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ABSTRACT
When entering this new millennium, educators and researchers

need to know much more about how to address the increasingly acute diversity
and equity issues in educating children in mathematics and science. This
headline was the conclusion of the over 200 distinguished panelists, chairs,
discussants, featured speakers, and participants who conferred at the May
2000 Annual Forum of the National Institute for Science Education (NISE).
This report draws upon the papers, presentations, and discussions of the most
recent NISE Forum. Chapters 2-4 are each based on a different source of
information from the NISE Forum. Chapter 2 includes keynote speeches, chapter
3 presents papers by Forum panelists and remarks made by the panels'
discussants, and chapter 4 provides information on the participants' small
group discussions. The beginning of chapter 2--a synthesis of all the sources
of information arising from the Forum--is the heart of this report. It
emphasizes directions for future research on diversity and equity within the
topics of course availability, assignment of students to courses and
assignments of teachers; content, instructional practices, and assessments
for diverse learners; effectiveness and scaling up of programs; and
inadequate teacher preparation, induction, and professional development. The
synthesis begins with a discussion of the need to continue a discourse on
what diversity and equity goals the mathematics and science education
communities are pursuing, since goals strongly affect both research
directions and methods. This opening section ends by discussing improved
research methods and the need for better dissemination of existing research.
The second part of chapter 2 gives a broader overview of future research
directions by presenting the Forum's three keynote speeches. Kent McGuire and
Judith Sunley, director of the Office of Educational Research and Improvement
(OERI) and interim director of the National Science Foundation's (NSF)
Education and Human Resources Directorate respectively, launched the Forum by
advancing a "big-picture" perspective of the need for future research and
describing how OERI and NSF programs are addressing them. Drawing upon his
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decades of experience, closing speaker Edmund Gordon from Yale University and
the Education Testing Service (ETS) provided a historical perspective that
should affect future research directions. Chapter 3 contains short papers
written by each of the Forum's nine major speakers who served on three
panels. The brief papers emphasize future research directions and are derived
from the advanced papers these speakers wrote for the Forum. The longer
papers address the issues of "What do we know?" and "What do we need to
know?" The papers in chapter 3 are presented in the order of their
presentation at the Forum. After each panel's papers, the chapter includes
the remarks of another expert who served as a discussant. Chapter 4 begins
with a short summary of Forum participant comments. Each participant was
asked to write a 10-minute "think piece" during each of 3 small group
discussions. The summary incorporates numerous illustrative quotes from these
think pieces. The second part of chapter 4 consists of remarks made at the
Forum's closing session by six participants who served as "reporters" for the
small group discussions. (Contains 36 references.) (ASK)
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Dedication to Susan Loucks-Horsley

It is fitting that we dedicate this report, which is about making mathemat-
ics and science education effective for all students, to Susan Loucks-
Horsley. Our sorely missed colleague was someone who shared this
idealand lived it. She always reached out to and deeply affected many
of us, both professionally and personally. Susan made so many invaluable

professional contributions, including here at the National Institute for
Science Education. The NISE book by Susan and her team, Designing
Professional Development for Teachers of Science and Mathematics, has
almost instantly become a seminal work in the field: Moreover, she was
instrumental in organizing our first annual Forum, and the evolution of the
Forum since then has led to a new NISE book on how to design effective
meetings and conferences.

Susan's fame didn't result just from the substance of her work, but also
from how she accomplished it. She "walked the walk" by making net-
working and collaborating her means of advancing professional develop-
ment research and projects. Even more, Susan touched the people she
worked with by taking a sincere and steady interest in them along the
wayalways mentoring, always connecting others to some new idea or
person. And on top of all this, working with Susan meant you were going
to have fun.

We hope she would be happy as these memories prompt us to carry on not
just the substance but also the spirit of her work.

5
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Preface

As we enter this new millennium, educators and researchers need to know a lot more about how to address the increasingly

acute diversity and equity issues in educating today's and tomorrow's children in mathematics and science. This headline is a con-
clusion of the over two hundred distinguished panelists, chairs, discussants, featured speakers, and participants who conferred at
the May 2000 annual Forum of the National Institute for Science Education. Existing research certainly provides important
insights on how best to enable all students to excel in these vital school subjects. Indeed, you will read that many Forum speakers
and participants felt that a much better job needs to be done of disseminating existing research and scalingup effective programs.

However, a particular theme of this report, as expressed in its summaries and many specific examples, is that future research is
needed as well. Much previous research has fulfilled the absolutely indispensable service of documenting disparities among types
of students in the kinds of mathematics and science education they receive. Such research is necessary but not sufficient. As point-
ed out in the Forum's opening remarks by Kent McGuire, the director of the Office of Educational Research and Improvement

(OERI) at the U.S. Department of Education, the research agenda needs to expand beyond describing the problems in better detail,
although such efforts surely must continue.

This report draws upon the papers, presentations, and discussions of our most recent NISE Forum. The entire institute has
collaborated over the years with Forum organizers Ted Britton and Senta Raizen to make the Forum into a premier event that
brings together top-flight speakers and participants and engages them in an active dialogue about pressing issues in the field. I'm
grateful to the many professionals who are noted in the acknowledgments and contributors' pages for making this year's Forum
such a success.

The Forum fosters an uncommon depth to participant deliberations primarily by having all speakers prepare papers prior to the
Forum and circulating them for participants to read in advance. In fact, Corwin Press recently published an NISE book written by
Susan Mundry and Ted Britton in collaboration with Senta Raizen and Susan Loucks-Horsley, Designing Effective Conferences
and Meetings in Education, that is in part based on our experiences in making the NISE Forum into a knowledge-generating event
(http://www.corwinpress.com).

While the Forum each year has been generously supported by the National Science Foundation, additional funding from OERI
has this year permitted us to take the Forum a step farther. We have always been concerned as to how to capture the tremendous
expertise brought to bear at the Forum. In the past we have produced reports that included Forum speeches and comments from
participants but little analysis. Due to the importance of this year's topic and the success of the NISE Forum, OERI has enabled us
to produce a more substantial document for wide circulation. It goes a level deeper than a simple proceedings document by includ-
ing more summary and analysis of speaker and participant comments. Chapter 1 describes the sources of information for this
report as well as their strengths and limitations.

Because nothing is more important to science and mathematics education than addressing diversity and equity issues, this has
been a cross-cutting theme at NISE during its first five years. Eight NISE research monographs and information about a book by
NISE fellow Sharon Lynch on diversity and equity issues in mathematics and science education are available on our Web site
(http://www.nise.org). Contributors include Jane Butler Kahle, Okhee Lee, Alberto Rodriguez, and William Tate.

I earnestly hope that this report will be helpful to researchers, policymakers, education leaders, and teachers in considering
future plans for research and action. If you wish to pass this report along to your colleagues, its text is available on our Web site
along with information for obtaining additional copies.

Andrew Porter

Madison, Wisconsin

October 2000
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INESSIOR

Highlights
The fifth annual Forum of the National Institute for Science Education, held in May 2000, considered diversity and

equity issues in mathematics and science education, with special emphasis on research directions for the future. The
topics discussed at the Forum covered a wide range of curricular and instructional equity issues in K-12 education,
including the scaling up of successful programs. A number of clear research directions emerged from the Forum, as
summarized below.

ACCESS TO COURSES AND TEACHERS

M Documenting in detail the inequitable access to high-level mathematics and science courses. How does
inequitable access affect specific population groups? Does the current emphasis on Advanced Placement courses
increase inequities in college admission? What is the role of school counselors in exacerbating inequities in course-
taking opportunity?

0 Research on incentives to recruit science and mathematics faculty members who mirror the diversity of the
student body. What are the barriers to getting experienced, diverse faculty for the students who most need them?
How effective are the emerging incentives for recruiting teachers for schools serving these students and for retaining
them?

CONTENT, INSTRUCTION, AND ASSESSMENT

M Research on culturally appropriate and effective science and mathematics content. How can curricula bal-
ance the culture that students bring to school with the world for which their education must prepare them? What
should be the orientation toward Western science and alternative views of science so as to equip diverse students to
understand the dominant paradigms of scientific research and current knowledge?

Research on and development of instruction that will allow students from different cultural backgrounds to
learn science and mathematics. How does instruction need to be shaped to meet diverse cultural norms, for exam-
ple, respect for authority, although Western science promotes questioning and argument? What influences the devel-
opment of mathematical reasoning in different population groups? Why do students from underrepresented groups
who earn good grades in school mathematics fail to achieve comparable scores on mathematics tests?

Research on assessments that will allow students from diverse backgrounds to demonstrate what they know
and can do in science and mathematics. What is the interplay between students' socialization, cultures and lan-
guages, different forms of assessment, and the opportunity they have to demonstrate their competence in science
and mathematics? How can large-scale assessments be monitored to ensure their alignment with standards? What
additional measures need to be developed to facilitate the use of multiple measures in assessing what diverse stu-
dents know and can do in mathematics and science?

UNDERSTANDING AND SCALING UP EFFECTIVE PROGRAMS

M Compiling programs that successfully address current inequities and research on effective replication on a
broad scale. What are the successful programs that should be scaled up? What are the lessons learned? What are
effective and ineffective strategies for increasing access for and achievement of diverse student groups? How can
reforms harness the system's resources to scale up from a few successful sites? What are the roles of parents and
communities?

13



El Improved evaluation of intervention programs. Do evaluations document the relationships between student
achievement and the system's processes of accountability and resource allocation to needy schools? Do evaluations
consider unintended consequences that can thwart a program's success? Are there longitudinal evaluations in place
that can determine more definitively the effects of reform initiatives on underrepresented groups?

TEACHER PREPARATION, INDUCTION, AND PROFESSIONAL DEVELOPMENT

Research on effective preparation and support programs for teachers to deal effectively with the needs of the
diverse learners in their classrooms. How can teaching for diversity be infused throughout teacher education as
the essence rather than relegating equity and diversity issues to a separate, single problematic topic? What teaching
strategies do preservice and in-service teachers need to know and practice to deal effectively with the learning needs
in their classrooms?

M Research on the support needed for beginning teachers. How can beginning teachers be supported in learning
how to address diversity and equity issues? How can we provide effective experiences in an efficient way that will
help beginning teachers successfully teach mathematics and science to all their students?

BETTER RESEARCH METHODS AND DISSEMINATION

Disaggregation of data to more accurately reveal inequities in access and achievement. How do diverse groups
of learners respond to various interventions? How can the "achievement gap" be described more accurately in terms
of diverse student populations?

Improving the pool of researchers to more closely reflect the diversity of the K-12 student body. Are the voices
of females, underrepresented groups, language and culturally diverse groups heard in the framing of research ques-
tions, data gathering, and analyses on mathematics and science learning? How can information technology be used
to include these groups in research on equity and diversity issues?

Improved dissemination of existing research on equity and diversity issues in mathematics and science
education. How can existing knowledge be shared more widely? How can it be translated and packaged so that
peoplecommunity leaders, administrators, leaders in mathematics or science education, teacherscan use it?

14
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The 2000 NISE Forum
Basis for Research Directions

This report is derived from the fifth annual Forum of the National Institute for Science Education (NISE) held in Detroit in
May 2000: "Diversity and Equity Issues in Mathematics and Science EducationWhat Do We Know? What Do We Need
to Know?"' Because diversity and equity has been a cross-cutting theme in all of the Institute's work, we were able to draw

upon prior publications by NISE researchers and fellows Jane Butler Kahle (1998), Okhee Lee (1998), Alberto Rodriguez (1997,
1999), and William Tate (1997) when planning the Forum.' The race/ethnicity profile of the Forum's presenters and participants
was diverse. (See "About NISE and the NISE Forum," below.)

The topics addressed in the Forum and in this report are far-
reaching, but not comprehensive or exhaustive. The Forum top-
ics ranged from discussion of what and how mathematics and
science should be taught, to what factors make programs suc-
cessful at doing this, to barriers and problems in the education-
al system that limit those efforts. The limits of a two-day event
precluded consideration of all aspects of the Forum theme;
thus, issues related to uses of educational technology were lim-
ited to gender aspects (see Klawe et al., chapter 3), and needs
for research regarding learners with disabilities were men-
tioned but not described.

The main emphasis of the Forumand of this reportwas
on K-12 topics, although postsecondary issues were also
addressed to a limited degree. The NISE College Level One
team is currently conducting a year study of equity issues in
undergraduate mathematics and science education, however.

As Andrew Porter notes in the Preface, this report is more
than just a conference proceedings document. The Forum is a
knowledge-generating event wherein remarks by speakers and
discussants are only an initial base of information. Because the
NISE Forum is designed to elicit reflective thinking from its
well-informed speakers and participants, the authors also were
able to review and synthesize other sources of Forum informa-
tion, including advance papers from panelists and written
"think pieces" from Forum participants.

On the other hand, the analysis was not an exhaustive study
wherein we could conduct a literature review and methodically
map every Forum recommendation against existing work.
(However, the nine Forum panelists included literature reviews
on their topics as part of preparing their thirty- to fifty-page
advance papers, which are available under "News and
Activities" at the Institute's Web site, http://www.nise.org.) For
more details about the methods used to produce this report, see
"Analyzing Forum Information," below.

'See appendix A for the Forum's agenda and participant list.

'These publications are described in and available from the Publications section of http://www.nise.org.

'Brief opening remarks made by NISE fellow Sharon Lynch are included in chapter 4.

REPORT ORGANIZATION
Each of chapters 2-4 is based on a different source of infor-

mation from the NISE Forum; Chapter 2 includes keynote
speeches; chapter 3 presents papers by Forum panelists and
remarks made by the panels' discussants; chapter 4 provides
information from the participants' small group discussions.

The beginning of chapter 2a synthesis of all the sources
of information arising from the Forumis the heart of this
report. It emphasizes directions for future research on diversity
and equity within these topics: course availability, assignment
of students to courses and assignments of teachers; content,
instructional practices, and assessments for diverse learners;
effectiveness and scaling up of programs; and inadequate
teacher preparation, induction, and professional development.
The synthesis begins with a discussion of the need to continue
a discourse about what diversity and equity goals the mathe-
matics and science education communities are pursuing, since
goals strongly affect both research directions and methods.
This opening section ends by discussing improved research
methods and the need for better dissemination of existing
research.

The second part of chapter 2 gives a broader overview of
future research directions by presenting the Forum's three
keynote speeches. Kent McGuire and Judith Sunley, director of
the Office of Educational Research and Improvement and
interim director of the National Science Foundation's (NSF's)
Education and Human Resources Directorate, respectively,
launched the Forum by advancing a "big-picture" perspective
of the needs for future research and describing how OERI and
NSF programs are addressing them.' Drawing upon his
decades of experience, closing speaker Edmund Gordon from
Yale University and the Education Testing Service provided a
historical perspective that should affect future research direc-
tions.

Chapter 3 contains short papers written by each of the
Forum's nine major speakers, who served on three panels. The
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brief papers emphasize future research directions and are
derived from the advance papers these speakers wrote for the
Forum. The longer papers covered "What do we know?" in
addition to "What do we need to know?" The papers in chapter
3 are provided in the order of their presentation at the Forum.
After each panel's papers, the chapter includes the remarks of
another expert who served as a discussant.

Chapter 4 begins with a short summary of Forum partici-
pant comments. Each participant was asked to write a ten-
minute "think piece" during each of three small group discus-
sions. The summary incorporates numerous illustrative quotes
from these think pieces. The second part of chapter 4 consists
of remarks made at the Forum's closing session by six partici-
pants who served as "reporters" for the small group
discussions.

ANALYZING FORUM INFORMATION

Since the Forum, the authors of this report have analyzed
the various pieces of information arising from the event. This
analysis led to the synthesis in chapter 2 and the corresponding
highlights at the front of the report. The following paragraphs
describe the research methods used in developing these pieces.

Synthesizing Multiple Sources of Data
All sources of information from the Forum were treated as a

data set and subjected to qualitative analysis. At least two
researchers reviewedseveral timesthe entire information
set from the Forum. As they read source material, researchers
categorized paragraph or even line-to-line increments of infor-
mation. Researchers' analyses were compared, and coding dis-
crepancies were reconciled. Researchers reduced identified
topics to seven broad themes that were used to organize and
write this report.

The synthesis in chapter 2 was produced one theme at a
time, first by revisiting all source information that previously
had been identified as relevant to that theme. Drawing upon
these data, the authors discussed the points that recurred most
frequently and/or that seemed to be most substantiated or advo-
cated. Researchers also selected and incorporated quotations
that most clearly explained the nature of future research sug-
gested or best articulated the need for it.

Analyzing Participant Feedback
Participants were able to provide thoughtful, informed feed-

back at the NISE Forum because the typical participant is quite
experienced and is provided with papers from the Forum's pan-
elists in advance of the event. The participants' general level of
experience and specific Forum preparations are key to the con-
ference's ability to be a knowledge-generating event.

Participants are a source of three kinds of information: (1)
individual think pieces written during each small group'ses-

16

sion, (2) highlights from each small group, (3) and a reporter's
summary of the small group highlights. After each of the
Forum's three panel sessions, participants began a correspon-
ding small group discussion by spending about ten minutes
providing written feedback on the previous presentations.
Participants responded to their choice of several prompting
questions when writing these think pieces, such as: "What do
you feel was the most important future research topic or
approach advocated, and why?," and "Do you believe there is
an important area of research within this panel's topic that was
not sufficiently addressed?"

At each session for small group discussions, tables of eight
to ten participants were asked to advance one or two points or
questions that the group viewed as important. Table leaders
wrote the consensus points on index cards that subsequently
were given to a few participants who were invited to serve as
reporters for the small group sessions. This year, six Forum
participants reviewed the dozens of index cards from the dis-
cussion tables. At the Forum's closing session, the six reporters
each made a five-minute presentation of their quick analysis.

Since the Forum, NISE researchers have read and coded
each of the hundreds of think pieces produced, the index cards
from each table discussion, and transcriptions of the reporters'
comments during the Forum's closing session. Based on this
analysis, the researchers summarized participant views in chap-
ter 4. This summary became a valuable source of data for the
overall analysis in chapter 2.

ABOUT NISE AND THE NISE FORUM

The Forum
Each year, NISE brings two to three hundred leaders in the

mathematics and science education communities together for a
"roll-up-the-sleeves" review of pressing topics in their fields.
Participants typically come from about thirty-five states for
this national event, and representatives regularly come from
NISE's collaborating organizations, such as AAAS, AERA,
ENC, NARST, NCTM, and NSTA.

The race /ethnicity profile of this year's chairs, panelists, and
discussants was especially diverse, as was the profile of Forum
participants-18 percent African American, 8 percent
Hispanic, 5 percent Asian, 2 percent Native American, 53 per-
cent Caucasian, and 20 percent unidentified. Participants came
from varied organizations (42 percent from institutions of high-
er education; 20 percent, school districts; 20 percent, national
projects/organizations; 14 percent, regional projects/organiza-
tions; 8 percent, federal employees; 8 percent, school teachers
or administrators).

The experts asked to serve on the panels write briefing
papers that are circulated prior to the Forum. Forum partici-
pants are accomplished researchers or educational leaders who

15



are often as expert as the panelists, making the small group dis-
cussions as valuable as the panels they follow. Forum attendance
is limited to ensure productive small group discussions in which
all participants are able to contribute their expertise.
Participants' substantive comments are reviewed after the Forum
and inform the proceedings that are mailed to every participant.
Each year's participants have indicated in evaluations that the
NISE Forum is exceptional in terms of stimulating intellectually
rich conversations about important topics, providing quality time
to network, and making respectful use of participants' time. This
year's Forum was the most highly rated to date. An NISE book
on designing professional meetings and conferences in educa-
tion is now available (Mundry, Britton, Raizen, Loucks-Horsley,
2000). Previous Forum topics and available conference proceed-
ings can be found under News and Activities/Forums at
http://www.nise.org.

Edward Britton, associate director of the National Center for
Improving Science Education, coordinates the annual Forum in
collaboration with NCISE director Senta Raizen, NISE director
Andy Porter, and NISE team leaders. Primary support for the
annual NISE Forum is an Institute grant from NSF.

Supplemental funding for producing this report came from
the U.S. Department of Education's Office of Educational
Research and Improvement and the Western Regional Education
Laboratory at WestEd.

The Institute
The National Science Foundation launched the NISE in 1995

at the University of Wisconsin---Madison, with the Washington-
based National Center for Improving Science Education as its
chief partner. The Institute's faculty and fellows are conducting
research and development in science, mathematics, engineering,
and technology education across grades K-16. Leading the
Institute is Andrew Porter, director of the Wisconsin Center for
Education Research, and co-director Robert Mathieu, professor
of astronomy. The Institute's Web site provides complete infor-
mation about NISE researchers, projects, publications, and other
activities.
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Directions for
Future Research

A

The two sections of this chapter give an overview of the directions for future research that were recommended at the 2000 NISE
Forum:

1. A synthesis that draws upon all the sources of information available from the Forum, including panelistpapers, keynote speaker
presentations, and participant discussions.

2. Overviews of the field provided by opening keynote speakers Kent McGuire and Judith Sunley, and closing keynote speaker
Edmund Gordon.

SYNTHESIS OF RESEARCH DIRECTIONS
This report advances recommendations for future research

on equity and diversity issues in mathematics and science edu-
cation. Why? Why is it imperative, as we begin the new mil-
lennium, to enable all students to become literate in science
and mathematics? For one thing, the need to do so is already
acute and has been so for some time. Edmund Gordon, a pre-
eminent expert on diversity and equity issues, noted at the
Forum's close that "It's almost discouraging that many of the
issues I came into the field struggling with in the forties are
still the issues that we struggle with now."' And the nation's
dramatically changing demographics are only escalating the
need to address diversity.

In addition, we all too often, forget the genuine, exciting
opportunity that diversity presents: Oakes, Muir, and Joseph
note that "We must...start believing in the idea that diversity is
needed to better us all." These authors go on to say that we
should take to heart the challenge posed by Rita Colwell,
director of the National Science Foundation: "Different per-
spectives, talents and experiences produce better ideas" (NSF
1999, p. ii). Fortunately, there seems to be a more widespread
and deeper interest right now in forging solutions to diversity
and equity issues, in part because the standards movement has
put enormous pressure on teachers, administrators, and others
to get all students learning to standards.

Because anyone in education today cannot help but fre-
quently see or hear such discussions, this report does not seek
to further convince of the needs or provide another literature
review. So we move to the heart of this report, a very needed
but less commonly discussed aspect of the challenge: What
future research will help us tackle these problems more
successfully?

Our discussion of research needs is organized by the follow-
ing topics, which are drawn from the speaker presentations

and papers at the May 2000 Forum of the National Institute for
Science Education, as well as feedback from participants at
that conference:

detailing persistent inequities in courses available, students'
course assignments and teachers' assignments;

addressing multicultural issues in the curriculum more sub-
stantially;

understanding more deeply the differences in how students
learn;

disentangling which program features work and don't work,
and learning how to scale up effective programs;

empowering teachers during preparation, induction, and
development to address equity issues;

strengthening research methods; and

improving dissemination of research.

Goals for Diversity and Equity
Before turning to research directions that emerged from the

Forum, we note that critical differences of thought exist in the
field about which diversity and equity goals the educational
system should be pursuing. One Forum participant asked,
"How well do we agree on what the problem is and where we
want to go? Could divergence undermine the overall enter-
prise?" To illustrate a current question about goals, set aside
clear exceptions such as gender issues in the use of technology
and ask: Should the recent successes in addressing imbalances
in access and achievement by gender result in less research on
this issue in the future?

Another illustrative debate about goals is questioning the
prominent strategy of using special programs for addressing
diversity and equity issues. Some experts argue for shifting to
a more holistic approach wherein "rising tides lift all boats,"
but others argue an opposite viewthat research and programs

' The quotations in this synthesis are drawn from other parts of the report, unless otherwise noted. See the Table of Contents to locate the cited authors' source
material.
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should distinguish among groups even more specifically than
has been common practice to date. Tapia and Lanius use the
phrase "diversity within diversity" to advocate the latter view.
For example, "Hispanic" is too broad a category, because sub-
groups within it have many differences that can be masked or
even misrepresented when describing all collectively.

An analog of these issues faced in schools is occurring at
funding agencies. Moving from having targeted programs to
including concepts of diversity and equity in everything the
National Science Foundation (NSF) does is quite difficult,
because it requires that everyone in the agency keep diversity
at the forefront of issues in their minds. Judith Sun ley, interim
director of NSF's Directorate for Education and Human
Resources, comments on this later in this chapter: "If you have
a focused program that is a budget line, then in some sense,
your accountability is budget accountability...When you are
embedding things, however, you have to find another way of
being accountable, because it can be very difficult to tease
apart the diversity aspects of much broader activities."

