NATIONAL

SCIENCE
EDUCATION

STANDARDS

NATIONAL ACADEMY PRESS
WASHINGTON,DC



NATIONAL ACADEMY PRESS « 2101 Constitution Avenue, NW « Washington, DC 20418

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

This report has been reviewed by a group other than the authors according to procedures approved
by the Report Review Committee consisting of members of the National Academy of Sciences,the
National Academy of Engineering, and the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to asso-
ciate the broad community of science and technology with the Academy’s purposes of furthering
knowledge and advising the federal government. Functioning in accordance with general policies deter-
mined by the Academy, the Council has become the principal operating agency of both the National
Academy of Sciences and the National Academy of Engineering in providing services to the govern-
ment,the public,and the scientific and engineering communities. The Council is administered jointly
by both Academies and the Institute of Medicine.Dr. Bruce Alberts and Dr. Harold Liebowitz are chair-
man and vice chairman, respectively, of the National Research Council.

The study was supported by the National Science Foundation, the U.S. Department of Education the
National Aeronautics and Space Administration, the National Institutes of Health, and a National
Academy of Sciences president’s discretionary fund provided by the Volvo North American Corporation,
The Ettinger Foundation, Inc.,and the Eugene McDermott Foundation.

Library of Congress Cataloging-in-Publication Data

National Science Education Standards.
p. cm.
“National Research Council”
Includes bibliographical references and index.
ISBN 0-309-05326-9
1. Science—Study and Teaching—Standards—United States.
I.  National Research Council (U.S.).
Q183.3.A1N364 1996
507.1'0973—dc20 95-45778
CIP

National Science Education Standards is available for sale from the National Academy Press,
2101 Constitution Avenue, NW, Box 285, Washington, DC 20055. Call 800-624-6242 or 202-334-3313

(in the Washington metropolitan area).

Copyright 1996 by the National Academy of Sciences. All rights reserved.
Printed in the United States of America

Cover by Grafik, Inc., Alexandria, Virginia.



Acknowledgments

The National Science Education Standards are the product of the efforts of many individuals
and groups. We want to acknowledge

The National Committee on Science Education Standards and Assessment
The Chair’s Advisory Committee
The Executive Editorial Committee
The Content Working Group
The Teaching Working Group
The Assessment Working Group
The Focus Groups
The National Review Groups
The many individuals who have served as consultants to the project
All who have diligently reviewed the drafts
The National Science Education Standards Development Team
Angelo Collins, Director
Rodger Bybee, Chair, Content Working Group
Karen Worth, Chair, Teaching Working Group
Audrey Champagne, Chair, Assessment Working Group
Harold Pratt, Senior Program Officer
The National Research Council Staff
Donna M.Gerardi,Special Assistant for New Initiatives
Patrice Legro, Senior Program Officer
Lee R. Paulson, Managing Editor
Douglas K. Sprunger, Senior Project Assistant
Suzanne White, Senior Project Assistant
Tina M. Winters, Editorial Assistant

See Appendix for members of the above groups.

Major funding for this project was provided by the National Science Foundation,the U.S.
Department of Education,the National Aeronautics and Space Administra ti on ,the National
Institutes of Health,and a National Academy of Sciences president’s discretionary fund pro-
vided by the Volvo North American Corporation, The Ettinger Foundation, Inc., and the
Eugene McDermott Foundation.






Contents

Call to Action vii

National Science Education Standards: An Overview 1

Organization of the Standards, 3
Science Teaching Standards, 4
Professional Development Standards, 4
Assessment Standards, 5

Science Content Standards, 6

Science Education Program Standards, 7
Science Education System Standards, 8
Toward the Future, 9

1 Introduction 11

Why National Science Education Standards?, 12

Goals for School Science, 13

History of the National Science Education Standards, 13
Organization, 15

Guidance for Readers, 17

References for Further Reading, 17

2 Principles and Definitions 19
Perspectives and Terms in the National Science Education Standards, 22
References for Further Reading, 24

3 Science Teaching Standards 27
THE STANDARDS, 29
STANDARD A, 30
STANDARD B, 32
STANDARD C, 37
STANDARD D, 43
STANDARD E, 45
STANDARD F 51
Changing Emphases for Teaching, 52
References for Further Reading, 53

