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THE PRESIDENT’'S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY

The Counci! provides private sector advice to the President in matters of national importance
involving science and technology. The Council responds to requests from the President and
aggressively maintains a general watch on developments to be in a position to raise issues,
opportunities, and concerns to the President. The issues that the Council addresses normally affect
not only the private sector but cut across Federal Deparement and Agency boundaries. In addition
to being fully responsive to the President, the Council considers requests made by the Vice
President and others within the Executive Office of the President.

Although the boundaries are not clear-cut, the Council’s advisory work falls broadly into three
categories: (1) emerging science and technology issues; (2) policy for science and technology as well
as science and technology for policy; and (3) structural and strategic management policies within the
Federal government as well as policies in non-governmental erganizations.

The Council is currently composed of 13 members, including the Chairman, who provide
perspectives from academia, industry, privatc foundations and research institutes.
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THE WHITE HOUSE
WASHINGTON

November 16, 1992

Dear Mr. President:

Your leadership has stimulated the nation to undertake unprecedented educational
reform. This leadership has also mobilized the talent and resources of the Federa!
government to support this reform effort through the Federal Coordinating Council for
Science, Engineering, and Technology. ii is a pleasure to transmit to you, on behalf of
your Council of Advisors on Science and Technology, a report that prqvides an analysis
of issues and recommendations for further implementation of the National Education
Goals and the America 2000 National Education Strategy related to education in
mathematics, science, engineering, and technology. The report is entitled LEARNING to
Meet the Science and Technology Challenge.

The President’s Council of Advisors on Science and Technology (PCAST) believe that
the national reform effort is beginning to produce a consensus for a process that: (1)
continues to build support for achieving the National Education Goals; (2) sets national
education standards that help identify th-: common core of knowledge and competencies
that are expected of all children; (3) develops a national system of assessments designed
to measure performance and fulfillment of the standards; and (4) challenges every
teacher in every school to develop responses to the heightened demands for educating
American children.

This report considers teachers and teaching at every level. We focused on the need to
build a stronger foundation for understanding mathematics and science throughout our
society by placing special emphasis on the improvement of elementary and secondary
education in these fields for all of our children.

Since there is evidence that our educational system often fails to encourage outstanding
performance, the Council particularly focused on the need for nurturing special
aptitudes for science and technology. We found that aptitudes in scientific and
technological fields are often unrecognized or discouraged, particularly among girls and
the children of disadvantaged groups. Specific strategies are recommended for

nurturing special aptitudes in order that society may fully benefit from the contributions
of superb scientists and engineers.

Finally, the report notes new ways to engage young minds in modes of thought that are
needed in science, mathematics, engineering, and technology. There are several
approaches to teaching and learning that give expression to our theme of learning
through research.




The PCAST members would be pleased to discuss any part of this report with you that
may be of particular interest. With your permission and following your review, I
propose that this report be made public as a contribution to the continuing deliberations
on reforming education in mathematics, science, engineering, and technology.

The Bush Administration has provided very strong support and leadership for science
and technology, including science and technology education. The recommendations
contained in this report are designed to further strengthen this vital investment in our
nation’s future. We believe that continued commitment and a sustained effort are
required if educational reform in the nation is to be fully realized.

Sincerely yours,

D. Allan Bromle 1

The Assistant to the President
for
Science and Technology
and
Chairman
President’s Council of Advisors on Science and Technology

The President
The White House
Washington, D.C. 20500

Enclosure




EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

November 11, 1992

Dear Dr. Bromley:

It is with pleasure that I submit to you the report, LEARNING to Meet the Science and
Technology Challenge, on behalf of the panel I co-chaired with Charles Drake for the
President’s Council of Advisors on Science and Technology (PCAST).

The leadership of the President has stimulated our Nation to undertake unprecedented
initiatives toward reform of basic education. This leadership has also mobilized,
through the Federal Coordinating Council for Science, Engineering, and Technology,
the talent and resources of the Federal government in support of this reform effort.

Our report provides suggestions and recommendations for further implementation of the
National Education Goals and the America 2000 strategy.

We take the view that the security and prosperity of the Nation require policies that
ensure higher levels of scientific and technological knowledge and skill for all
Americans, which is why we have chosen the title we have for this report. The
dramatic actions underway must be sustained for several more years in order to assure
that needed changes occur and become permanent.

Sipcerely ygurs,

AN A WY

Peter Likins
Co-Chairman of PCAST Panel
on Education and Human Resources

Enclosure

The Honorable D. Allan Bromley
Assistant to the President for

Science & Technology
Executive Office of the President
Washington, DC
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PREFACE

The reader is forewarned: 1o not scarch within these pages for a painless, magical elixir to cure the
ills of our learning systems in America. 'I'he members of the President’s Council of Advisors on
Science and "Technology are persuaded that che learning challenge in America requires a sustained
commitment to hard work on many fronts, so we have preseribed a balanced diet and a strict regimen
of disciplined exercise. Our objective has been to deai with a very complex sct of problems in a
realistic and usceful way. We hope fervently that we have succeeded.
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EXECUTIVE SUMMARY

The nation that dramatically and holdly led the world into the age of technology is failing to provide its own
children with the intelleetnal tools needed for the 21st century.
National Science Board Commission on
Precoliege Education in Mathematices,
Scicnee, and "Technology (1983)

THE CHALLENGE

Thc emergence of the United States of America among the leading nations of the world in the
20th century derives substantially from our pre-cruinence in technology and industrial
production in the first half of the century. Our continuing strength is based substangally on our
leadership in both scicnee and technology in the decades following World War 11, It is highly likely
that sciencee and technology witl become even more significant in the 21st century in their influence
on our physical and cconomic sccurity, on our standard of living, and on the quality of life of peaple
throughout the world.

As we approach the beginning of the 21st century, it is becoming apparent that our nation’s
lcadership in scienee and technology is not assured. In many critical arcas of techn dogy we are
clearly no longer the bestin the world. “Ihas we face in this country a seience and technology challenge.
This is not the onfy challenge that must be met for the seeurity and prosperity of this nation., but
unless we mect the seienee and technology challenge seeurity and prosperity will suffer,

Confronting the complex issues assaciated with the scienee and technology challenge will require
more dramatic and more sustained actions on the part of the Presidentand the federal government
over the nexe decade than atany time in the past twenty-five vears. New federal initiatives must
focus on the deployment of our best scientific and technical resources to address the National
Education Goals. On the one hand, we need to identify and develop our most promising studentes,
those who will ultimately lead this nation's scienee and technology effores. At the same time, we
need to promote policies that ensure higher levels of scientific and technological knowledge and skill
for all Americans.

The President’s Council of Advisors on Scienee and Technology (PCAST) applauds the work of the
IFederal Coordinating Council for Sciencee, Engineering, and ‘Technology (FCCSE'T) in integrating
the broad array of federal policies and programs that support science and engineering education. We
urge expanded commitment to the FCCSEF initiatives in science and engineering education and
provide recommendations for specific actions in the body of this report.

Competitive advantage in science and technology depends inereasingly on human capabifity. Of
course, scientists, engineers, and technologists require excellent facilities to do work that meets the
standards of global competition. But the most critical factor in mecting the seience and technology
challenge is the development throughout society of people who can fearn how to work effectively in
an increasingly technical environment. “Phat’s why this report is called “LEARNING to Meet the
Scienee and ‘Technology Challenge.”

12
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We know that /earning has many aspects, among them teaching, research, and other modes of
discovery. We also recognize that learning about science and technology is important for everyone:
factory workers, office staff, corporate managers, parents, physicians, lawyers, and accountants in
addition to teachers, scientists, and engineers, Stimulating learning about science, mathemartics,
engineering, and technology at all levels and throughout society is necessary (but not sufficient) for
the health of our economy and the welfare of our pcople.

Our task begins with our youngest children, or even with prenatal care, but it doesr’t end with the
adolescent vears. Success requires superb teachers, scientists, and engineers educated and re-
educated throughout their lives. And the engines of industry are driven by workers who require
continuing education to keep up with the changing demands of their jous. Unless we face the needs
of the ensrre population, we will fail to meet the science and technology challenge.

IFederal refationships with research intensive universities are particularly complex, and PCAS'T has
undertaken a separate, major study of this subject. These issues are addressed only tangentially in
the present report.

THE NATIONAL EDUCATION GOALS

Our society is approaching consensus regarding the steps that will lead to necessary improvements in
basic (elementary and secondary) education. This process is as follows:

s [stablish National Education Goals.

» Establish N7 onal Education Standards defining appropriate educational progress in cach of the
critical fields, including science and mathematics.

» Establish a national system of performance assessment instruments and procedures (but not a
federally mandated test).

» Develop local and regional strategies for meeting the Nartional Education Standards using
approved methods of assessment (but not a federally mandated national curriculum).

® Develop statistically valid instruments (such as those of the National Assessment of Educational
Progress programs) to define a single federally sanctioned statistical measurement of the comparative
progress of groups of students and teachers (but not of individuals).

The first step has been taken with the adoption in 1990 of the National Education Goals developed
by the President and the nation’s Governors. The remaining steps in this process are well underway
through the implementation of the America 2000 strategy. Debate will continue, but we strongly
recommend accepting this process as a baseline policy and getting on with the difficult job of
implementation. The yvear 2000 will soon be upon us, and our task is just beginning,.

Unless the entire system of basic education is reconstructed in quite fundamental ways, with an
emphasis on standards within a range of options, it will not be possible to achieve our goals in
mathematics and science education.

'3
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GENERAL RECOMMENDATIONS

Our entire system of education has not adapted adequatcely to the demands of a changing world, with
conscquences that are now most evident in clementary and sccondary education. It is absolutely
essential that the required adaptation be acceelerated throughout the system, or it will not be possible
to restore and preserve our global leadership in living standards for our people.

As we strive to mecet the science and technology challenge of this nation, we must recognize
immediately that we cannot succeed without effective and dedicated teachers at all levels, from
grade school to graduate school and beyond, leading the way through lifetime learning. Moreover, all
tcachers must have the goal of motivating every student by means of creative curricula and
innovative engagements with good science and technology.

We must recognize at the same time that strengthening the quality of teachers is but one aspect of
our challenge, because learning is not limited to formal schooling. We must aceept responsibility in
all sectors of our society for improving education, forging partnerships that include families, churches
and community groups, business and industry, labor, and government at all levels to join with
schools, colleges, and universitics in a concerted cffort to rebuild the American dream on the
foundation of learning.

As a general principle, adaptation and change are accelerated by the availability of alternative choices
in a creative atmosphere. We must preserve and exploit more ceffectively the variety of options now
available to Americans. However, we also need to find ways to diversify our educational strategies
and encourage more options. In postsecondary education, we must enhance the opportunities for
those sceking to become technicians or technologists.

If there is a single theme that should guide all of the necessary educational reforms, it is this: We
must strive to meet the developmental needs of cach individual in our socicty so as to derive the
maximum benefit from the potential capabilities of all members of our society. In short, we must get
from everyone their very best. ‘T'he implications of this theme are pervasive; grade school learning
experiences must be adapted to the child, and college courses must be shaped to the varying needs
and capabilitics of the students enrolled. We must recognize that technicians and technologists are
important members of a productive society and develop the needed skills where aptitudes and
interests permit. We cannot afford to waste human capability, because in the modern world human
resources are the primary assets of any society.

We are deeply concerned about the lost potential represented by undeveloped talent for science,
mathematics, engincering, and technology in America, ‘The losses are probably most critical for
those sectors of our population that lack a tradition of participation in these ficlds. If our society is to
derive full advantage of the talent of its people in science, mathematics, engineering, and technology,
there must be special emphasis on the development of capacity among females and those growing
populations now referred to as minoritics. It is important to recognize that our concern for
undeveloped potential in these groups is not driven by any quantitative assumptions about the
demand for professionals, but rather by the knowledge that our society will benefit by increasing the
depth and breadth of understanding of science and technology throughout the population.

iq
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A major problem that must be addressedt is the need to increase cducational productivity so as to
maximally improve our educational performance within resource constraints. Significant
reallocations of resources may be necessary. Productivity imprevements may in part be achieved by
better use of technology. Electronic networking to share teaching and learning resources provides an
example.

ADVICE TO THE FEDERAL GOVERNMENT

PCAST is the President’s Council of Advisors on Science and Technology, and we recognize a special
obligation to advise the President of the United States and the agencies of the exccutive branch of
our government. The nature of our democracy requires that such advice be directed to the United
States Congress as well.

T'he fundamental message to the federal government is the same advice offered to all other pareners
in the cducational enterprise, as noted above: Advanee the National Education Goals; accelerate the
adaptation of the entire educational system to changing global requirements, including more
cducational options and choices; focus on the development of individuals: nurture especially the
interests and talents of females and minorities in science and mathematics; emphasize the
devetopment of teachers in fields relating to science and technology; and facilitate the formation of
community partnerships committed to education as a key priority of our socicty. All of these
objectives require the support and encouragement of the federal government, but none can be
accomplished by the government alone. In some areas, such as cducational technology, capital
investments by the federal government may be essential to progress. In other arcas, such as
community partnership formation, the role of the federal government may be limited to
encouragement. In every case, however, there is a role.

There are specific federal programs that should be initiated or expanded inan effort to recognize and
encourage excellent performance in science and mathematies by young people with undeveloped
potential in these ficlds. Three examples of existing programs that warrant cxpansion are the Yowng
Scholars Program and the Research Fxperiences for Undergraduates Prograni of the National Science
Foundation and the Jacirs Gifred and Talented Education Program of the Deparement of Education.