Addressing a different goals issue, Forum discussant
Norman Webb refers to an infrequently discussed form of
"tracking." He points out that, in the United States, we empha-
size the goal of empowering all types of students to enter and
achieve a college education. But are we adequately considering
the quality and nature of the system's educational goals for the
two-thirds of our students who are not college bound? An argu-
ment can be made that other countries give a more equitable
education than do we to the noncollege bound (Britton,
Hawkins, and Gandal 1996).

While these discussions are as much political and philo-
sophical as they are empirical, issues about goals present for-
midable challenges to setting the research questions to be
investigated and devising the research methods that should be
used to address them.

Detailing Inequitable Course Availability,
Student Tracking, and Teacher Assignments

Thanks to the fact that a substantial body of research
already has been conducted on these topics, education commu-
nities are well aware of the topics and, more significantly,
already convinced that it is essential to tackle them.

Addressing the Achievement Gap
Oakes, Muir, and Joseph note that "In a decade of policies

pressing for high standards in schools that remain separate and
unequal, we've made some progress in raising the levels of
course-taking and achievement for all racial groups. However,
we've done little to reduce the gaps among them." Moreover,
aspects of that achievement gap are still not adequately under-
stood. Gordon laments our limited progress in understanding
the gap:

I spent a good bit of my career thinking that if we could
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somehow do away with poverty, we could do away with
the underproductivity of some schools and of some of
our students. But...the higher you go with respect to
socioeconomic status, the bigger the gap...The gap in
achievement between black middle-class and white mid-
dle-class kids...is bigger than the gap between lower-
class whites and lower-class blacks...Maybe we have not
appropriately conceptualized the problem... Consider...
that the reasons for academic underproductivity on the
left end of the [socioeconomic] distribution may be quite
different from the reasons for underproductivity on the
far right end of the distribution...I don't think the histo-
ry of interventions on this set of problems in this coun-
try has reflected that possible complexity.

Access to Courses
A solid body of research now exists on the inequities of

tracking students, both in terms of the courses offered and the
assignment of students to them. And current research is bring-
ing to light some lesser-known and more insidious forms of
inequity and discrimination. For example, is it fair for institu-
tions of higher education increasingly to emphasize Advanced
Placement courses for appraising applicants for college
entrance when many secondary schools serving the most
underrepresented students are not able to offer these high
school courses? Here is a finding brought out by Oakes, Muir,
and Joseph that was not common knowledge among Forum
participants: Some school counselors exacerbate inequities in
opportunity by dissuading students belonging to some under-
represented groups from taking challenging science or mathe-
matics courseseven when their prior achievement in math
and science was on a par with or better than that of white stu-
dents. Further, lower-income families lack the experience of
upper-class families of negotiating with counselors and school
administrators to have their children assigned to better courses.

Diversity of the Student Body Mirrored in the Science and
Mathematics Faculty

By now, the education community is convinced that schools
with high proportions of underrepresented students need a
school faculty that is itself diverse; this enables it not only to
provide role models but also to relate mathematics and science
more effectively to students' cultures, languages, and daily
experiences. Diverse classrooms require teachers with strong
content and pedagogical content knowledge who can diagnose
misconceptions, address widely varying learning styles, and
adjust for students' varied states of educational readiness. They
typically must be able to accomplish this with inadequate sup-
plies and facilities.

But there are severe barriers to getting experienced, diverse
faculty to the students who most need them. There aren't
enough of them, for one thing; and experienced teachers often
leave these schools quickly in search of higher pay and better
teaching conditions. Thus, disadvantaged children dispropor-
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tionately have less-qualified and less-experienced teachers. A
Forum participant asked, "Are the best teachers ever 'tracked'
to teach the underrepresented students? Are there mechanisms
for 'de-tracking' teachers?" Research is needed to study the
effectiveness of emerging incentives to recruit teachers for
these challenging assignmentsand to retain them.

Beyond Description of the Problems
Should research on issues like these continue in the future?

Absolutely. But this report's title, Beyond Description of the
Problems, was prompted by remarks made during the opening
keynote address of Kent McGuire, assistant secretary of the
U.S. Department of Education and director of its Office of
Educational Research and Improvement (OERI):

And regarding future research, particularly, is where
my anxiety comes in. Because what we so often do
is work more on describing a problem than on actu-
ally trying to solve it. In fact, we are very good at
describing problemsvery good, especially in
describing the achievement gap. We understand this
gap in lots of different ways, with increasing statisti-
cal power and even nicer slides. We also are really
good at something else, at describing "end states"
what the world would look like if we got it right.

Determining Effective Content and
Instructional Practices

What mathematics and science content should be taught,
and how should that content be taught? In answering these
questions, considerable progress has been made in addressing
gender equity issues; more research, however, is still needed.
The most prevalent issue about content and instructional prac-
tices at the Forum was the need for much more research on
multicultural education, that is, how the curriculum can
address the needs of a more culturally and linguistically
diverse student population.

Outstanding Needs for Research on Gender Equity
Fennema cites two examples of needed research in this area.

She points out that : "Many [mathematics] textbooks and
teachers are more aware of contexts that are from male-domi-
nated fields...Can mathematics be situated equally in female-
dominated fields, and if so, will boys willingly participate in
such problems?" She also notes that reform recommendations
encourage students "to communicate their mathematical think-
ing by presenting their ideas and convincing peers of their cor-
rectness by arguing and questioning...Many teachers have
reported informally that girls will not do so for a variety of
reasons."

Klawe and colleagues opine that considerably more research
on gender issues is needed, especially with regard to the use of
computers and other technologies: developing more diverse
and application-oriented approaches and resources for teaching
computer science, investigating how to change the popular per-
ception of computer professionals, and developing effective

preservice and in-service approaches for upgrading the equity
knowledge and skills of teachers and counselors. Further, they
note, that it should be investigated as to whether the findings
about gender issues and the use of computers also apply to
other groups underrepresented in information technology.

Research on Culturally Appropriate and Effective Science
and Mathematics Content

LaCampagne summarizes the problem in this area as being
"how to marry the culture that students bring to schooling with
the outside world for which we want to prepare them." Most of
the research on this topic occurred in the 1990s and is still at
the stage of conceptualizing issues that need empirical testing.
Lee explains that "Research efforts [to date] generally involve
identifying educational problems or describing instructional
practices, rather than implementing intervention strategies to
promote teacher effectiveness or student achievement." She
argues for a balanced orientation between Western science and
alternative views of science rather than a sole focus on one or
the other. To focus only on Western science fails to engage all
learners and makes them less able to learn the content; focus-
ing only on alternative views of science does not equip stu-
dents to understand the dominant model of scientific under-
standing and research.

Developing Instruction and Assessments That Will Allow
Students from Different Cultural Backgrounds to Learn
and Demonstrate Their Competence in Science and
Mathematics

Multicultural issues have implications for instructional and
assessment practices as well as content. For example, students
from some cultures can fail to learn when their norm is to
respect authority while Western science promotes questioning
and argument. Substantial professional development will be
needed to help teachers who generally are unfamiliar with
diverse languages and cultures, and research must be conduct-
ed on what professional development is effective in changing
teachers' knowledge, beliefs, and practices in this area.
Research has even farther to go for sufficient understanding of
the interplay between students' cultures and languages and
their responses to assessment items (Nelson-Barber and
Solano-Flores 2000).

For addressing the topic of instructional practices, Lloyd
Bond provides an intriguing look at something little under-
stood in the field: Why do underrepresented students who earn
good grades in school mathematics fail to achieve comparable
scores on mathematics tests? In contrast to the other Forum
panelists who synthesized research on their topic, Bond reports
on some pilot research he has done on this important question,
which he calls the "good grades/low test scores" problem. The
research illustrates in detail the difficulty, found by other
researchers as well, in moving students from being able to
solve well-structured mathematics problems to being able to
solve verbally presented tasks ("word" problems), something
that Bond feels is "perhaps the single biggest instructional
challenge in all of high school mathematics."
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Besides urging similar research that closely explores stu-
dents' reasoning and actions, Bond advocates research that
would explain the influences on students' mathematical reason-
ing: ethnographic studies of mathematics instruction taking
place in classrooms and studies of students' non-classroom
engagement and time spent on mathematics. Both Bond and
Gordon urged for attention to research on "stereotype threat,"
such as work done by Steele (1997) and summarized by Bond:

Individuals who are the object of a negative stereo
type...tend to so internalize the stereotype that it
adversely affects their performance on such measures
[of intelligence and scholastic ability]. When students
were randomly asked to solve a series of problems
under stereotypically threatening conditions ("this is a
test of intelligence") and under innocuous conditions
("this is an experiment on processing strategies"),
African American students randomly assigned to the
former conditions did significantly worse. We need to
know how pervasive this phenomenon is and to devise
effective ways to counter its potentially harmful
effects on student academic growth.

Understanding and Scaling up
Effective Programs

What are the successful programs that should be scaled up?
"Currently," Campbell and Hoey note, "There is no compre-
hensive compilation of programs and strategies. Compilations
that include lessons learned, effective and ineffective strategies,
and even hands-on activities are badly needed." Jones and
Bouie cite a need to better understand what roles played by
parents and communities are effective for programs, that is,
"the way in which programs define their relationship with stu-
dents' families, the ways in which programs that produce high
student achievement work with parents, and whether these
interactions differ from those in programs that do not produce
gains in student achievement."

Compiling Successful Programs and Research on Effective
Replication on a Broad Scale

How can we replicate successful programs was a recurring
question at the Forum. Assuming that the systematic informa-
tion called for by Campbell and Hoey already was available for
identifying a program with features relevant to particular local
needs, how would we go about adopting, adapting, and imple-
menting it? Jones and Bouie point out: "Another critical
research area is the examination of programs that have indeed
successfully scaled up beyond the original pilot or site to other
sites, to sites outside the district, to the district as a whole, or
to other states. Quality ethnographic data on what was done
and on how and why things were done could provide useful
information to practitioners and researchers alike." McGuire
also notes the urgency for research on this topic:
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We have increasingly elegant solutions that can hap-
pen in the most unusual or special conditions... The
hardest thing for us to figure out is how to make
extraordinary things happen in very ordinary places.
And we have not figured that out, and it's where the
suggestions for future research are least clear, least
well developed, and where our plans for doing this
work need the most attention.

Warren Chapman illustrates the kind of information we
need by discussing the Equity 2000 program formerly led by
Forum panelist Vinetta Jones (Jones and Bouie 2000): "Do we
have teachers who can talk to other teachers about...how they
learned it, how they took it to the classroom, and what they've
learned from it? These are important things if we are going to
translate this knowledge from one place to another; we've got
to have translators. This is some of the research that still needs
to be done."

We do know that if enough money and other resources are
brought to bear on a particular problem in a specific locale,
some desired changes undoubtedly will result. "But," as
Gomez and Davila note (2000):

When the scaling-up stage is reached, most
reforms fail because they are not able to harness
the system's resources. Also missing from most
reform efforts is a systemwide evaluation that will
document improved student outcomes and the sys-
tem's process of accountability and allocation of
resources to meet the needs of the reformed
schools. The absence of this key element breaks
the reform cycle.

Improved Evaluation of Intervention Programs
More programs need evaluation components, and most of

these evaluations need to be stronger. Too few evaluations have
a sufficiently broad focus and are adequately financed and
conducted. For example, evaluations rarely consider unintend-
ed consequences that can thwart a program's success, as
Campbell and Hoey illustrate: "Hands-on science activities led
by adults with no knowledge of equity strategies [may cause]
students to become more stereotyped and limited in their opin-
ions of who could do science." Typically, because of a lack of
resources, few programs conduct longitudinal evaluations, a
type of research that can determine more definitively what
works and what doesn't.

Campbell and Hoey also note that, in designing evaluations,
several tensions need to be considered: "the role of statistically
significant change versus meaningful change; the value of one
well-controlled study versus many studies with different flaws;
and the value of comparing the impact of one program to that
of another...versus assessing program impact in terms of the
degree to which it meets an acceptable criterion."
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Equipping Teachers during Preparation,
Induction, and Professional Development

The educational system generally does not empower teach-
ers to deal effectively with the learning needs of the diverse
learners in their classrooms.

Research on Effective Preparation and Support Programs
for Teachers

Teachers need more support in knowing how to reach
diverse students throughout their teaching career: during their
preparation program, particularly during their induction period,
and continuing. Correspondingly, more research needs to take
place on how to deliver effective support. A Forum participant
described this needed research: "We need research focused on
understanding how teachers view the interaction between cul-
ture, language, and gender with curriculum, instruction, and
assessment. We also need research that illuminates how teacher
education and professional development can facilitate teachers
reflecting critically on their views and acting on their under-
standing." Lynch describes the need for a structurally different
approach during teacher preparation, one that would require
some research to effect:

Teaching for diversity should be infused in
science teacher education as the essence of what
we do rather than relegate equity issues to a
particular chapter or class session, lumping them
together as a single problematic issue...Diverse
learners are not exceptions, and it's time that
teacher education programs took that position
from the get go.

Research on the Support Needed for Beginning Teachers
There is an acute need to support beginning teachers in

learning how to address diversity and equity issues. Even
teacher education programs including substantial in-classroom
experiences cannot fully prepare teachers for the daily reality
of helping diverse learners. Merely providing beginning teach-
ers with an orientation or a token induction program is quickly
becoming recognized as a serious inadequacy of the U.S. sys-
tem (Britton et al. 2000). Teacher induction programs need to
be more substantial, including a focus on instructional prac-
tices that can help students from diverse cultures and lan-
guages. Since diversity and equity issues have not to date
received sufficient attention in most teacher preparation and
induction programs, the great majority of today's experienced
teachers also would benefit from significant professional
development experiences. Across the nation at large, so little
support has been provided to teachers on this aspect of their
profession that it is no surprise that we need much more
research on how to provide effective experiences in an
efficient way.
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Improving Research Methods
Forum participants advocated several improvements in the

methods used for future research, as follows.

Ensuring That the Pool of Researchers Is More Diverse
Even methodologically rigorous research is influenced by

the perceptions and beliefs of the researchers conducting it, at
least unwittingly if not intentionally. Therefore, as McGuire
notes, "It will matter a lot who does this work" As an example,
Fennema asks, "How was the information about values [in gen-
der research] obtained? Were females' voices a part of the
data-gathering procedures?" And Sunley points out the impor-
tance of drawing in new communities:

One of the real problems...is that many communi-
ties of underrepresented groups are actually quite
isolated from the mainstream of science and engi-
neering, both in research and education. We need
to consult with these communities, and Forums
like this are one way hat we can do that.
If we can take advantage of the current boom in
information technology to make those connections
and break some of the isolation, we have an
opportunity to bring people in.

More Emphasis on Student Achievement as the Indicator of
Effectiveness, If Appropriate Measures Are Used

There is a lot of sentiment that a better job needs to be done
to tie research and interventions to student achievement, but
only if the measures of student achievement are appropriate.
During interviews with members of the NISE Forum Steering
Committee who planned the conference agenda, Walter Secada
said that if the Forum could only be focused on one aspect of
diversity and equity issues, he would emphasize the need for
the research community to embrace rather than shy away from
this challenge. At the same time, the reticence of researchers is
understandable. Standardized tests that often are used to meas-
ure student achievement can be antithetical to important tenets
of standards-based mathematics and science education. For
example, tests using mainly multiple-choice and short-answer
items are inadequate for reflecting whether students can do sci-
ence inquiry. This is an example of the importance of aligning
assessments with curriculum frameworks and instructional
practices. Forum discussant Norman Webb noted that large-
scale assessments typically only cover about one-third to one-
half of the curriculum standards, adding that "You need multi-
ple measures and you need monitoring of any large-scale
assessment program."

Disaggregation of Data to Reveal Inequities More
Accurately

There were recurring calls for collecting and reporting data
that are disaggregated by various student populations. The
argument goes that only disaggregated data can adequately
describe the "achievement gaps" that are much in the news
today and, therefore, can clearly inform the education conunu-
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nity about the needs to be addressed. Drawing upon her recent
book, Equity and Science Education Reform (Lynch 2000),
which partly resulted from an NISE fellowship, Sharon Lynch
provides a caveat:

I think we have a research conundrum. We could
take a color-blind approach in our research designs
and simply aggregate data, but in so doing we wind
up accomplishing little more than gap gazing. We
may notice interesting things going on in classrooms
populated by diverse learners, but the design wasn't
sensitive enough to capture the phenomenon ade-
quately. So we're left with anecdotes. Alternatively,
we could design research that looks specifically at
how different groups of diverse learners respond to
interventions, but we risk the danger of overgeneral-
izing or stereotyping.

From her synthesis of Forum participants' "think pieces,"
Kaser explains that there are formidable technical and other
challenges to obtaining data that can be disaggregated into
more specific populations than have been reported in the past.
For example, it would be difficult and expensive to obtain the
sample sizes necessary for accurately describing more specific
populations. Further, the number of people who identify them-
selves as multiracial is increasing rapidly.

Disseminating of Existing Research
While this report emphasizes needs for future research,

many Forum participants strongly felt that existing research
results needs to be better disseminated as well. The following
comments by Joseph Krajcik, former president of the National
Association for Research in Science Teaching, echoed those of
several other "reporters" who characterized participant conver-
sations during the Forum's breakout sessions:

[A theme that came through] concerns the sharing of
information. There is a lot of information available
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already, but we need some strong models of how we
can disseminate that information. People want to
know that information, and they need to get it in a
way that is readily accessible and useful for their
purposes. In fact, this is a little quote [that came
through]: "useful format for busy people"...Related
to that, we have to reexamine the information that is
out there...We have to go back and carefully exam-
ine the information that is out there so we don't keep
circulating myths.

This perception should not surprise us. Typical Forum par-
ticipants are very experienced as researchers, project leaders,
or administrators who have the mandate to keep on top of
research on diversity and equity issues, but are hard pressed to
do so among their many competing responsibilities. Indeed, it
is a tall order for leaders in science, mathematics, or science or
mathematics education to keep abreast of research in areas that
aren't central to their original training and expertise.

Consider that this recurring request for better dissemination
came from professionals who, presumably, have above-average
interest in diversity and equity research, evidenced by electing
to make time in their schedules for this Forum. Perhaps leaders
at large have an even deeper need for better information. And
what must be the information needs of classroom teachers,
who have virtually no time to keep up with the literature? A
Forum participant wrote: "Much research is shared, but little of
it reaches the teachers and students where it could effect
change. Researchers tend to talk to researchers, not teachers."

Because future research directions was the Forum's empha-
sis, the participants and speakers didn't produce recommenda-
tions on how to achieve better dissemination of existing work.
We nevertheless note the plea for it so that policymakers might
further consider the problem.
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OVERVIEW OF RESEARCH DIRECTIONS:
KEYNOTE SPEAKERS

KENT MCGUIRE
Opening Session

"We have not yet figured out how to
move from describing problems, to
developing solutions, to testing and
evaluating these solutions, so that
we have a set of ideas about reform

that actually holds the promise of working within the
day-to-day realities of most schools and school sys-
tems. This is where the suggestions for future
research are least clear, least well developed, but so
desperately needed."

hank you very much for inviting me today. I am very
pleased to be here because this issue is very important
to me. And this is an important event. What I'll do very

quickly is comment briefly on the papers that were commis-
sioned for the conference. I'll give you my own wide-angle
lens on them, and then say a few words about what we are up
to at OERI. I am going to highlight what I am hopeful about,
but will speak with some candor about what makes me anx-
ious, only because I hope you will talk about these issues over
the next day or two.

I am very enthusiastic about the design of this meeting.
Moving from a focus on content and instructional practice, to
programs that explicitly tackle equity and diversity issues, to
even talking about what is actually happening to and for stu-
dents right now I think this is the right terrain, the ground we
need to cover. All too often we stop short of talking about what
is actually happening for the kids. I think it's very useful for us
to not just walk up to the problem, but to try to work all the
way through it.

I see myself as someone who has been in the equity busi-
ness for many years. When I was at ECS back in the 1980s, I
worked on these problems from quite a distance. I used to be
one of the six people who traveled around the country trying to
understand or study school finance systems. So I was very
concerned with dollars, with distributive issues and policies
that would try to level the playing field for kids. When I went
to Indiana, I became intrigued with the idea of trying to work
underneath the level of dollars, and came to learn a lot about
schools. I'm still trying to learn about schools and how to get
in the reform business and influence them.

Along the way, I got very interested in the notion of stan-
dards, because they struck me as a much more powerful way to

operationalize this interest we all have in equity. One thing
they say is that no kid should have less than $5,000 spent on
him or her; that variation shouldn't be a function of wealth, but
of need. But what does the money translate into? It turns into
learning opportunities and standards. I thought they provided a
metric, a lens, a way of trying to understand what the purchase
is all about in terms of the nature and quality of curriculum, of
equality, of access to good teachers, etc.

Over the last two or three years, as I've worked on stan-
dards-based reforms, particularly for The Pew Charitable Trust,
I began to worry a lot about whether or not we really know
enough to substantially help all kids reach standards. I'm not
sure we do, which is partly what inspired me to join the
Department [of Education}a real opportunity to clarify what
we know and what we don't know and to shape how we work
on a given problem. It would be a mistake for us to assume we
know enough when in fact we might not.

And this last point is a perfect transition to the papers, so let
me say something about them, because I think they nicely set
up this point I'm trying to make. Elizabeth Fennema tells us
that the achievement gap persists. We do know something
about why, and she talks about that. She tells us that values
dominate when it comes to the research that we do in this area.
So it will matter a lot who does this work. Let me repeat: It
will matter a lot who does this work. Sharon Lynch was trying
to tell us the same thing: If you want to make headway, it mat-
ters a lot who does this work. They influence how problems get
framed and how solutions are laid out and elaborated for peo-
ple to take those ideas and run with them seriously.

Okhee Lee says that there is little consideration of the expe-
riences, languages, and cultures of minority students in the sci-
ence we teach todayeven in, to some degree, the recommen-
dations we make about what should be taught and the stan-
dards that we promulgate. Pat Campbell and Lesli Hoey say
that we can't identify programs that do what Okhee is looking
for. Anne Bouiewho, by the way, is a recent colleague of
mine at OERI, having participated in one of our fellowship
programs this past yearand Vinetta Jones say that where we
do find these programs, we also find that they tend to build on
the skills and understandings that the kids bring with them to
school. But Jeannie Oakes, Kate Muir, and Rebecca Joseph tell
us that these programs are clearly the exception and not the
rule.

So we manage to create these little boutiques, but we
haven't figured out how to do this in a big way that holds the
promise of reaching all the kids. And we should ask ourselves,
"Why is that? What's behind that?" And it may go in some
sense to whether we really know how.

On that score, I do not mean to suggest that we don't know
anything. The papers are clear about that. We know that cur-

24

25



riculum is important. We know that teacher content knowledge
matters. We know that we need to bundle these things up, cob-
ble them together, in ways that busy people in classrooms try-
ing to make decisions about what textbooks to buy, what cur-
ricular series to use, can grab and put to good use.

But there are still things we're going to need to know, and
the papers point at some interesting and much-needed areas for
future research. I won't summarize them so much as character-
ize what I think the papers are telling us. And regarding future
research, particularly, is where my anxiety comes in. Because
what we so often do is work more on describing a problem
than on actually trying to solve it.

In fact, we are very good at describing problemsvery
good, especially in describing the achievement gap. We under-
stand this gap in lots of different ways, with increasing statisti-
cal power and even nicer slides. We also are really good at
something else, at describing what I often refer to as "end
states"theoretically or conceptually powerful solutions.

In other words, we have increasingly elegant solutions that
don't stand a chance of happening except in the most unusual
or special circumstances. We have not yet figured out how to
move from describing problems, to developing solutions, to
testing and evaluating these solutions, so that we have a set of
ideas about reform that actually holds the promise of working
within the day-to-day realities of most schools and school sys-
tems. This is where the suggestions for future research are least
clear, least well developed, but so desperately needed.

So now let me turn to OERI and tell you a good news/bad
news story. Let me start with some good news. I think, both at
the Department in general and at OERI in particular, we are
very much invested in these issues of equity, generally speak-
ing, and in improving achievementin math and science in
particular. I don't know how anyone can really argue about the
discipline and focus that we have maintained in terms of feder-
al policy. You can argue about whether you buy this idea of
standards-based reform, but you can't argue about whether
there has been a sustained focus and a particular theory of
action on a guiding policy over this period of time. There's
been a sustained focus on content and a clear interest in read-
ing, math, and science.