4 Standards for Professional Development for Teachers of Science 55
THE STANDARDS, 58
STANDARD A, 59
STANDARD B, 62
STANDARD C, 68
STANDARD D, 70
Changing Emphases for Professional Development, 72
References for Further Reading, 73



Vi

5 Assessment in Science Education 75

THE STANDARDS, 78
STANDARD A, 78
STANDARD B, 79
STANDARD C, 83
STANDARD D, 85
STANDARDE, 86
Assessments Conducted by Classroom Teachers, 87
Improving Classroom Practice, 87
Planning Curricula, 87
Developing Self-directed Learners, 88
Reporting Student Progress, 88
Researching Teaching Practices, 89
Assessments Conducted at the District,State,and National Levels, 89
Data Analysis, 90
Teacher Involvement, 90
Sample Size, 90
Representative Sample, 90
Sample Assessments of Student Science Achievement, 91
Assessing Understanding of the Natural World, 91
Assessing the Ability to Inquire, 98
Changing Emphases for Assessment, 100
References for Further Reading, 101

6 Science Content Standards 103

Rationale, 104
Unifying Concepts and Processes Standard, 104
Science as Inquiry Standards, 105
Physical Science, Life Science, and Earth and Space Science Standards, 106
Science and Technology Standards, 106
Science in Personal and Social Perspectives Standards, 107
History and Nature of Science Standards, 107

Form of the Content Standards, 108

Criteria for the Content Standards, 109

Use of the Content Standards, 111

Changing Emphases for Contents, 113

Content Standard:K-12, 115
Content Standards:K-4, 121

Science as Inquiry, 121

Physical Science, 123

Life Science, 127

Earth and Space Science, 130

Science and Technology, 135

Science in Personal and Social Perspectives, 138
History and Nature of Science, 141



Content Standards:5-8, 143

Science as Inquiry, 143

Physical Science, 149

Life Science, 155

Earth and Space Science, 158

Science and Technology, 161

Science in Personal and Social Perspectives, 166
History and Nature of Science, 170

Content Standards:9-12, 173

Science as Inquiry, 173

Physical Science, 176

Life Science, 181

Earth and Space Science, 187

Science and Technology, 190

Science in Personal and Social Perspectives, 193
History and Nature of Science, 200

References for Further Reading, 204

7 Science Education Program Standards 209

THE STANDARDS,
STANDARD A,
STANDARD B,
STANDARD C,
STANDARD D,
STANDARDE,
STANDARD K

Changing Emphases for Programs, 224
References for Further Reading, 225

8 Science Education System Standards 227

THE STANDARDS,
STANDARD A,
STANDARD B,
STANDARD C,
STANDARD D,
STANDARD E,
STANDARD K
STANDARD G,

Changing Emphases for Systems, 239
References for Further Reading, 240

Epilogue 243
Appendix 246

Index
Credits

210
210
212
214
218
221
222

230
230
231
231
232
232
233
233

vii



The world looks so different after learning science.

For example, trees are made of air, primarily. When they
are burned, they go back to air, and in the flaming heat is
released the flaming heat of the sun which was bound in to
convert the air into tree. [A]nd in the ash is the small rem-
nant of the part which did not come from air, that came
from the solid earth, instead.

These are beautiful things, and the content of science is
wonderfully full of them. They are very inspiring, and they
can be used to inspire others.

Richard Feynman
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Call to Action

This nation has established as a goal that all students should achieve scientific literacy. The
National Science Education Standards are designed to enable the nation to achieve that goal.
They spell out a vision of science education that will make scientific literacy for all a reality in
the 21st century. They point toward a destination and provide a roadmap for how to get there.

All of us have a stake, as individuals and as a society, in scientific literacy. An understand-
ing of science makes it possible for everyone to share in the richness and excitement of com-
prehending the natural world. Scientific literacy enables people to use scientific principles
and processes in making personal decisions and to participate in discussions of scientific
issues that affect society. A sound grounding in science strengthens many of the skills that
people use every day, like solving problems creatively, thinking critically, working coopera-
tively in teams, using technology effectively, and valuing life-long learning. And the economic
productivity of our society is tightly linked to the scientific and technological skills of our
work force.

Many types of individuals will play a critical role in improving science education: teachers;
science supervisors; curriculum developers; publishers; those who work in museums, zoos,
and science centers; science educators; scientists and engineers across the nation; school
administrators; school board members; parents; members of business and industry; and
legislators and other public officials.