We recommend in addition a major initiative to establish summer laboratory schools at NASA and
DOE facilitics for students and teachers in grades seven through twelve. Furthermore, technical
training programs developed for military service personnel should be adapted wherever possible in
the public sector.

We note some disturbing trends in post-sccondary education in science, mathematics, engineering,
and technology and recommend renewed attention to the more advanced programs for education and
rescarch in these fields. Faculey prioritics must focus still more on students, with emphasis on
teaching and on rescarch as a learning experience. Because federal rescarch funds provide powerful
incentives that shape faculty values, the federal government can intluence faculey priorities by giving
more attention to curriculum development, instructional innovation, and cffective teaching.
Recognition of teaching excellence, instructional scholarship, and public service can also influence
the value svstems of our colleges and universities.

1o
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Fellowships, trainceships, and loan forgiveness programs for graduate students should be
instruments of feacral poliey designed to encourage U.S. citizens and permanent residents to pursue
advanced cducation in critical fields, such as science, mathematics, engineering and education in
related areas, Such support may extend to programs for retraining of current teachers, especially to
address the need tor mathematics and science specialists in elementary education.

Finally, it should be recognized by the federal government char the escalating costs of education
must ulaimately be controlled, in part, by increases in educational productiviey, and federal
sponsorship of initiatives to improve productivity should receive high prioricy. One principal strategy
for productivity improvement relics upon applications of instructional technology chat may require
substancial initial investments. A federal initiative thae stimulates the development of educational
technologics or opens new pedagogics mav be important to progress in this arca.

ADVICE TO THE PRESIDENT

The Presidentis advised to make every effort to maineain the leadership initative established in this
arca, and to reinforee the public’s understanding of the powerfal linkage beoween the prosperity of a
nation and the education of its citizenry. Goal =5 of che six National Education Goals savs it wells

By the vear 2000, every adult American will be literate and will possess the
knowledge and skills necessary to compete in a global cconomy and exercise the
rights and responsibilities of citizenship.

We would have the President tuke note of the critical significance of bas‘c education in mathematics
and science to this goal, and recognize too that che achievement of world class standards in
ciementary and high school mathemartics and science is not enough for a nation to be competitive in
the global cconomy. Improvement is required also in post-sccondary education in these fields right
through graduate study, as well as in contnuing education in enginecering, scienee, and mathematics,
if our nation is to meet the global competition for ideas, products, and services.

The Council urges the President to expand his commitment to the FCCSET initiatives in soience
and engineering education, including programs to motivate and reward excellence in teaching at all
levels and in both formal and informal scttings.

Finally, it is imperative that prioritics in the President’s 1994 budgee proposal and subscequent
budgerand legislative proposals match actions and words. We recognize the magnitude of this task
in an cra when deficit reduction requires very serious attention, and note with appreciation the
President’s suppore for research and education in prior vears. We hope that even within severe
budgetary constraings chere will be opportunities for special initiatives that respond to our common
commitment to LEARNLNG 1o Meet the Science and Technology Challenge.
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CHAPTER .

BACKGROUND

Thc dramatic success of the United States of America in the 20th century has depended critically
upon leadership in science and technology. While many other factors have also come into play,
without great strengeh in both science and technology the nation could not have emerged in this
century to achieve its current stature in world affairs. American industrial strength was built initially
upon advances in technology and industrial production. and in the lateer half of this century the
discoveries of modern science have provided opportunities for new tech nologies to introduce entire
new industnies. On those occasions in the 20th century when warfare has been nceessary, the
conrributions of science and technology to victory have been crucial. Extraordinary progress in
human health in this century is also rooted in scientific and technological achievement. Even the
food we eat and the water we drink have been influenced profoundly by science and technology in
the pastone hundred years. Although we have not vet found ways to cnsure the equitable
distribution of the benefits of science and technology, and we still need better control of some of the
adverse conscquences of technofogy, there can be little argument about the importance of science
and technology to the emergence of the United States as a world leader in the 20th century,

The role of scienee and technology in the 21st century is very likely to be even more fundamental
than in the century now coming to an end. It is not at all clear, however, that the United States will
maintain world leadership in these fields. Indeed, in some sectors of technology that lcadership has
alrcady shifted clsewhere. Thus we must face in this country a science and technology challenge.

In the firse half of the 20th century it was primarily technology and industrial production that fucled
the American ascension, and only after World War I did American science achieve pre-cminence.
Whereas the progress of technology in America was largely the product of industrial corporations
driven by market opportunitics, the progress of science depended largely on the policies and budgers
of the federal government. In other nations of the world, particularly in Western Europe and Japan,
government policies have also shaped rechnological developments in recent decades, with results that
have substantially altered the economic structure of the global society.

The success of these policies has prompted more deliberate consideration of the linkages among
science, technology, and the cconomy in the United Srates, leading to the recognition that good
scicnee s necessary but not sufficient for advanced technology, which is in turn necessary but not
sutficient for a healthy cconomy in the modern world. Tt follows that the science and technology
challenge must be met if American prosperity is to continue to lead world standards. At the same
time, other socictal and institutional challenges must not be ignored. Unless we also preserve a
sound basis for stable government and effective systems for world commeree, we will not achieve the
full potential benefits of scicnce and technology.

[tis the central thesis of this report that the science and technology challenge must be met by
learning, a term that we understand to embrace both teaching and rescarch. Whether the necessary
learning is accomplished in the classroom or the research faboratory, or merely through practical
experience, it scems clear that learning is the kev to progress in science and technology. The
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emphasis in this report is on precollege education, although implications arc drawn when appropriate
about both undergraduate and graduate university education and research. The President’s Council
of Advisors on Scienee and ‘Technology has prepared a separate report on rescarch-intensive
universities and the federal government entitled Rewewing the Promise: Research-Intensice Unicersities
and the Nation.

In what follows, the learning agenda for the United States is addressed in four chaprers:

Chapter 1. Education In Science and Mathematics: Meeting the National lducation Goals

"T'his chapter addresses the need for building a stronger foundation for the understanding ot scienee
and mathematics throughout our socicty by means of improvement of clementary and sccondary
cducation in these fields for all of our children. At least three of the six National Education Goals
adopred by the President and the nation’s Governors relate to science and technology. Achieving
these goals will enable us to meet the needs of most of our people. However, something morc is
required if the full potential of our population is to be realized.

Chapter II. Nurturing Special Aptitudes: Developing Superb Scientists and Engincers

"T'his chapter focuses on special initiatives required to ensure that every talent for science and
technology is fully developed so that society can derive full benefit from the contributions of superb
scientists and engineers with the most advanced education. Expericence tells us that aptitudesin
these fields are often unrecognized or discouraged, particularly among girls and the children of
disadvantaged groups. Specific strategics are recommended for nurturing these special aptitudes.

Chapter I'V. Who Shall Lead the Way? “Teachers of Science, Mathematics,
Engincering, and "lTechnology

‘I'his chapter deals with the teachers at every level who bear responsibility for instruction in scicree,
mathematics, engineering, and technology. “Teachers are the top priority of the federal Coordinating
Council for Scienee, Engineering, and “Technology, and for good reason. Unless our teachers are
prepared to mecet their responsibilities well, all else will fail.

Chapter V. Lcarning T'hrough Rescarch

[n this chapter, a bricf intimation is provided of the interdependencey of teaching and rescarch in
the learning process. A full exposition of the research agenda for science and technology would
require a separate report, but the inclusion of w small chapter in the present report is intended to
convey a message: Teaching and research are complementary aspects of lcarning, and they should

not be entirely separated.

The sixth and final chapter, Recommendutions, is a summary of the major rccommendations appearing
throughout the report.

18)
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CHAPTER II.

EDUCATION IN SCIENCE AND MATHEMATICS:
MEETING THE NATIONAL EDUCATION GOALS

PURPOSE: ACHIEVING NATIONAL GOALS

Ofthc six National Kducaton Goals adopted by the President and the nation's Governors, three
are particularly relevant to a report about learning in science and technology.

GOAL 3: By the vear 2000, American students will leave grades four, eight and twelve having
demonstrated competency in challenging subject matter including English, inathematics, scienee,
history, and geography: and every school in America will ensure that all students fearn to use their
minds well, so they may be prepared for responsible citizenship, further learning, and productive
emplovment in our modern ceconomy.,

GOAL 4: By che vear 2000, U.S. students will be first in the world in science and mathematics
achicvement.

GOAL & By the vear 2000, every adule American will be literate and will possess the knowledge
and skills necessaiy to compete in a global cconomy and exereise the rights and responsibilities of
citizenship.

"T'he prosperity and even the full vitaliey of our democratic sociery are increasingly dependent on
the creation and use of scientific information—on a body politic that values the scientific mode of
inquiry, and on a relagvely smaller number of highlv-trained and qualificd scientists and engineers
who have the obligation to share their understanding of the fundamental laws of nature with the
larger public and to apply those faws to the solution of human problems. The process of
strengrhening scientific liceraey among atl our citizenry and the process of rraining scicrtists and
engineers are long-term and expensive. “The federal role addressing both of these national interests
is pivotal. However, responsibilities for identifving, preparing, and maximizing uses of our scientific
talent must be shared by all levels of government and by other sectors of our socicty.

Clearly, this nation can no longer rely entirely on the conventional policies, standards, and
practices that characterize most of our schools. "T'he transformation of outmoded policies and
practices can best be accomplished by empowering the individuals and groups who have alrcady
demonstrated their commitment to achicre the education goals, rather than by preseribing specific
reforms at the national level. "This report therefore provides the President and federal officials with a
sct of specific recommendations designed to encourage and reinforee the actions of state and loeal
officials who are committed to achiceving the National Education Goals.
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COMMITMENT TO THE ACHIEVEMENT OF THE GOALS

I'he Nationsa' Education Goals developed by the President and the nation’s Governors in 1990
helped to reaffirm education’s place at the top of the nation's policy agenda, and set the stage for
establishing uniform and higher performance standards for all of the nation’s educational systems,
schools, and seadents. T'he high priority assigned to education by the President has stimulated a
number of positive actions and the formation of rew alliances by state and local officials, business
leaders, and parent groups. Initial effores have focused on reforms to improve basic education. "T'he
next stage of cducation reform should incorporate alf levels and alt those institutions engaged in
informai and nontraditional education.

Achieving the national goals will require significant improvement in the teaching and learning of
science and mathematics within formal school settings and in nontraditional environments. Qur
schools must ensure that all students learn the fundamental principles and content associated with
the science disciplines. Our colleges and universities mus assume a substantial role in the
preparation of qualifiecd teachers, in addition to the provision of other services and the conduct of
basic research. And resources in a large and diverse group of special schools, museums, laboratories
and centers must be marshalled in an expanded cffort to engage and challenge our most talented
students. Identifying and nurcuring the best and brightest students in all of the nation’s public and
private schools is the responsibility of every educator and also of federal, state, and local officials, who
have a special charge to guarantee cquity as well as excellence.

MAKING PROGRESS TOWARD ACHIEVING THE GOALS!

The initial report relcased by the National Education Goals Panel indicated that we are making
progress in some arcas. Approximately 83 percent of our 19- and 20-year-olds are completing high
school. Forall students, this represents an increase from 81 percent overall. For African-Americans,
high school completion rates have gone from 66 percentin 1975 to about 80 percent in 1990. Our
schools are educating a much more diverse student body, and most of these students are mastering
basic literacy skills. Reported incidence of drug use in schools is down, and achievement in science
and mathematics has improved at most grade levels over the past decade, especially among minority
groups. T’he National Education Goals Panel reports that these accomplishments are not trivial, and
they result from purposeful actions. "T'hey reflect our commitment to educate all our students. The
Pancl did conclude, however, that accomplishments “fall far short of what is nceded to secure a free
and prosperous future.”

EMPHASIS ON PERFORMANCE QUTCOMES

I'he National Education Goals have revolutionary implications for basic education. They are
performance goals stated in terms of ontcomes or levels of achievement. In the areas of science and
mathematics, they require “demonstrated competency . . . in mathematics [and] science™ sutficient
to place ULS. students “first in the world in science and mathematics achievement™ by the year 2000,
when “every adult American will be literate and posscss the knowledge and skills required ina

' July, 1990, che National Education Goals Panel was ercated and charged wich measuring progress over the nest ten year period. {n
September., 1991, the Goals Panel. consisting of six governars, four members of the Administracion, and four members of Congress,
released ies firse “report card.”™ Legislation to extend the Goals Panel, with a reconstituted membership, is pending. On Seprember 30,
1992, the Panclreleased its second “report card.” “Fhe report relicd on the International Assessment of Educational Progress (IAEPY data
(unavailable last vear), and schoo! staffing and course taking data,
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global economy.” Moreover, the call for 90 percent of our voung people to graduate from high school
requires that the goals extend to virtually all school-aged children, including those for whom
alternate educational strategies are required.

Previous ctforts to improve education have often used input or process goals, which prescribed the
experiences that students and teachers should undergo — for example, the amount and kinds of
courses required of all students. Many of the new approaches adopted in the 1980s were process
reforms, and although there is some evidence that these ¢ anges have contributed to modest
progress in recent years, their results have been generally disappointing,

STRATEGIES FOR MEETING THE NATIONAL EDUCATION GOALS

"The national debate on education reform is beginning to produce consensus for the following
process:

(1) Continue o build support and conscnsus for achieving the National Education Goals.