And we have big betsplaced, in some sense, through our
Eisenhower Regional Math/Science Consortiumon technical
assistance. We have a recent bet on the Glenn Commission' ,

which in just a few months will come forth with policy recom-
mendations about how to hit this problem with greater atten-
tion and force. OERI also has a math and science center, which
has a long and productive history and will continue doing
some very important design work, among other things. That's
all part of the good news. We have gotten focused on a specific
problem.
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But we haven't figured out how to hit the achievement
problem with enough force so that you could say we are in
anything more than the triage business. What do I mean? Well
at one level, we have these things called Expert Panels. To our
credit, we're willing to go out and try to make some judgments
about what we know right now, where the good stuff is. It's just
that this won't be good enough. We have to get beyond prom-
ise to evidence of real effects. And we need to develop a body
of knowledge on how to make more of the good stuffpro-
grams grounded in evidencehappen.

In my opinion, mathematicians and the higher education
community are deeply implicated in what will or will not hap-
pen in the reform of mathematics education. And I do not
mean that the answers somehow reside on campus and simply
need to be delivered to elementary and secondary schools.
What, in fact, I mean is that until we focus on teaching all the
students on campus and not on creaming the students off the
top and then complaining about the rest, we won't really make
a dent in this problem. And we won't prepare teachers who can
help all kids learn math in elementary and secondary schools,
either.

Now, with respect to implementationhow to know what
works and to understand whyI think Andy [Porter] is
absolutely right. We need a lot more work in real places, study-
ing things in real time, to help us understand something about
what it takes, not in easy places but in the hard places. I'm
very hopeful we're going to see some of this because we have
a nice budding relationship with the National Science
Foundation through this Inter-agency Education Research
Initiative. But this will be a difficult endeavor, because we
simply haven't tried to do this before. We need new communi-
ties: we will need more conferences like this and institutions to
bring people together to figure out what doing this work is all
about. And if we don't have people engaged in the work who
look approximately like the folks we're trying to help, this will
be a problem, too. We must have a diverse group of people
involved in finding the solution to the achievement problem in
math and science.

So this work is very fragile, both in terms of our limited
knowledge of how to do it and of how difficult I suspect it
might be to sustain through changing regimes, changing budg-
et cycles, and so forth. It will happen if you want it to happen,
but I can tell you right now, there is very little constituency for
the field. We have a lot of work to do in building a constituen-
cy that supports this kind of work.

The last thing to say is that at the end of the day we will
need to be much better research planners and managers of
research programs. And we'll need to figure out how to focus
even more specifically on important topics that people in the
field are really trying to struggle with. We're trying to do that
at OERI too, right now. I pointed out Carole LaCampagne;
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please know that she is right on point with respect to our plan-
ning area in the math arena. We have a similar planning effort
going on in reading. To focus on these two topics has meant
that we have consciously decided not to work in other areas, at
least not right now. This may prove not to be a very popular
move. There are many demands on, many expectations of, pub-
lic enterprises like OERI.

I am optimistic, however, for three reasons. One, I believe
we're at a moment that is unprecedented in that people really
want help. The standards movement has put enormous pressure
on teachers and administrators and others to figure out how to
do this, especially in reading and mathematics. And if we
haven't known how to do it before, at least we know now what
it is we need to do. We need to get all kids to standard. Two, I
believe scholars want to be players in the reform, and I think
they're starting to figure outwe're starting to figure out

that it is in their self-interest to do this.

And, finally, I believe we understand that the problem is
bigger than education per se. That's why there is so much trac-
tion associated with collaborating with the National Science
Foundation. That's why you're finding so much low-hanging
fruit when you bring the people from the disciplines together
with the education researchers. I wasn't around in 1980, but I
like to read the history. Go back another ten or fifteen years to
the turbulent times of Man: A Course of Study and you saw
the physicist, the biologist, and the other scientists literally run
from educationit just got a little too hot. I think they're back,
and I think we can draw them in. I think when we do, we have
a chance to change the odds. But that is what you all should be
talking aboutchanging the odds. Have a great meeting.

JUDITH
,/

SUNLEY
Opening Session

"One of the real problems of
addressing equal opportunity, equity,
and diversity is that many communi-

ties of underrepresented groups are actually quite
isolated from the mainstream of science and engi-
neering, both in research and education. If we can
take advantage of the current boom in information
technology to make those connections and break
some of the isolation, we have an opportunity to
bring people in"

Andy Porter just mentioned that I arrived at NSF in
1980. How many of you know what happened in 1980,

in terms of legislation affecting NSF that is relevant to
this meeting? A few may remember that the National Equal
Opportunity m Science and Engineering Act was passed, one
of about four or five major amendments to NSF's originating
legislation. It established the NSF Committee on Equal
Opportunity in Science and Engineering, which has been
affecting NSF's programming in significant ways since then. I
arrived in 1980 and, at that point, I was the only female pro-
gram officer on the staff of the Mathematics and Physical
Sciences Directorate. So guess who got assigned to the imple-
menting working group that would deal with some of these

issues? From that point on, I've had a strong ongoing interest
in diversity and equal opportunity areas within NSF.

Another factor in my interest in this whole area occurred
about five years after that, when I was appointed as the first
executive secretary for the National Science Foundation's
Education and Human Resources Committee for the National
Science Board. This gave me an up-close and personal look at
what was going on in areas related to education and human
resources across the Foundation. It's the kind of opportunity
those of us buried in the scientific disciplinary divisions don't
normally have. And it makes a big difference when you come
out of the specific narrow disciplinary lines into something
with broader relevance.

When Andy asked me to make opening remarks, I started
thinking about the various things I've seen in terms of discus-
sions of diversity and equity over the years. About four years
ago I attendedactually on behalf of thendeputy director
Anne Petersena session held in Seattle that was run by
AAAS and the Council of Chief State School Officers on
excellence and equity in school education for girls. Many of
you actually participated in that; I tried to match up the partici-
pant list and found that there was a moderate overlap. At that
point, one of the things I did was read a brief excerpt from the
strategic plan that NSF had just passed. And I want to read a
similar excerpt right now, because I think that it continues to
be relevant. And although now we are a couple of generations
of Government Performance and Results Act strategic plans
beyond the one that I read from, this is still the guiding lan-
guage in terms of our thinking about diversity and education.

It started out by saying that, in a democratic society that is
highly dependant on science, mathematics, and engineering for
its well-being and place in the world, the scientific enterprise
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cannot thrive unless it is open to all segments of the popula-
tion. It went on to say that America's future depends on the
next generation, those currently being:educated in our schools,
colleges, and universities or embarking on their careers in
industry, academia, or government. Enhancing their capacity to
perform; to create, innovate, and solve problems; and to
demonstrate that capacity must be a vital component of NSF's
activities. Finally, acknowledging excellence when it is fully
apparent is comparatively easy, while recognizing potential
and developing the capacity for excellence is a much more
difficult task.

These things remain an integral part of NSF's efforts, and,
yet, when those of us in the senior management at NSF sit
down and think about issues related to diversity and equity, we
continue to be stymied. While we do in fact have some feel for
what works when committed individuals get in and get their
hands dirty and make things happen, we are frequently at a
loss when it comes to figuring out how to do that on a broader
scale. As Andy said to me while we were sitting at the table,
"If you're not talking about equity on the broader scale, you're
not talking about equity." So here are some of the things that
NSF is doing currently. Andy asked me to cover a few bits and
pieces about NSF directions and that is what I will try to do.

First, what are some of our objectives? We're looking to
increase the percentage of U.S. degree recipients from current-
ly underrepresented groups, and we're looking to increase
specifically participation in NSF research and education pro-
grams. The GPRA, as the Government Performance and
Results Act is referred to, has a quantitative bent to it. When
you start talking quantity, it is very easy to forget the language
of quality that needs to be part of what NSF does. Developing
approaches for broadening participation is among our core
strategies at the moment.

We want to move from having targeted formal programs to
including the concepts of diversity and equity in everything we
do. That's actually quite difficult, because it requires that
everyone in the agency keep diversity as one of the forefront
issues in their minds. We want to draw on past experience, and,
as I mentioned, one of the difficulties of drawing on past expe-
riences is that it tends to be on the small scale rather than the
large scale. We want to maintain focused programs that are
achieving positive results, because you need those flagship
efforts to keep people's attention on the issues.

We need to consult with the community, and forums like
this are one way in which we can do this. We want to make
connections, because one of the real problems of addressing
equal opportunity, equity, and diversity is that many communi-
ties of underrepresented groups are actually quite isolated from
the mainstream of science and engineering, both in research
and education. If we can take advantage of the current boom
in information technology to make those connections and
break some of the isolation, we have an opportunity to bring
people in.
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Finally, we need to be able to be accountable. I think this is
a real issue, and it is particularly an issue when you move from
focused and targeted programs to embedding diversity in
everything you do. If you have a focused program that is a
budget line, then in some sense, your accountability is budget
accountability. How much money is going into those pro-
grams? Did you spend the money the way that you said you
were going to spend it? When you are embedding things, how-
ever, you have to find another way of being accountable,
because it can be very difficult to tease apart the diversity
aspects of much broader activities. This is one of the things I
think is going to be most difficult for NSF in the next few
years. One of the things you might think about is how can an
organization like NSF be truly accountable for its actions in
the areas of diversity and equity if you are moving toward an
embedded structure?

Let me give you some feel for NSF investments in diversity
programs. I will focus on the programs managed by the
Education and Human Resources Directorate because that is
my area of expertise. However, there are several small pro-
grams scattered across the Foundation that address underrepre-
sentation in particular disciplines. These are important in
bringing disciplinary communities into discussions of diversity
and equity.

One element that runs through all our diversity-based activi-
ties is an emphasis on continuing research that informs our
actions, our efforts to be accountable, and our interactions with
the community on things that work in larger-scale efforts. In
some areas, most notably for women and persons with disabili-
ties, we have formal ongoing research activities. In others, the
efforts are less explicit but nonetheless important.

I'll begin with programs for underrepresented minorities. At
one point, we had several active programs in the K-12 arena,
such as summer science camps and the Comprehensive
Partnerships for Math and Science Achievement [CPSMA].
Now, most of our efforts are concentrated in our systemic ini-
tiatives, (NSF 1998). Although not explicitly aimed at diversi-
ty, the systemic initiatives improve science and math prepara-
tion for all students. We emphasize addressing achievement
gaps with roots in racial or ethnic background. The CPMSA
program was recently folded into the Urban Systemic Program.

The Louis Stokes Alliances for Minority Participation
[LSAMP] program has been the key to expanding the pool of
undergraduate majors in science, math, engineering, and tech-
nology. The HBCU [Historically Black Colleges and
Universities] Undergraduate Program provides the opportunity
for these institutions to upgrade the quality of their undergrad-
uate programming. Alliances for Graduate Education and the
Professoriate help enhance participation of underrepresented
minorities in graduate education, and the Centers of Research
Excellence in Science and Technology build research capacity
in minority-serving institutions. Thus, at the level of higher
education, the core of our programming is institutional capaci-
ty building. We have alliances of undergraduate and graduate
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institutions in partnership with industry and national laborato-
ries, and we do some direct support of students and faculty.

For women and persons with disabilities, research on pre-
college and undergraduate barriers is one of the major activi-
ties. Our support for women is more strategic in character than
that for underrepresented minorities. We do a lot of demonstra-
tion projects, but we don't have the large-scale programs for
women or persons with disabilities that we have for minorities.
The program for persons with disabilities is small, with a focus
on research on assistive technology.

What kind of progress do we feel we're making? Well,
we're getting some interim results now. For underrepresented
minorities, we see increased baccalaureate production within
NSF-supported projects and modestly strengthened institution-
al programs. For women, our evaluation of the program on
gender equity and its predecessors is showing that we're get-
ting some institutionalization of model program activities. For
persons with disabilities, the most noticeable effect is the
strong research activity. We see some interesting cross-program
results as well. For example, women account for roughly 47
percent of the students within the LSAMP program. So we see
strong participation of women in a program aimed at participa-
tion of underrepresented minorities.

More broadly, we see evidence of steady increases in the
numbers of baccalaureate, master's, and doctoral degrees
awarded to underrepresented minorities. They are not as large

as we would like them to be, but they are headed in the right
direction. Percentages of underrepresented minorities within
the degree-holding population are also going up slowly. As one
might predict, they are highest for the baccalaureate population
and lowest for Ph.D. production. We need to keep track of such
numbers as we go along. The data described above are for
computer science, engineering, mathematics, and physical sci-
ences, where the initial percentages were lowest and where
NSF has made the strongest efforts.

We see similar results for women in these fields, although
percentages of degree-holders seem to be more or less con-
stant. Our data on persons with disabilities are almost an
embarrassment; we hardly even collect it. We need to do a
much better job of this.

What are some of the things that we want to be looking at?
I think Andy has touched on themthe achievement gaps, the
impact of the achievement gaps, and other factors in decisions
that people make about entering the science and engineering
workforce. I'm basically here to learn. I want to see what kinds
of ideas are out there about what the next steps ought to be so
that we can really use research-based knowledge in developing
programs and in providing guidance to organizations that are
interested in making a difference in this area. I look forward to
the discussions to see if there are some ideas that I would like
to try to fold into what NSF is doing. Thank you.

EDMUND GORDON
Closing Session

"We think that society has a response-
bility to continue to protect the
opportunity for inclusion, but it also
has a responsibility for ensuring the

opportunity for development...It's got to create the
conditions, the context, the material, and psychological
conditions that enable certain kinds of competencies to
develop.. Affirmative academic development simply
means that one ensures that these abilities are developed
in persons whether they are a part of their naturally
occurring environments or not

As I listened yesterday and this morning and thought and
reflected on the things that you were talking about,
several notions occurred to me. Early in this confer-

ence Elizabeth Fennema called our attention to the complexity
of the issues. She used "complexity" to describe the problem
that we're addressing. She also used "complexity" to describe
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the available knowledge we have, and, clearly, it also applies to
solutions. And complexity is the theme that I want to use in my
reflections.

The rich and provocative array of papers that are part of this
conference simply reflect that sense of complexityfor exam-
ple, the fact that there are no single answers and no single
explanation; and that if you twiddle a little bit here, then you're
going to disturb something over there; and that when you've
got the stuff here adjusted, you discover that there is still
another piece of the problem that isn't settled.

We know a great deal, but we still don't seem to have the
answers. Looking at the data from many interventions for over
fifty years, I've been struggling with these issues. And it's
almost discouraging that many of the issues I came into the
field struggling with in the forties are still the issues that we
struggle with now. Some of you may know a report that I am
associated with called Reaching the Top, from the College
Board's National Task Force on Minority Achievement in
Higher Education [1999]. In that report, we call attention to
the gap between the academic achievement patterns of black,
Latino, and Native American kids with that of Southeast Asian
kids, Asian American kids, and European American kids.

One of the most troublesome things in the report is the fol-
lowing. I spent a good bit of my career thinking that ifwe
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could somehow do away with poverty, we could do away with
the underproductivity of schools and of some of our students.
But from those data we report the fact that the higher you go
with respect to achievement and the higher you go with respect
to socioeconomic status, the bigger the gap. If you look at the
gap in achievement between black middle-class and white mid-
dle-class kids, that gap is bigger than the gap between lower-
class whites and lower-class blacks.

That tells us that there are some things seriously wrong, and
maybe we have not appropriately conceptualized the problem.
If you take the simple problem of the gap, that may not be a
problem; that may be multiple problems. Consider, for
instance, that the reasons for academic underproductivity on
the left end of the distribution may be quite different from the
reasons for underproductivity on the far right end of the distri-
bution. And when you get down into the middle, that may be
still a third problem.

I don't think the history of intervention on this set of prob-
lems in this country has reflected that possible complexity.
We've generally tried to lift up the bottom, and thought that if
we were doing something thereas through Title I and com-
pensatory education and those kind of generic interventions
we would somehow also raise the top. In the program that
Vinetta Jones ran, Equity 2000, we had some effect. But even
in that excellent program, a contribution to the closing of the
gap at the far right end of the distribution was not one of the
effects. That doesn't mean we discontinue these efforts,
because clearly we have to continue lifting the mass of folks.
But if part of our concern in this society is the conjoining of
academic excellence and academic equity, then some of us
have to be worrying about what's happening with that group of
very able or gifted folks who, despite the height of the devel-
opment of their ability, are still not functioning as well with
those abilities as some other people.

In our report Reaching the Top, we talk about something we
call "the overprediction of our tests." When we get black
youngsters who score 1400 or 1500 on the SAT and bring them
to a fine university like Yale, the institution does not enable
most of those students to perform at the level predicted by
their test scores. Now that sayspossiblythat there's not
something wrong with those kids, but that there's something
wrong with the institutions that serve them. They don't enable
them, even when they come well-prepared to function at the
same level as other kids function. We now have multiple ways
of thinking about this problem that require multiple ways of
intervening. We know that our opportunities to learn are ane-
mic; they don't vary as much as the variations among the
youngsters they serve. They are often not rich enough. In too
many instances, they're simply underresourced. We know that
there are real and essential characteristics of learners. Claude
Steele has introduced some very interesting work that has to do
with the attitudes that youngsters bring to their learning experi-
ences, attitudes that reflect the racist, classist, and sexist
notions of the society in which they live. The attitudes that
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they bring interfere either with their learning or with their
demonstration of what they have learned.

Now that set of problems is quite different from the real
problems that may be represented in deficient systems of their
preparation or limitations in the resources that they can bring
to bear upon education. If you follow the work of Coleman and
my colleague Scott Miller, they talk about a variety of human
resource capitals that are invested in education, such as health,
social capital, cultural capital, and polity capitala sense that
one belongs to the community and a sense on the part of the
community that that person belongs. They argue that these
sources of capital are possibly among the things that enable
schooling to work, and that if you don't have these capitals to
bring, your schooling will be less effective.

The whole set of complexities speaks specifically to those
of us who are concerned for pedagogythe cultural and tech-
nological context for learningwhether it be math and science
or any of the other varieties of learning. In the very interesting
little book that the late Ben Bloom edited and which was actu-
ally written by several of his students, The Development of
Exceptional Talent, the authors talk about a variety of charac-
teristics drawn from the developmental experiences of these
young people: the amount of time devoted to learning tasks;
the exposure to increasingly able instructors; the exposure to
increasingly rich learning environments; the complementarity
of the challenges in their lives; and the kinds of psychosocial
supports coming from families, friends, and peers. These "non-
school" variables greatly influence what we do. We can refine
the instructional method, but if we don't address some of these
other factors, the refined teaching and learning experience may
not pay off as well. On the other hand, without a refined and
adequate opportunity to learn, fiddling with all these other
pieces that Bloom identified won't make much difference.

Richard Tapia made a very brief reference to a notion that
appears in the College Board report. It's called the "affirmative
development of academic abilities." In my notes, I have headed
it the "nurturance of the talented tenth and the development of
talent in the masses." I hope the name W.E.B. Du Bois has
meaning to several of you; he was one of my intellectual
heroes. In the early part of the century, he was writing about
the development of human intellect as opposed to the develop-
ment of human skill. He was asserting that no society could
afford to neglect the nurturance of talent in its most capable
members. In the late fifties, just before he left this country for
Ghana, he talked about changing that notion. He wasn't any
less enthusiastic about the importance of the development of
intellectual talent. But what he was suggesting was that, before
the end of the twentieth century and certainly in the twenty-
first century, what he thought of as the kind of education that
the talented tenth ought to have would become the standard for
universal education. And I think that his prediction has proved
to be true. The kinds of things that we are striving for and hop-
ing for our youngsters to achieve has come close to the kinds
of stuff that Du Bois was talking about when he was talking
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about the liberal arts, humanities, and sciences as a basic edu-
cation for everybody.

But it's also a little bit different. Du Bois came to his matu-
rity during a period when the educated person was a person
who had a lot information, who had a lot of facts, who had rel-
atively encyclopedic knowledge of at least one area. Du Bois
was a great fan of the German universities; he even went over
there to get his Ph.D.and did not succeed. Some people think
that some elements of racism in that society prevented him
from getting it. I humorously refer to the fact that he had to
settle for a Ph.D. from Harvard and became the author of the
first of the Harvard Historical Series. But Du Bois was fasci-
nated by that emphasis on deep and rich knowledge. I think he
would have been a bit out of step in the current period when
we are not talking about simple literacy but the critical literacy,
when we're not talking about simple numeracy but critical
numeracythe capacity to take information, turn it around,
massage it, and make new things out of it. He was not as sensi-
tive as I would have preferred to the shift from a concern for
knowledge and skill at mastery to a concern for production,
interpretation, and understanding.

To some of us, it has crept into the language of this confer-
ence that learners are constructors of their own knowledge, of
their own meaning, of their own technique. Du Bois wasn't
sensitive to the shift from knowing to understanding. In Bond's
work, at least by implication, he suggested that one of the pos-
sible problems in the difference between young students'
grades and demonstrated competence in their coursework and
their prompt performance on tests is a possible lack in the
understanding that is enabled for them. These new notions with
respect to what it means to be an intellectively competent per-
son were not a part of Du Bois's notion, but they are increas-
ingly a part of what we are trying to do for our youngsters.
And this is part of the complexity for us.

Unless you have seen something I haven't been able to
observe, we don't really know how to do this different kind of
teaching. In my last years before retiring from the classroom, I
was struggling to catch up with this kind of stuff. As I visit
schools and colleges around the country, I see a lot of us who
have responsibility for instruction struggling to do construc-
tivist teaching, struggling to better enable youngsters to main-
tain their respect for the authority of knowledgebut also
struggling to nurture their skepticism, to encourage their
inquiry, to enable their explorations. Now these are difficulties
in pedagogy that those of us responsible for it have to tackle.
And if one is looking for a research program, maybe we've got
to turn to a better understanding of what it means to teach and
learn from constructivist, contextualist, and perspectivist
world views.

Back at the College Board, where I do some consulting, we
have a few people worrying about the nature of intellectual
competence. The assumption is that if we are going to continue
to develop tests, we ought to be much more concerned with
what it is the test ought to be measuring, just as we worry
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about what it is we are enabling in folks. And we have long
discovered the limitations of our current instruments. If we can
better understand what it means now to be an intellectually
competent person, that ought to be reflected in our curriculum,
and it ought to be reflected in our tests. If we had more time,
I'd share with you some of the notions we are beginning to
toy with.

A few minutes ago I referred to the notion of affirmative
development. In Reaching the Top we embrace affirmative
action, but we think affirmative action doesn't go far enough.
We think that society has a responsibility to continue to protect
the opportunity for inclusion, but it also has a responsibility
for ensuring the opportunity for development. And the affirma-
tive development of academic ability speaks to that. It argues
that we have enough know-how to much more effectively
develop academic abilities in youngsters rather than simply
look for the youngsters in whom they have naturally devel-
oped. Because even when we use that term "natural," it isn't
that they are necessarily innate; in fact, I would argue that aca-
demic abilities are certainly not innate. There may be some
capacity to handle them that is innate, but what we see in peo-
ple who have highly developed academic abilities is that they
have been highly developed. Affirmative development says let
us better understand how one goes about doing that.

Now our notions for doing it are relatively modest. We
began by asserting that affirmative development is by no
means a new concept. We perfected it to some extent in our
veterans' preference in work after World War II. And that
wasn't just veterans' preference, that was veterans' develop-
ment, educational development, employment, economic,
health, housing, even political. So with this notion of affirma-
tive development, we're seeing that the development of
academic ability isn't limited to simply teaching people some
things. It's got to create the conditions, the context, the
material, and psychological conditions that enable certain
kinds of competencies to develop.

Lauren Resnick talks about the socialization of intelligence.
She argues that this occurs naturally for some of our kids. My
wife and I have four of them, and we worked like hell to
ensure that those kids were socialized to high levels of intellec-
tual competence. I suspect many of you out here do the same
things for your kids. Most of the kids we worry about when we
talk about minority or disadvantaged populations don't come
out of families that are prepared to do these kinds of things for
them. One of the things we call for in Reaching the Top is
something we call supplementary education. That's the variety
of things, an array of things, that happen outside of schools
and classrooms that ensure that classrooms worktutorial
services, travel, talking to your kids at night, reading to them,
ensuring that they have reading materials, helping them under-
stand that they are learning and that their intellective develop-
ment is important. One of my students was out in California in
Koreatown studying supplementary education there, and she
found something like 350 programs in the radius of about
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twenty blocksafter school, before school, weekend, sum-
merall directed at supplementing the education that kids got.
Affirmative academic development simply means that one
ensures that these abilities are developed in persons whether
they are part of their naturally occurring environment or not.