Individuals from all of these groups were involved in the development of the National
Science Education Standards, and now all must act together in the national interest. Achieving
scientific literacy will take time because the Standards call for dramatic changes throughout
school systems. They emphasize a new way of teaching and learning about science that
reflects how science itself is done, emphasizing inquiry as a way of achieving knowledge and
understanding about the world. They also invoke changes in what students are taught,in how
their performance is assessed, in how teachers are educated and keep pace, and in the rela-
tionship between schools and the rest of the community—including the nation’s scientists
and engineers. The Standards make acquiring scientific knowledge,understanding, and abili-
ties a central aspect of education, just as science has become a central aspect of our society.

The National Science Education Standards are premised on a conviction that all students
deserve and must have the opportunity to become scientifically literate. The Standards ook
toward a future in which all Americans, familiar with basic scientific ideas and processes, can
have fuller and more productive lives. This is a vision of great hope and optimism for America,
one that can act as a powerful unifying force in our society. We are excited and hopeful about the
difference that the Standards will make in the lives of individuals and the vitality of the nation.

Richard Klausner, Chairman Bruce Alberts, President
National Committee on Science Education National Academy of Sciences
Standards and Assessment
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National Sclence Education
Standards: An Qverview

In aworld filled with the products
of scientific inquiry, scientific liter-
acy has become a necessity for
everyone. Everyone needs to use

scientific information to make

choices that arise everyday.
Everyone needs to be able to engage intelligently in public discourse and
debate about important issues that involve science and technology. And
everyone deserves to share in the excitement and personal fulfillment that
can come from understanding and learning about the natural world. []
Scientific literacy also is of increasing importance in the workplace. More
and more jobs demand advanced skills, requiring that people be able to
learn, reason, think creatively, make decisions, and solve problems. An
understanding of science and the processes of science contributes in an
essential way to these skills. Other countries are investing heavily to create

scientifically and technically literate work forces. To keep pace in global
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markets, the United States needs to have an
equally capable citizenry.

The National Science Education Standards
present a vision of a scientifically literate
populace. They outline what students need
to know, understand,and be able to do to
be scientifically literate at different grade
levels. They describe an educational system
in which all students demonstrate high lev-
els of performance, in which teachers are
empowered to make the decisions essential
for effective learning, in which interlocking
communities of teachers and students are
focused on learning science, and in which
supportive educational programs and sys-
tems nurture achievement. The Standards
point toward a future that is challenging but
attainable—which is why they are written in
the present tense.

The intent of the Standards can be
expressed in a single phrase: Science stan-
dards for all students. The phrase embodies
both excellence and equity. The Standards
apply to all students, regardless of age, gen-
der, cultural or ethnic background,disabili-
ties, aspirations, or interest and motivation
in science. Different students will achieve
understanding in different ways,and differ-
ent students will achieve different degrees of
depth and breadth of understanding
depending on interest, ability, and context.
But all students can develop the knowledge
and skills described in the Standards, even as
some students go well beyond these levels.

By emphasizing both excellence and equi-
ty, the Standards also highlight the need to
give students the opportunity to learn sci-
ence. Students cannot achieve high levels of
performance without access to skilled pro-
fessional teachers, adequate classroom time,

arich array of learning materials, accommo-
dating work spaces,and the resources of the
communities surrounding their schools.
Responsibility for providing this support
falls on all those involved with the science
education system.

Implementing the Standards will require
major changes in much of this country’s sci-
ence education. The Standards rest on the
premise that science is an active process.
Learning science is something that students
do, not something that is done to them.
“Hands-on” activities, while essential,are
not enough. Students must have “minds-on”
experiences as well.

The Standards call for more than “science
as process,” in which students learn such
skills as observing, inferring, and experi-
menting. Inquiry is central to science learn-
ing. When engaging in inquiry, students
describe objects and events, ask questions,
construct explanations, test those explana-
tions against current scientific knowledge,
and communicate their ideas to others.
They identify their assumptions, use critical
and logical thinking, and consider alterna-
tive explanations. In this way, students
actively develop their understanding of sci-
ence by combining scientific knowledge
with reasoning and thinking skills.

The importance of inquiry does not
imply that all teachers should pursue a sin-
gle approach to teaching science. Just as
inquiry has many different facets, so teach-
ers need to use many different strategies to
develop the understandings and abilities
described in the Standards.