(2) Sct National Education Standards, defining learning standards to be achieved nationally, field by
ficld. "T'hese standards should help to identify the common core of knowledge and competencies
expected of all students.

(3) Develop a national system of assessments designed to measure performance and achievement of
the National Education Standards. It is unlikely that a single national examination or a national
curriculum wilt emerge from this process. However, a set of nationally approved “reference
examinations™ could be devised as standards against which alternative examinations would be
“calibrated.” In this way local preferences would be respected and a continuing development and
improvement of tests would be encouraged.

(9 Develop a wide variety of responses to the challenge of educating American children to enable
them to demonstrate through appropriate examination systems that they meet the National
Education Standards. ldeally, every teacher in every school should be challenged to find new ways
to mect this objective for every child. There is no need for a single, uniform “national curriculum™
or federal regulations to exhibit the development of creative solutions on the part of local teachers
and schools.

(5) Use small-sample statistical measurement instruments such as those developed by the National
Assessment of Educational Progress (NAEP), to compare groups nationally and internationally.
These surveys provide valuable and accurate information to the public about changes in the
academic performance of our students over time and in comparison to counterparts in other nations.

Progress is being made in advancing each of the five steps noted above. ‘T'he National Education
Gouls have been set by the President and the Governors. National Education Standards have been
proposed by the President in the form of “New World Class Standards” and have been developed in
certain ficlds (such as the Mathematics Standards adopted by the National Council of Teachers of
Mathematics). Standards proposals are also being developed in the sciences by the National
Rescarch Council and the American Association for the Advancement of Science. Official standards
will utrimately be adopted by the Standards Council under the direction of the Nationat Education
Goals Pancl.
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T'he development of the national system of examinations in Step =3 s also underway. ‘The Pew
Charitable ‘Trusts and the John D. and Catherine ‘13 MacArthur Foundation have tinanced the carly
stages of the New Standards Project, which is direeted currently toward the development of
reference examinations and calibration procedures in core subjects, including mathemartics and
science. Itis essential for the national plan that this work go forward, and corresponding cfforts are
required in the basic sciences. ‘The federal government has a responsibility to support the
development of standards and a fair system of assessments.

Once Step =3 is accomplished in accordance with this plan, many of the existing regulatory and
administrative barricrs should be discarded in order to Iet teachers teach in ways that they believe are
most productive and cffective. The statistical measurement instruments developed in Step =5
should be able to confirm the validity of the national system of examinations in Step =3 as indicators
that National Education Standards have been met.

The new presumption that virtually all students who work hard enough with qualified teachers will
be able to meet world class standards differs from established practice in American basic education.
There seems to be litde doube that adopting this new premise constitutes an improvement in
cducational policy that will serve virtually all Americans, including those who will ultimately become
our scientists, mathematicians, engineers, and technolegists. One might well wonder, however, if
these new policies will be sufficient for this special population. (For more on this question, sce
Chaprer HI)

DEVELOPING PERFORMANCE STANDARDS AND ASSESSMENTSZ

If we expect all of our students o aspire to the same set of goals, and all to be held to equally high
performance standards for the basic disciplines offered by schools, national standards and a fair
system of assessments must be in place within the next ewo or three years. These st ndards should
demand more than minimal fevels of performance, and they should provide students families,
cducators, and policy makers with information for strengthening school programs and offering
alternative services for students with special and different needs.

With support from the President and with the direct participation of the Dircetor of the National
Scienee Foundation and Deputy Seeretary of Bducation, a set of recommendations for developing
national education standards keved to world-class fevels of performance was presented to the
Congress last January® An carly adoption of national cducation standards that refleet the highest
possible expectations for all students, teachers, schools, and school systems is critical in progressing
toward the achievement of the National Education Goals, particularly goals 3 and 4.

2 "I'his section refers prinarily to the development of new content standards and shill requirements for students. Teshould be noted that
the January 24, 1992, report by the Nadonal Council on Education Standards and "Testing provides a rationale for national education
standards, and suggests the need for (1) content standards, or “what schools should teach:™ (b student performance standards, or “what we
would expect individinal students to know and demaonstrate:™ (¢ sehaol delivery standards to ensure that the students o be tested are
actially getting the opportumities to leam: and (i syseems dedivery standards to determine the exeent to which states and localities provide
schools with adequate resources,

.

S On January 24, 1992, the National Council on Education Standards and Testing, chaired by Governors Carroll A Campbell, Jroand Roy
Romer and comprising 32 individuals representing the Administration, the Congress, and edueation associations, presented advice ou the
desirability and feasibiliey of national standards and recommended long-term policies and mechanisms for dey eloping yoluntary cducation
standards for states and localities.
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L xpectations for improvements in the performance of students can be emphasized only if
achicvement can be reliably measured. Today, we need greater confidence in assessment
mechanisms and more understanding of how assessments relate to actual learning. Without such
improvements, many in the education communiey feel icwill be ditficule to reorder the educational
svstem on the basis of performance. In the absence of valid tests and standards chae reflect the
relative performance and progress of individual schools and students, we cannaot expect to sce the
drastic changes and improvements that are necessury.

As assessment mechanisms are being improved, a complementary eftort is needed in the arca of
curricular reform. Much good work is being done in this arca, but implementation of the results in
schools will not be casy. Project 2061 is one example that illustraces both these points, us are the
proposals submitted for funding under the Eisenhower state curricutum frameworks competition.
Morcover, testing standards must be coordinated with the major curricuhum development projects
undcerway.

The emphasis on performance implicit in the national standards and a new system of asscssments
constitute one of the most important educational reforms needed to meet those goals. “This focus on
performance rather than process must be aceelerated and become penvasive throughout American
clementary and sccondary education.

ENCOURAGING INSTITUTIONAL REFORMS

A consensus has emerged that achieving the Nadonal Education Goals will require fundamental
restructuring of basic education in America and the iavolvement of individuals and resources that
tvpically are heyvond the boundarics of traditional school settings.t Providing schools with access to
resources avatlable from advanced relecommunications neoworks is one important aspect in the
redesign of schools in the decades ahead. Incremental improvements to school programs may be
achicved by further incremental changes, but the mugnitude of improvement needed to mect the
goals calls for massive change in the educational system.

Ettective reform requires a reduction in top-heavy administrative structures and increased reliance
on school-based management that empowers principals and cheir teachers. However, governmental
authorities will relinquish control to teams of teachers and principals at individual schools only if
cquity and accountability can be assured., which again raises the importance of educational
assessments based on the same set of scandards for all seudents.

Underlying the needed reforms of basic education is the recognition that the school is only one of
many critical influences in a child’s development. Only by shifting our focus from our institutions to
our children can we rruby address the challenges to our socieey. This strategy is particularly relevant
for the retention of students at risk of dropping out, who may require strategics beginning with
prenatal and child care even betore formal schoot begins, If we are to strengehen our nation’s wark
force and build betrer citizens, we must shape socicty’s institutions to our children and not vice versa.

+ The AMERICA 2000 strategy encourages the design and development of a new generation of exp rrimeneal schools, schools ehat
incorporate wider commumnicy suppore and expere resources and services from other sectors,
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PROMOTING CHOICE AND DIVERSITY

A fundamental change that will be required tor the restructuring of basic education is the
introduction of parental choice in the selection of schools appropriate for cach child, Choice has
many dimensions, ranging from permitting some children to choose "magnet™ and “charter” schools
within the public svstem to distributing government vouchers tor children te vay for educational
cxpenses at any school. public or private. Whatever svstem is adopred, itis -mportant to provide
some measure of academic quality to serve as a basis for choice. Widespread implementacion of
national standards and a system of assessments by school svstems and individual schools will provide
a firmer basc for use by parents and students in the educational marketplace. Involving parents in
cducation has great value, and giving parents some element of choice is often the beginning of a
deeper parental involvement.

FOCUSING ON THE QUALITY OF THE TEACHING FACULTIES

A promising strategy in the reform of basic education is rewarding exceptional teachers.,
Implementation often founders on the difficuley of assessing the quality of a teacher, butimproved
asscssments of teacher performance, along with other means of evaluation, including peer review,
provide important opportunitics for improving the quality of the teaching foree.

Such effores are especially important in science and technology. Unless teachers atall fevels of
cducation understand and appreciate science and technology. significant improvement will be
difficule. ITmproved teacher training programs to strengthen the content of science and mathematies
and the quatity of teaching are essential elements for achieving the National Education Goals.

ENHANCING MATHEMATICS AND SCIENCE LLEARNING FOR ALL STUDENTS

Progress toward the goal to make ULS, students firse in the world in science and mathematics will
require a shiftin priorities at all levels of education and a concentration of limited resources to ensure
that alt students are challenged to their full potential. “Fhe objectives that must be addressed
include: strengthening the carly toundations for mathematics and science learning at the clementary
and middle school vears; improving the substantive and technical knowledge of teachers: and
expanding the poot of undergraduate and graduare students in science and enginecering, especially to
include a greater proportion of women and minorities. Such objectives should guide our policy and
esource allocation decisions for the nexe several vears. No school, school district. or state shoutd
claim to be effective, orin compliance with the America 2000 strategy unless it has included more
rigorous standards for its students and teachers.

Changes and improvements in our educational assessment mechunisms, new institutional structures.,
the expansion of alternative programs, more enriched curricular offerings, and more highlv-trained
classroom teachers are among the eritical requisites to basic improvements in the way machematics
and scienee are taught and learned in our schools. Mcasurable improvements in the performance of
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our students in the arcas of mathematies and science education will depend on the implementation
of several of these systemic improvements. Far too many of our students compare unfavorably on
standardized tests with their American counterparts in schools in the tate 1970s and with their
counterparts in other nations at this time. “Today, unforcunately, most elementary school students
recerve only a rudimentary exposure to mathematics and scienee, and test scores reveal the dismal
performance of too many of our students, On average, high school students tuke only onc or two
vears of science. And, at the college level, a large number of liberal arts graduates receive their
degrees without any significant study in mathematies or sciencee,

CREATING ENVIRONMENTS FOR THE ACADEMICALLY TALENTED

As a nation we are squandering our most precious resources — the voung and promising students
who are enrolled in our schools. In our efforts to provide an adequate education for all students, we
have failed to provide vigorous and challenging opportunities for our most outstanding talent. "Too
many schools, teachers, and communities have been willing to accept minimum standards and a level
of mediocrity that is a disservice not only to the brightest and most gifted students, but to all
students and cheir families, if nor the nation as a whole, All students deserve an educational program
that challenges them to achieve the highest levels possible,

Increasing the number and pereentage of young students who demonstrate the ability to reason,
solve problems, apply knewledge, and communicate effectively will increase substantially the
potential number of individuals who may choose to enter scientific and technical carcers. A recent
‘Technical Memorandum prepared by the Office of "Technology Assessment points out: *\Whether
students respond to a professional calling or hear the call of the marketplace, they are tured to some
carcers and away from others — and schools arc agents of this allnre,”

Nurturing scientific careers requires persistent effort. According to a report of the National Academy
of Scicnees, every educational and developmental stage is a potential point of intervention, and a
comprchensive approach to nurturing scicnee and engineering talent must address the whole
pipeline. Special and informal educational programs, heginning at the elementary school levels,
should be available to chatlenge and motivate students to consider and enter scientific careers.

Students with exceptional talents and interest in mathematics and scienees should be identified and
encouraged to continue to register for advanced coursework and to locate programs and services that
relate to their unique intellectual and vocational interests. Schools and the communities they serve
should recognize their exeeptionally tlented students as valuable resources, rather than as social
deviants or as individuals who can be accommodated only in special schools for gifted and talented.
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THE ROLE OF THE FEDERAL GOVERNMENT

Vhe federal gozernment has had hoth divect and indivect effects on the ediecation of scientists and enginecrs, bt it
15 airly one of the many actors i the system. The fedeeal role in science and engincering cducation is most
significant at the graduate lecel, more diffuse at the wndergrachiate lecel, and snall in dlenentary and secondeary
education.

lsducating Scientists and Isngineers
Office of "Technology Assessment, TY88

I'he federal government cannot mandate reform in the decentralized syscem of basic education in
America. Norshould the federal government be expected to improve the performance of our
schools, colleges, aud universities in the absence of a public committed to educational excetlence.
Nonethieless, the rote of the federal government at this time in our history may be pivotal and cannot
be ignored.

Although the federat government is a junior partner in the support of education, its role in guiding
the current wave ot retorm is critical. 1o has the capacity o facilitate, and where appropriate finance,
the reform initiatives cited above. With limited diseretiomury resources for rescarch, development,
and demonstrations, the federal government can play a major role as a change agent. - inancial
incentives and “recognition awards™ also provide appropriate teveraging to aceelerate the reform
process. In particilar, we believe that the foltowing federal actions warrant serious consideration:

s ['he federat government can provide incentives to states or regions parsuing any of the retorms
deseribed in the previous scetion, stibjeet to constraines designed to ensure equity and equal
opportunity. For example, federal funds might be used to facilitate choice for needy students,
thereby providing an inducement to states or districts oftering choice programs. Similarhy, a national
comperition might he established to recognize and reward exemplary programs for restructuring
education, just as the Malcotm Baldrige Nationat Qualicy Award has recognized quality
improvements in industry.

s "The federal government can make a concerted, national efisrt to facilitate and coordinate state
and local prograias, both public and private, to deal with the school dropout problem. Successful
drop out prevention programs could be recognized by the President and rewarded for their
achicvement.