In our discussions over the past day and a half, we've talked
about a lot of the ingredients, we've talked about accelerated
learning experiences; we tended to dismiss remediation, but on
my list, I have targeted remediation quite high. Youngsters
whose education has not been terribly rich often have simply
missed critical pieces. The kind of diagnostic work that helps
us understand what's missing and then puts that in is terribly
important, so I am not ready to back away from remediation.
But I don't want generic remediation; I want it targeted to the
special needs of persons, and certainly folks who are behind
need experiences that accelerate, that enrich, their exposure.

High on my list is something I call personalization. It's not
just individualization; it's making that learning experience so
meaningful to me that I own it. Because unless I do begin to
own, I don't get the kind of engagement, the kind of persist-
ence, the kind of time on task that is necessary for the kind of
mastery we are talking about. We talk about both expectation
and reward, helping youngsters to expect; Lauren Resnick says
high levels of intellective development require that one expects
oneself to be intelligent and to be able to engage. At my first
retirement party, my oldest son was one of the speakers, and he
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was saying that he had learned from his dad that there was
nothing that he couldn't do if he would apply his mind to it. I
never told him that, but somehow through his experiences with
his mom and me, he learned that your mind is something that
you use in these ways. We can teach this kind of stuff to
youngsters.

Let me wrap this up. Somewhere I ran into the notion that
most living organisms have three options: they can adapt,
migrate, or die. As we were talking about the variety of cultur-
al concerns that have got to be considered, that notion came to
me. Warren Chapman reminded us of the cultural, economic,
and political globalization of the world. I'm a strong supporter
of cultural identities, cultural variations; I think they need to be
honored. But in an age of globalization, we're running out of
space to migrate, to escape the demands of the modern world.
If one's going to survive in it, one's got to learn to adapt to it.

It seems to me that it is the function of those of us responsi-
ble for education to teach youngsters how to adapt. Now that
means that they take whatever cultural resources or baggage
they come with and augment them with the cultural resources
that are required to function in a variety of settings. So we talk
about multicultural, multiperspective, multiple competencies,
the capacity to survive and to enable others to survive in any
environment in which one finds oneself.
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Panelist Papers and
Discussant Comments

rrhe following short papers from each of the nine NISE Forum panelists are provided in the order in which they were present-
ed at the Forum. These papers are based upon thirty- to fifty-page papers written prior to the conference, which are avail-
able at http://www.nise.org. The short papers include an emphasis on the needs for future research, often contextualized by

first highlighting some important points established through existing research. Each panel's papers are followed by a transcription
of remarks made at the Forum by a discussant. The discussant remarks range from specific comments on their panel's papers to
broader discussions about directions for future research.

The three panels had assigned themescontent and
instructional practices, programs, and achievement and
course-taking patterns, respectively. After analyzing the

panelists' papers following the Forum, some slightly different
themes emerged and became the organizing topics of the high-
lights presented earlier and the synthesis in chapter 2.
Following are brief descriptions of the panelists' papers, also
organized by these themes.

Inequitable course availability and assignments, and
teacher assignments. Jeannie Oakes, Kate Muir, and
Rebecca Joseph cover a wide range of inequities in the edu-
cational system, including inequities in the assignment of
students to mathematics and science courses and the result-
ing influence of those decisions on students' access to high-
er education.

Content, instruction, and assessment. Based on pilot
work he has done to investigate the phenomenon of stu-
dents from underrepresented groups who have good grades
in mathematics courses yet low test scores, Lloyd Bond
describes the need for future research on how teachers
move students from solving well-structured problems to
being able to solve word problems. Elizabeth Fennema
articulates the kinds of gender research that would continue
to advance goals for gender equity in mathematics educa-

tion. Maria Klawe and colleagues describe the effects of
their programs in addressing gender issues regarding the
use of computers for science education and then suggest
future research needs in this area. Okhee Lee states that
research involving diverse languages and cultures in the
curriculum is in an early stage and is heavily influenced by
goals; she goes on to identify next stages for this research
area.

Understanding and scaling up effective programs.
Manuel Gomez and Norma Davila discuss lessons learned
and questions still pending in their extensive work on NSF-
funded systemic reform efforts in Puerto Rico. Vinetta
Jones and Anne Bouie emphasize research needed on three
aspects of programs that are designed to meet the needs of
students from underrepresented groups: the important roles
of families and communities, the institutionalization of pro-
grams, and the scaling up of effective programs.

Better research methods and dissemination. Patricia
Campbell and Lesli Hoey discuss the need for more and
better evaluation of programs. Richard Tapia and Cynthia
Lanius call for a serious redesign of mathematics and sci-
ence education to address diverse students' needs; they
believe explicit attention to minority subgroups is
important.
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PANEL ONE

Gentler and Mathematics

Elizabeth Fennema

"Is mathematics really necessary for a life of value in the twenty-first century? This is a heretical question
coming from a mathematics educator, but one that needs to be addressed... Are we just making the chosen
roles offemales in society (that often don't involve mathematics) less important, less adequate, or of less
value than the chosen roles of males (that often include mathematics)?

What Do I Know?
Research over the past three decades has made significant

contributions to defining and understanding the complexity of
all issues dealing with gender and mathematics. It is clear that
females, less than do males, participate in posthigh school
mathematics study and mathematics-related careers. That dif-
ferences exist in the learning of mathematics seems clear also,
although many scholars believe either that learning differences
are diminishing or that, if any differences do exist, they are
unimportant. My best analysis of the data and literature has led
me to conclude that the more the test measures true mathemat-
ical problem solving, the more apt one is to find gender differ-
ences in mathematical learning that favors males at almost any
age. Females appear to hold more negative values about mathe-
matics and their relationship to mathematics than do males, but
there is some evidence that these differences are also decreas-
ing. These simplistic statements, however, hide more than they
reveal. What mathematics was being measured in tests where
gender differences have been studied? How was the informa-
tion about values obtained? Were females' voices a part of the
data-gathering procedures? Too often the research that has
reported gender differences has provided an incomplete picture
at best and has only helped to perpetuate the belief that
females are somehow inadequate in relation to mathematics.

What Do I Wish to Know?
Even if there was consensus on the truth about gender dif-

ferences in mathematics, we would not have clear direction on
what to do in order to achieve educational equity. Consider the
current reform recommendations for organizing classroom
instruction that are assumed will result in educational equity
for all students. One major reform recommendation has to do
with encouraging students to communicate their mathematical
thinking by presenting their ideas and convincing peers of their
correctness by arguing and questioning. It is widely believed
that those who enter into this kind of debate about mathemat-
ics will learn better. But will girls enter into this kind of com-
munication as willingly as do boys? Many teachers have
reported informally that girls will not do so for a variety of
reasons.
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Another reform recommendation has to do with the use of
technology in the classroom. It is clear that currently boys have
more experiences with technological toys than do girls. Does
this reflect interest and/or ability with technology? How should
teachers take this into consideration as they plan their instruc-
tion?

Another recommendation is that mathematics should be sit-
uated in problem-solving contexts that are socially relevant.
Unfortunately, many textbooks and teachers are more aware of
contexts that are from male-dominated fields such as parabolic
equations for projectiles or sports statistics. Can mathematics
be situated equally in female-dominated contexts, and, if so,
will boys willingly participate in such problems? Should class-
rooms be competitively organized or organized around cooper-
ative activities? Some studies have suggested that boys learn
better in a competitive situation, while girls learn better in a
cooperative situation. Is this always true? Is the solution to
have single-sex classrooms? And would the experiences we
have had with black/white schools be repeated, and females'
classrooms become inevitably less adequate?

What Do I Wish Was Known?
Research into gender and mathematics must continue in

order to monitor learning, attitudes, and participation. In addi-
tion, we need to apply new paradigms of research that will pro-
vide insight into why gender differences occur. In other words,
gender as a critical variable must enter the mainstream of
mathematics education research. It is insufficient to say and to
believe that the study of gender differences can be left to those
who are specifically interested in gender. That is just not fair.
Aren't we all interested in how all students learn mathematics?
And doesn't that "all" include that 50 percent of the student
body that happens to be female? Fairness and justice demand
that all researchers be concerned with all the students even
when results are obtained that cannot be easily interpreted and
understood.

Specifically, we need to continue the study of gender in
relation to mental processing of both students and teachers. As
research on teachers continues to mature and improve, we must
include gender as a variable. We probably cannot study how



the gender of the teacher influences instruction because of the
limitations imposed by the relatively low number of male
teachers. However, we can study teachers' beliefs and knowl-
edge about girls and boys and the impact that teachers' cogni-
tion has on instructional decisions for both girls and boys.

Classrooms that reflect the various demands for reform are
becoming more prevalent. But are they equally effective for
boys and girls? One study provided some evidence that just
reforming classrooms without paying specific attention to tra-
ditionally under-achieving groups is insufficient to achieve
equity. The learning that results from these reformed class-
rooms needs to be monitored carefully. Perhaps as we do this,
we will begin to develop an image of what equitable mathe-
matics education is.

The Value of Research on Gender and Mathematics
When I became an educational researcher, I believed that I

would discover truth. That has not happened, and it probably
will not happen in the area of gender and mathematics. But
research has deepened our knowledge about gender and mathe-
matics, and the many, many studies about gender have provid-
ed some insight into the inequities that have existed, leading to
heightened awareness of things that need to be changed. There
is one question about gender and mathematics for which

research cannot provide the answers, however. Is mathematics
really necessary for a life of value in the twenty-first century?
This is a heretical question coming from a mathematics educa-
tor, but one that needs to be addressed. There is no right
answer to this question, but perhaps we should consider the
following. Is it possible that I, and others who have been doing
work related to gender and mathematics, have been doing a
major injustice to females by pursuing issues related to gender
and mathematics? Are we just making the chosen roles of
females in society (which often don't involve mathematics)
less important, less adequate, or of less value than the chosen
roles of males (which often do include mathematics)? Is it crit-
ical for everyone to learn mathematics? Are those who learn
mathematics at lower levels of less value than those who learn
at higher levels?

Research on gender and mathematics has provided a power-
ful scientific discourse during the past three decades. The
entire educational communitypractitioners, researchers, and
policymakersneeds to continue to engage in this discourse
and explore ways to deepen our understanding of what equity
is and how it can be achieved. It is through discourse about
philosophical questions as well as research questions that our
understanding of gender and mathematics will grow.

Mainstreaming Underserved Students in the KI6+ Continuum
to Achieve Academic Excellence

Manuel Gomez and Norma Davila

"What are the most important implementation issues faced by systemic educational
reforms in addressing the needs of underserved students? How have the reforms faced
these issues?"

Over the last twenty years, the University of Puerto
Rico's (UPR's) Resource Center for Science and
Engineering (RCSE) has pioneered a series of reform

strategies that have been successful in transforming teaching
and learning in Puerto Rico throughout the K-16+ continuum
following an educational pipeline model. The main features of
this model, which are critical to any systemic reform project if
it is going to be successful, are: (1) identification of the major
weak points in the pipeline, (2) systemic thinking in the design
and implementation stages, (3) development of strategic
alliances, (4) strategic application of limited reform resources,
and (5) development of a virtual organization to orchestrate the
reform and harness the system's resources to transform the sys-
tem. Even though UPR has applied these principles to the
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entire K-16+ continuum, this fact should not dissuade other
researchers from working with smaller subsets of the continu-
um such as the K-12 system.

To reform complex educational systems, a catalytic agent is
needed to orchestrate the reform, forge the necessary alliances,
analyze the system, and identify the weak or missing connec-
tions among the system's elements. Because of the magnitude
and complexity of the task, a virtual organization that is not
part of the existing administrative structure and that is capable
of thinking and acting across systemic boundaries is needed.
RCSE, an alliance of all the major higher education institu-
tions in Puerto Rico administered from the UPR president's
office, has played this role in designing and implementing the
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K-16+ reform model to improve the participation and main-
stream underserved (i.e., low-income) students in the educa-
tional pipeline.

RCSE interprets the education pipeline to encompass all
levels from kindergarten to Ph.D. and postdoctorate. RCSE
carries the reform further to include the development of UPR
into a Research 1 institution conducting research and develop-
ment (R&D) and contributing to Puerto Rico's economic
development. At the K-12 level, the Puerto Rico Statewide
Systemic Initiative (PR-SSI) is the central project; at level
13-16, the Puerto Rico Louis Stokes Alliance for Minority
Participation (PR-LSAMP) and the Puerto Rico Collaboratives
for Excellence in Teacher Preparation (PR-CETP) lead the
way; at the 16+ level, EPSCoR (R&D) and EPSCoT (technolo-
gy transfer) projects are leading the reform. In addition, the
K-12 reform model is being disseminated and adapted to New
York City realities through the Puerto Rico/New York City
Educational Linkages Demonstration Project sponsored by the
U.S. Department of Education.

RCSE served as the virtual organization that orchestrated
the K-12 reform and harnessed the alliance's members (the
Puerto Rico Department of Education, RCSE, and the commu-
nity at large) into an effective operational coalition. The Puerto
Rico Department of Education exercised its leadership by
establishing rigorous nationally accepted standards for the
teaching of science and mathematics, pioneered policies to
decentralize school academic and administrative management
by creating the community school concept, and established
systemwide assessments for student performance in science
and mathematics. At present, 50 percent of all public K-12
schools have been or are being developed into reformed
schools using a whole-school-based approach to transform
their teaching and learning culture and using the assessment,
attribution, and accountability feedback (A3) strategy to help
them become self-correcting systems.

PR-LSAMP followed a two-prong approach to systemic
reform. A cadre of reform-inclined faculty willing to experi-
ment with change was identified and nurtured to pioneer the
educational reform of university science, math, engineering
and technology (SMET) courses, curricula, and teaching
methodologies. At the same time, using the A3 approach, chief
executive officers, presidents, chancellors, vice presidents, and
some deans were persuaded with the evidence of successful
reform efforts to support the institutional cultural transforma-
tion needed to make the undergraduate educational pipeline
more effective and efficient.

PR-CETP has brought together the faculties from the
Schools of Education and Natural Sciences to revise their cur-
ricula in order to prepare future teachers to perform effectively
in the PR-SSI reformed schools. The PR-CETP staff is using
the A3 strategy to assess the pilot-tested reformed courses and
redesigned curricula and to persuade higher education leaders
to support the overall reform effort.

In our paper, we show evidence of the success of these
strategies in achieving the goals of the reform, which is prim
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rily directed toward mainstreaming traditionally underserved
students (low-income students) using the A3 cycle. For
instance, in 1998-99, at the K-12 level, students who attended
PR-SSI schools for six years outperformed their private school
counterparts by 58 points in the mathematics reasoning part of
the college admissions tests administered by The College
Entrance Examination Board. At the same time, students who
attended PR-SSI schools for three years outperformed students
from non-PR-SSI public schools on the same test by 32 points.
Similar trends were sustained for 1999-2000. PR-LSAMP
results have also been impressive for the 13-16 level. Against a
backdrop of declining absolute enrollment of SMET students
at UPR, the number of SMET B.S. degrees conferred by the
university rose from 1,200 to 2,100 in a seven-year period
(displaced by five years to compensate for the average time to
complete the degree). Moreover, graduation rates for science
and mathematics have gone from 46 percent to 60 percent in
the same time period; for engineering, these rates have risen
from 58 to 75 percent. The number of students who go on to
complete their Ph.D.s in SMET disciplines in UPR's Rio
Piedras campus is one in ten, a number that places UPR among
the top performers in the nation.

We would now like to highlight some of the lessons that we
have learned in this process as well as some of the questions
that are arising along the way. We end this paper with sugges-
tions regarding some of the issues that remain unanswered.

One of the main lessons learned is that reform strategies
cannot be developed and implemented in a vacuum. Without a
solid theoretical and philosophical foundation to guide the
development of these models and strategies, a reform is likely
to be just a project instead of a true change in, institutional
culture.

Another lesson that we learned is to start small and then
scale up. This lesson enabled us to monitor our efforts careful-
ly using the A3 cycle, so that we could make the necessary
corrections in our design to ensure quality control. As we
learned about what worked and about what did not work, we
also developed the necessary human capacity to carry the
reform forward and to sustain it beyond its funding period. We
also learned what key elements of the reform could be trans-
ferred elsewhere through projects such as the Puerto
Rico/NYC Educational Linkages Demonstration Project.

Another lesson involves the importance of establishing and
maintaining strong connections between the different sectors of
the educational system so it can be truly systemic. Without
those connections, our reform would have been another frag-
mented effort to solve a systemic problemdestined by its
design to fail. The virtual organization and pipeline models
described in our paper are our answers to these issues, which
include building strategic alliances to support the efforts.

Our systemic educational reform has transformed itself
from its early days. Our experiences have led us to understand
that "what got me here today will not get me where I need to
be tomorrow" because of the dynamic nature of social sys-
tems. Therefore, we are constantly looking for new and better



ways to catalyze change in the system. We are also embarked
on a constant search for answers to questions such as the
following:

M What theoretical and philosophical elements are shared by
successful systemic educational reforms?

What are the most important implementation issues faced
by systemic educational reforms in addressing the needs of
underserved students? How have the reforms faced these
issues?

M What elements of systemic educational reform travel best
to other sites? Which elements are the most difficult to

transfer to other sites and why is this the case?

How can we learn more about the value added by the
reforms?

How can we improve pre- and post-test designs to look at
the value added by the reforms?

Why do we still focus so much of our attention on teaching
instead of learning?

What can we do as researchers and educators to learn more
about the process of learning?

Why is student performance higher in open-ended ques-
tions than in multiple-choice questions?

Equity for Culturally and Linguistically Diverse
Students in Science Education

Okhee Lee

"Research efforts generally involve identifying educational problems or describing instructional
practices rather than implementing intervention strategies to promote teacher effectiveness or
student achievement. Research is still at the stage of conceptualizing issues that need empirical
testing."

As the student population in the nation's schools
becomes more culturally and linguistically diverse, it is
essential to establish a knowledge base to promote aca-

demic achievement and equity for all students. A pressing
problem with diverse students in science education involves
the disconnection and tension between their languages and cul-
tures and the nature of science as it is traditionally defined in
the Western science tradition (Atwater 1994 and Lee 1999).

Equity is distinguished from equality. Equity is associated
with justice or fairness, whereas equality is associated with
sameness. In addressing the tension between Western and alter-
native views of science with diverse students, this paper con-
siders equity from the cultural anthropology perspective.
According to this perspective, science learning occurs when
students successfully participate in Western science, while they
are also engaged in alternative views and ways of knowing in
their everyday worlds. This balanced orientation considers the
contributions and strengths of both Western science and alter-
native views. Students have access and opportunities to learn
the "high-status" knowledge of Western science as it is prac-
ticed in the science community and taught in school science.
At the same time, alternative views of science and ways of
knowing in diverse backgrounds are recognized and valued. As
a result, students are able to achieve both academic success
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and cultural identity.

This paper addresses equity issues about epistemology and
pedagogy of science content, learning, and teaching for stu-
dents from diverse languages and cultures (see Lee 2000 for
the full text). Highlighting the pressing problem of disconnec-
tion and tension as the key theme, the paper offers a synthesis
of major issues and research findings for effective practices
(i.e., what we know) and recommendations for a research
agenda (i.e., what we need to know). Much of the literature is
recent, published mostly during the 1990s. Research efforts
generally involve identifying educational problems or describ-
ing instructional practices, rather than implementing interven-
tion strategies to promote teacher effectiveness or student
achievement. Research is still at the stage of conceptualizing
issues that need empirical testing. Some innovative research
provides important insights to enhance instructional practices
and student outcomes.

Science Content
What counts as science or what should be taught in school

science is critically important because this definition deter-
mines school science curriculum. Western science, as tradition-
ally practiced in the science community and taught in school
science, presents high-status knowledge to which every student
should have access. At the same time, students from diverse
backgrounds bring alternative views of science and ways of
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knowing to the science classroom. This presents a challenge.
On the one hand, an emphasis on the high-status knowledge
without consideration of alternative views makes science less
accessible, relevant, or meaningful for diverse students who
have generally been bypassed in science education. On the
other hand, an emphasis on alternative views, which are cultur-
ally and socially significant but may be unimportant topics in
the science community and in school science, does not pro-
mote equitable outcomes. Research may address ways to incor-
porate alternative views in defining what counts as science and
what should be taught in school science. This topic is as much
a political issue as an empirical question.

Science Learning and Teaching
Students with diverse languages and cultures bring to the

science classroom ways of knowing, talking, and interacting
that are different from those in the mainstream. Efforts need to
be made to bridge the gap between students' home cultures and
the culture of science. The wider the gap, the more difficult it
is to bridge. When disparities abound, there is no equity if
Western science is imposed on students who do not share its
system of meaning, symbols, and practices. Similarly, there is
no equity if students are not provided with opportunities to
learn Western science. Research may examine how diverse stu-
dents learn (or fail to learn) to connect cultural norms (e.g.,
respect for authority) with mainstream expectations (e.g., ques-
tioning and argument). Research may also examine how
diverse students achieve (or fail to achieve) academic out-
comes as well as language and cultural identities.

Effective instructional scaffolding for diverse students
involves consideration of many factors. Two issues emerge as
central: (1) integration of the nature of science with students'
languages and cultures (i.e., instructional congruence) and (2)
teacher-explicit or student-exploratory approaches. Equitable
science instruction meets the learning needs of diverse students
while preparing them to function competently in the main-
stream.

Teachers often do not have both knowledge of science and
understanding of students' languages and cultures. Instead,
some have adequate science knowledge but limited under-
standing of students, others have understanding of students but
limited science knowledge, and still others have limited knowl-
edge in both areas. While establishing instructional congruence
is a demanding endeavor, it is particularly challenging when
cultural norms for students' classroom participation (e.g.,
respect for teacher authority) and mainstream expectations
(e.g., independence and individuality) are incompatible.

Challenges also occur when culturally based instruction
(e.g., teacher-explicit instruction in meaningful contexts) and
mainstream expectations (e.g., student-exploratory instruction)
are incompatible. For diverse students, the discourse at home is
inconsistent with the discourse in school. Multicultural educa-
tion literature suggests that teachers provide explicit instruction
about the rules of discourse in school rather than expect stu-
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dents to figure out the rules on their own. A danger is that
teachers may misinterpret explicit instruction as drill and prac-
tice through didactic instruction and fail to promote critical
and creative thinking with diverse students. This may become
yet another stereotype that can potentially limit opportunities
for diverse students to learn to function competently in the
mainstream. The tension in competing pedagogical approaches
deserves special attention. Consideration needs to be given to
students' language and cultural expectations, science experi-
ences, and the demands of academic tasks.

Teacher professional development is critically important
because teachers play a central role in providing effective
instruction. Although teacher change is a demanding process,
the process may be more arduous when involving diverse stu-
dents. Research may examine the process of change in teach-
ers' knowledge, beliefs, and practices as they participate in
professional development. Research may also examine the
kinds of support required for initiating and sustaining teacher
change. This information is essential in designing effective
instructional interventions with diverse groups of teachers
and students.

Research is also needed to relate teacher change to student
outcomes. It is important to examine how teacher change influ-
ences students' academic achievement, and how student out-
comes in turn influence teachers' knowledge, beliefs, and prac-
tices. In addition, how are different kinds of teacher knowledge
associated with different student outcomes? The interplay of
teacher change and student outcomes may provide valuable
insights into effective instruction and student learning.

Overall Considerations
First, research needs to examine ways to integrate academic

disciplines with students' languages and cultures. Research
generally focuses on one area while keeping the other as the
context. Instead, the two areas need to be addressed simultane-
ously to develop pedagogy that is both subject specific and
diversity oriented.

Second, it is important to link curriculum, instruction, and
assessment to understand a more complete scope of classroom
practices. Because these three components are closely interre-
lated, intervention research focusing on one often faces the
need to incorporate the others. Research needs to consider the
alignment of curriculum, instruction, and assessment in meet-
ing diverse students' needs in classroom practices.