Nor should the Standards be seen as
requiring a specific curriculum. A curricu-
lum is the way content is organized and pre-

OVERVIEW



sented in the classroom. The content

embodied in the Standards can be organized
and presented with many different emphases
and perspectives in many different curricula.

Instead, the Standards provide criteria that
people at the local state, and national levels
can use to judge whether particular actions
will serve the vision of a scientifically literate
scciety. They bring coordination, consistency,
and coherence to the improvement of science
education. If people take risks in the name of
improving science education they know they
will be supported by policies and procedures
throughout the system. By moving the prac-
tices of extraordinary teachers and adminis-
trators to the forefront of science education,
the Standards take science education beyond
the constraints of the present and toward a
shared vision of the future.

Hundreds of people cooperated in devel-
oping the Standards, including teachers,
school administrators,parents, curriculum
developers, college faculty and administra-
tors, scientists, engineers, and government
officials. These individuals drew heavily
upon earlier reform efforts, research into
teaching and learning, accounts of exem-
plary practice, and their own personal expe-
rience and insights. In turn, thousands of
people reviewed various drafts of the stan-
dards. That open,iterative process produced
a broad consensus about the elements of
science education needed to permit all stu-
dents to achieve excellence.

Continuing dialogues between those who
set and implement standards at the national,
state, and local levels will ensure that the
Standards evolve to meet the needs of stu-
dents, educators, and society at large. The
National Science Education Standards should

OVERVIEW

be seen as a dynamic understanding that is
always open to review and revision.

Organization of
the Standards

After an introductory chapter and a chap-
ter giving broad principles and definitions
of terms, the National Science E ducation
Standards are presented in six chapters;
= Standards for science teaching

(Chapter 3).
= Standards for professional develop-

ment for teachers of science

(Chapter 4).
= Standards for assessment in science

education (Chapter 5).
= Standards for science content

(Chapter 6).
= Standards for science education pro-

grams (Chapter 7).
= Standards for science education

systems (Chapter 8).

For the vision of science education
described in the Standards to be attained,
the standards contained in all six chapters
need to be implemented. But the Standards
document has been designed so that differ-
ent people can read the standards in differ-
ent ways. Teachers, for example, might want
to read the teaching, content, and program
standards before turning to the professional
development,assessment, and systems stan-
dards. Policy makers might want to read the
system and program standards first, while
faculty of higher education might want to
read the professional development and



teaching standards first, before turning to
the remaining standards.

Science Teaching
Standards

The science teaching standards describe
what teachers of science at all grade levels
should know and be able to do. They are
divided into six areas:
= The planning of inquiry-based sci-
ence programs.
= The actions taken to guide and facili-
tate student learning.

= The assessments made of teaching
and student learning.

= The development of environments
that enable students to learn science.

= The creation of communities of sci-
ence learners.

= The planning and development of
the school science program.

Effective teaching is at the heart of science
education, which is why the science teaching
standards are presented first.Good teachers of
science create environments in which they and
their students work together as active learners.
They have continually expanding theoretical
and practical knowledge about science learn-
ing, and science teaching. They use assessments
of students and of their own teaching to plan
and conduct their teaching. They build strong,
sustained relationships with students that are
grounded in their knowledge of students’ simi-
larities and differences. And they are active as
members of science-learning communities.

In each of these areas, teachers need sup-
port from the rest of the educational system

if they are to achieve the objectives embod-
ied in the Standards. Schools, districts, local
communities,and states need to provide
teachers with the necessary resources—
including time, appropriate numbers of stu-
dents per teacher, materials, and schedules.
For teachers to design and implement new
ways of teaching and learning science, the
practices, policies, and overall culture of
most schools must change. Such reforms
cannot be accomplished on a piecemeal or
ad hoc basis.

Considerations of equity are critical in
the science teaching standards. All students
are capable of full participation and of mak-
ing meaningful contributions in science
classes. The diversity of students’ needs,
experiences, and backgrounds requires that
teachers and schools support varied, high-
quality opportunities for all students to
learn science.

Professional
Development
Standards

The professional development standards
present a vision for the development of pro-

fessional knowledge and skill among teach-

ers. They focus on four areas:

= The learning of science content
through inquiry.

= Theintegration of knowledge about
science with knowledge about learn-
ing, pedagogy, and students.