* T'he federal government can encourage private corporations. universities, and national laboratorics
to work cooperatively with local schools, building on the many exeellent initiatives already under
Wiy

» |n the arcas of mathematics and sciencee, the federal government can encourage effective
programs to cngage talented girls and minority students in scienee and mathematics, where they are
now under represented.
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= T'he federal government can invest in teacher education programs in science and machematics and
use forgivable loans and other inducements to attract to teaching vouniz people with degrees in
science, mathematics, and engincering.,

= "['he federal government can support programs using modern communications technologics.
including satellite. fiber optic, and wircless technologics, to expand access of both students and
teache.s to the most highly qualified teachers of science and mathemarics.

THE PRESIDENT'S ROLE

Responsibility {or our system of basic education in America rests fundamentally on the general
population, who shape the learning environments of their children, clect their school boards and
other influential politicians. and demonstrate their prioritics by their behavior toward teachers and
schools.

Our natton’s leaders influence the attitudes and values of the clectorate. “The President. in
purticular, has a personal role that reaches bevond his authority as our nation’s chicef executive officer.
In choosing his own priorities as a leader. he sets a standard for all to heed.

‘The President, in partnership with the Governors, has placed a great challenge squarely on the
nationat agenda. Now all of the resourees of leadership must be applicd to meeting that challenge.
federal budget priorities must be set. the activities of the federal agencies must be guided, and the
President’s personal commitment to education must continue to be demonstrated. With timely
actions, and with a continuing and unremitting campaign of words and deeds. the President can
sceure his place in the history of American education.
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CHAPTER III.

NUTURING SPECIAL APTITUDES: DEVELOPING
SUPERB SCIENTISTS AND ENGINEERS

EXCELLENCE AND EQUITY IN SCIENCE AND ENGINEERING EDUCATION

Educution in scienee, mathematies, engineering, and technology must reflect the twin goals of
excellence and equity. While concerns for excelience and equity in education have a long
history in America, their practical meaning and implementation depend on the socieral situation in
which they are to be interpreted. At different times, the national agenda appears to have given a
greater emphasis to one of these goals over the other, to the ultimate detriment of both. \We must
recommit oursclves to the integrated combination of these essential goals: excellence and equity.

In 1983, the National Commission on Excellence in Education reported as follows:

The twin goals of equity and high quality schooling have profound and practical
meaning for our cconomy and society. and we cannot permit onc to vield to the other
cither in principle or in practice. “To do so would deny voung people their chance to
fcarn and live according to their aspirations and abilities. Tt would also lead to «
gencralized accommodation to mediocrity in our socicty on the one hand or the
creation of an undemocratic clitism on the other.

In the decade since the Commission powerfully reminded us that we are a “nation at risk.” there has
been real progress in improving performance at the lower levels of the distribution of academic
performers in our society, but there has been an apparent decline among our bese students. We must
continuce in the 1990s roward ur objective of equity, but we must also aggressively advance the goal
of excellence.

"The National Education Goals and the America 2000 Strategy clearly encompass this perspective of
both exceltence and equity in education. Just as the urilitarian and altruistic aims of education have
become intertwined. so have the twin goals of excellence and equity. High performance must set the
pace in our sacicty so that all can take pride in our national achievements and aspire to carn the
rewards that accompany those achievements. In this chapter, a perspective is developed for a new
fusion of excellence and cquiry in education.

STUDENT PERFORMANCE IN MATHEMATICS AND SCIENCE

Although real progress is reported in some areas, performance in mathematics and science among
LS. students in comparison to their counterparts abroad is still very disappointing. Recent national
surveys indicate that nearly all our students have an understanding of basic mathematics and science
information and have mastered basic facts and skills. Standardized tests also show that most of our
students can demonstrate a basic understanding of mathematics and science. However, more than
25 pereent of our 13-year-olds fail to demonstrate an adequate understanding of the content and
procedures emphasized in elementary school mathematics, and relatively few students are able to
apply knowledge, analyze darta, or integrate information, as judged by international standards.
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Students have difficulty in applying mathematics and science information to the solution of
problems. “Science Report Cards™ prepared over the last several years from the results of the
National Assessment of Educational Progress document the general inadequacy of performance of
U.S. students, despite the improvements noted in certain measures of performance. Overa period of
two decades, the average mathematics and science performance of our clementary school students
has shown overall improvement. But the average performance of our 17-year-olds on mathematics
and scienee examinations has actually declined over this same period. Something is wrong, and the
consequences to our society will be very serious.

‘I'here have been a number of internatiorl studies comparing American students with students from
other countries. Fhese studies consistently indicate the low relative perfermance of U.S. students in
mathematics and science. Even the best students in the United States ¢e less well when compared
with the best students in other developed countries. On one recent study, both the top 1 pereent
and the top 10 pereent of 9- and 13-vear-old U.S. students scored near the bottom in mathematics
and science, when compared with similar cohorts in twenty other countries. In a previous study, U.S.
students in advanced placement courses in their final year of high school scored near the bottom in
chemistry, biology, and physics when compared with 13 other countries. Another study tound that in
mathematics our best students performed only as well as the average students in Japan.

FACTORS RELATED TO PERFORMANCE

Curriculum and teaching are both associated with the poor performance data. Reports confirm the
fact that teachers spend an inordinate amount of time on rote drill and practice and on the
memorization of facts and insufficient time on problem-solving and reasoning exercises. "Fhere is
evidence that existing testing programs and accountability requirements are expressed in a school
curriculum that drives teaching in this direction. An emphasis on minimal requirements also
contribuges to the shorefall in reasoning and analytic skills by failing to motivate students to enroll in
challenging and advanced courses of instruction, especially in mathematics and science. When
science and mathematics are taught with an emphasis on memorization and rote drill students
become bored and “turned oft.™ The dectines in interest in science and the loss to socicty cannot be
measured solehy by comparative test scores.

If scudents are taught well, they usually also benefit by being taught more. "The more such students
are taught. the more they tearn and the beteer they do on performance measures. \nother
contributing factor has to do with the maintenan e of low standards and limired expectations. "There
is evidence that many experienced high school teachers have given up on pushing harder for student
performance and that many parents do not support teachers who demand hard work. Several reports
have indicated that secondary education, particularly the last two years, has become substantially less
demanding than in previous vears. Today's students may be receiving mixed messages about the
values and benefits associated with the mastery of core disciplines and a solid education.

Yet existing multiple choice tests enable most school districts and states to report their students to be
*above average.” Low expectations and a teaching emphasis to assure the attainment of minimum
competeney levels have impaired our ability to provide a large number of our students with the
mastery of higher-order skills associated with the study of mathematics and science.
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Parental involvement in the education of students is another significant factor in explaining student
achicvement. In all nations surveved, parental involvementand support for intellectual
development have an important and positive impact on the success of children in machematies and
science learning in schools, regardless of the family’s social or cconemic status. Mathematies and
scicncee achievementis also positively correlated with other familv-support characteristics, such as
the number of books in the home and time spent visiting muscums and libraries.

TAPPING A RESERVE TALENT POOL: WOMEN AND MINORITIES

Changing demographics affect the talent pool for future scientists and engineers. First, there i§ an
ongoing decline in the proportion of students of traditional college age in the total population. "T'he
LS. Census Bureaw reports that between 1980 and 2000, the 18-to 24-vear-olds in the ULS.
population will decline by 19 pereent, while the overall population will increase by 18 percent.
Thus, the size of the pool from which new entrants into the workforee are drawn is decreasing, with
no evident decrease in the demand. Scecond, groups traditionally under-represented in science are
growing disproportionately; by 2010, one in every three 18-vear-olds will be Black or Hispanic,
compared to one in five in 1985, Morcover, “persistence™ in the study of mathematics and science
with reference to gender and ethnicity is disappointing,.

In the decade from 1981 to 1991, the total number of doctoral degrees in all fields carned by UL 5.
citizens experienced, first, a decline (dropping 8 pereent by 1987 from a total ot about 25,000 in 1981)
and then a recovery to within 1 pereent of ies initial fevel. During this decade, however, there was a
significant gender shift women reccived 35 pereent of the doctorates in 1981 and -4 pereentin 1991,
I'he fraction of doctorates camed by Asian-Americans grew steadily in this decade. from 1.9 pereent
in 1981 to 3.1 pereent in 1991, Similar net growth was experienced by Hlispanic-Americans (from 1.9
pereent to 2.9 pereent) and by Nartive Americans (from 0.3 pereent to (0.5 pereent), with less
consistent grov-th pateerns.

When comparing 1991 doctorates to 1981 doctorates in all fields by gender and the indicated race or
cthnic divisions, all groups grew larger excepr white men and black men. When these dara are
broken down by academic discipline, a pattern of growth since 1985 emerges for engineering,
physical sciences, and life sciences tor all racial and ethnie groups, although some populations remain
persistently small as is illustrated by the following Tables 1, 2, and 3.

Table 1

Engineering Doctorates: U.S. Citizens

Racial/Ethnic Group 1985 1987 1989 1991
American Indian 1 T 7 6
Asian 90 ) 135 172 185
Black 19 12 23 43
Hispanic 16 24 33 48
White 1,094 1,327 1,574 1,559

30

Q LEARNING TO MEET THE SCIENCE AND TECHNOLOGY CHALLENLE

ERIC

Aruitoxt provided by Eic:




01 S
ERIC

Aruitoxt provided by Eic:

Table 2
Physica! Science Doctorates: U.S. Citizens

Racial/Ethnic Group 1985 1987 1989 1991
American Indian 7 7 4 ' 10 o ___18 V - ~_14
Asian 100 104 117 143
Black 30 29 35 _40
Hispanic 42 64 70 80
White 2,766 2,788 2,896 3,107

Table 3

Life Sciences Doctorates: U.S. Citizens

Racial/Ethnic Group 1985 1987 1989 1991

" American Indian 18 16 12 19

» Asian L 128 N _ __1»45 138 o 1_8_6 .
Black 70 78 75 85
Hispanic 7 75 77 83 97
White 4,046 3,816 4,116 4,174

Source for Tables 1, 2, & 3: National Science Foundation, as reported by the
Council of Graduate Schools, May 1992.

Women now receive more than one-third of all doctoral degrees in the United Stares. However. in
the sciences, the number of women graduates is far less than representative. In 1990, women
constituted less than 24 pereent of the chemistry doctorates. fess than 14 pereent of the computer
science doctorates. less than 11 percent of the physics and astronomy doctorates. and approximately
8 pereent of the engineering doctorates.

In terms of career patterns. the changing role of women has resulted in positive developments for the
science and engineering communitics. Women now constitute more than one-half of the total
undergraduate population and more women's career interests are moving away from the more
traditional female occupations and toward business. medicine. and science. The percentage of
females interested in engincering has sreadily increased. but the overall number continuing in
engineering remains noticcably small.

Thus. the appeal for greater participation of women and minorities in science is not merely altruistic,
but provides a key toward addressing the concern for maintaining an adequate talent pool. Clearly,
the reservoir of human talent from which scientists and engineers have been drawn traditionalty will
have to expand and include a larger proportion of women and minoritics.
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SPECIAL CHALLENGES FOR HIGH PERFORMANCE

Along with generally low standards and expectations for all students, there is evidence of failure to
offer needed challenges for high performance. While nearly every <tate has mandated special
services for “gifred and talented” students, implementation of successful programs is quite feeble.
T'he nation spends only about two cents of every education dollar on special programs for “talented
students.™ "T'he most successtul initiatives seem to involve specialized schools that serve only a few
talented youngsters. A large proportion of this nation’s outstanding talent remains substantially
underdeveloped. Many of our schools make very little effort in identifving students with special
aptitudes, talents, and interests in mathematics and science. Other schools devote a significant effort
to idenatyving voung students who are talented, but fail to provide them with advanced curricular
offerings and experiences that would chatlenge their intellectual curiosities. The lack of interest and
commitment on the part of many schools is particularly disturbing in the light of the aforementioned
performance data that show America’s best students performing less well than their counterparts in
other nations.

The role of the family appears to be especially important in relation to high academic performance.
Strong and early family support of talents is common for students who exhibit high performance.
Parcnts of these students tend to stress academic achievement, hard work, and the full development
of talents. It has been argued that the converse also holds. In families where there isa lack of
mterest in and support for intellectual development or where parents cannot provide the resourees.
interest, or encouragement, outstanding talent will too often remain substantially undeveloped.
Experience tells us that poverty and deprivation have a particularly negative impact on achievement.

Atail levels of government. policies and priorities guiding the development of our best and brightese -

students have waxed and waned. and the price of this nation’s vacillating interest is reflected in
recent international assessment surveys. T'he dilemma faced by school officials expected to provide
an cqual educational opportunity to all students while offering special and accelerated curricular
experiences fora more limited number of exceptionally talented students is vet to be resolved. A
Kkey to the resolution of this conflict is the realization that a large fraction of the undeveloped talent
resides in the very same student population that suffers from inequitable opportunities: females and
minoritics. Exceptionally talented white males are more likely to be supported in every way than
cqually talented females, racial minorities, or cconomically disadvantaged students. There should be
programs specially designed to seek out and nurture talent among all students.

