, and their use of
the materials typically was reported as far more successful and sustainable
(as stated by Terri Dahl, Charles M. Russell High School, MT, and Timo-
thy Wierenga, Naperville Community Unit School District #203, IL, in
testimony to the committee on September 18, 2002).

Opportunities for professional development also vary. Documenting
the duration, timing, and type of professional development needed and
implemented is essential in the process of examining the effectiveness of
curricular programs. Because many of the programs require that teachers
develop new understandings, there is a need for adequate amounts of pro-
fessional development prior to implementation, continued support during
implementation, and reflective time both during and after implementation.
Because many of these programs affect students from multiple grade levels,
there is also the issue of staging, to permit students to enter the program
and remain in it and to allow teachers at higher grade levels to know that
students have the necessary prerequisites for their courses.

Finally, there are different types of professional development with vary-
ing amounts of attention to content, pedagogy, and assessment (Loucks-
Horsley et al., 1998). These involve different amounts of content review
and use of activities. In some, the teachers are shown the materials and
work through a sample lesson, concentrating on management and peda-
gogy. In others, teachers work through all units and the focus is on their
learning of the content. In a few, the teachers are taught the immediate
content and provided coursework to ensure they have learned more of the
content than is directly located in the materials (NCES, 1996). If limited
time and resources devoted to professional development make the deeper
treatments of content infrequent, then this can limit a teacher’s capacity to
use new materials.
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Opportunity to Learn

Not all curricula materials are implemented in the same way. In some
schools, the full curricula are used, while in others units may be skipped or
time limitations at the end of the year may necessitate abandoning the last
units in the sequence. Even within units, topics can be dropped at teachers’
discretion. Thus, it is important for evaluations of curricula to document
what teachers teach (Porter, 1995). Opportunity to learn is a particularly
important component of implementation because it is critically involved in
examining differential student performance on particular outcomes. It can
be evaluated directly using classroom observation or indirectly through
teacher and student logs, or by surveying teachers and students on which
items on an end-of-year test were covered.

Instructional Quality and Type

It is also necessary to examine how well curricula are taught. As noted
by Stigler and Hiebert (1999, pp. 10-11), “What we can see clearly is that
American mathematics teaching is extremely limited, focused for the most
part on a very narrow band of procedural skills. Whether students are in
rows working individually or sitting in groups, whether they have access to
the latest technology or are working only with paper and pencil, they spend
most of their time acquiring isolated skills through repeated practice.”

Using different curricula may contribute to the opportunity to teach
differently, but it is unlikely to be sufficient to change teaching by the mere
presence of innovative materials. Typically, teachers must learn to change
their practices to fit the curricular demands. In addition to materials, they
need professional development, school-based opportunities to plan and
reflect on their practices, and participation in professional societies as
sources of additional information and support. There is considerable varia-
tion in teaching practices, and while one teacher may shift his/her practice
radically in response to the implementation of a new curriculum, many will
change only modestly, and a substantial number will not alter their instruc-
tional practices at all. Evaluation studies that consider this variable typi-
cally include classroom observation.

Assessment

Formative or embedded assessment refers to the system of classroom
assessment that occurs during the course of normal classroom teaching
and is designed in part to inform subsequent instruction. Often assess-
ments are included in instructional materials, and attention must be paid
to how these are used and what evidence they provide on curricular effec-
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tiveness. It is particularly helpful when teachers use multiple forms of
assessment, so that one can gauge student progress across the year on tests,
quizzes, and projects, including conceptual development, procedural flu-
ency, and applications. It is also important that such testing provides
evidence on the variation among students in learning and creates a longitu-
dinal progression on individual student learning. More and more, schools
and school districts are working to coordinate formative assessment with
high-stakes testing programs, and when this is done, one can gain an
important window on the relationship between curricula and one stan-
dardized form of student outcomes.

Because it is in schools with large numbers of students performing
below expected achievement levels that the high-stakes testing and account-
ability models exert the most pressure, it is incumbent upon curriculum
evaluators to pay special attention to these settings. It has been widely
documented that in urban and rural schools with high levels of poverty,
students are likely to be given inordinate amounts of test preparation, and
are subject to pull-out programs and extra instruction, which can detract
from the time devoted to regular curricular activities (McNeil and
Valenzuela, 2001). This is especially true for schools that have been identi-
fied as low performing and in which improving scores on tests is essential to
ensure that teachers and administrators do not lose their jobs.

Parental Influence and Special Interest Groups

Parents and other members of the community influence practices in
ways that can significantly and regularly affect curriculum implementation.
The influence exerted by parents and special interest groups differs from
systemic factors in that they are closely affiliated with the local school, and
can exert pressure on both students and school practitioners.

Parents are influential and need to be considered in multiple ways.
Parents provide guidance to students in course selection, they convey differ-
ing levels of expectation of performance, and they provide many of the
supplemental materials, resources (e.g., computer access at home), and
opportunities for additional education (informal or nonschool enrollments).
In some cases, they directly provide home schooling or purchase schooling
(distance education, Scholastic Aptitude Test [SAT] prep courses) for their
children. It is also important to recognize that there are significant cultural
differences among parents in the degree to which they will accept or chal-
lenge curricular decisions based on their own views of schooling, authority,
and sense of welcome within the school or at public meetings (Fine, 1993).
To ensure that paren