= The development of the understand-
ing and ability for lifelong learning.

OVERVIEW



= The coherence and integration of
professional development programs.

As envisioned by the standards, teachers
partake in development experiences appro-
priate to their status as professionals. Begin-
ning with preservice experiences and con-
tinuing as an integral part of teachers’ pro-
fessional practice, teachers have opportuni-
ties to work with master educators and
reflect on teaching practice. They learn how
students with diverse interests, abilities, and
experiences make sense of scientific ideas
and what a teacher does to support and
guide all students. They study and engage in
research on science teaching and learning,
regularly sharing with colleagues what they
have learned. They become students of the
discipline of teaching.

Reforming science education requires
substantive changes in how science is taught,
which requires equally substantive change in
professional development practices at all lev-
els. Prospective and practicing teachers need
opportunities to become both sources of
their own growth and supporters of the
growth of others. They should be provided
with opportunities to develop theoretical
and practical understanding and ability, not
just technical proficiencies. Professional
development activities need to be clearly and
appropriately connected to teachers’ work in
the context of the school. In this way, teach-
ers gain the knowledge understanding, and
ability to implement the Standards.

OVERVIEW

Assessment
Standards

The assessment standards provide criteria
against which to judge the quality of assess-
ment practices. They cover five areas:
= The consistency of assessments
with the decisions they are designed
to inform.
= The assessment of both achievement
and opportunity to learn science.

= The match between the technical
quality of the data collected and the
consequences of the actions taken
on the basis of those data.

= The fairness of assessment practices.

= The soundness of inferences made
from assessments about student
achievement and opportunity to learn.

In the vision described by the Standards,
assessments are the primary feedback mech-
anism in the science education system. They
provide students with feedback on how well
they are meeting expectations, teachers with
feedback on how well their students are
learning, school districts with feedback on
the effectiveness of their teachers and pro-
grams, and policy makers with feedback on
how well policies are working. This feedback
in turn stimulates changes in policy, guides
the professional development of teachers,
and encourages students to improve their
understanding of science.

Ideas about assessments have undergone
important changes in recent years. In the
new view, assessment and learning are two
sides of the same coin. Assessments provide
an operational definition of standards, in
that they define in measurable terms what



teachers should teach and students should
learn. When students engage in assessments,
they should learn from those assessments.
Furthermore assessments have become
more sophisticated and varied as they have
focused on higher-order skills. Rather than
simply checking whether students have mem-
orized certain items of information new
assessments probe for students understand-
ing, reasoning, and use of that knowledge—
the skills that are developed through inquiry.
A particular challenge to teachers is to com-
municate to parents and policy makers the
advantages of new assessment methaods.
Assessments can be done in many differ-
ent ways. Besides conventional paper and
pencil tests, assessments might include per-
formances, portfolios, interviews, investiga-
tive reports, or written essays. They need to
be developmentally appropriate, set in con-
texts familiar to students, and as free from
bias as possible. At the district, state, and
national levels, assessments need to involve
teachers in their design and administration,
have well-thought-out goals, and reach rep-
resentative groups to avoid sampling bias.
Assessments also need to measure the
opportunity of students to learn science.
Such assessments might measure teachers’
professional knowledge, the time available
to teach science, and the resources available
to students. Although difficult, such evalua-
tions are a critical part of the Standards.

Science Content
Standards

The science content standards outline
what students should know, understand,
and be able to do in the natural sciences
over the course of K-12 education. They are
divided into eight categories:
= Unifying concepts and processes

in science.
= Science as inquiry.
= Physical science.
= Life science.
= Earth and space science.
= Science and technology.
= Science in personal and

social perspective.
= History and nature of science.

The first category is presented for all
grade levels, because the understandings
and abilities associated with these concepts
need to be developed throughout a student’s
educational experiences. The other seven
categories are clustered for grade levels
K-4, 5-8, and 9-12.

Each content standard states that as a
result of activities provided for all students
in those grade levels, the content of the stan-
dard is to be understood or certain abilities
are to be developed. The standards refer to
broad areas of content, such as objects in the
sky, the interdependence of organisms, or
the nature of scientific knowledge. Following
each standard is a discussion of how stu-
dents can learn that material, but these dis-
cussions are illustrative, not proscriptive.
Similarly, the discussion of each standard
concludes with a guide to the fundamental
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ideas that underlie that standard, but these
ideas are designed to be illustrative of the
standard, not part of the standard itself.