If there is an audible crisis in the education of the majority of our students. there is a quict crisis in
the educaton of our most gifted and promising students. Parents of the brightest children of all races
and sociocconomic levels are increasingly anxious about the education their children receive. Most
schools just do not provide the best possible education to our most promising students, particularly in
science, mathematies, and pre-engineering cducation. Prior to the more advanced levels of
cducation, a significantly large number of exceptionally talented students are gerting side-tracked or
turned off to scicnufic and rechnical education. Many of these students are female and many are
students of color.

The way to identity talent is to provide enriching science and mathematics learning expericnces to
all children carly in their educarional carcers. Classrooms must be fillad with lively and challenging
experiences that engage students, Then, from observing students in these settings. those that have
special interests and talents will emerge. This is especially important for students who do not have
access to enriching educational experiences in their homes. Through this process. not only students
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who are eftficient learness and have a record of accomplishment can be found. but also those who
“take™ to high-level opportunities and want to delve deeper into the subjects presented. Special,
high-level learning opportunities can then be otfered to students with the interest and demonstrated
ability. This melds the interest in providing rich opportunities to many students with the interestin
developing exeeptional talent.

Manv researchers agree that exceptional talents can be developed among students who may not

determining who will participate in advanced learning opportunities in mathematics and scienee may
not be sufficient, and new strategics may be required. Recent experience with student competitions
emploving a basic arithmetic operations game called Tavntv-Four Challenge tlustrates the
phenomenon: in this case, the game seems to reveal spectal skills chat may otherwise remain
undiscovered.

POsSITIVE DEVELOPMENTS

Despite the revelations that large numbers of students in the United States are performing at levels
far below the expectations implicitin the National Kducation Goals, and below their counterparts in
other nations, several positive developments can be cited. State poliey reforms have increased che
amount of time students spend in the core academic disciplines. and improved student learning of
basic content knowledge is evident,

‘T'he Council of Chief State School Officers reports the following developments:

» FFrom 1980 to 1987, 43 states increased mathematics course requirements for graduation and 40
states increased sciencee reguirements.

s ‘I'he pereentage of students taking Algebra 1increased from 635 percent in 1982 to 81 pereent in
1990; taking Algcbra 2 went from 33 pereent to 49 percent,

» Students taking Biology went from 75 percentin 1982 to Y3 pereent in 1990z taking Chemistry
went from 31 pereent to 43 pereent: taking Phvsics went from 14 pereent to 20 pereent.

® T'he gap in achievement between European-American and African-American students has
declined since 1982, Nathematics scores for the lateer increased for all ages tested.

» ‘T'here is a strong positive relationship beoween the amount of coursework and achievement
scores.

Nearly all the states have raised high school graduation requirements, and student enrollment in
mathematics and science courses is up. States and accrediting bodies are also strengthening
requirements for teaching machematices in schools.
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UNDERGRADUATE EDUCATION IN MATHEMATICS, SCIENCE,
AND ENGINEERING

Assurprisingly high pereentage of junior high school students express a preference fora career in
scienee or engineering, a pereentage that unfortunately declines precipitously as they move to upper
[evel classes. THowever, interest in mathematics and science remains retatively high through the
twelfth grade for the better students.

Among the very best high school students, interest in majoring in mathematics and science, and in
the possible pursuit of scientific careers, remains particularly high. Of high school seniors who scored
above the 90th pereentile on the ST quantitative examination in 1990, about 46 pereent indicated
an intention to major in scicnee or engineering in college. Engineering was the ficld selected by the
fargest proportion of such top-scoring students, regardless of gender. Overall, American high schools
have not done all that badly in developing a sufficiently large cadre of students of high qualicty who
choose upon graduation to continue to meet the demands of rigorous science coursework.

Throughout undergraduate education, however, student interest in seience and engineering
continues to decline. A high proportion of well-qualified science, mathematics, and engineering
undergraduate students “drop out™ or change majors prior to graduation. "The National Science
IFoundation reports an attrition rate of 60 pereent for entering science, mathematics, and engineering
majors. In one survey, 85 pereent of the students who shifted out of the science. mathematics, and
engineering majors said they were disappointed in entry-level courses: 65 percent of students
remaining in their major said that their entry-level courses had serioush discouraged them.

Morcover. majors in these ficlds show litede interest in graduate study. In 1990, more than 60 percent
of the full-time cotlege treshmen indicated aspirations for graduate study, but only 1.4 percent
reported an interest in pursuing graduate careers in scientific rescarch. Less than a chird of
baccalaureate scicnee and engineering graduates enter full-time graduate stud. Nearlyv one-half of
the sciencee and engineering doctoral candidates never carn Phds. With lictle initial interest and poor
persistence, graduate students in scienee and engineering show lictle prospect of mecting the needs
of an increasingly demanding sociery.

Interest in a business major, which reached its peak of nearly 25 percent of college freshmen in 1987,
is now in a period of steep decline. down to a little over 18 pereent in 1990. Likewisce. interest in
scienee and engineering carcers, and in some technical fields, has continued to drop steadily over the
past few vears. Student interest in engineering and computer science, which reached its highest
levelin 1983, has declined sharply. A 1991 American Council on Education and UCLA survey
reports the following:

While interest in majoring in biological and physical sciences has declined somewhat.
interest in mathematices and statistics has experienced the largest relative decline.,
dropping from 4.5 pereentin 1966 to a mere 0.7 pereent in 1990, The recent 853
pereent deeline in the number of freshmen interested in math and statistics is quite
alarming.
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Overall interest in majoring in engineering, is down one-quarter since 1982, Interest in computer
science among college freshman has fallen by more than two-thirds in four years, and interestin
scicnee and engineering among women and minorities, after increasing in the 1970s, has platcaued
and in some cases is dropping. Data for 1991 and 1992 are incomplete, but ancedotal reports suggest
that recovery in undergraduate engineering enrollments may be beginining, after almost ten years of
dechine.

GRADUATE EDUCATION IN MATHEMATICS, SCIENCE, AND ENGINEERING

IFor cach vear over the past two decades, universities in the United States have graduated more
than 30 thousand doctoral students. These students are drawn from the best undergraduate colleges
throughout the nation and abroad. U.S. graduate programs are recognized as the besein the world.
‘I'he numbers and quality of foreign students who flock to our graduate schools provide important
measures of excellence. More than 20 pereent of our doctoral graduates are foreign students, i.e.,
non-1".5. citizens who are here on temporary visas. In enginecring, forcign students now represent
more than half of the doctoral graduates at U.S. universitics, and the pereentages in mathemaries and
the physical sciences are becoming comparable to those in engineering. While these statistics testity
to the quality of our graduate programs  the international communirty, they raise serious questions
about U.S. students.

RESPONSES AND RECOMMENDATIONS TO MEET THE SCIENCE AND
ENGINEERING CHALLENGE

In Chapter 11, “Strategics IFor Meceting The National Education Goals™ were presented. The
responses and recommendations provided here are grouped inaccord with those strategies.

(1) Building support and consensus for achieving the National Education Goals.

In building support and consensus for achieving the National Education Goals, it must be
understood that the national goals encompass both excellence and equity in education and that these
twin aspirations are interewined. Among other things, this means that the consensus sought must be
supportive of efforts to develop the talents of the young, respect etfort, and reward merit.

"I'o provide leadership in developing this consensus, it is recommended that a President’s Seience
and "Technology Award be established for high school students. "This prestigious award might be
presented at high school graduations. General criteria should be established, including the
development of scientific knowledge or products that contribute to improvement of focal
communitics (¢.g.. environment, health, manutacturing improvements). A “national yvearbook™
would be published listing winners and highlighting the names of a limited number of outstanding
winners, with schools and teachers identified.

Schools. teachers. and students rarely have direet contacts with professional and practicing scientists
and engineers. There are, however, many outstanding and dedicated scientists employed by public
and private agencies who devote considerable time to schools and school-age children. To address
this situation, it is recommended that a President’s Science Education Service Award be designed to
recognize highly-qualificd scientists and engineers who have made, or are making, substantial
contributions to precollege science. mathematies, or engineering education. States and national
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associations would make nominations. Annual awards would be sent to contributing scientists, and a
limited number of bicnnial awards would be bestowed on a few individuals, highlighting
contributions of minoritics and femule scientists in the process.

(2) Setting National Education Standards.

The emerging National Education Standards must project a perspective on talent, effort, and merit.
This is especially important if Nuational Standards are to avoid being minimal standards. a
phenomenon that is correlated with the current deficiencies of our education system. One way of
doing this is to make our high performing students the visible pace-setters for the standards in their
schools,

Additonally, the National Council of “feachers of Mathematies (NCTN) has developed curriculum
standards in five topical strands of mathematics. NCTN emphasizes that the standards are intended
tor «// students. Students with special interests and abilities may pursuc furcher work in one or more
of the strands. "this approach might be cluborated as a means ot expressing the above perspective on
talent and merit in education standards.

In considering this perspective, efforts to review standards and curricuta in mathematics and science
in other countries for their students preparing for college may be quite useful. A definition of “world
class™ standards in this country should involve “benchmarking™ through comparison with the
cxpectations of the other countries. "This would provide a base from which to develop curricutum
and pedagogy that combines the best of what we know about teaching and learning with the
mcaningtul content developed through the standards. America’s talented students should be as well
prepared as tatented students anvwhere in the world.

(3) Developing a national system of assessment for students.

The New Standards Project ¢referred to in Chapter 11 is endeavoring to couple the development of
national standards in several subjectareas with a national performance- based examination system.
Several elements of that effort are quite relevant to issues involving students with special abilities.
Forexample, the project subscribes to the view, suggested above, that a national examination svstem
should reflect international standards of performance. Additionally, the idea is promoted that one’s
own cffort to learn is important for achiey ement in mathematics and science, and not merely native
talent o, family background. "This important work has been sponsored thus far principally by private
foundations, but federal support will be required to reatize the full potential of this initiative, which
currently is limited to mathematics, reading, and writing assessments at three levels.

(4) Program responses.
I

Developing a wide variety of responses to the challenge of educating American children includes
developing school programs and instructional models that are not only minimal or adequate for the
broad middle group of students, but also appropriate for those with special abilities and intereses.
There are a number of ideas for such programs in the literature. Additionally. creating environments
for the academically talented by identifying a diverse pool of the best and brightest scadents, and by
nurturing scientific carcers, must be among the effores that arise among this wide varicry of
responsces.
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The overall etfort to modernize and restructure elementary and sccondary schools is a stow and
excruciating process; vet reports by the governors indicate positive developments are well underway.
Thousands of local communitics are demonstrating responsible actions in preparing their students
for performing at world class standards. A decade of national surveys and reports has contributed to
the public demand for the creation of a new generation of schools. schools that require higher
academic standards for all students. While the process of changing and improving schools is
painstakingly slow, signs of progress are encouraging. These initiatives are properly at the state and
local levels, to be encouraged but not mandated by the federal government.

When schools raise standards for all students, they should also be expected to increase the
opportunitics for all students to learn. A more diverse population of students suggests more diverse
fearning styles and interests. Local communities must be encouraged to exploit resources and expert
talent bevond the formal serting of school campuses. "The learning environment that characterizes
the next generation of schools must extend into local communitics and to a varicty of resources.
"Telecommunications technologics will cnable some students to undertake their own “clectronic
ficld-trips™ or examine raw data in distant locations.

New educational partnerships involving local businesses, libraries, muscums, colleges, and
universities should be institutionalized, unless we expect to support intermittent crash federal
programs in subscquent decades. Enhanced and aceelerated learning opportunities for our most
outstanding students should be integrated into the overall educational system. Programs muse be
individualized in order to chullenge students who demaonstrate the capacity and abiliey to benefit
from enrichment. \We should be quick to condemn any school system that permits students to be
under-challenged. And we should be equally distressed with communities that fail to provide schools
and teachers with the resources to challenge motivared and talented students.

T'here are three important federal programs addressing issues of special talents for clementary,
sccondary, and undergraduate students: the Young Scholars Program of the Natioral Science
FFoundation, the Javits Gifted and "Talented Education Program of the U.S. Department of
[Kducation, and the Rescarch Fxperiences for Undergraduates program of the National Science
Foundation. "T'hese programs should be reviewed and strengthened in the light of the
recommendations made herein.

T'he central idea in nurturing ralene in mathematics and science s to find wavs to allow students to
do “real™ science as much as possible. "T'he following are the kinds of activities that might be
supported through use of tederal resources:

= [‘ederal facilities, notably DOE and NASA laboratories, should sponsor “summer laboratory
schools.™ Six-to cight-week residential programs should be available to students from all over the
country, perhaps following grades 7.9, and 11, T'hese programs should involve not only staft from
the host laboratories but also a complement of college and universiey professors and teachers from
junior and scnior high schools. Much of the cost would be borne by reallocation of laboratory dollars,
but stipends for students, professors, and teachers would be a needed addition so thatall participancs
essentially have a summer job, Curricula would need to be planned by laboratory personnel,
professors, and school teachers operating jointly, necessitating cooperative planning efforts during
the wcademic vear preceding the summer program and further work o evaluate and refine programs
when the summer is over. "There would also be a considerable task involved in planning the logistics
of this program and hosting all participants on site. Most of these costs would be borne by the host
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laboratories, but it may be advisable to channel stipends to participants through other agencices, and
perhaps to involve the Department of Education and NSI in the selection process. An interagency
advisory committee including representatives from DOE NASA, NSIS and 1D may be needed to
plan the program and define the guidelines for implementation.,

= Support mentorships and placements with working scientists in scttings other than federal
faboratories. “I'here are many examples that are very successful, especially with minority students
and females. Placing high school students in scientific communities at an impressionable age can
help them begin to see themscelves as scientists and to understand the culture of science. "T'he most
successful programs have support for students and a facilitator who helps the students in ways thae
rescarch scientists may not be able to help or support financially., "Fhese are notavailable to nearly
cnough students. LExpansion of the NSI<and ED programs is needed.