Third, research needs to consider multiple theoretical per-
spectives, which are typically associated with particular
methodological approaches. For example, in addressing con-
flicting pedagogical practices between culturally based instruc-
tion (e.g., teacher-explicit instruction) and mainstream expecta-
tions (e.g., student-exploratory instruction), multiple theoreti-
cal and methodological approaches (e.g., cultural anthropology
and progressive education) need to be considered.

Finally, to improve educational practices, teachers must be
involved in the development of a knowledge base. The practi-
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cal knowledge of individual teachers from diverse languages
and cultures can be incorporated into the development of the
theoretical knowledge of teaching. This knowledge base can be
shared with teachers from a variety of backgrounds in provid-
ing effective instruction for students who have traditionally had

limited opportunities in science. Ultimately, what benefits stu-
dents from diverse languages and cultures can also benefit
mainstream students, making it possible to attain the vision of
standards-based reformhigh academic achievement for all
students.

Discussion: Panel One

Carole LaCampagne

In his panel cuts across a wide swath of diversity and equi-
ty issues in mathematics and science education, from
Elizabeth Fennema's paper on gender equity in mathe-

matics education, to Okhee Lee's discussion of equity for cul-
turally and linguistically diverse students in science education,
to Manuel Gomez's discussion of his successful mainstreaming
of underserved K-16 students. The panel presented a very
interesting tapestry. Underlying the first two presentations, the
issue of values, culture, and scienceor sometimes, culture
versus scienceseemed to predominate. An important point is
that this should not become a tug of war, or our students will
be caught in the middle. Our students need to live in the world
of science and mathematics as it is presently constituted, if we
are to help them get better jobs, compete in the world market,
and prepare for the future. The problem is how to marry the
culture that students bring to schooling with the outside world
for which we want to prepare them.

I was disturbed to hear the results of the further study on
Cognitively Guided Instruction and the identification of gender
differences very early on. This is certainly something we need
to look at, and we need to look at other programs in the early
grades to see if there is a similar effect there. I think, however,
there is very good news in the gender equity situation. Gender
differences in mathematics achievement over the past twenty
years have been decreasing. Girls are taking more advanced
mathematics courses in high school than they did twenty years
ago, and a greater percentage of women are taking mathemat-
ics majors in collegein fact, it is up to about 50 percent.
However, a smaller number of women majoring in mathemat-
ics are planning to go into teaching than males, so this is not
exactly equitable. Also, the number of women who go on to
graduate school in math has remained stable over the years,
and is not increasing significantly at this time. So we still have
a problem, especially with the retention of women in graduate
courses in mathematics.

I agree with Elizabeth that the effectiveness of intervention
programs (of which there are many, and I've been in a few of
them myself) have not been well documented; we certainly

need to be considering good ways of documenting results as
we set up intervention programs. We haven't done a very good
job of this. Consequently, some intervention programs prolifer-
ate that perhaps should not, and other good ones are not car-
ried forward.

I was also very interested in Elizabeth's concern for a femi-
nist perspective in mathematics, and this certainly goes to the
cultural issues too. I wouldn't want to carry this so far that
girls were not learning the mathematics that they may need to
know to go into science and technology fields. We need to be
very careful about how we phrase our research questionsthis
can determine the results we get. We need to look very careful-
ly at this feminist perspective in order to phrase our research
questions in ways that will not prejudice the results from the
beginning.

Lee's discussion of the postmodernist feminist perspective
was interesting, and her concern not to consider this as highly
as an anthropological approach was also an interesting take. To
look at how students can successfully participate in Western
science while maintaining their own cultural identities and val-
ues and those of their parents is certainly very difficult for
teachers to do. To look very clearly at how we can help teach-
ers cross this very interesting terrain is of extreme importance.
We think, at the Department of Education, that the approach to
a problem-based research agenda is a very important one. We
are working, as Kent McGuire mentioned, to set long-range
research agendas in mathematics and reading.

Manuel Gomez presented a very interesting and practical
case for a K-20 educational pipeline to mainstream underrep-
resented students. He talked about orchestrating, and, as I read
his paper, I thought of him as an orchestra leader. I also
thought, a bit discouragingly, that there are not too many won-
derful symphony orchestra leaders in the United States, nor in
the world. I'm concerned as to how we might grow more won-
derful orchestra leaders in this area of systemic reform. It takes
this leader to pull together people, organizations, money, and
funding, and to also have the capacity to generate enthusiasm,
interest, and dedicationthat is a tricky matter. Maybe we
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need more education in developing more orchestra leaders in
our systemic efforts in education. I certainly liked his model of
research and practice. I think this is something we're looking
atstarting small, implementing, continuing to assess, keeping
the cycle going. We have not been too successful at this in the
past, as a whole or as a community, and we need to do more
about it.

Will the increased emphasis on changing the way we
teachthat is, more emphasis on group work, more emphasis
on teaching for understandinghelp the equity issue with
regard to educating girls? Will this help women who are enter-
ing technical fields and raising, nurturing, and mentoring their
daughters? I think that history has made a difference in the
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gender equity situation. And I see many good friends in the
audience who are working on these issues too. I don't mean to
say the issues are solved, but I think history is on our side and
that some of these issues have lessened over the years. Okhee,
I am still concerned about how we can manage this juggling
between the Western culture, or may I say (since we are
becoming such a global society) almost a global look at what
science is, with what children bring to school. For example,
some children may bring to school from their culture the belief
that the sun revolves around the earth, and some children may
bring to school a creationist approach to science. How do we
resolve this? How do we expect the teacher in the classroom to
handle these problems? I think these are thorny issues.
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PANEL TWO

Rethinking the Role of Special Programs'

Patricia Campbell and Les li Hoey

"There has been little examination of unintended and/or negative effects of special
.programs .. Unless the possibilities of unintended outcomes are explored and tested with
students from different demographic groups, we may be doing more harm than good."

The Problem
Traditionally, there has been gross underrepresentation in

SMET careers of female and male students of color, white
female students, and students with disabilities. Although there
has been progress, it has been uneven. Underrepresentation in
SMET continues, but the issues surrounding it are somewhat
different for members of different groups:

When young women graduate from high school, they have
basic science, math, engineering and technology skills and
knowledge in numbers and percentages comparable to
young men, although some gaps exist at the most advanced
levels. However, young women are much less apt than
young men to continue on in SMET.

Although the science and math achievement and course-
taking of students of color has been increasing, relatively
few African American, Hispanic, and Native American stu-
dents are graduating from high school with the skills and
knowledge needed to continue in SMET. Even fewer go on
in these areas.

By the end of high school, students with disabilities have
taken less science and math than other students. Little else
is known about their SMET skills and knowledge.

Challenge I: Exploring Unintended Outcomes
Research and evaluation that has been done on special pro-

grams has tended to focus on program impact on delineated
goals and outcomes. There has been little examination of unin-
tended and/or negative effects of special programs, although
individual evaluations have documented such findings as:

a focus on barriers faced by women in science, causing
female high school students to become less interested in
going into science careers;

hands-on science activities led by adults with no knowledge
of equity strategies, causing students to become more
stereotyped and limited in their opinions of who could do
science; and

M students and teachers in an SMET enrichment program tar-
geting minority students seeing it as remedial, in spite of
strong evidence to the contrary.

Unless the possibilities of unintended outcomes are
explored and tested with students from different demographic
groups, we may be doing more harm than good. Student data
must be broken out by race/ethnicity and sex to allow decisions
to be made, not just about the effectiveness or ineffectiveness
of strategies for "average" or "typical" students, but their
effectiveness for different groups of students.

Challenge II: Moving on and Scaling Up
Special programs need to become laboratories for try-
ing out new ideas, rather than providing remediation
or "enrichment" for some underserved students.
Instructional strategies for reaching all students with
high quality content needs to be a part of every class-
room, not a pull-out, after school or lunch program
for a few students (Campbell and Kreinberg 1998).

There is a great need to learn more about the scaling-up
process, to learn more about how to bring strategies that work
into the mainstream of education in terms of content, peda-
gogy, and funding. It is particularly important that research and
evaluation on scale-up efforts include state teacher certification
programs, teacher educators, and others who work with preser-
vice teachers, so that teachers come into the profession with
the knowledge and skills to attract and keep students from
underrepresented groups in SMET. Equally important is the

' While this short paper emphasizes research issues in evaluating programs, the longer paper by Campbell and Hoey (2000) available at www.nise.org. also reviews
the effectiveness of programs targeting gender and race.
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need to address the areas of teacher rewards and reinforce-
ments. It is key to determine what is needed to support teach-
ers and others. This support should be not just in their initial
efforts to change, but in their efforts to continue to implement
and refine effective strategies to increase the participation and
achievement of students from underrepresented groups in
SMET.

To make the results of such research and evaluation useful,
it is necessary to explore what acceptable evidence of effec-
tiveness is. Issues to be covered in such an exploration include:

the role of statistically significant change versus meaning-
ful change;

the value of one well-controlled study versus many studies
with different flaws; and

the value of comparing the impact of one program to that
of another (or to the impact of doing nothing) versus
assessing program impact in terms of the degree to which it
meets an acceptable criterion (i.e., 90 percent of students
continue on in geometry).

As work continues on ways to scale up and institutionalize
effective strategies, additional work needs to be done to devel-
op and test new strategies and activities. However, it is difficult
to develop innovative strategies without knowing what has
already been done. Currently there is no comprehensive com-
pilation of programs and strategies. Compilations that include
lessons learned, effective and ineffective strategies, and even
hands-on activities are badly needed. An easily accessible com-
pilation would mean that program developers and imple-
menters could build on and refine existing strategies and activ-
ities rather than reinvent them.

Another factor mitigating against the development and
implementation of new and possibly risky strategies is an
emphasis by fenders on funding special programs that have the
best chances of working. Both fenders and developers need to
see that finding out what doesn't work and why can be as valu-
ableand should be as valuedas finding out what does work
and why.

Challenge III: Rethinking the Roles of Evaluation and
Research in Special Programs

There is an existing knowledge base that can and should be
used in program and policy development. However, much is
left to be learned. Typically, due to a lack of resources, few
programs do the kinds of evaluation that can determine impact
on student achievement, course-taking, or longer-term interest
in SMET. There is a great need for longitudinal evaluation to
better determine what works and what doesn't in encouraging
underrepresented students from different groups to continue on
in SMET, particularly students with disabilities about whom so
little is known. The major challenge for the research and evalu-
ation agenda is to increase the amount of research and/or eval-
uation done using the following model:

Program participation intermediate effects> long-term
effects/student data for different demographic groups

To be successful, the research and evaluation agenda must
be built on the belief that this is not about special programs,
but about creating equal outcomes for students across all
groups. Data-driven intervention must identify the variety of
successful strategies that will allow us to serve the entire popu-
lation, to close the gaps between groups without creating gaps
within. To be high quality, education must serve all.

Effective Programs for Achieving Equity and Diversity
in Mathematics and Science Education

Vinetta Jones and Anne Bouie

"Another area of concern is the way in which programs define their relationship with
students' families; the ways in which programs that produce high student achievement
outcomes work with parents..."

r-There is a great deal known about what works, what does
not work, andto some extentwhy things do or do
not have positive outcomes for student achievement. A

research agenda for programs to promote equity in mathemat-
ics and science would do well to build upon and extend the
existing knowledge base. This paper presents several key issues
and briefly discusses why they are important in the field.
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The first key research issue is arriving at some sense of the
definition of a "quality" program. There are those who feel that
it is not reasonable to expect that a single teacher development,
teacher research, student enrichment, or even a systemic pro-
gram can bring about and sustain this outcome beyond a pilot
or an experimental program with the ability to control the envi-
ronment tightly. Further, "student achievement as a reasonable
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outcome also awaits the development of reasonable and reli-
able assessment tools and methods that measure indepth, con-
ceptual understanding of mathematics and science" (Kaser and
Bourexis 1999, p. 110). Hence, some sense of how mathemat-
ics and science programs themselves define "effectiveness"and
"reasonable outcomes," the basis for their criteria, and the
implications of their definitions of "success" and "effective-
ness" are all reasonable questions which would bolster the
work done by Malcom (1983); Clewell, Taylor-Anderson, and
Thorpe (1993); and others who have sought to obtain evalua-
tion criteria and data from mathematics and science enrich-
ment programs at all levels. Once data have been obtained on
the ways in which programs define effectiveness, some analy-
sis of their outcomes in relation to their definition might pro-
vide useful information about program design and implementa-
tion and their relationship to student outcomes.

Another area of concern is the way in which programs
define their relationship with students' families, the ways in
which programs that produce high student achievement out-
comes work with parents, and whether these interactions differ
from those in programs that do not produce gains in student
achievement and other measures of academic progress. These
findings would be useful in helping programs design and
implement family interactions that create endorsements on the
part of families for the work that will be required if students
are to be successful. Funders are rightly concerned that
resources produce results. By paying attention to student out-
comes, programs assure those who are involved with their
work that resources are being spent wisely.

A great deal of work has been done focusing on the
strengths of traditionally underserved students and their fami-
lies. This body of work is commonly referred to as the
"resiliency frame." This frame has potential utility because it
points educators to specific traits of individuals, families,
workgroups, and organizations that create a positive environ-
ment that nurtures and sustains young people. When these
characteristics are applied to workgroups and organizations,
they are particularly compelling. Research, which determines
the extent to which "effective" programs also possess the char-
acteristics and traits of "resilient" organizations, could be very
useful in program design and implementation.

Another critical research area is the examination of pro-
grams and projects that have indeed successfully scaled up
beyond the original pilot or site to other sites, to sites outside
the district, to the district as a whole, or to other states. Quality
ethnographic data on what was done and on how and why
things were done could provide useful information to practi-
tioners and researchers alike.

A related area of concern is the extent to which such pro-
grams have been institutionalized and have effected significant
change in the ways schools design and implement programs
for traditionally underserved students. If indeed these programs
have been institutionalized and have become a part of the host
organization, which entity has adapted and changed, and what
have been the effects on student outcomes? Research could
support practitioners in examining effective strategies for
translating relevant research findings into practices that can
actually be used in real-world settings. Research should be
reported in ways that are practitioner-friendly as well as suit-
able for referred journals.

There are a fair amount of data that seem to indicate that
programs and staff of schools that are successfulas defined
by student achievement, academic self-confidence, enrollment,
and success in advanced mathematics and science classes
differ from other schools in some very important areas. It
appears that successful programs differ from ineffective pro-
grams in these four critical areas. First, they seem to view the
student and what he or she brings to the classroom differently.
Second, there appears to be a difference in the relationship
between the staff and students and between the staff and the
families of the students. Third, it appears that the kind of con-
tent presented and the ways in which it is taught often differ
dramatically from presentation and delivery in conventional
classrooms and programs. These are all areas that could bene-
fit from research and, as stated earlier, made user-friendly so
that they may be adopted by other programs. Finally, the extent
to which these four areas might inform preservice teacher
training programs is certainly worthy of exploration.
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Gender Issues in Computer
Science Education

A.R. Davies, Maria Klawe, C. Nhus, M. Ng, and H. Sullivan

"While these initiatives seem promising approaches to tackling some of the core factors
affecting the low female participation in information technology, more research and programs
are clearly needed. One important area of research is to find out whether the findings for
females also apply to other underrepresented groups in information technology."

The low participation by women in both the information
technology (IT) industry and in computer science cours-
es in secondary and postsecondary education is an

important equity issue in science education. In addition to the
increasingly intense need for more highly skilled people in the
IT sector, women are missing out on many of today's most
attractive career opportunities. Equally importantly, the IT
field is missing out on the broader range of perspectives and
talents that would result from significantly increased participa-
tion by women. Both the percentage and total number of bach-
elor's degrees awarded in computer science to women
decreased almost every year over the last decade. This is in
direct contrast to almost every other area of science and engi-
neering, where participation by women has significantly
increased. Only 14.4 percent of employees in IT are female
(Myers 1999). The current percentage of computer science
B.S. graduates from U.S. research-intensive universities is
approximately 17 percent (Camp, Miller, and Davies 2000).
Moreover, course-taking patterns in high school indicate that
the gender imbalance in computer science has already estab-
lished itself prior to university.

Research by many groups, including the SWIFT
(Supporting Women in InFormation Technology) project at the
University of British Columbia (see http://taz.cs.ubc.ca/swift),
has identified several factors contributing to the lack of female
participation in IT careers:

In North America, socialization has the effect of labeling
computer science as a hard-core male activity. This gender
stereotype is entrenched by the male-oriented computer
games that form the primary computer experience for most
children. In addition, the lack of female IT teachers and the
small number of females involved in the IT industry result
in an absence of female role models.

There is a significant gender imbalance in access to and
ownership and usage of computers. The tendency for boys
to dominate computers at school and at home and the
scarce use of computers as a teaching tool in schools results
in girls graduating from high school with less experience in
computer usage, especially in programming.

The combined result of the above two factors leads to more
computer anxiety and lower levels of self-perceived ability
in computer science among female students.

The images of IT jobs (programming sixteen hours a day
with little human contact) and of the people who work in
them (geeks with no life) are not appealing to females.

Introductory computer science courses usually focus on the
technical elements of programming and computers rather
than on computing applications. This approach is not
appealing to females who tend to value computers for their
uses rather than their intrinsic technical interest.

These findings point to the need for more research and pro-
grams related to gender-inclusive computer science education
and software development. In addition, there needs to be sig-
nificant improvement in the awareness of students, parents,
and teachers about IT careers. Initiatives in these directions by
the SWIFT project include:

Research and development of gender-inclusive educational
computer games (see http://taz.cs.ubc.ca/egems). Our find-
ings indicate that female students are as interested and as
competent as male students in playing educational comput-
er games when the games are designed to take a broad
range of playing and learning preferences into account.
Simple interventions in the classroom such as providing
one time per week when only girls are allowed to play at
the computers (and an analogous time for boy-only play)
have had dramatic results in increasing girls' time on the
computers.

Development of the Virtual Family software activity which
provides a fun introduction to programming in Java via the
programming-by-example method.

Delivery of hands-on workshops for girls in grades 7-10
that are designed to raise their awareness of IT careers and
engage girls in interesting and enjoyable creative computer
activities.

Development of a university computer science course that
introduces computer science concepts through applications
in biology, psychology, and the fine arts.
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Development of ARC, a two-year postbaccalaureate pro-
gram combining academic computer science courses and
work experience that is designed to be attractive to women.
The key "women-friendly" elements in ARC'S design
include requiring no prior programming experience; aiming
the program at students with an outstanding previous aca-
demic record in any discipline (e.g., English, music, politi-
cal science, psychology, biology); providing smaller class-
es, extensive additional tutoring, and nurturing instructors;
explicitly specifying that the program aims to have women
be at least 50 percent of each cohort; and providing an
opportunity for a paid work experience. So far approxi-
mately 60 percent of ARC students have been women.

While these initiatives seem promising approaches to tack-
ling some of the core factors affecting the low female partici-
pation in IT, more research and programs are clearly needed.

One important area of research is to find out whether the find-
ings for females also apply to other underrepresented groups in
IT. Another important area is to upgrade computer science and
equity knowledge and skills of in-service and preservice teach-
ers and counselors. A third area is the development of more
culturally diverse and application-oriented approaches and
resources for teaching computer science. Although a number of
different groups have made significant efforts to find ways to
make IT more attractive to female students, much remains to
be done in making the various programs systematic and inte-
grated with the school and university system. Perhaps the most
important area is to change the popular image of computer
professionals. The image of computer professionals as nerds
who work in isolation in front of computer screens is neither
accurate nor appealing to females.

Discussion:
Panel Two

Warren Chapman

/am a program officer at the Joyce Foundation, and sys-
temic reform is what the education program does at the
Joyce Foundation. We put money out there to help school

systems change. It is not an easy field to be in, and it is a very
expensive endeavor; sometimes it doesn't look like you're get-
ting anywhere.

But let us think for a second about why I know that I'm
going to win and the systems are going to lose. There are two
very simple reasons I can stand up here very proudly and say,
"Yes, I do systemic school reform and I pay for it." They have
nothing to do with the amount of money I spend, nor with the
politics going on in schools right now. They have to do with
many other things, and these things relate to why the issues
brought up in these three papers are important.

The first one is inevitable; it is happening right now. On
December 31, 1999, the United States ended the second largest
baby boom in its history. Twenty-three percent of the children
born in the last baby boom, from WWII to its peak in 1972,
were minority children. Around 2020, 40 percent of all chil-
dren attending school in this country will come from minority
backgrounds. That is a huge increase, and what it says is this
country's educational system, whether it be public or private,
will have to educate the largest number of minority students in
history. The second reason is that the economy is global. It's
that simple. We no longer compete between Detroit and
Chicago. Chicago and Detroit compete against Calcutta,

Singapore, Paris, and Stockholm. If you want to make money,
you have to compete on those fields. Therefore, when we think
about diversity and equity in science, math, and technology
education programs, we have to ask ourselves, what does it
mean? To me, it means the future. The numbers are there, the
economy is there, and we have to do things differently than
we've done before:

There are three questions I want to go over; also, I want to
talk about some things these papers have in common. The first
question is that we must think about a new definition of suc-
cess in education. It doesn't mean success has to be less than it
isit just means we have to look at it differently. The second
question is that we have to think hard about how we measure
success. How do we take these programs and successfully scale
them up? As a historian of education, I don't know if we've
ever scaled up an educational program. We've mandated and
put a lot of money behind it and done it. For example, look at
what Sputnik did for math and science in schools. We put a lot
of money behind it and just did itnot a lot of research, but a
lot of money. Third, how does this conversation of special pro-
grams no longer become special programs, but become the
norm, or the culture, of the schools? Because it will have to
become the norm to be successful.

I think the others did a very good job of capturing some
points here, and describing some good things which are hap-
pening in terms of "these are successful practices." And let me
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tell you that as a program officer who is responsible for giving
away about $10 million a year in grants, I have never had any-
one come into my office and say, "I'd like for you to fund a
bad program." All programs are good. But there are some com-
mon things here that we must pay attention to when we try to
answer these three questions. The first one, as made clear in
the papers, is that kids may not feel invited to learn the subject
area. Women didn't feel they were invited into this field.
Whether it is a math or science program or any other program
out there, what we begin to ask is: Are the students welcomed
into the class? Are they expected to learn? And is the curricu-
lum rigorous? Do they get a sense of efficacy from the faculty
that is teaching them, from the teacher in front of them? Do
they get the message "I am here to teach you, I believe you're
going to learn; I'm going to teach you this subject area, and
you really belong here"? We also have to figure out, then, if
they're not invited, how do we invite them?

Another issue is that these three studies show a lot about
what we have learned, and we've learned an awful lot in this
field. Have we learned it all? No. But we have some knowl-
edge. One of the problems we have is that the knowledge may
exist here in this room with two hundred of us, and maybe you
can multiply that three or four times, but how does that knowl-
edge begin to spread into practice? What I didn't see here was
the hard wiring that takes the knowledge and puts it into the
practice. You really brought back home some studies I have
been reading over the last few years about minority achieve-
ment. Look at the differences in the Equity 2000 cities. In
Milwaukee, with which I am very familiar, and other cities,
look at what happened over the years. Do we have any indica-
tion of what was learned in those cities, about how they took
an idea from its gaseous state and made it into a solid entity?
And if we did, do we have teachers who can talk to other
teachers about how they did it, how they learned it, how they
took it into the classroom, and what they've learned from it
and then carry it on? These are important things, because if
we're going to translate this knowledge from one place to
another, we've got to have translators. This is some of the work
that still needs to be done.

Also, it may be as important to discuss how we teach as it is
what we teach. That one and one equals two, we will give that
as a common thread. We can teach that over and overbut
how do we teach that? Maybe it goes back to the question
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about how to take what we've learned and make it into the
norm, because the norm probably needs to be a new norm.
How do you take the knowledge you have and integrate that
with other areas? Now I'm going to push this a little. Maybe if
the hands-on experimental approach, if the very active learning
that must go on and that arose in almost all of your studies
were necessities, and if the mentoring for all those things that
seem to be common denominators across the board really pro-
duced strong results in academic achievement by children who
were learning nontraditionally, then we must begin to look into
other areas, other fields, about how to take this and integrate it.