Because each content standard subsumes
the knowledge and skills of other standards,
they are designed to be used as a whole.
Although material can be added to the con-
tent standards,using only a subset of the
standards will leave gaps in the scientific lit-
eracy expected of students.

Science Education
Program Standards

The science education program standards
describe the conditions necessary for quality
school science programs. They focus on six

areas:

OVERVIEW

The consistency of the science pro-
gram with the other standards and
across grade levels.

The inclusion of all content standards
in a variety of curricula that are
developmentally appropriate, inter-
esting, relevant to student’s lives,
organized around inquiry, and con-
nected with other school subjects.
The coordination of the science pro-
gram with mathematics education.
The provision of appropriate and suf-
ficient resources to all students.

The provision of equitable opportu-
nities for all students to learn the
standards.

The development of communities
that encourage, support, and

sustain teachers.




Program standards deal with issues at the
school and district level that relate to oppor-
tunities for students to learn and o pportuni-
ties for teachers to teach science. The first
three standards address individuals and
groups responsible for the design, develop-
ment, selection, and adaptation of science
programs—including teachers, curriculum
directors, administrators,publishers, and
school committees. The last three standards
describe the conditions necessary if science
programs are to provide appropriate oppor-
tunities for all students to learn science.

Each school and district must translate
the National Science Education Standards
into a program that reflects local contexts
and policies. The program standards discuss
the planning and actions needed to provide
comprehensive and coordinated experiences
for all students across all grade levels. This
can be done in many ways, because the
Standards do not dictate the order, organiza-
tion, or framework for science programs.

Science Education
System Standards

The science education system standards
consist of criteria for judging the perfor-
mance of the overall science education sys-
tem. They consider seven areas:
= The congruency of policies that

influence science education with

the teaching, professional develop-

ment, assessment, content, and
program standards.

= The coordination of science education
policies within and across agencies,

institutions, and organizations.

= The continuity of science education
policies over time.

= The provision of resources to support
science education policies.

= The equity embodied in science
education policies.

= The possible unanticipated effects of
policies on science education.

= The responsibility of individuals to
achieve the new vision of science
education portrayed in the standards.

Schools are part of hierarchical systems
that include school districts, state school
systems, and the national education system.
Schools also are part of communities that
contain organizations that influence science
education, including colleges and universi-
ties, nature centers, parks and museums,
businesses, laboratories, community organi-
zations, and various media.

Although the school is the central institu-
tion for public education,all parts of the
extended system have a responsibility for
improving science literacy. For example,
functions generally decided at the state (but
sometimes at the local) level include the
content of the school science curriculum,
the characteristics of the science program,
the nature of science teaching, and assess-
ment practices. These policies need to be
consistent with the vision of science educa-
tion described in the Standards for the
vision as a whole to be realized.

Today, different parts of the education
system often work at cross purposes, result-
ing in waste and conflict.Only when most
individuals and organizations share a com-
mon vision can we expect true excellence in
science education to be achieved.

OVERVIEW



Toward the
Future

Implementing the National Science
Education Standards is a large and significant
process that will extend over many years. But
through the combined and continued sup-
port of all Americans, it can be achieved.
Change will occur locally, and differences in
individuals, schools, and communities will
produce different pathways to reform, differ-
ent rates of progress, and different final
emphases. Nevertheless, with the common
vision of the Standards, we can expect delib-
erate movement over time Jeading to reform
that is pervasive and permanent.

No one group can implement the
Standards. The challenge extends to every-
one within the education system,including

teachers, administrators, science teacher
educators,curriculum designers, assessment
specialists, local school boards, state depart-
ments of education, and the federal govern-
ment. It also extends to all those outside the
system who have an influence on science
education, including students, parents, sci-
entists, engineers, businesspeople, taxpayers,
legislators, and other public officials. All of
these individuals have unique and comple-
mentary roles to play in improving the edu-
cation that we provide to our children.

Efforts to achieve the vision of science
education set forth in the Standards will be
time-consuming, expensive,and sometimes
uncomfortable. They also will be exhilarat-
ing and deeply rewarding. Above all, the
great potential benefit to students requires
that we act now. There is no more impor-
tant task before us as a nation.

OVERVIEW