» incourage collaborations through funding of institutions of higher education and clementary and
sccondary schools to provide opportunities for “hands on™ experiencees in science, including
cotlaborations in disadvantaged areas.

» Provide funds to support summer institutes at magnet schools or Governor's schools. “There is a
great benefie for students with intense interests and talents to be placed together in a special learning
situation and given opportunitics to study intensively in their areas of interest. Fhis recommendation
supports the interest expressed carlier in school choice.

» Support cfforts to develop high-level science materials for clementary and middle school grades.
A recent study of science materials conducted by the UL S, Department of lducation revealed that
most of the materials currenthy used in schools do notinvolve higher level chinking or problem
solving, ‘T'hese curricula should then be coupled with training funds for teachers in the federally
supported programs.

FFor undergraduate students, activities analogous to those on the foregoing list may be designed to
implement the basic principle of allowing students to do “real™ science as much as possible. These
include usc of federal facilities, mentorships and placements with working scientists, collaborations
between predominantly undergraduate institutions and research-intensive universitics, summer
institutes, and the development of high-level curriculun materials. Additional ideas are developed
in Chapter IV when issues of undergraduate instruction are discussed.

Graduate study in most scientific ficlds, and increasingly in the high technology ficlds. is a virtual
reqquirement for protessional practice. As indicated previously, the statistics desertbing graduate
degrees awarded in these fields are extremely discouraging, particularly with reference to ULS.
citizens. Without reference to the problematie studies of supply and demand for specific advanced
degrees, one might arguce that the full development of sociery’s human resources in these fields
generates societal benefits, and thus structure incentives to such development. Perhaps the best
strategies for the federal government in this domain revolve around graduate felowships,
trainceships, and loan forgiveness programs.
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CHAP1ER IV.

WHO SHALL LEAD THE WAY?
TEACHERS OF SCIENCE, MATHEMATICS,
ENGINEERING, AND TECHNOLOGY

INTRODUCTION

Thc commitments to new standards, curricula, and assessments are important foundations upon
which to rebuild American education in mathematies and science in clementary and secondary
schools. THowever, their implementation will require a higher quality teaching foree in our schools.
"The preparation of clementary and secondary teachers and the maintenance of the strengeh of our
undergraduate and graduate education also requires facultics in colleges and universitics who are
well prepared to carry out their instructional responsibilities. “[his chaprer identifies problems and
issucs and provides recommendations aimed at this crucial matrer of teaching excellence ac all levels
of education in science, mathematics, engineering, and technology,

ELEMENTARY AND SECONDARY TEACHING: CURRENT STATUS

"There have been concerns expressed recently about the adequacy of the supply of clementary and
sccondary school teachers, especially in mathematices and science. “Table 4 displavs the most recent
data available regarding teachers prepared in mathematices or sciencee in relation to the total
population of teachers,

Table 4
Elementary and Secondary Teachers: 1989-1990
(in thousands)
Elementary Secondary Total
Public 1,389 968 2,357
| Private 7 a18 102 377
"~ Total 1,664 1,070 2,734
‘Math Specialists 34 142 176
| Science Specialists 22 o128 150
" Total, Math/Science Specialists 56 270 326

Source: National Center for Education Statistics
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One needs to inguire whether these data represent an adequare number of appropriately qualified
persons for teaching mathematics and science and what the prospects are for the furure. A reeent
analysis by the Council of Chict State School Officers (CCSSO) considered various aspects of these
issties (e.g. overall numbers of students and teachers, aterition rate of teachers, sources of new teacher
hires, teacher qualifications). "Uhe overall conclusion of CCSSO was:

In sum. the current data on science and mathematics teachers lead to three general
findings: first. some indicators of teacher shortages have improved since the carly
1980s: second, teacher shortages vary by specialey within science and machematics
and by stare: and, third, the ericerion of a “qualified teacher™ needs to be specified to
determine shorrages of science and mathematics teachers, We also know that
shortages are greater in certain school disericts and schools,

Another study found no teacher shortage (alchough the analysis apparently did not examine supply
by ficld or specialization). "This study also concluded thar “this nation has probably never been ina
betrer position to fill all its teaching positions with highly qualified adules cager to teach.”™

As suggested in the last comment numbers of teachers alone do not fully illuminate issues of
teaching and learning. Coping behavior of schools and school systems may confuse supply issucs.
For example, o RAND study argues thae a defective system of rationing (i.c.. offering fewer
mathematics and science study opportunitics to studenes) may hide the fact of shortages. "Thus,
there may be problems associated with expanding the numbers of machematics and science teachers
to provide more course offerings than are presently being offered. Given that increased study of
mathemaries and science is likely to be a requirement for improved student performance. the
“rationing” factor may be significant. 1 ligher achievement cannot be attained if not enough work in
macthematics and sciencee is available to students. Thus, we need to assure that the number of
qualified teachers available and on the job is commensurate with the acceess students need to
adequate instruction for high achievement and not reduce our instructional expectations to mecet
pereeived low levels of teacher supply.,

Many of the analyses regarding supply cither do not address the issue of qualifications or are not
robust enaugh on this dimension to permit firm conclusions. "T'he widespread belief that persons
more highly qualified to teach mathemarics and science are less likely to be teaching or remain in
teaching cannot be confirmed or denied by existing data.

There is also a widespread belief that traditional programs for the preparation of teachers are not
adequatcly rigorous, especially in mathemadics and science. In particular, there is evidence that
cducational methodology takes precedence over and may even displace “content.™ "This is
especially so for programs preparing teachers for the carly grades. Such teachers are expecred to
tcach all subjects, which confounds the issuce of what should comprise appropriate academic
preparation. I'he dara in “Fable 4 show very few specialists in mathematices or science in the
clementary grades.

Y Repeated by Blank, Rolf K., Stte Luddicatars of Scienee and Mathematies Feduation 1990, published by the Council of Chief State School
Officen.
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REFORM OF TEACHER EDUCATION AND REFORM OF THE
CONDITIONS OF PRACTICE

Programs for the formation of teachers should be inspired by a vision of an exemplary teacher, whick, (s
a -tatus wehieved as a result of a significant developmental process, extending over a period of time,
and encompassing preservice preparation and subscequent professional practice coupled with
continuing professional development involving formal study. Such a vision is projected by the
Standards of the National Council of "Feachers of Mathematics. "This perspective suggests coneerp
with what teachers should know and be able to do, as well as the context and conditions within
which they must practice their profession. Morcover, the attractiveness of teaching as a profession,
mcluding the conditions of practice, are significant attributes of teaching for recruitment and
rerention. Working conditions, such as the emphasis on paperwork and nontcaching activities at the
expense of teaching time, salaries, and the rate of salary increasces are all significant.

Redesign and improvement of university programs for the preparation and continuing professional
development of teachers are essential, But it should be noted that all current proposals. including
thosc of the Holmes Group and the Carnegice "Fask Foree on “Teaching as a Profession address twin
goals: to reform teacher education and to reform the teaching profession. Inclusion of the tatter goal
indicates recognition that the guality of teaching in our schools depends on several factors in addition
to the intrinsic quality of teacher preparation programs in our universitics.

Teaching is not a mechanistic endeavor nor the fixed application of a sct of rules. Effective teaching
practice must go bevond reflex reactions to a teaching situation to reasoned judgments. Morcover,
the professional practitioner is someone who has developed an awareness of the reasons for making
these reasoned judgments. Professionals also enjoy a degree of awionomy and diseretion regarding the
organization and content of their work. Autonomy and discretion are the most attractive aspects of
professional work. Schools, however, operate as it consultants, school district experts, textbook
authors. trainers. and distant professionals possess more relevant expertise than the teachers in the
schools.

‘Teachers often complain that the conditions they find in their schools do not allow them to use all
the professional skills and knowledge they acquired through experience or teacher preparation
programs. FFurther, burcaucratic management of schools proceeding from the view that teachers lack
the talent and motivation to think for themselves goes against the idea of professional autonomy. In
addition. the increase in testing as a means of monitoring student progress (and, in turn, teacher and
school performance) feads to a narrowing, of the curriculum in anticipation of tests. "The tests
constrain the professional diseretion of teachers in wavs that are not alwavs appropriate and may even
undermine good teaching. Iris important that methods of measuring student performance be
designed with the objective of improving genuine learning, so that effective teaching is properly
motivated.

‘T'he goal orientation and accountability now being emphasized in schools, reinforeed by testing and
other performance measurement programs, are reasonable and proper. Morcover, if increased
accountability for the results of teaching is accompanied by increased freedom in the teacher’s choice
of modes of instruction. then teaching can become a more satisfving profession that attracts and
holds betrer qualified people. However, these same trends may stifle the idiosvncratic strengths of
creative teachers if they manifest themsehes as an undue reliance on mechanistic testing, In
pursuing the performance-based education goals of previous chaprers, one must be mindful of the
implications for teachers and effective teaching.
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REFORM OF HIGH SCHOOL TEACHER PREPARATION PROGRAMS:
ACADEMIC CONTENT

“Teacher education programs in the United States are eclectic and highly varied: their design
responds more to administrative and logistical prioritics than to a knowledge base. There is a need to
define the content knowdledge base and to express it in undergraduate and graduate curricula in
mathematics and science. "The major in a discipline is a good starting point for the development of
this definition, especially for high school teachers. However, for several reasons, the nature and
scope of the content base for teaching needs definition bevond the tvpical major.

"I'he teacher’s knowledge must go bevond concepts and facts of a domain to an understanding of the
structures of a subject. For example, the biology teacher must understand that there are a varicey of
wavs of organizing the discipline as is reflected by the red. green. and bluce versions of the Biological
Science Curriculum Study (BSCS) texts. These different versions are by no means intended to
address different ability levels, but to present three distinetly different substantive principles for
organizing the content.

Additionally, the science disciplines are interrelated. For example, there is a need to include basic
mathematics for the effective study of science. In the case of a biology major, there is a need to
include chemistry, physics, and carth and environmental scicnces — as well as mathematics — in the
program. Similarly, other science subjects are dependent on the study of neighboring disciplines by
their majors.

Nowadays, science teachers are expected to address issuces at the interface between natural science
and social science. The prominence of controversial and so-called science-technology-society issues
such as the ethical issues and socictal problems associated with such phenomena as in vitro
fertilization, genetic engineering, and nuclear waste disposal require successful teachers to have
sophisticated knowledge of both natural science and social science. We must also be sensitive to the
issuc of applications: the inclusion of medicine in biology education, for example, or engineering in
the physical sciences. Fhese observations underscore the fact that the nature of what we expect
children to know and be able to do is changing. T'herefore, the measure of'and preparation for
competent teaching is also changing. The challenge for teacher preparation programs is not that we
have incompetence, put that our standards are broadening,

A powerful trend in teacher certification and emplovment practices reinforees the call for a closer
look at the content base for science teaching. Many science teachers are required to teach more than
one science subject. School managers (i.c.. principais and superintendents and their designees., who
exert considerable influence in the selection of teachers) want as much flexibility as the managers of
any organization. ‘T’hev want less regulation rather than more.

As aresult, one sees a major trend toward droad field certification for high school teachers in contrast
to the traditional certification in specific ficlds of biology, chemistry, physics, cte. “liwo-thirds of the
states certify science teachers through broad field as well as in specific ficlds. In Georgia, for
cxample, certifying biology. physics, chemistry, or earth science speriafist teachers is possible, but the
certification of the broad field science teacher for all four subject arcas is not only possible but the
route preterred for teachers by school officials for reasons cited carlicr. “The broad ficld certification
is the more prevalent route for scicnee teachers and typically involves a major in one science field
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and significant academic work in the other ficlds. However, despite the fact that the total quantity of
science study for broad ficld certification is substantial, there 1s no degree program in the university
preparing the broad field teacher. Certification is achieved through a special review of the
candidate’s course record by the state department of education. “T'his course record frequently has
much less coordination and integrity than is desirable and possiblc.

IFor all of these reasons, there s a need for a “Science for All Sciznee "Teachers,” an analog to Sezence
Sor All Americans. Science for All Americans is a comprehensive effort, sponsored by the American
Associacion for the Advancement of Sciencee, to have groups of mathematicians, scientists, and
engincers define “the knowledge, skills, and habits of mind that all students should have acquired
by the time they finish high school.” This work is being used as the basis for the subsequent effort
by the National Rescarch Council to design standards for curricula in school science.

In the very same spirit, 2 major effort should be undertaken to have teams of machematicians,
scientists, enginceers, and educators develop a Science for All Science Teachers. This development
will then form the base for the design and development of programs for the preparation and
continuing professional development of science teachers. "The NC'T'M standards include standards
for teaching as well as for curriculum and assessment in mathematics and were the basis for a
subscquent effort by the Macthemartical Association of America to develop and promulgate standards
for teacher education in mathemartics. This sort of work needs to be carried out for science.
Morcover, both mathematics and science need models of exemplary programs basced on these
developments.