Let me give you an example. A very interactive field of
learning is the arts. Whether it's theater, drawing, speech, film-
making, painting, sculpture, or poetry, it is a very interactive
field. Who says you can't take one area of math or science and
begin to integrate arts with it in a very interactive stance? I'm
not saying we have the answer about how to do that or that we
can demonstrate it. I have seen some schools that have used
dance to teach geometryand it worked, the scores were up.
The mayor was pleased. The superintendent was pleased.
Therefore, the program was a success. Did those programs
become a norm in the city? No. The trick here is that even if
you raised the scores, the politicians don't understand what
happened. They just want to make sure the scores are up. All
they will do is make sure that the person at that school or set
of schools continues to do what he or she is doing, so when
they bring the other politicians, they can demonstrate it. The
trick is for us to take that unique piece of learning that hap-
pened there in teaching and begin to expand upon it in differ-
ent ways.

The real issue once again is how do we take this and move
it on. There is knowledge out there of substantive value. It is
deepalthough perhaps not deep enough. It is broad
although perhaps not broad enough. Most educational innova-
tions in this country were not based upon anything much deep-
er than the will of the people, and the will of the folks who had
the power to vote in legislative chambers to make change, fol-
lowed by the acceptance and hard work of folks in classrooms
to accept that change to create a new norm. What we have here
is evidence that we need to build upon, and the studies talked
about here lead me to believe that there is more work to be
done. The job is not over, but we have begun to do that work.
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PANEL THREE

Good Grades/Lary Test Scores: A Study of the Achievement Gap
in Measures of Quantitative Reasoning

Lloyd Bond

"Perhaps the single biggest instructional challenge in all of high school mathematics is the difficulty teachers
have in moving students from being able to solve well-structured problems to being able to solve verbally pre-
sented tasks (i.e., "word problems The most pressing immediate research imperative, I feel, is ofa more
ethnographic nature. What antecedent instructional conditions facilitate and what antecedent conditions frus-
trate the development of proficiency in quantitative problem solving?"

rri his investigation,' although it identifies a limited num-
ber of aspects of a complex problem, points up fruitful
areas for future research. We have seen that students

who have the requisite declarative knowledge to solve a class
of quantitative reasoning problems nevertheless fail to use that
knowledge when it is required. Additional research is needed
to describe more completely the nature and structure of the
mathematical knowledge that students with the "good
grades/low test scores" achievement pattern have. More
research is also needed on the features of quantitative reason-
ing problems that make it likely that students who have the
required knowledge will correctly solve them. It was noted ear-
lier that one relevant task feature appears to be the extent to
which the problem is "concrete" (i.e., employs specific num-
bers) versus "abstract" (i.e., employs unknown variables).
Kintch and Greeno (1985), Mesa and Herbst (1997), and oth-
ers have stressed the verbal processing demands of many prob-
lems that are intended to measure quantitative ability. Perhaps
the single biggest instructional challenge in all of high school
mathematics is the difficulty teachers have in moving students
from being able to solve well-structured problems to being able
to solve verbally presented tasks (i.e., "word problems").

The most pressing immediate research imperative, I feel, is
of a more ethnographic nature. What antecedent instructional
conditions facilitate and what antecedent conditions frustrate
the development of proficiency in quantitative problem solv-
ing? Two general categories of studies come immediately to
mind: studies of the instruction taking place in actual class-
rooms and studies of student non-classroom engagement and
time spent on things academic.

It is axiomatic that good teaching is essential for good
learning. To be sure, some students can, on their own, achieve
remarkable levels of proficiency in certain domains, but for the
vast majority, quality teaching is prerequisite for high or even

adequate achievement. What constitutes "quality teaching" in
elementary, middle, and high school mathematics? Eminent
scholars such David Berliner, Lee Shulman, and Gaea
Leinhardt have studied expert teachers in action. Their work,
along with the highly influential series of standards and associ-
ated performance assessments of the National Board for
Professional Teaching Standards for certifying public school
teachers has contributed significantly to our understanding of
precisely what constitutes good teaching. One surprising, but
consistent, finding is that credentials per se (e.g., number of
advanced degrees) are largely unrelated to teaching expertise.
Teachers with bachelor's degrees do as well on the board's rig-
orous assessments as do those with master's and doctoral
degrees. The inference that one is a good teacher must be
made on the basis of his or her actual classroom practice: What
does the teacher assume about the state of knowledge of his or
her students? Is instruction appropriately paced? Does the
teacher sequence hierarchically ordered concepts in a rational
and coherent way? How does he or she respond to individual
differences in readiness? What kinds of assignments does he or
she give the class, and what is the nature and quality of his or
her individual student feedback? How does the teacher monitor
and assess student progress, and what level of student profi-
ciency do his or her grades reflect? A related set of questions
involves the extent to which teachers take the easy way out by
limiting instruction and assessment to the developmental level
of their students, thereby avoiding more challenging tasks alto-
gether. If we are to relate student achievement to teaching
expertise in any defensible way, this level of specificity is
essential. A well-designed ethnographic study of actual class-
rooms would be an enormous contribution to our understand-
ing.

Issues of readiness and "social promotion" must also be
systematically studied. Many students, especially those in over-

2 Bond refers to original research that he describes in a more extensive paper, which is a iQble at www.nise.org along with the more extensive background papers
for each of the panelist's short papers provided in this report.
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crowded urban schools where many math and science teachers
are certified in areas other than math and science, may
advance through the mathematics sequence with acceptable
grades but fundamentally unprepared for the next level of math
instruction. As a consequence, much of the knowledge they
have may be precarious and almost entirely verbal. The present
investigation would suggest that this is precisely the case. To
repeat, a well-designed ethnographic study of actual class-
rooms, of the content of instruction, of the assignments given
and the grading criteria used, would be an enormous contribu-
tion to our understanding.

In addition to in-classroom studies, research is needed on
exactly how students spend their non-classroom hours. Other
things being equal, can individual differences in proficiency be
traced systematically to the amount and quality of non-class-
room time that students are engaged in relevant tasks? Student
self-reports are often unreliable and generally insufficient.
Observational studies of non-classroom activities, while expen-
sive, are not impossible.

Finally, it should be noted that, although I have deliberately
omitted discussion of social and psychological factors involved
in performance on cognitive measures, including measures of
quantitative reasoning, such factors are clearly important.
Claude Steele's highly original and insightful investigations
into the phenomenon of "stereotype threat" are a case in point
(Steele 1997). He convincingly demonstrated that individuals
who are the object of a negative stereotype (as African
American students are with respect to measures of intelligence
and scholastic ability) tend to so internalize the stereotype that
it adversely affects their performance on such measures. When
students were randomly asked to solve a series of problems
under stereotypically threatening conditions ("this is a test of
intelligence") and under innocuous conditions ("this is an
experiment on processing strategies"), African American stu-
dents randomly assigned to the former conditions did signifi-
cantly worse. We need to know how pervasiveness this phe-
nomenon is and to devise effective ways to counter its poten-
tially harmful effects on student academic growth.

Future Research Related to Equity in
Achievement and Course-Taking

Jeannie Oakes, Kate Muir, and Rebecca Joseph

"How can states, districts, and schools undo the structural impediments to equitable course
participation e.g., uneven resources for high-level math and science among schools, tracking
practices within schools, and the uneven assignment of teachers to schools and to tracks within
schools?"

Our review of research on equity in mathematics and
science course-taking and achievement reveals that, in
a decade of policies pressing for high standards in

schools that remain separate and unequal, we've made some
progress in raising the levels of course-taking and achievement
for all racial groups. However, we've done little to reduce the
gaps among them. Although the increases are encouraging,
they have served to raise standards for admission to competi-
tive colleges in ways that prevent most low-income and minor-
ity students from translating their improved accomplishments
into enhanced educational and life chances. However, our
review also supports the claim made last year by the Task
Force on Minority High Achievement that we have learned a
great deal "about how minority educational outcomes can be
improved, despite having made only modest investments in
educational R&D" (College Board 1999, p. 14). We conclude
with-the task force that we must "redouble our efforts and our
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investments" to promote minority opportunities and high
achievement (p. 14). To forward this agenda, we offer a set of
research questions about the general educational system as
well as questions specific to math and science education. We
believe that both types of questions are necessary, as
researchers and policymakers implement what we already
know and mount new, vigorous initiatives to learn more and do
more to achieve equitable course-taking and achievement.

Questions about Diversity and Learning
Currently we are unable to draw on the full range of talents

in our diverse population due to our lack of specific under-
standing of the value of diversity to learning and social
advancement. We must dismiss the idea that we value diversity
for diversity's sake and start believing in the idea that diversity
is needed to better us all. We must take the challenge posed by
Rita Colwell in her foreword to Women, Minorities, and
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Persons with Disabilities in Science and Engineering: 1998, in
which she writes:

A challenge for our country is to attract the best talent
from all sources to science and engineering to stimulate
creativity, innovation, and change; contribute to the
advancement of science and engineering; and foster a
scientifically literate population. Different perspectives,
talents and experiences produce better ideas (NSF
1999, p. ii).

The answers to the following questions will help us better
engage a broader section of our population in learning and
contributing to science and mathematics:

M What can educators learn from science about the advan-
tages of diversity in the natural world?

M What contributions do diversity and heterogeneity make to
learning and change in social institutions?

E What could constructs from sociocultural perspectives on
learning, such as learning in "communities of practice,"
through "apprenticeship," as "changing participation over
time," as "identity development," etc., contribute to our
general understanding of learning in diverse settings?

How can math and science courses capitalize on diversity
and heterogeneity to maximize learning? How, for example,
might a greater emphasis on diversity contribute to all stu-
dents' multiple ways of knowing math and science?

Questions about Creating More Equitable School
Structures and Cultures

We have specific evidence from research and equity inter-
ventions about school conditions likely to promote more equi-
table course-taking and achievement. A college-going culture
at school, high-quality curriculum, well-prepared and knowl-
edgeable teachers, special academic assistance when needed,
supportive relationships with caring school adults, and connec-
tions with families focused on high achievement and college-
going all seem to foster the outcomes we seek for low-income
students and students of color. But to translate these features of
exemplary schools and effective special programs into the rou-
tine, everyday practices experienced by low-income students of
color presents enormous challenges. Research focused on the
following questions should help:

How can states, districts, and schools undo the structural
impediments to equitable course participatione.g., uneven
resources for high-level math and science among schools,
tracking practices within schools, and the uneven assign-
ment of teachers to schools and to tracks within schools?

E How do schools create academic, college-going cultures
where adults and peers see college-going as expected and
attainable, and where they see the effort and persistence
that preparation for college requires as normal?

How can we piece together what we know from effective
"equity programs"including their provision of intensive
academic and college-going support and close relationships
between students and adultsto create an equitable science

and mathematics educational system?

How can schools, working with community organizations,
develop connections with parents and neighborhoods that
enhance their knowledge of and access to mathematics and
science courses, high achievement, and college preparation?

Questions about the Form and Substance of Equitable
Courses

How can we create courses that make mathematics and sci-
ence content more accessible to all American students? In con-
trast to commonly held views that low-income and minority
students devalue education, studies suggest that they more like-
ly to turn away because of a real or perceived lack of opportu-
nities (Steinberg 1996). A recent RAND study of low-income
high school graduates who were eligible to attend the
University of California but chose not to found that the stu-
dents were most deterred by their beliefs that the university is
"not for people like me" (Krop et al. 1998). These perceptions
arise, in part, as students internalize negative labels assigned to
their racial and cultural groupswhat Claude Steele (1997)
terms "a stereotype threat." Creating courses where minority
students can see the connections between themselves and the
content of science and mathematics and where teachers use
pedagogy that builds on students' cultures and languages is one
way to counter this threat. However, we need to know far more
about what such courses might be like. Research into the math
and science education questions below should help us develop
a system in which students hold identities that are simultane-
ously multicultural and academic:

E How can science and mathematics be treated as everyone's
"everyday practices"?

M What are multicultural curricula and culturally relevant
pedagogies in mathematics and science?

Does the absence of multicultural and diversity issues in
the National Science Education Standards prohibit equi-
table implementation of the standards?

U What assessments capture and respect multiple ways of
knowing mathematics and science?

Is Advanced Placement and the pipeline of courses that
lead to it an equitable (or even the "best") approach to
advanced study in mathematics and science?

Questions about Social and Political Support for Equitable
Schooling

The National Task Force on Minority High Achievement
puts it simply: "America is a diverse society in which educa-
tional differences have the potential to become a progressively
larger source of inequality and social conflict" (College Board
1999, p. I). Efforts to construct the math and science educa-
tion system in ways that the literature suggests are necessary to
make participation and high achievement possible for low-
income students of color will inevitably bring political resist-
ance from powerful forces bent on preserving the status quo.
California's recent rejection of affirmative action provides a
sobering example. This response is understandable in a strati-
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fied educational system where opportunities are based on ide-
ologies of intelligence and merit that disadvantage some
groups and favor others. Are we to just sit by and let conflicts
build? Or could research on the following issues reveal ways
that Americans might move more harmoniously toward a
diverse, high-achieving, and equitable society?

What is the impact of our culture's framing of mathematics
and science achievement as "culture free" and ideologically
neutral? How do we dismantle the elite and esoteric status
of science and mathematics as fields of study?

How can we change prevailing attitudes about who can
learn mathematics and science? What alternative measures
of competence and potential help reduce race and social
class sorting?

How do we develop norms whereby Americans see deep
engagement, high achievement, and hard work in mathe-
matics and science as normal and expected of all?

How can we counter the often-unspoken race and social
class fears that complicate efforts to create equitable
course-taking and achievement?

How can we unseat ideologies of competition and merit in
schools that perpetuate social and racial stratification in
school and beyond?

How can more equitable schools hold on to children from
families used to having a competitive advantage?

How can we make salient that our goal must not simply be
to accommodate "minorities," but to educate everyone well
in an increasingly diverse society?

Underrepresented Minority
Achievement

Richard Tapia and Cynthia Lanius

"We often see 'minorities' as one huge homogeneous class of people. This is especially true of
Hispanics, but vast disparity exists among different Hispanic groups. We would like to see more
research on meaningful classifications of minority subgroups with meaningful data collection
based on those groups."

How could so much time, money, and effort be put into a
problem with so little success? For at least three
decades, this nation has attempted to increase the par-

ticipation of underrepresented minorities in science, mathemat-
ics, engineering, and technology with dismal results. Countless
research projects have been conducted with numerous pro-
grams implemented with so little improvement that one won-
ders if the same increase would have occurred if none of these
efforts had ever been expended.

In this paper we will resist
lamenting the failures of the
past but will rather call for a
major reexamination of the
system. It is time to ask if new
programs grafted onto an ailing
system will solve the problem.
Thirty years of failure should
tell us that for underrepresented
minorities, the system is
irreparably flawed, and no fine-
tuning of existing structures is
going to fix it. We call for
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research to define an educational system that supports minority
success.

City Culture: A Value System of Its Own
Have you noticed that as long as teen violence remained

confined to cities, it was not seen as an American problem? We
expect urban minority kids to be violent. Not until teen vio-
lence emerged in rural and small-town white America did the
country see it in crisis proportions. What do we as a nation
believe about cities (and we really mean inner-cities), and how

ETHNICITY OF SELECTED URBAN SCHOOL DISTRICTS

Ethnicity
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Native American

White
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34.2%

52.5%

3.2%

0.2%

10 0%

52.5% 37.7%

34.1% 35.7%
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69.1%
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6.5%

0.3%

10.5%
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much of the cities' failures do we merely accept as a conse-
quence of minority culture? None of us see cities as just very
big small towns. Cities and city schools are driven by parallel
minority cultures. Large urban school districts are 85 to 90
percent underrepresented minorities. (See table on previous
page.) Do we just expect them to be bad?

We have to learn more about these cultures and our expecta-
tions if we are ever going to invent an educational system that
is a good fit for urban America. How can we invent a new edu-
cational model for our cities until we expect better for them?

Diversity within Diversity
As a nation, we understand so little of the issues of diversi-

ty. We often see "minorities" as one huge homogeneous class
of people. This is especially true of Hispanics, but vast dispari-
ty exists among different Hispanic groups. Two-thirds of the
American Hispanic population are Mexican American, yet the
majority of Hispanic scientists in America are European, South
American, Central American, or Cuban American. We would
like to see more research on meaningful classifications of
minority subgroups with meaningful data collection based on
those groups.

Discussion:
Panel Three

Norman Webb

/found these three papers to be very stimulating. There were
a lot of data, and a lot of factsand I like data, being in
the evaluation business. Looking across the three studies, I

would conclude the following: that schools with underrepre-
sented students need to provide them with access to a full
range of college preparatory mathematics. In these courses,
teachers need to strive for their students to gain both clarity
and procedural knowledge, and we need to think about stu-
dents as individuals and not as groups or broad categories.
Gloria Ladsen-Billings at the University of Wisconsin says that
student performance is not predetermined. As we look at indi-
cators and we put people into groupsand Professor Tapia
said this well, "diversity within diversity"we have to look at
individual students and see what their needs are, and educate
them. As Jeannie Oakes also said, we need to educate a diverse
society. That is a key pointwe need to think of students as
individuals and not think of their performance as predeter-
mined. I think of the article by Oakes, Muir, and Joseph as
being a cross-section of a problem. I think of the Tapia and
Lanius paper as looking at the longitudinal question. And I
think of the Bond paper as looking at learning needs and issues

Minority Males: Missing in Action
What has happened to minority males? After examining

1997 SAT data, Donald Stewart, former head of the College
Board, identified African American and Mexican American
males as the lowest performing subgroups (College Board
1997). Walk into historically black universities and colleges,
and you will see a majority female population. Consequently,
gender equity programs directed toward females in cities with
majority "minority" populations make little sense. What kinds
of programs are needed to engage minority males in science?

Lessons from the Women's Movement
Over roughly the same time period that the nation has

attempted to increase participation of minorities, we have also
attempted to increase the participation of women. It is clear
that in most areas, the women's movement has been more suc-
cessful than the minority movement. We hasten to add that this
work is not complete; women have made great strides in many
fields, but are not at parity in engineering or computer science,
for example. Yet there may be lessons learned that can be
exported to the minority movement.

at the microlevel. All of them get at the learning issue, which I
think is very critical.

In Oakes, Muir, and Joseph's paper, there were many impor-
tant ideas. Many students reside at high schools that do not
offer the necessary set of mathematics and science courses for
them to be eligible for higher education. That is a problem we
need to deal with. Low-progress schools offer a higher number
of below algebra courses and less AP courses. Students in
poverty have less-qualified teachersthis is a very important
issue that none of the speakers discussed but which was
included in their papers. The papers provided very compelling
evidence of the ills of tracking.

The Tapia and Lanius paper showed very little increase in
the percentage of African Americans, Hispanics, and Native
Americans who have obtained bachelor's, master's, and Ph.D.s
in science and engineering. This is a problem. I thought they
provided very compelling evidence of that. I like the idea of
"diversity within diversity"I think this is a very strong and
important point in this paper.
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College admissions need to consider other criteria than less-
biased mechanisms, such as using only the SATthis notion
of the SAT as a threshold is a very important point. You give a
baseline of value, but anybody who can reach above thatthen
you make a variety of decisions. Tapia and Lanius also use the
words "affirmative development"; this is another critical idea
in their paper, another area in which we need to take action.
They point out that the three particular barriers were recruit-
ment, admissions, and retention, things that have policy and
learning implicationsand also implications in trying to
address the problems.

Concerning Lloyd Bond's paper, I thought Larry Suter did a
good job of pointing out some issues differences between
declarative knowledge and procedural knowledge.' He thinks
you must look at what students learn. What was so powerful
about this paper is that Bond really identifies some learning
issues. He says that these students have the clarity of knowl-
edge and they have the facts, but how can they put the facts
together? In his paper, he shows the protocols and interviews
students on how they are thinking; he demonstrates that, yes,
the students have the facts, but they don't have the procedures
to put them together to solve complex problemsthis gets
back to education, learning, and qualified teachers. Another
important issue to look at is what is the teachers' knowledge?
What is the procedural knowledge and what is the declarative
knowledge of the teachers? This is something people don't like
to talk about, but we need to. We need to open things up as we
look at education for a diverse society; we need to think about
many different issues.

I'd like to draw on some of my experience in past work I've
done with NISE. One is this issue of alignment. The Texas
state assessment issue that Professor Tapia pointed out is very
critical, and part of the issue is alignment. We've done a num-
ber of studies of state assessments as they match standards.
Basically, large-scale assessments cover only about 33 per-
centor even less than halfof the standards, so it is very
difficult on any large-scale assessment to cover everything. In
our assessment world, where we talk about multiple measures,
you need multiple measures and you need monitoring of any
large-scale assessment program. This is costly, and this is
something we are looking at in Milwaukee. Recently,

Milwaukee adopted a yearly testing program because the state
wanted more information on value adding. But we wondered
how you can guard against standardized tests becoming the
curriculum, which it sounds like the Texas state assessment has
become? Well, you can do it. You need other kinds of mecha-
nisms. You also need to look at the monitoring process. One
thing they built into the Milwaukee program is classroom-
based assessmentthat is, there will be more open-ended
assessments, assessments that will be large scale, and that will
be more aligned with what you want instruction to be. The idea
is to have more than one mechanism with which to make deci-
sions.

We also have looked at the issue of curriculum reform.
When we look at transcript data of schools with a large propor-
tion of minority students, we see that this leads to more of the
underrepresented students taking four years of high school,
college-qualified mathematics. We compare that with students
who began high school in the algebra strand. This raises the
question of what we mean by high school mathematics, and
how it should be organized. The European countries think of
math as 1, 2, and 3; they don't divide it into algebra, geometry,
algebra 2, precalculus, and calculus; focusing on AP as the
pinnacle of education and of high school is a problem. It is
something we have to think about, although I know it is part of
our culture.

One of the things this leads toand something that the
speakers have talked aboutis looking at college as the reason
for high school. We clearly need more representation among
college graduates, and also in graduate education, but we're
not serving our students well if we only provide them with a
college track. I think that this is a form of tracking. I recently
heard statistics that stated that, for the first time in a long time,
the United States does not have the highest percentage of stu-
dents with college degrees; England does. England has about
35 percent of its students with college degrees, while the
United States has about 33 percent. We're talking about a third
of our population with college degrees. What about the other
population, the other two-thirds? Are they not doing anything?
There are a lot of things available, and there are a lot of jobs
available that are not being filled by trained people.

' Larry Suter, chair of this Forum session, presented Lloyd Bond's paper because he was unable to attend.
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Forum Participant
Views

Obtaining and using substantive feedback from Forum participants through multiple means is a key part of making the NISE
Forum a knowledge-building event. (For details about data collection and analysis methods, see chapter 1.) This chapter
presents participants' views in two sections:

1. Analysis and illustration of "think pieces" written individually by all participants and comment cards generated by small
groups of participants.

2. "Reporter" presentations providing a quick analysis of the small group comment cards as made by Angela Calabrese Barton,
Tom Gadsden, Sharon Lynch, Joseph Krajcik, Jerry Valadez, and Aleta You.

ANALYSIS AND ILLUSTRATION OF
PARTICIPANT VIEWS

The following summaries and selected quotations are organ-
ized according to the major themes that emerged from the
Forum, as discussed in the chapter 2 synthesis.

of students. Where do new teachers start out? Are they
assigned the most difficult students in the most challenging
schools? How long do they stay?

Additional Quotes
M "We need research on inclusion of African American stu-

dents in high-stakes science and mathematics courses in
middle and high schools."

"How do minority students who take AP mathematics andAccess to Courses and Teachers
science courses perform in college courses compared to
their peers who have had either honors or advanced science

Summary or mathematics?"
The effects of tracking need to be documented not only for M "More research is needed on AP issues, including in rural

lower-track but also for higher-track students. Although there and poverty areas, not just among minority populations:'
is good understanding of the effects of tracking for students in

"What is the impact of inclusion of higher-level courses inthe lower tracks, not much is known about the effects of track-
high-minority-enrollment schools? If given the opportunity,ing for students in the upper tracks. Several comments men-
will students take the courses, and who will teach them?"tioned a fear of hurting upper-track students while trying to

E "Will the increase of technology in both mathematics andincrease the achievement of the underrepresented students.
science affect gender equity gains that have been achievedSome participants also questioned the advisability of Advanced ty

Placement classes as a measure of success in mathematics and to this point?"

science. M "The diversity record in physics is worse than that in the
A perplexing situation is that so many more males choose other sciences, mathematics, or engineering. Why is this

science, mathematics, engineering, and technology (SMET) true? Is there a single factor at work or many?"
careers in spite of the fact that gender differences in K-12 E "It is important that we find out if an integrated curriculum
course-taking patterns and achievement in mathematics and (Core-Plus, IMP, etc.) provides access/success for under-
science have been reduced over the years. The changes in served populations in mathematics as opposed to algebra 1,
classrooms and schools do not seem to affect ultimate career geometry, algebra 2, etc."
choices of young women. As one participant noted: "Do teach- M "Research should be done on the impact of NSF-sponsored
ers encourage males in science and mathematics (over females) mathematics and science curricula on learning for under-
because they believe or know that the males will be favored in represented students."
jobs that require science/math/technology backgrounds? If

E "New teachers of color often find themselves in the mostthere is gender equity in the workplace, will that affect gender
difficult sites within a district and at the lowest end of theequity in the math/science classrooms?"
content strand. Do they stay in the profession? What is their

Regarding teachers, there needs to be documentation of
their career paths, especially for beginning teachers.
Participants referred to this as the "tracking" of teachers. They
were primarily concerned with what teachers teach what types

t e

level of job satisfaction?"

M "What difference did having ethnically representative
teachers make with regard to science and mathematics
achievement in the Equity 2000 project?"
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"How do we change the reward system so that high-quality
teachers and counselors have an incentive to work in low-
progress schools?"

Content, Instruction, and Assessment

Summary
The key question here is what works for whom. Participants

felt that research/evaluation should focus on the student and
the program and, at the same time, have implications for edu-
cators. Participants expressed the need for research on various
mathematics and science curricula along with the tracking of
students. The concerns focused on various NSF curricula, AP
courses, and the sequence of curricula through the grades, all
in light of diverse populations. One participant raised an excel-
lent question when he asked, "How different is good teaching
from teaching for diverse groups?" Another participant put it
somewhat differently: "At the core of good science teaching is
a good science teacher." To the extent that teachers understand
the cultural differences among students, the more likely they
are to have a wide range of strategies and approaches upon
which to draw. A secondary concern was to conduct research
on how to assess students. Specific issues included the most
appropriate types of assessments, the alignment of assessment
with curriculum and instruction, and less reliance on tradition-
al testing methodsagain all with a multicultural lens.

Additional Quotes
"Every student comes with a different home culture, even if
he/she outwardly looks alike. We need to know how to draw
this culture out of students in order to identify their prior
conceptions and why they have them."

"What are the connections between language and culture
and an understanding of what math or science is and how it
is learned?...There is a dilemma between getting diverse
students access and honoring their home culture."

O "To what extent does the culture of the teacher affect what
the teacher chooses to teach in science?"

O "What is the interaction between the cultural background of
the teacher and the cultural background of the learners?"

O "Can we develop a curriculum and instructional methodolo-
gy that is effective across cultural groups? Can we develop
a curriculum with multiple approaches to teaching the same
content?"

O "Since two-thirds of our students never realize a college
degree...what type of rigorous academic curricula would be
relevant for them?"

M "Must we fundamentally redefine what mathematics and
science are and how we can know about the world around
us in order to accommodate different language and cultural
perspectives? Would our society benefit from this broader
view?"

O "How do reform efforts that improve performance for

underserved groups affect the performance of the groups
who are achieving under the current system? We don't want
to fix one problem and create another somewhere else."

M "Some people feel that striving for equity may reduce the
quality of content and instruction. How do we address equi-
ty needs and maintain quality?"

"We need success stories that identify, research, and
describe instances of successful science instruction with
diverse student populations in multiple contexts. This
research is important in helping to show some possibilities
in terms of what is actually happening in classrooms for
comparing and contrasting with theory."

M "We need to do the 'what works for whom' component of
research on instructional practice...while realizing that
group membership does not predict individual characteris-
tics."

O "Do different ethnic or language groups need different
`scaffolding' to develop the scientific process and skills we
currently value?"

O "More research is needed on dealing with how students
learn mathematics and science. For example, we teach
number sense based primarily on number and number rela-
tions. How might males and females do if a more geometric
length perspective were taken instead of just number to first
discover relationships of commutativity, etc.?"

M "Do gender-specific programs work across cultures, and do
multicultural programs work across genders?"

O "What are the characteristics of rural and low-income pop-
ulations and cultures?...There needs to be more research on
the types of instructional strategies that truly meet the
needs of our rural and low-SES [socioeconomic status]
students."

M "More research is needed on assessment and achievement
in nontraditional methods (not SAT, IOWA, etc.). Minority
students are known to score poorly on these tests, so why
use these methods to filter out students from higher-level
mathematics and science courses?"

O "We need empirical data showing what types of assess-
ments lead to increased student achievement."

O "We need to use different types of assessmentlowering
the emphasis on standardized test scores...and focusing on
higher-level thinking skills with instruction (problem solv-
ing and reasoning) with diverse students, as well as all stu-
dents."

O "Assessment and its integral relationship to curriculum and
instruction, in the context of teaching in a diverse society, is
a critically important area for research. This research is
needed not only at the classroom level, where it is a funda-
mental force in teachers' and students' engagement in
teaching and learning, but also at larger scales, including
school, district, state, etc. Acknowledging, celebrating, and
understanding diversity in learning necessitates similar
action in assessing that learning."

tJ



Understanding and Scaling up Effective Programs

Summary
Participants strongly expressed the need to know how to

scale up and institutionalize programs that work. Even when
we are sure about an effective strategy or program, we don't
know how to institutionalize it in our schools. As one partici-
pant said, "What are the components of the scale-up--moving
from programs to change culture? Several panelists identified
scale up, capacity building, and institutionalization, but I'm
not sure we've discussed how they are achieved."

Additional Quotes
"Scaling up, scaling up, scaling up! It is difficult to do
because it involves structural changes."

E "How do things that work become the norm, especially
with diversity and equity issues? There are pockets of good
things going on for all groups. How do we mesh this to
being beneficial for all students?"

"How can we develop conditions so that excellent educa-
tion is provided to all students in all schoolsnot just
`boutique' or to some small research project?"

" Are there programs that have been successful in scaling up
and becoming institutionalized? What are some of the unin-
tended consequences and failures, and what lessons can be
learned from these?...What programs are most effective at
the elementary level? Have any successful programs at the
secondary level been tried at the elementary level and with
what results?"

"We need research on barriers encountered when trying to
scale up in order to affect the whole system."

"Does a change-in systemic approaches adversely affect
any particular group, or do all students benefit?...Is stan-
dards-based instruction, as we define it today, enough to
effectively engage and excite all students in mathematics
and science?"

Preparation, Induction, and Professional
Development for Teachers

Summary
There need to be more models of effective teacher training

and professional development for training teachers in science
and mathematics content with a multicultural lens. Research is
needed on how to effectively train teachers to embrace multi-
ple perspectives regarding culture, race, ethnicity, language,
gender, disability, and socioeconomic status differences among
students. Teachers, and educators in general, just do not know
enough about all the variations that students bring to the class-
room to make necessary adaptations in curriculum and instruc-
tion that will allow all students to learn. One participant cau-
tioned: "It appears that learning to teach science takes awhile.
Learning to teach science when the teachers also need to make

cross-cultural connections is bound to take even longer."

Additional Quotes
"We need research on teacher background (cultural, educa-
tional, etc.) related to the impact on their instructional prac-
tices."

O "What are ways to help teachers make these connections
[between science instruction and cross-cultural understand-
ing]? How long should this be expected to take? How do
we give teachers time during the induction years to reassess
what they need to do to better reach their students?"

1111 "How do diversity and equity issues play out in the teacher
population itself? How should we take these matters into
consideration when designing and delivering staff develop-
ment?"

II "In professional development, one of the key components
is learning how to learn from student assessments and how
to adapt in response. How can the teacher ask questions and
observe in ways that produce valuable data? How can the
teacher analyze and interpret the data in ways that are cog-
nizant of student cultural differences?"

Better Research Methods

Summary
Neither research nor program evaluation is able to supply

educators with quick, concise answers to achieving equity in
the classroom. For example, participants wanted to understand
how different groups learn and how they could accommodate
these differences in the classroom. They posed such questions
as "Do single-sex classrooms work?," and "Do charter schools
to a better job with diversity?" One repeated suggestion was
for longitudinal studies to attempt to answer such equity-relat-
ed questions.

Many participants wanted more disaggregated datafor
example, Hispanic groups broken out by country of origin
(Mexicans, Cubans, Puerto Ricans, Central Americans) and,
within that, by gender. The problem is that such data cannot
always be obtained because of needed sample sizes. The situa-
tion may get worse as the government has broadened its
racial/ethnic categories (more cells), plus there has been an
increase in the numbers of individuals whose heritage is mixed
and who therefore could check multiple categories.

Additional Quotes
O "There need to be more researchers who reflect the culture

of those being researched."

O "More information is needed on the evaluation of pro-
grams. How do you measure success regarding equity and
diversity?"

"We need other measures of student success in SMET areas
than academic degrees and numbers enrolled in the
majors."
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"What do the SATs really mean in terms of long-term out-
comes by gender, race, and ethnicity?"

"If we agree we should collect achievement data, what type
of data should we collect? What do these data mean?"

Dissemination

Summary
The need for better dissemination came up as a major

theme in the small group responses to every panel presenta-
tion. Some participant comments indicated that they were not
familiar with research findings that are readily available, or
that they were hearing this information for the first time at the
Forum. It was clear that the research community has not done
a good job in communicating findings from research and pro-
gram evaluation. As one participant said: "Existing research
needs to be shared with districts and schools of education to
inform and shape teacher preservice, in-service, and profes-
sional development."

Even when results are disseminated, researchers cannot
assume that practitioners know what their findings mean and
don't mean and how to apply the findings to the classroom.
Thus, research findings need to be targeted to different groups:
administrators, teachers, parents, guidance counselors, preser-

vice teachers, teacher trainers, etc. It appears that a much bet-
ter job has been done in communicating problems than solu-
tions.

Additional Quotes
"There needs to be an accessible compilation of what is

known about 'special programs.' Too many programs are
`reinvented' because they don't know what is out there."

"We do know what works; implementing those criteria is a
question of will. So what we need to do is get the criteria
out in ways that can be used by policymakers, administra-
tors, and teachers at all levels."

O "There is more research out there than is being disseminat-
ed. People just do not know all that is available regarding
equity in mathematics and science. That is true for educa-
tors and even truer for parents."

"How can data be used more effectively in schools, dis-
tricts, and states to help close achievement gaps? Too many
decisions are currently made based on emotion rather than
on existing data or even by trying to figure out what data
might be needed to answer a question. A major barrier
seems to be lack of comfort with data and data analysis
techniques."

REPORTS FROM SMALL GROUP DISCUSSIONS

Angela Calabrese Barton
Report on Small Group Discussions

/what I tried to summarize in our small group sessions
were the overarching critical issues in teacher educa-
tion and professional development as they relate to

equity and diversity. The overarching theme that came out of
our conversation was that we believe we need to have a philo-
sophical and research-based vision and conceptualization of
teacher preparation and development programs that focus on
equity and diversity.

There were three subthemes. The first concerns data. What
do we have? How are the data useful or not useful?
Specifically, we need to look at students' performance,
achievement, and attitudes and beliefs; at teachers' beliefs,
practices, and expectations; at teachers, educators, and policy-
makers in terms of their beliefs and practices; and then at com-
munities in terms of opportunities, resources, beliefs, and prac-
tices. But then what data do we need? How ought we to gener-
ate these data, and why? The consensus was that we need to
have more of the type of data listed above but in many and dif-
ferent kinds of ways. We need much richer contextual detail, as
Joe Krajcik mentions, and we also continue to need numbers in
disaggregated form as well.
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Then we considered the question of who ought to partici-
pate in data generation. How, why, and when are really critical.
Whose data are these, anyway? The next question under data
was what do about the misuse of data, such as linking high-
stakes performance exams to funding for schools or to tracking
issues. We really need to take a critical look at that.

The second subtheme revolved around whose voice matters.
This concerns building a teaching and resource course that
reflects the students of our schools. Linked to that are issues of
recruitment, preparation, and retention. We have to focus on
really listening to the voices of all stakeholders. That means
really listening to the voices of teachers, parents, families and
caregivers, the community and those who work with children
and youth in the community, the children and youth them-
selves, and also other researchers and policymakers. I think
that we do a good job with this last one; I don't think we do a
good enough job with all the other stakeholders as yet.

We didn't get to the last subtheme in very much detail, that
is, how to translate all of our research and experience into
practice as we think about revising our teacher education and
preparation programs so that they are responsive to the needs
mentioned above.
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Tom Gadsden
Report on Small Group Discussions

The first comment I need to make is that the "what we
know" and "what we need to know" parts overlap so
much that our group did not really distinguish a great

deal between them. Each place where there was research that
needed to be shared, there was also research that was needed
additionally. I think the one thing that came through very
clearly was that schooling today is extremely complex and that
diversity and equity are two of the key issues that have not
been adequately explored yet. Even though they have been
investigated a great deal, there is so much more to know.

Every teacher and every student enters the classroom sur-
rounded by their culture. Call it a cloud of culture, an aura of
culture, a filter of culture, whatever. That culture shapes the
interaction that teachers have with the students, with the
knowledge they are teaching. It is a tremendous challenge
because of the great richness and diversity of ideas and beliefs
and backgrounds that come into that classroom. At each inter-
section of content and practice with the teacher's culture and
the student's culture, there is need and there is opportunity for
research and understanding. Whether that involves professional
development as one of those interactions, or the act of teach-
ing, or the act of learning, all of these are points at which there
is much opportunity for interaction with the culture. And for
each of these intersections, we have some knowledge. That
knowledge needs to be carefully compiled and interpreted and
disseminated, so that we have a body of knowledge to which
the practitioner can refer.

But we also need to identify what we don't know, and I
think that we have done a great deal of that over the past two
days here. We need research that informs us continually and
helps us improve our understanding. As one group pointed out
very wisely, we need to address all of the concerns raised dur-
ing the Forum simultaneously.

Joe Krajcik
Report on Small Group Discussions

\Ve were given a stack of papers and all those cards
that the participants filled out. I considered synthe-
sizing this rich and diverse material as another

research challenge, and it was a challenge indeed. In our small
group sessions, we tried to create a series of themes, and that
is what Tom Gadsden and I are going to present today. But
remember that there is a filter when one or two people speak
for just a few minutes about so many rich ideas.

The first theme is around teacher education, both from a
preservice and an in-service perspective. We need to know

more about how to attract and retain quality teachers who
understand content, who know the pedagogy, and who are also
sensitive to gender and equity issues. Particularly we need to
figure out how we can retain high-quality minority teachers of
mathematics and science. The second area within teacher edu-
cation comes under the heading of learning more about how to
provide effective professional development to support equity
and gender issues. This is not only an issue at the K-12 level;
it's particularly important at the university level. How can we
provide professional development opportunities for people who
are teaching undergraduates and graduate students with respect
to equity in general?

The second theme concerns the sharing of information.
There is a lot of information available already, but we need
some strong models of how we can disseminate that informa-
tion. People want to know that information, and they need to
get it in a way that is readily accessible and useful for their
purposes. In fact, this is a little quote that sort of came through
twice: "useful format for busy people." A lot of the people in
this room are the administrators, the classroom teachers. They
don't have time to go through stacks of papers. I thought that a
lot of the papers we got in advance of the Forum were wonder-
ful. But they took hours to write and also hours to read.
Somehow, we need to get that sort of information down in a
usable format. Related to that, we have to reexamine the infor-
mation that is out there. There are a lot of myths around, so we
have to go back and carefully examine the information that is
out there so we don't keep circulating myths.

A third theme that arose was one of alignment. Participants
in our group sessions wanted to make sure that the curriculum,
the instruction, and the assessment were aligned. If these three
aspects are not aligned, we are never going to be able to
address equity issues. And we need alignment not only across
the instruction, the. assessment, and so forth, but also align-
ment of K-16. We have to get elementary, secondary, and
higher education articulated again; otherwise, we won't make
progress.

A fourth theme was one of examining educational practices
in other countries and what we can learn from these. For
instance, do gender gaps really exist in other countries? If they
don't, we can probably learn a lot from these countries.

A fifth theme revolves around knowing more about the crit-
ical features. For instance, what are the critical features of suc-
cessful SMET programs that promote gender and equity
issues? And how could these successfully be transferred to
other sites? We heard some really interesting work yesterday
related to the Puerto Rican efforts, but what are the key ele-
ments? And which of those can be transferred to places like
Cleveland, New York, Houston? Some people also had ques-
tions about best practices, and wanted to know what they
looked like in detail, to really "see" them. They were calling
for very detailed case studies so that they can actually discern
what the critical features look like in practice.

This next area really wasn't a theme, but it showed up very
clearly in one of the cards and it seemed to be a little-touched
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issue in the Forum: We need to learn more about how to pro-
vide quality SMET education for students who are physically
or learning disabled. This does seem to be an important issue,
even if it was not raised by many of participants.

The last theme is concerned with providing quality SMET
education for all. There was a strong emphasis on having to
understand more of the cultural divides that exist in trying to
provide quality science instruction for all students. Here is a
question I composed: How do we take into consideration and
be sensitive to the cultural diversities of students, yet at the
same time ensure that they attain a quality SMET education? I
think it is really important to look at people's backgrounds and
be sensitive to them, but at the same time we have to provide
them with a quality education. Those are the themes that ran
through our discussions.

Sharon Lynch
Report on Opening Session

Tappreciate the opportunity to talk about my new book,
Equity and Science Education Reform, which was written
with the support of NSF and NISE. The effort began in

1994 when AAAS Project 2061 put together an equity blue-
print committee, which I co-chaired with Cora Marrett. After
three years, the committee's work became the basis for the lead
chapter on equity in Project 2061Blueprints on Reform.
However, one chapter in Blueprints did not seem enough, and
that is where NSF and NISE were invaluable. By combining
my sabbatical leave from George Washington University with a
generous NISE fellowship, I was able to write the lion's share
of the book in 1998.

Equity and Science Education Reform covers a great deal of
territory. The primary audience for the book is science teach-
ers, the people I work with everyday. The book is filled with
stories about diverse students and teachers in classrooms, as
well as statistical data gleaned from sources such as NSF and
other national reports and policy and research papers. Teaching
for diversity should be infused in science teacher education as
the essence of what we do rather than relegate equity issues to
a particular chapter or class session, lumping them together as
a single problematic issue. Diverse populations of students
have already become the norm in many American schools, and
the rest are soon to follow. Diverse learners are not exceptions,
and it's time that teacher education programs took that position
from the get go. Equity and Science Education Reform can be
used in pre- or in-service science teacher education courses in
tandem with whatever text or materials the instructor normally
uses so that student diversity in context plays a central role in
all discussions of teaching and learning. This is more impor-

° tant than ever because the diversity of science and mathematics
teacher populations has never mirrored the diversity of the stu-
dent populationand this gap does not seem to be improving.

5 7
58 9.6

We need to get better at teaching other people's children as
well as increase the diversity of science and mathematics
teacher populations.

In writing this book, I was also struck by the need for more
research into the issues we'll discuss at this NISE forum. I
think we have a research conundrum. We could take a color-
blind approach in our research designs and simply aggregate
data, but in so doing we wind up accomplishing little more
than gap gazing. We may notice interesting things going on in
classrooms populated by diverse learners, but the design wasn't
sensitive enough to capture the phenomenon adequately. So
we're left with anecdotes. Alternatively, we could design
research that looks specifically at how different groups of
diverse learners respond to interventions, but we risk the dan-
ger of overgeneralizing or stereotyping.

Researchers definitely need to be culturally sensitive. One
way to ensure this is to achieve a sort of base validitythat is,
to have people on research teams whose backgrounds reflect
those of the children whose achievement we are seeking to
improve. Looking around this room today, it's nice to see that,
perhaps, we are on the way. It's my hope that NSF will contin-
ue to take the lead in research activities that explore diversity
and equity issues.

Sharon Lynch
Report on Small Group Discussions

Several of our groups were very intrigued with the notion
of diversity within diversity and better disaggregation of
data. For instance, there was a discussion about cate-

gories like "Hispanic" and what that meant in terms of the var-
ious groups that this might include. One participant pointed
out that there was information indicating that students who had
recently arrived from Mexico were performing better in
American schools than Mexican Americans who have been
here for awhile. Also, there were suggestions for disaggregat-
ing the Hispanic data in terms of various Central American or
South American groups, Cubans, and Colombians, also taking
into account the interaction between social classes and Spanish
speakers. Interestingly, a similar case was made for people of
African origins. There are a lot of students in our schools who
come from various African countries, African American coun-
tries, the Caribbean, and so on. The suggestion was to disag-
gregate data accordingly. The same point was made with
regard to students of Asian origin. We even talked about chil-
dren who were categorized as "white." That is an awfully big
category. There are rural children, poor children, and recent
immigrants. So the question was, if we knew ethnic origins in
greater detail, what would we do with the information?

Another group took up the issue of language and assess-
ment, and its members thought they had a problem that might
be solvable. If there are lots of students in a system who are



English-language learners and who speak another language at
home, isn't it possible to do a better job of developing accom-
modations when giving assessments to these English-language
learners? A possibility is to have tests available both in English
and the language of the home. Another possibility is to give
the tests orally. We were not naïve; we recognized that there
are some states that have English-only policies, making it very
difficult to make such accommodations. NAEP [the National
Assessment of Educational Progress] did a large-scale study of
the effectiveness of accommodations for English-language
learners and NAEP test results, as well as for students with dis-
abilities. We thought we should be able to do a better job,
especially in science and mathematics, of having kids represent
what they know through translation and other accommoda-
tions.

There also was a lot of discussion regarding attitudes on
course-taking and assessment Participants talked about teacher
attitudes and how to change teacher beliefs. Sometimes these
are reflected in the amount of time or the unwritten messages
that teachers give to students as they take tests. We also talked
about how students are excused from tests. Depending on the
state, there are different regulations on this matter. The ration-
ale often is given that too challenging a test would make a
child feel bad. But on the other hand, if students in a school
are excused from tests, you get absolutely no information on
what they have learned or on how to improve the curriculum or
the instruction.

We concluded that there is a great deal of information need-
ed on policies that allow students to be excused from tests.
TIMSS dealt with this problem. It regulated the number of kids
that could be excused in a given country if the data from that
country were to be included in TIMMS. So what is happening
on inclusion in the United States? There also is a question
about whether or not performance-based assessments might be
more promising than some of the standardized assessments in
terms of both narrowing gaps and changing teachers' beliefs. If
teachers start teaching to a different sort of test, might we have
changes in the instructional practices and curriculum?

We had another set of questions around systemic reform
and accountability. The key question here was: Where are the
data? How do you find the data on the effectiveness of the
SSIs? How can we know that data better? How does NSF use
these data? What are the next steps? What are the expectations
given the data we have? The discussion also considered
whether the reform curricula being used by states that are
doing a good job in changing curricula and teaching practices,
and doing what the systemic reform seems to be asking for,
open doors for students in the long run. Or do these curricula
close them? If a good reform-based curriculum has been
implemented well, does that lead to opening the door to col-
lege admissions? Or are those doors being shut because of the
fact that the curriculum has changed? Narrowing that achieve-
ment gap for college preparation is a tough challenge that we
have all faced. Do you strive for better understanding of sci-
ence and mathematics for all students, based on the philosophy

behind systemic reforms and what the reform curricula have to
offer, or do you help students go through the pipeline as it cur-
rently stands?

Related to that issue is the concern that in certain schools,
depending on what school you went to, a 4.0 is not equal to a
4.0. One participant told the story of working with a high
school student from a school that is not highly valued by local
colleges. And although the young woman had a 4.0 it was pret-
ty clear she wasn't going to get into college, even with perfect
grades from her high school. There was an intervention that
allowed the student to finish her education at a different high
school that had a better reputation, thus increasing her chances
of getting into college. She was fortunate in that she had an
advocate who knew how to play the game. But what about the
rest of the students in the United States who are not lucky
enough to have parents or other advocates offer them that sort
of intervention? What do you tell kids when they have done
perfect work at a high school and then get into college and
find they are still not ready?

In sum, there seems to be an interaction between language,
culture, teachers' beliefs, and students' sense of self-efficacy in
science and mathematics. This in turn leads to the assessment
issues, achievement patterns, and course-taking patterns the
groups discussed. We know that people do and pursue what
they feel they are good at. If you feel confident about what you
are doing, you go to it. Given the current systems of accounta-
bility and assessment, how are we going to give students of
diverse backgrounds the message that they can do science,
mathematics, and technology?