INSTRUCTIONAL MODELS

There is substantial evidence that exposure to good teaching is an important factor for the
preparation of teachers. Indeed, the evidence indicates that the old adage that we teach as we have
been taught is quite true. This is all the more reason why we must focus on the models of content
teaching to which prospective teachers are exposed in the university. “This issuc is more fully
developed in the discussion of undergraduate tcaching below.

PEDAGOGY

There is a widespread belicf that teacher preparation programs give too much emphasis to pedagogy
over content. This relative emphasis is all the more a problem because itis also believed that
pedagogy, as such, is much less robust as the object of academic study than is the study of content.
"This issue should be confronted head on. There is no question that teachers need understanding of
the nature of the learner and of effective instructional design and practice. ‘The substantial literature
on the subject and practical experience should guide this debate. Content-specific and contexe-
specific pedagogices are especially promising aspects of this issue that should be pursucd. "The
forcgoing recommendations regarding science and mathematices content for teachers should
cncompass this issuc.
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TECHNOLOGY

“I'he application and utilization of technology in education is relevant t both of the twin goals.
Certainly, teacher education programs must incorporate the latest and best preparation for
technology applications. There is a large literature on this topic to inform program design. However,
schools must also provide teachers as professionals with the appropriate support to facilitate cffective
applications. "This lastis a serious problem. “lraditionally schools do not cquip teachers with
telephones, et alone more sophisticated communications and instructional technologics. "Thus,
advancing the use of technology is of special significance for the goal of strengthening the profession
of tcaching,.

ELEMENTARY MATHEMATICS AND SCIENCE

Many of the foregoing remarks regarding academic preparation and instructional models for high
school teacher preparation and development apply to clementary schost weaching as well. However,
therc is a special problem at the clen.entary level that requires special responscs. Ieis still che case in
the vast majority of clementary schools in America that a teacher teaches all subjects to the same
group of children. While there is evidence that teachers are assisted by specialists in arcas such as
art, music, or physical education, there are few specialists of mathematies or science in the
clementary school. Because the elementary teacher must teach across so many arcas, preparation
programs do not include in-depth study in any subject, let alone mathematics or scicnce. Fven in
states that have moved to requiring an ares and sciences degree before entry into a professional
development program for clementary teachers, few candidates are clecting to major in mathematics
or science.

While our call for reexamination of the content knowledge basc for high school teachers applics to
clementary teachers as well, additional steps are needed to deal with this special problem. School
restructuring that develops models for the instruction of young children built on the coneept of
specialists in mathematies and science must be pursucd along with other ways of organizing the
school curriculum and utilization of tcachers and other instructional resources.

T'he National Elementary Science Leadership Initiative, a four-year project of the National Science
Resources Center supported by the National Scienee Foundation, offers an especially ateractive
model that actively engages mathematicians, scientists, and engineers in clementary science
cducation. ‘The program is based on the idea of cach school district forming a coalition of
outstanding clementary teachers (as a district leadership team) with a small team of local scientists
and engineers. "The major role of the coalition is to create a science lobby to help promote change.
‘I'he coalitions in various school districts would, in turn, be neeworked for the exchange of ideas and
mutual assistance. ‘The program is designed to provide two-day mini-courses in connection with the
national meetings of major American scicentific socicties to facilitate the development and
preparation of the local coalitions.

LINKING TEACHER EDUCATION REFORM TO SCHOOL REFORM

In conjunction with the National Education Goals and the America 2000 Serategy, many schools are
introducing changes and innovations. Restructuring is the byword, and there is a growing number of
sites where this is occurring. ‘The Holmes Group, the Goodlad Network, the Coalition of Esscntial
Schools, and other efforts aimed at the reform of teacher education are suggesting co-reform — the
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linking of university programs for teacher education to restructured and exemplary schools and
giving these schools a larger role in teacher education. This, of course, is directly relevant to the call
for strengthening teaching as a profession.

T'hrough such co-reform effores, new maodels for the induction of beginning teachers into the
profession through formal paid internships or mentoring programs involving master teachers can be
developed. Moreover, in the spirit of the foregoing, the teachers can be encouraged and supported
to become active catalysts of change in mathematics and scicnee education.

Such co-reform partnerships berween universities and schools can also provide a basis for
investigation of context-and site-specific teacher education. For example, promising programs are
being proposed and developed in science for Native Americans. Obviously, the scientific content
must be the same for all students, but the mode of presentation can be effectively adapted to the
cultnral characteristics of the students. This idea can clearly be generalized either in terms of the
context ereated by the local audience for scienee education or of special characteristics and resources
of the community (e.g., geography, geology, technical industry).

TEACHING STANDARDS

T'he work of the National Board for Professional 'Teaching Standards (NBPTS) is an endeavor of
enormous national significance and appears to be particularly promising. NBPT'S aims to develop a
system of National Board Certification designed for experienced, not beginning, “teachers whose
preparation and experience have enabled them to understand how theory translates into practice, to
ascertain what works, to learn how to judge student behavior and performance, and to practice as
mature, professional decision-makers.™ “To this end, NBPTS is pursuing an agenda of policy and
reform issucs related to National Board Certification that includes the following prioricy arcas: (a)
creating a more effective environment for teaching and learning in schools; (b) increasing the supply
of high-quality entrants in the profession, with special emphasis on minoritics; and (¢) improving
teacher education and continuing professional development. In pursuing its agenda, NBPT'S is
working closcly with other groups and organizations — for example, the National Council of
Teachers of Mathematics (NC'T'M) and the NC'T'M standards.

UNDERGRADUATE EDUCATION

Poor instruction is a broad based policy issue at every level. At the undergraduate level, this issue is
associated both with the specialized programs for the preparation and retention of prospective
scientists and engincers and with the quality of undergraduate education in mathematics, science,
and engincering offered to students majoring in non-science fields.

Students in the sciences have the highest defection rate among all undergraduate students. A Sloan
IFoundation Report (1991) on factors contributing to the high attrition rates among science,
mathcematics, and engincering majors concluded “that some, possibly large, proportion of (this)
aterition reflects a wastage of students with good potential,” and “that important contributors to such
wastage are institutional factors which, if addressed as a mateer of priority, would significantly
improve retention.” Of the negative factors cited by undergraduate science, mathematics, and
engincering majors, “poor teaching™ and academic support was cited by over 50 percent inadequate
high school preparation was cited by only 4.7 pereent. This is the perspective of the students, and it
cannot be ignored.
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Among science majors, the “pre-occupation of faculty with their rescarch to the detriment of their
teaching” is among the most commonly cited commentaries about the condition of undergraduate
science education. The relative popularity of science-related courses during the carlier school years
seems o deteriorate quickly among first and sccond year college students. The high attrition rate
among science and mathematics majors during the last two vears of undergraduate education is
attributed more to the students’ perceived opportunitics in rescarch, teaching, and professional
practice.

Regarding mathematics, science, and engineering education for majors in non-science ficlds, there
seems to be a consensus among many observers of the undergraduate experience that the lower
division, or entry-level, course requirements suffer from serious neglect. Introductory courses rarely
take into account the intellectual diversity of enrolled students, and rarely do these students have
direct access to practicing researchers or laboratory experiments.

Considering the increasing pace of scientific and technological developments, most colleges and
universitics have vet to provide undergraduates with the foundation they will need to function
effectively in their careers, whatever they may be. Most colleges and universities require only two or
three semesters of science-related courses for non-majors, and these courses are generally described
as “watered down.”

Strengthening the quality of instruction could be a major fuctor for improving retention. One
mathematics professor and member of the Mathematical Science Educatien Board (MSEB) stated
that it is clear to virtually everyone that the present system of science education works well only for
those already committed to science. Concern about the inadequacies of undergraduate instruction is
growing nationally. The Mathematical Sciences Education Board (MSEB) is in the forefront of
providing leadership to redress this problem. lts recent report, Mowing Beyond Myths, calls for the
development of models of good instruction as the first priority in the reform of undergraduate
mathematics. Similar appeals are being made in the science disciplines. As indicated carlier,
improved models of undergraduate content instruction would greatly improve clementary and
sccondary teacher preparation in content as well as pedagogy.

Science and engineering ticlds are also developing plans to provide instruction that will be more
effective in attracting and retaining well-qualified students. A recently published report provides
an especially cogent analysis of the teaching situation in colleges and universitics in mathematics,
science, and engineering, 1t is titled America’s Academic Future: A Report of the Presidential Young
Lncestigator Colloguinm on U.S. Engineering. Mathematics, and Science kducation for the Year 2010 and
Beyond. ‘T'he report presents Five Principal Points to assure high quality instruction in engineering,
mathematics, and the sciences:

= Encourage and reward teaching excellence, instructional scholarship, and public service as well as
rescarch.

= Increase substantially resources for instructional innovation and curriculum renewal, especially for
undergraduate education.
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® Assume primary responsibility for public understanding of science and techuology, principally
through high-quality precollege teacher preparation and lower division undergraduate instruction.

® Assure adequate carecer participation in engineering, mathematics, and the sciences by all
segments of society, particularly careers as precollege and college faculey.

» Encourage the development of discovery-oriented learning environments and technology-bas=d
instruction at all educational levels.

These recommendations come from a colloquium of Presidential Young Investigators (PYI) selected
for their awards in the vears 1984-89. "Their promise as rescarchers provided the basis for their
sclection. "Thus, this group has an unusual degree of credibility for addressing issues of instruction.

These principles of the PYI colloquium recommendations encompass a number of issues, but three
are highlighted here as of special concern and interest. Firstis the significance of instructional
quality in content areas of college and university teacher preparation programs for clementary and
secondary school teachers. Improved content programs and instructional models are essential if
teacher preparation programs are to be reformed.

Second is the idea of making education in mathematics, science, and engincering more accessible to
more people. Often, university faculty members tend to have an interest in only those
undecrgraduates they teach who are interested in and motivated to doctoral study in the discipline.
The call is to provide stimulating undergraduate majors in, say, physics even for those students who
do not wish to pursue graduate study.

This issuc of accessibility has many other ramifications as the PYT principles are studied and
implemented. What is needed is to make the study of mathematics, science, or enginecering more
like a “liberal art ™ "T'he serious study of literature or of history is undertaken by many who do not
plan to become specialists in these arcas but regard them as suitable preparation for carcers such as
teaching, journaiism, or law. A solid grounding in marhematics, science, or engincering must become
similarly rega-aed as appropriate and effective preparation for a variety of carecr options.

The third issuc is perhaps the most challenging of all: effectively addressing the interrelationships
among mathematics, science disciplines, and enginecring fields. The terms interdisciplinary, multi-
disciplinary, and cross-disciplinary come to niind here. "T'hese terms are used sometimes
synonymously and sometimes distinguished by nuance. The basic problem is that teaching is too
specialized and would benefit from a movement toward synthesis and less specialization. In any
case, reform of undergraduate education may well turn on the success with which this issue is
addressed.

On the basis of these considerations, a major overriding recommendation is offered. There is a
significant investment on the part of the federal government, mostly through the National Science
Foundation, supporting efforts for the improvement of undergraduate cducation in mathematics,
science, engineering, and technology. We recommend that the relevant programs be designed to
promote the aims developed herein.
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GRADUATE EDUCATION

Graduate education presents a special problem because of the close relationship to research in
mathematics, the scicnees, and engineering ficlds. Accordingly, this »rea will be more fully
developed in the new study of the health of rescarch-intensive universities currently being
undertaken by PCAST. However, two items are highlighted here as precursors to the report of this
new study.

First, there is 2 high proportion of foreign students in mathematies, scienee, and engineering
graduate programs in the United States. Itis sometimes argued that these students do not displace
Americans. 1lowever, others arguce the opposite point. In any case, the dynamic of selection is quite
complicated. Whilc this may raisc questions about whether the capacity of graduate education
exceeds that which is required to meet national needs, graduate study (by both foreign and American
students) is an integral part of rescarch programs. IFrom this point of view, it might be argued that
the United States gains by having high-quality input. Given the principal points of the PYI study
discussed above and the comments made about expanded access to programs, we believe that
stimulus of American interest in graduate study in mathematics, scienee, and engineering is in order.
Accordingly, we recommend that inereased incentives be provided (e.g., through fellowships and
trainceships) for the recruitment and retention of UL S, graduate students in graduate programs in
mathematics, science, and technology.

T'he sceond issuc is closely related to the first. Graduate education in the most distinguished sciencee
and cngincering departments in American universitics is too often conducted in an atmosphere in
which undue value is attached to the replication of the faculties® carcers. Less famous academic
departments tend to emulate the research culture of the most prestigious institutions, providing too
little atrention to the needs of industry or even to the educational requirements of their students.
Unless significant changes in the culture of graduate education can be achieved, the potential for
financial support and domestic enrollment will probably not be realized.
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CHAPTER V.

LEARNING THROUGH RESEARCH

lt has become customary to discuss the learning experiences fostered in an academic environment
in bifurcated terms, separating teaching from rescarch as though they were unrelated activities.
This is at least in pare because teaching is frequently understood to be a process of transmitting
information from authorivy (the teacher) to the learner. "I'he student is in this model the “clean
slate™ on which new information is to be inscribed, or the “empry vessel™ into which fresh
knowledge is to be poured. But there is evidence that the clean slate and empty vessel metaphors
are not accurate. In fact we learn avall levels through some combination of communication from
authority and personal exploration (rescarch). Because both of these learning activities have become
highly organized and expensive operations in American colleges and universities, with different
financing strategics and different emphases within different kinds of institutions, we often separate
teaching and research in our analyses of higher education. This mav be convenient for
administrative purposes, but such artificial separation of intellectually linked activities can be
mislcading, with dangerous consequences.

The title oi'this report is LEARNING 1o Meet the Science and Technology Challenge, and logically one
should expect learning through rescarch to be included in its scope. However, there is a separate
study of rescarch-intensive universities and the federal government in preparation by the President’s
Council of Advisors on Science and ‘Technology, and it would be both redundant and confusing to
incorporatc a digest of this material in the present report. :

Thus, a dilemma is posed: How can we omit “learning through rescarch™ from this report without
fostering the illusion that effective teaching can be advanced without corresponding support for
rescarch? The resolution attempred here is the present chapeer, designed to recognize the
fundamental linkage between teaching and research without incorporating any substantive treatment
of the latter activiey.

A distinction should be made, however, between “learning through rescarch™ and “rescarch about
learning.™ The ficlds of science, mathematics, engineering and technology require by their nature a
significant amount of learning through rescarch; much learning in these ficlds is individual and
experiential in character. But scholars in thesce ficlds have given very little attention to the important
business of doing rescarch on the learning process. Specialists in the fields of cducation and
psychology do care about rescarch on tearning, but until recent vears few among them have been
focusing their interests on the learning processes that are peculiar t science, mathematics.
engineering, and technology, noting the variations among these disparate fields.

Weare persuaded in PCAST that the National Education Goals would be more readily achicved if
we had a better understanding of the learning process. We arce particularly concerned about the need
to discover new ways to engage young minds in modes of thought peculiar to science, mathematics.
and engincering. We are concerned that whole sectors of our population, particularly females and
certdin minority groups, are not pursuing careers in these ficlds in numbers proportional to their
talents, and we want to encourage the systematic investigation of this phenomenon.
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We note, for example, the difficultics encountered in atteempts to measure mathematical skills
without inadvertent reliance on verbal skills for mathematical performance. ‘The unexpected success
of girls and minority children in such pure “math games”™ as the Twenry-Four Challenge program
mentioned in Chapter 111 raises questions about the possibility of significance beyond the evidence
of adroitness in arithmetic. Is there something fundamental revealed by the experience in such
competitions in basic mathematics, which often vield winners who surprise their teachers? Are we
missing an opportunity to identify and nurture talent? Do children learn mathematics and seience
beteer with games today than in past generations, and lcarn less well through familiar learning drills?
Do children with different cultural backgrounds respond differently to educational challenges in
scienice, mathematics, engineering, and technology? Would an carly introduction to technology
betrer motivate learning about science and mathematics? ‘Fhese are all important questions, and we
do not know the answers. The federal government should sponsor serious rescarch programs
designed to provide these answers. We need more research on learning,

Contemporary thinking and research are providing important insights that indicate that students
construct their own understanding and do not mirror simply what they are told or what they read.
Moreover, the learner's formulation of understanding is based on a great deal of prior information.

A child’s cultural and familial environment affects how informatio.: rransmitted in a classroom is
processed in the child’s mind. These "environmental™ factors affect what is retained by the child,
what is pursucd fureher, and what is virtually ignored. "Thus, students come to their science classes
with surprisingly extensive theories about how the natural world works. T'hese naive theories affect
what they perceive to be happening in the classroom and in laboratory experiments. ‘T'hese naive
theories are developed as a natural human tendency to come to grips with and find order in a world
that, especially to a child, scems incredibly complex. Moreover, they often continue to attach their
incorrect and naive understandings to situations even after instruction supposedly provided correet
versions. For example, one picee of rescarch showed that college students could successfully
complete an introductory physics course, presumably having learned Newton's Laws of Motion, and
vet persist in believing the contradictory Aristotelian “impetus™ theory of motion, which holds that
the capacity to initiate motion is inherent in an object, which in the absence of such initiative tends
toward a normal state of rest.

FFrom this perspective, engaging students as active participants in learning underscores the
importance of our theme, Learning Through Research. "There are several ways that contemporary
approaches to teaching and learning give expression to this theme:

Technology Linking Research to Education. It was noted in Chapter 11 that the central idca of
nurturing talent in mathematics and science is to find ways to allow students to do “real” science as
much as possible. ‘This prescription has significance quite broadly for education in mathematices and
scicnce. Contemporary computing and telecommunications tools make it possible for researchers to
share their current rescarch activities with high school teachers and students. For example,
rescarchers in computational physics develop and use software models of microscopic molecular
dyvnamics. Students in a varicty of different junior and senior high schools are now using those same
software models to develop their understanding. Similarly, visualization technology and software for
mathematical symbolic manipulation have the potential for significantly changing the scope and
sequence of school and college mathematics and science courses. In these ways, novices can acquire
a qualitative understanding of complex models and simulations that previously required sophisticated
quantitative reasoning,
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Direct Access to Scholarly Materials. T'he idea of the teacher as the sole epistemological
authority for the studenc has long been obsolete, but the norm in practice is stil! the combination of
onc teacher and one textbook as epistemological authorides. Most students view scholarlhy materials
onhyv through the fileer of a textbook, an important technology witn many shortcomings, ‘Textbooks
tend to establish the school as the uldmare authoricy wich regard o knowledge, thereby diminishing
appreciation of the importance of exploring original sources of knowledge. Libraries have offered
some counterbalance to this role; however, communications and computing technologies can far
surpass libraries in opening the world of knowledge to teachers and students, Through these tools,
teachers are able to select primary rather than secondary resources for the curriculum. This will help
both students and teachers o become informed and independent decision makers,

Research Participation. Iwo current projects illustrate how rescarch participation experiences can
be made avaitable to large numbers of dispersed students. Project JASON provides live welevision
images of ongoing deep sea exploration, with some opportunicy for remote interaction berween
students and scientists. More than thirey universities and science muscums serve as downlink and
coordinating sites. Each recruits students and teachers in its respective area, coordinates viewing of
the live ransmission of undersea exploration, presents workshops for teachers, and generally
implements the blending of undersea exploration with school programs for science education. A
second projectis KIDSNE'T, an NSF-funded activity to facilitate school teacher and student access
to INTERNE'TT National Geographic, one of the sponsors, structures research activities for students
who then share data.
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CHAPTER VI.

RECOMMENDATIONS

h ( onclusions and recommendations have been woven into the text of this report, integrated with
arguments for their adoption and descriptions of context. "The purpose of this final chapter is to
distill the rccommendations from the preceding text and to record them for convenient aceess.

"The President’s Council of Advisors on Science and "Technology was established to advise the
President, and by extension the executive branch of the federal government. ‘The nature of our
democracy requires that such advice by directed to the United States Congress as well. One might
expect therefore to find a PCAS'T report limited in its recommendations to those directed primarily
at the federal government.

Responsibility for advancing learning about science and technology is, however, a shared enterprisc
in the United States, requiring the coordinated cfforts of all scctors of society, and it would be
tnappropriate to limit the recommendations in this report to those directed to the federal
government. What follows therefore reaches somewhat beyond that narrow interpretation of the
PCAS'T charge, although greater specificity is attached to the recommendations to the federal
government. ‘Thus, the format of this chapter distinguishes “gencral recommendations™ from
“recommendations to the federal government,” and further defines a set of “recommendations to the
President.”

GENERAL RECOMMENDATIONS

1. Recognize that the key to suceess in meeting the scienee and technology challenge is learning,
which is advanced by rescarch, teaching, and a wide range of human experiences throughout life.
The challenge to the United States is not a simple matter, and there will be no quick, casy, or
painless solutions. PCAST recommends a moratorium on the search for a “cure” to America’s sick
schools that is analogous to a magic pill with no side-cffects; we must plan and exccute diverse
strategies for the longer term, and persist in their implementation.

2. Accept the process that will lead to improvement of basic (clementary and secondary) education in
America. This process has been defined adequately:

a Establish National Education Goals.
s Establish National Education Standards.

» Establish a national system of performance assessment instruments and procedures (but not a
fedcrally mandated test).

= Dcvelop local and regional strategies for mecting the National Education Standards using
approved methods of assessment (but not a federally mandated national curriculum).
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= Develop statistically valid survey instruments (such as those of the National Assessment of
Educational Progress (NAEP), to define a single federally sanctioned statistical measurement of the
comparative progress of groups of students and teachers (but not of individuals). Also, press ahead
with the serious challenge of implementing the results of this process.

3. Abandon the illusion that basic cducation is terminally ill and higher education is robustly healehy
in America. ‘There are genuine strengehs and severe weaknesses at all levels, and there is a great
nced for integrated, systemic improvement that is perhaps best described as belated adapration to a
changing world. Problems arc perhaps most severe in che ficlds of mathematics, science, and those
disciplines (such as engineering) that build upon these foundations, and these domains of study may
be most critical for our national recovery.

4. Recognize that education cannot be significantly improved without serious attention to the
development of reachers at all levels, particularly in the ficlds of mathematics, scicnce, and those
disciplines (such as engineering) that build upon their foundations.

5. Accept responsibility in all sectors of American society for improving cducation, forging
partnerships including familics, churches and community groups, business, tabor, and governmer t at
all levels to join with the schools. colleges, and universitics in a concerted cffort to rebuild the
American dream on the foundation of learning,

RECOMMENDATIONS TO THE FEDERAL GOVERNMENT

1. Advance the reform agenda of the America 2000 program. In this context PCAS'T urges the
following:

s Shift focus from programs and institutions to individual children, recognized as both national
asscts and potential liabilitics. Emphasize efforts to stimulate learning by all children to keep them
in school and maximize their development.

= Preserve and exploit more effectively the variety of options now available to Americans.

s Diversify strategics, encourage more options, and offer more choices to children and their parents,

= Provide special incentives for females and under-represented minoritics in the study of science,
mathematics, engineering, and technology atall levels.

v Reward exceptional teachers, and provide effective training in science and mathematies for both
teachers in service and student teachers.

= Provide access to relecommunications neeworks hinking schools, colleges, and universities, so that
resources can be shared most effectively.

= Support the continuing development of National Education Standards in mathematics and
scicnce.,

» Support curriculum development and laboratory learning in mathematics and science.
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= Support the development of reference examinations and cther means of performance evaluation.
® Encourage and support community partnerships committed to systemic reform of basic education
with the goal of institutionalizing permanent collaborations among all sectors of society.

2. Intensify commitment to excellence as well as equity in basic education through federal support
of such programs as the following:

= National Science Foundation *Young Scholars Program;”

= Department of Education *Javies Gifted and ‘Lalented Education Program;”

* Summer Laboratory Schools at NASA and DOE laboratories for promising students following
grades 7,9, and 11 in residential programs involving schoolteachers, professors, and laboratory

personnel;

= Summer Institutes at “magnet schools,™ “Governor's schools,” and other special academies for
students shewing promise in math and science; and

= National Science Foundation “National Elementary Science Leadership Inidative.”
3. Stimulate education reform at the college level in mathematics, science, and engineering by
supporting such initiatives as the following:

* Encourage with appropriate incentives the integration of federally sponsored university research
with the education of both graduate and undergraduate students;

= Provide contracts and grants for curriculum development and instructional innovation, subject to
peer review for grant award and report publication, to replicate incentive structures now established
for research;

* Encourage and reward teaching excellence, instructional scholarship, and public service as well as
rescarch;

= Support the use of technology to improve productivity in instruction;
* Encourage undergraduate majors in mathematics and science to become elementary and

secondary school teachers, using such incentives as fellowships, traineeships, and loan forgiveness.
Also, encourage university faculty to attach new valuce to undergraduate majors not destined for

Ph.D.s.;
= Encourage the development of high-quality programs for technology education linked to the
workplace;
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s Encourage programs that enhance the prospects of success for students who experience delayed
access and entry to education in machematics, science, engineering, and technology:

= Support programs to strengthen mathematics and science backgrounds for current teachers as well
as student teachers, with particular attention to the need to develop more clementary school
specialists in mathematics and science; and

s Increase support for graduate education in engineering, scicnce, and mathematics with
fellowships. trainceships, and loan forgiveness programs, including teaching responsibilitics asan
integral part of these awards.

RECOMMENDATIOMS TO THE PRESIDENT

1. Maintain che teadership initiative in cducation, using every opportunity to reinforce the public’s
understanding of the priority that must be given to education at all levels, including such devices as
the following:

= Keep education at all levels in the foreground of political debate;

= Keep education ar all levels central to such seminal speeches as the annual State of the Union
address;

« Establish for high school students the President’s Science and Technology Award:
» Establish for volunteers in the schools the President’s Science Education Service Award: and

s Recognize recipients of established teaching awards at both university and basic ecducation leveis;
a letter of commendation from the President represents an importaai statement of values.

2. Establish budget prioritics to match actions to words, supporting the initiatives suggested in this
report as well as the ongoing cfforts of the federal government supporting cducation at all levels,
with particular emphasis on science, mathematics, engineering, and technology.
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THE PRESIDENT’S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY

REPORTS

The President’s Council of Advisors on Science and Technology has produced reports on a variety
of science policy topics. Copies of the following reports may be obtained free of charge from the
Office of Science and Technology Policy, Executive Office of the President, Washington, D.C.
20500; (202) 395-4692.
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Solomon Buchsbaum, Co-chairman
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