Jerry Valdez
Report on Small Group Discussions

On the course-taking issues, the key idea that came up
included a study of de-tracking solutions and their out-
comes. We see a number of districts and schools claim-

ing to have de-tracked and gotten rid of all remedial course-
work, but when you get down to the school site, you see that
tracking has just taken another form. So we really need to
focus on the outcomes of de-tracking, not so much on what the
course title says. Also, we need to study the role of integrated
curricula, as Sharon Lynch had mentioned, and what is hap-
pening to the students that have progressed through such a
course sequence. Are they truly taking more advanced course-
work? I think Los Angeles is about to publish some informa-
tion in Science Teacher, similar to some of our data, indicating
that we have more students progressing through what we now
term college prep courses. They are going on to take more
advanced science coursework. Is that a phenomenon due to
California's integrated science sequence, or is there something
researchable going on here?
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Another issue concerned our continuing reversion to the
deficit model of how children learn, especially with English
learners. In Fresno, we have a very high percentage-32 per-
cent in factof kids classified as limited English proficient.
There is a preponderance of strategies that have been attempt-
ed. For one thing, because we were a district that underwent
OCR [Office of Civil Rights] review, we were required to track
the kids by language. Trying to accommodate the policies
required by the OCR created a whole slew of problems. We
ended up in a situation where kids were tracked by language,
and then we had to find teachers and bilingual assistants who
would facilitate their learning. In many cases, they were not
credentialed properly in the content areas, especially mathe-
matics and science. There needs to be a focused study on the
content of preservice education programs for effective teaching
of diverse students.

I was glad to see the issue raised again in the Forum of
addressing the belief systems of teachers, administrators, pro-
fessors, and other educators. I think it would have been a great
opportunity here over the last day and a half to have some
ethnographers sitting in the rooms recording the discourse
going on. The discourse here was wonderful, but I'm afraid a
lot of it is going to be lost, because once we leave the dis-
course stops. All of us came to this meeting because we were
really concerned about these equity issues. When we get back
to the districts and universities, we have to argue with about
those belief systems. For example, there needs to be a study of
the effectiveness of AP course-taking, whether universities
really care whether these kids come in with AP coursework or
not. It's somewhat anecdotal, but I know a lot of universities in
California will make kids retake the courses. Parents have this
belief that if their kids take a lot of AP courses, it will help
with tuition reduction because they will take less coursework
when they get to the university. In mathematics and science,
this is very much not the case, but this is not communicated to
parents. Schools don't want to communicate this, because
many accreditation organizations in fact evaluate high schools
based on how many AP sessions they offer.

There also needs to be a study of the role of counselors in
course-taking patterns for students of color. I was one of those
students back in 1966 when my counselor called me in and
said: "You're not the type of student who belongs in chemistry,
we're going to put you in ornamental horticulture so you can
be a gardener when you graduate from high school." That hap-
pened to a student in Fresno last year. I think there needs to be
some really focused study on the training of counselors. Most
of the counselors are not classroom teachers, much less teach-
ers of mathematics and science, so they have no clue about the
learning that is required in those subjects. Their number one
concern is to get the kids to graduate. Schools, and counselors,
are evaluated on the numbers they graduate, and that's it.

There also needs to be a concerted study of the data collect-
ed by NSF-funded programs, as Sharon Lynch has mentioned.
The last five years, especially in the USI [Urban Systemic
Initiative] districts, there have been great quantities of data col-
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lected. I'm not sure about the other districts, but we have had
almost no graduate students come in and ask us about the data
that have been collected, much less look at opportunities to use
the data for their studies.

Also, there needs to be further research on the characteris-
tics of effective teachers, especially effective teachers of
diverse students. In our district, we are finding that the most
effective teachers tend to be the younger ones who haven't
been contaminated by other beliefs. There also needs to be
research on how data in studies are used or not used by schools
in districts. We had a short discussion on the lack of a trickle-
down from our research and evaluations in the districts to
school sites, and how the data are used by principals. I know
when we took the data about course-taking patterns for AP and
advanced coursework to our principals and our board members
that they didn't want to hear it. They didn't want to hear that
we only had one African American in the last three years in AP
physics. They wanted to put it aside because it's not something
they wanted to share with the community.

Aleta You

Report on Small Group Discussions

Iam struck by the interconnections that have been made
between the first and second panels. So if some of this is
repetitive, please forgive me, but I think the repetition

serves to reinforce those areas that warrant further attention.
My task was to summarize the small group discussions that
took place regarding the elementary, middle, and secondary
schools and programs that address diversity and equity issues.

Once again, the need was identified to determine what
models of professional development are effective in promoting
science, mathematics, engineering, and technology learning. In
order to improve professional development, further research
needs to be done on determining effective teaching and learn-
ing strategies for culturally diverse classrooms. Research is
also needed on the use of learning technologies to promote
SMET in diverse classrooms. More research needs to be done
in that area because there is a wide range of information avail-
able, but it has not been effectively translated for classroom
practice. This is one of the challenges for people in higher edu-
cation and research, to make their findings very pragmatic in
terms of implementation in K-12 school systems.

Regarding the importance of disaggregated data, I know we
in the SSIs are focusing very much on the use of such data,
because we know that there are ways to hide the achievement
scores of underrepresented groups. If you don't have that dis-
aggregated data, there is no way to analyze or make informed
decisions for effective practice.

High teacher mobility also is an area of concern, along with
the associated problem of recruiting well-qualified teachers.
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We know that, within the next ten years, the baby boom gener-
ation will be retiring, and there is going to be a nationwide
shortage of teachers. Especially, and already today, there will
be a shortage in the area of mathematics and science as well as
in special education.

Scaling up effective programs is another area we discussed.
There are a number of successful models out there, but how
can we scale them up so they become the norm rather than the
exception? What about transference? How do we extend spe-
cial and successful programs to wider areas of the population?
This warrants further attention.

We also need to know more about the impact of de-tracking
on high-performing kids. Jeannie Oakes is very well known for
advocating the abolishment of tracking, but we know a lot of
pressure comes from parents who have high-achieving students
and who are very influential with school boards. Their concern
is: if you start de-tracking, then will my kid get into Harvard,
Yale, or Princeton? And will de-tracking water down the cur-
riculum in any way? I think we have to acknowledge that there
are many reasons that keep schools from considering the whole
idea of de-tracking. Also, what about the effects of construc-
tivist teaching on AP, SAT, and ACT test scores? How about
developing tools to assess effective curriculum implementation
to benefit linguistic and cultural minority students?

We heard from Pat Campbell about research on unintended
consequences. What about the unintended consequences of
doing research? What are some of the things we can learn from

those experiences to assist us in the implementation of what
does work? The notion of best practices and more research in
terms of dissemination also was mentioned earlier. We need to
inform teachers, administrators, and guidance counselors about
research. I think this deals with the whole area of marketing.
We have a captive audience here, and the notion of getting out-
side of the educational community is not something we have
emphasized. We can learn from the corporate world in terms of
getting the word out to a wider audience.

We also endorsed the need for research on the use of tech-
nology, specifically with respect to gender differences and
closing the gender gap. What about research on gender differ-
ences related to instructional technology and participation? For
example, one group wondered whether the expanded use of
technology might lead to a reversal in girls' SMET achieve-
menta very interesting question. What research has been
done or could be done about differences in male/female cogni-
tion with respect to instructional technology? And what about
student access to computers and technology outside of school?
I know in New Jersey, Bell Atlantic has contributed computers
to a particular grade level in a school that enabled the students
to have access to the computers at home. This school has a
high Hispanic population, and the subsequent test scores were
just amazing. So we have a bit of information about that, but I
think more needs to known in this area.
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1:45-3:15

Julio Lopez-Ferrao, Chair
Warren Chapman, Discussant

Patricia Campbell
Vinneta Jones
Maria Klawe

College-Level NISE Work in
Robert Mathieu

3:15-3:30

3:30-4:45

4:45-6:00

Tuesday, May 23

7:30-8:30

8:30-9:45

Larry Suter, Chair
Norman Webb, Discussant

Lloyd Bond
Jeannie Oakes
Richard Tapia

9:45-10:00

10:00-11:15

11:15-11:30

Panel 2: Programs for Addressing Diversity/Equity Issues

Program Officer, Educational System Reform, NSF
Program Officer, Education, Joyce Foundation

Principal, Campbell - Kibler Associates
Dean, School of Education, Howard University
Dean of Science, University of British Columbia

Diversity/Equity
Associate Director, NISE

Break, refreshments provided

Small Group Discussions about Panel 2

Reception
Light food and beverages provided. Dinner is on your own.

Continental breakfast provided

Panel 3: Achievement and Course-Taking Patterns

Program Director, Research, Evaluation and Communication, NSF
Team Leader, Systemic Reform, NISE

Professor, Education, University of North Carolina-Greensboro
Associate Dean, Graduate School of Education, UC-Los Angeles
Professor, Computational and Applied Mathematics, Rice University

Break, beverages provided

Small Group Discussions about Panel 3

Break

11:30-12:30 Closing Session

Senta Raizen, Chair Team Leader, Interacting with Professional Audiences, NISE

Reports from Small Groups TBA

Final Reflections Edmund Gordon, John M. Musser Professor of Psychology, Emeritus,
Yale University

12:30 Box lunch
A box lunch will be provided. Stay and eat for a final opportunity to network, or take a lunch
with you as you leave for home.

64

66



Linda Abbott
Mathematics Academics
Springfield Public Schools -

Massachusetts

Andrew Ahlgren
Project 2061
American Assn for the
Advancement of Science

Nancy Allen
Learning Technology Center
The University of Texas at Austin

Edwin D Andersen
Curriculm & Instruction
University of Minnesota

Bernice Anderson
Research, Evaluation and
Communication
National Science Foundation

Elizabeth Andrade-Stiffler
Mathematics
Fresno Unified School District

Teresa Arambula-Greenfield
Women's Studies Program and
College of Education
University of Hawaii

Nancy Ares
Teaching & Learning
University of Utah

Marjori Bardeen
Education Office
Fermi National Accelerator
Laboratory

Editha Debris Barnes
Science
Detroit Public Schools

James P. Barufaldi
Science Education Center
The University of Texas at Austin

Participant List
Leonard Beck=
Center for Educational Equity
WestEd

Cheryl Bell
Curriculum & Instruction
Purdue University

Beverly K Berger
Dept of Physics
Oakland University

Sandra E Berry
Broaden Educational Access to
Math in Maine/BEAMM
Maine Mathematics and Science
Alliance

Lloyd Bond
Education
University of North Carolina

Anne Bouie
Ctr for the Development of
Schools & Communities

Theodore L Boydston
Anchin Center College of
Education
University of South Florida

Edward Britton
National Center for Improving
Science Education, WestEd

Aaron M. Brower
School of Social Work
University of Wisconsin-Madison

Jeannette E. Brown
Center for Pre-College Programs
New Jersey Institute of
Technology

Bonnie Brunkhorst
Geological Sciences, Science,
Mathematics & Technology
Education
CSU - San Bernadino

AnkAak,,A

Gayle Buck
Curriculum & Instruction
University of Nebraska - Lincoln

Barbara A Burke
College of Science/Chemistry
California State Polytechnic Univ
- Pomona

Chris Burke
Curriculum & Instruction
University of Illinois

Mario Fernando Cajas
Project 2061
American Assn For the
Advancement of Science

Angela Calabrese Barton
Science Education Center
University of Texas at Austin

Patricia B Campbell
Campbell-Kibler Associates

Charles E Cannon
Science and Mathematics
Columbia College Chicago

Cheryl Capehart
TRSI (Texas Rural Systemic
Initiative)
West Texas A & M University

Brenda Capobianco
STEMTEC and School of
Education
University of Massachusetts -

Amherst

Shelley Johnson Carey
Journal/Publications
National Science Teachers
Association

Kwaichow B Chan
Natural Sciences
Albany State University

67



Warren K Chapman
The Joyce Foundation

Juanita Clay-Chambers
Division of Educational Services
Detroit Public Schools

Richard C Cole
Connecticut SSI
CT Academy for Educ. in Math,
Science & Tech, Inc.

Martha E Copeland
Sci Math Minnesota

Francena D Cummings
Eisenhower Consortium, SERVE

Jerry Cummins
National Council of Supervisors
of Mathematics

Kim Dahl
University of Central Florida

Mary Jo Daniel
Title II
Albuquerque Public Schools

Norma Davila
Puerto Rico SSI
University of Puerto Rico

Josephine Shireen Desouza
Biology
Ball State University-Riverside

Barbara C Dwight
Mathematics
Metropolitan State College of
Denver

Hubert M. Dyasi
Education
City University of New York

Phillip G Eaglin
PITL/SCIMAST
Southwest Ed Development Lab

68

Brenda Earhart
Math/Science
Kalamazoo Area Math/Science
Center

R Lynn Jones Eaton
Curriculum and Instruction
The University of Texas at Austin

Arthur Ellis
Chemistry
University of Wisconsin -
Madison

David Fazzini
Chicago Teachers' Academy for
Mathematics and Science

Elizabeth H Fennema
Wisconsin Center for Education
Research

Eugene Carl Fite
Curriculum
Kansas City Public Schools

Thomas Gadsden, Jr.
Eisenhower National
Clearinghouse
The Ohio State University

Greg Garcia
NSF Brownsville UPS
Brownsville Independent School
District

Thelma Gardner
Office of Science
Detroit Public Schools

Sarah Gjelhaug
Lee Antonello Year Round
Elementary
Clark County Schools, NV

Gail S Gliner
Mathematics
Metropolitan State College

66

Manuel Gomez
Resource Center for Science and
Engineering
University of Puerto Rico - Rio
Piedras

Barbara E Goodman
Division of Basic Biomedical
Sciences
University of South Dakota

Edmund W Gordon
Psychology
Yale University

Antoine B. Gosioco
Office of Science
Detroit Public Schools

Yvonne Grant
Connected Mathematics Project
Michigan State University

T Eric Green
Office of Student Affairs
Alabama A&M University

Edith S Gummer
Curriculum & Instruction
Purdue University

Vallie Guthrie
Chemistry
NC A & T State University

Marvie Hackney
Office of Sciences
Detroit Public Schools

Marilyn Hala
Professional Programs
National Council of Teachers of
Mathematics

Alfred Hall
Delta RSI
University of Mississippi



Katherine Hanson
Gender & Diversities Institute
Education Development Center

Karen Perkins Harrison
Office of Science Education
Detroit Public Schools

Michelle T Heger
Math Education
Purdue University

Stephen A Henderson
Appalachian Rural Systemic
Initiative
Kentucky Science and
Technology Corporation

Theresa Hernandez-Heinz
Mathematics
San Francisco Unified School
District
Stan Hill
NSF/K-12 Science Program
Winston-Salem/Forsyth County
Schools

Harold Himmelfarb
National Institute on Student
Achievement, Curriculum, and
Assessment
US Dept. of Education

Margret A Hjalmarson
Curriculum & Instruction
Purdue University

Jane Horwitz
Penn-Merck Collaborative
Graduate School of
Education/Univ of PA

Gma Howze
Quality Learning
The Mississippi Bend Area
Education Agency

Matthew Hsu
Materials World Modules
Northwwestern University

Mary Ann Huntley
National Center for Improving
Science Education, WestEd

Stacie Inukai-Center
Clark County School Dist., NV

Marilyn M Irving
Curriculum and Instruction
Howard University

Judith E. Jacobs
Center for Education and Equity
in Math,Sci & Tech
California State Polytechnic
University-Pomona

Kathleen S Jagger
Biology
DePauw University

Kamil A. Jbeily
Texas Regional Collaboratives
The University of Texas at Austin
Judith Johnson
College of Education
University of Central Florida

Kathy A Johnson
VT Institute for Science,
Mathematics & Technology

Arica R Johnson
Atlanta Systemic Initiative
Atlanta Public Schools

Ellen Daniel Jones
Science
Detroit Public Schools

Vinetta Jones
Education
Howard University

Franklin Jones
Physics and Chemistry
Radford University

Terry Jordan-Hicks
Walter Bracken Elementary
Clark County Schools, NV

=

67

Richard D Kerr
Nash School
Chicago Public Schools

Joyce Kaser
WestEd/NCISE
Andrea Klafter-Phillips

Lee Antonello Year Round
Elementary
Clark County Schools, NV

Maria M Klawe
Science
University of British Columbia

Jennifer Knudsen
MMAP Implementation Center
WestEd

Richard Komatsu
MESA
University of California

Trish Koontz
Teaching Leadership and
Curriculum
Kent State University

Joseph S Krajcik
School of Education/Educational
Studies
University of Michigan

Lori A. Kurth
Project 2061
American Assoc. for the
Advancement of Science

Carole B LaCampagne
Mathematics Education
RAND

Larry Lamb
Mathematics
West Virginia Dept of Education

Mozell P Lang
Office Of School Excellence
Michigan Department Of
Education

.;; 69



f`..w0t11

Cynthia Lanius
Center for Excellence and Equity
in Education
Rice University

Michael Lebda
Science
Fresno Unified School District

Okhee Lee
School of Education
University of Miami

Eleanor Linn
Programs for Educational
Opportunity
University of Michigan

Vicente Llamas
UCAN RSI
New Mexico Dept. of Education

Ana G Lopez
Science Office
Fresno Unified School District

Julio Lopez-Ferrao
OSR
National Science Foundation

Renee Lundy
Mathematics
Chicago Teachers' Academy for
Math and Science

Sharon Lynch
Department of Teacher
Preparation and Special Ed.
George Washington Univ.

Doris Santamaria Makang
Center For Science Education
Education Development Center

Jon Rahn Manon
Mathematics and Science
Education Resource Center
University of Delaware

70

Samuel Masih
Mathematics and Computer
Science
Albany State University

Robert Mathieu
Professor of Astronomy
National Institute for Improving
Science Education

Angela McCormick
Center of Excellence
Tennessee State University

Kent McGuire
Office of Educational Research
and Improvement
US Department of Education

Judith Meece
OSI-Discovery
Miami University

Robert E Megginson
CCHR & CMPM
Mathematical Association of
America

Carolyn Lilly Minor
Urban Systemic Initiative
School District of Philadelphia

Carol T Mitchell
Teacher Education
University of Nebraska Omaha

Katherine Ann Muir
Grad School of Education and
Information Studies
UCLA

Sara Munshin
East Los Angeles MST Center
(LA-SI)
Los Angeles Unified School
District

Teri Jo Murphy
Mathematics
University of Oklahoma 68

Kris Neal
Center of Excellence
Tennessee State University

Sharon Nelson-Barber
Language, Culture and Diversity
WestEd

Irene Norde
Office of Mathematics
Detroit Public Schools

Barbara Nye
Center of Excellence
Tennessee State University

Christine O'Brien
Gordon & Gordon Associates

Christopher O'Neal
Center for Research on Learning
And Teaching
University of Michigan

Jeannie Oakes
Graduate School of Education
UCLA
Sharon Oberrath
Mid- Atlantic Equity Center

Ben Oni
College of Engineering,
Architecture & Physical Sciences
Tuskegee University

Marlys Otis
Sci Math Minnesota
Joan Pasley
Horizon Research, Inc.

Deborah Peek-Brown
Office of Science
Detroit Public Schools

Kit Peixotto
Mathematics and Science
Education Center
Northwest Regional Educational
Laboratory



Dawn Pickard
School of Education & Human
Services
Oakland University

Andrew Porter
National Institute for Science
Education
Univ of Wisconsin - Madison

Christine Provance
Education Opportunity and
Equity Division
Office of Public Instruction, State
of Montana

Erline Provost
Science
Springfield Public School Dept -

MA

Roberto Quiroz
Office of Field Service
Michigan Department of
Education

Sophia Raczkowki-Trigos
Mathematics
California State University

Senta Raizen
National Center for Improving
Science Education, WestEd

Roni Louise Rentfro
NSF Brownsville UPS
Brownsville Independent School
District

Caran Resciniti
Instructional Services - Math
Office
Fresno Unified School District

Maria del C Rivera
Science and Technology
University of Turabo, PR

Delbra Robinson
Office of Mathematics
Detroit Public Schools

Maritza Rodriguez
Science and Technology
University of Turabo, PR

Steven R Rogg
Illinois Math & Science Academy

Wendy Roselinsky
Walter Bracken Elementary
Clark County Schools, NV

Jerry Lee Rosiek
Professional Studies
University of Alabama

Walter E Rudzinski
Department of Chemistry
Southwest Texas State University

Phillip Schmidt
Center for Integrative Natural
Sciences and Math
Northern Kentucky University

Maria Shavalier
Mathematics
University of Wyoming

Jerome Shaw
Math and Science Program
WestEd

Donna M Simpson
Journal/Publications
National Council of Supervisors
of Math

Oliveann Slotta
Educational Services
Denver Public Schools

Walter S Smith
Dept of Biology
Ball State University

69

-.777:771
Guillermo Solano-Flores
Language and Cultural Diversity
Program
WestEd

Sherry Southerland
Teaching and Learning
Univeristy of Utah

Bill E Sparks
Wisconsin Academy Staff
Development Initiative

Julie Stafford
Wisconsin Academy Staff
Development Initiative

Aimee Stephenson
Science
VT Institute for Science, Math &
Technology

Mary T Stewart
Curriculum
Tulsa Public Schools

Rubye Sullivan
Atlanta Systemic Initiative
Atlanta Public Schools

Judith S Sunley
Directorate for Education &
Human Resources
National Science Foundation

Larry Suter
Research, Evaluation, and
Communication
National Science Foundation

Irene C Swanson
LA-SL Van Nuys MST
Los Angeles Unified School
District

Judith Sydner-Gordon
Educational Telecommunications
& Technology
Los Angeles County Office of
Education

71



Richard Tapia
Computational and Applied
Mathematics
Rice University

Mourat Tchoshanov
Teacher Education
University of Texas at El Paso

Jeanette Thompson
Educational Services
Denver Public Schools

Nadine A. Tibbs-Stallworth
Office of Science Education
Detroit Public Schools

Will Todd, Jr.
Atlanta Systemic Initiative
Atlanta Public Schools

Clara F Tolbert
Leadership and Learning
School District of Philadelphia

Leroy J Tompkins
Division of Instruction
Prince George's County Public
Schools

Rose Marie Trotter
Office of Science Ed
Detroit Public Schools

Shireen True sdale
Educational Services
Denver Public Schools

Adrienne Turner
Eisenhower Consortium, SERVE

Jerry David Valadez
Science Office
Fresno Unified School District

72

Mary Ann Valles
Technology
San Francisco Unified School
District
Elizabeth Vanderputten
Research, Evaluation, and
Communication
National Science Foundation

Nancy Varner
Office of Mathmatics
Detroit Public Schools

Carolyn Vasques-Scalera
American Association for Higher
Education

Roger F. Verhey
Mathematics
University of Michigan-Dearborn

Promod Vohra
College of Engineering &
Engineering Technology
Northern Illinois University

Thomas Walker
Chicago Public Schools

David J Walsh
National Center for Improving
Science Education, WestEd

Norman Webb
Wisconsin Center for Education
Research
University of Wisconsin

Jane Wentzel
Mathematics
Fresno Unified School District

Brenda Kay West
Project CATS
West Virginia Dept of Education

Janie West
Professional Development
Buchanan, Dickenson, Russell,
Tazewell School Dist., WV 70

Gerry Wheeler
National Science Teachers Assoc.

James W Wheeler
General Studies
CMA/CSU-CI

Paula A. White
WCER
National Institute for Science
Education

Patricia T Whitfield
Education
Lyon College

Jonathan Wilson
Baltimore Urban Systemic
Initiative
Morgan State University

Yichun Xie
CEITA
Eastern Michigan University

Catherine G Yeotis
Curriculum & Instruction
Wichita State University

Randy Yerrick
Science Education
San Diego State University

Aleta You
NJ SSI
Rutgers University

Paul A Young
Teacher Education
Canisius College

Debra-Ann Zumaeta
State Science Program
Puerto Rico Department of
Education



National Center for Improving Science Education

1726 M Street, NW, Suite 704

Washington, DC 20036

1



o

U.S. Department of Education
Office of Educational Research and Improvement (OERI)

National Library of Education (NLE)

Educational Resources Information Center (ERIC)

NOTICE

Reproduction Basis

@

ERIC

This document is covered by a signed "Reproduction Release
(Blanket)" form (on file within the ERIC system), encompassing all
or classes of documents from its source organization and, therefore,
does not require a "Specific Document" Release form.

This document is Federally-funded, or carries its own permission to
reproduce, or is otherwise in the public domain and, therefore, may
be reproduced by ERIC without a signed Reproduction Release form
(either "Specific Document" or "Blanket").

EFF-089 (3/2000)


