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THE WHITE HOUSE

WASHINGTON

November 23, 1992

Dear Mr. President:

I have the pleasure of transmitting to you, on behalf of the President's Council of
Advisors on Science and Technology, our latest report, Renewing the Promise: Research-
Intensive Universities and the Nation. For this study, we considered research-intensive
universities as the approximately one hundred and fifty institutions that conduct a
significant share of our country's basic research and that produce our country's leading
scientific and engineering talent. This makes them the foundation of the nation's
science and technology enterprise.

The "promise" refers to the vision contained in Dr. Vannevar Bush's 1945 report to
President Truman: that our leading universities, with strong public support, could
generate the intellectual and human capital that would, in turn, enable the United States
to become a more prosperous, healthier and more secure Nation. We followed that
vision and the extraordinary accomplishments of the United States over the past half-
century in technology and industry, in medicine and health, in agriculture and
management of our environment -- attest to the fulfillment of the promise.

In our rapidly changing world, the United States faces ever increasing economic and
technological challenges and environmental, public health, and national security
concerns that differ from those of the past. The Council believes that, more than ever,
our Nation will depend on its colleges and universities for the generation of the new
knowledge and talent needed to maintain world leadership. The "promise" must be
renewed.

The Council is concerned, however, that the relationship between the Federal
government and the research-intensive universities is under stress, and that the
universities are not as well-positioned as they should be to help meet the Nation's future
needs.

In its report, the Council identifies weak points in the system and suggests some
corrective measures for universities and Federal agencies, as well as state governments,
industry, and other supporters of universities. We believe that these recommendations,
if followed, would go a long way toward re-strengthening the universities and enabling
them, in partnership with the Federal government, to make the greatest possible
contribution to the Nation.



The Council believes that the issues raised by the report are of fundamental, non-
partisan importance. We hope, therefore, that you will not only find the report helpful
to your own thinking about the long-term interests of the Nation, but that you will
commend it to the President-elect for his consideration. Furthermore, if you agree, the
Council will release the report to the public. It should stimulate a healthy national
debate on the issues.

Although the Council concluded that the U.S. research and development (R&D) system
is basically sound and continues to serve us well, we feel that there is also a need to look
beyond the issues addressed in this report. Just as the end of World War II was an
opportune time for Vannevar Bush and his colleagues to looked ahead at the role of
R&D in our national life, the end of the Cold War warrants a new examination of the
Nation's R&D system: its rationale, goals, organization, funding and administrative
mechanisms.

We believe that the Council should begin to undertake such a re-examination as soon as
possible. Here, too, we hope that you would urge the President-elect to instruct his
Council to follow such a course in the interest of the Nation.

This report views the relationships between the Federal government and the research-
intensive universities from the outside. I am transmitting to you, in parallel with this
report, a companion report prepared by an interagency working group of the Federal
Coordinating Council for Science, Engineering and Technology (FCCSET) that views
these relationships from inside the Federal government. Together, they represent a
comprehensive review of this important area.

President's

The President
The White House
Washington, DC 20500

Enclosure

Sincerely yours,

D. Allan Bromley
The Assistant to the Preside

for Science and Technology
and Chair,

Council of Advisors on Science and Technology

1



EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY POLICY

WASHINGTON, D.C. 20506

November 18, 1992

Dear Dr. Bromley:

We are pleased to transmit to you the report on Research-Intensive Universities, entitled
Renewing the Promise: Research-Intensive Universities and the Nation, produced by the
President's Council of Advisors on Science and Technology (PCAST).

The report focuses on a particular class of institutions, the research-intensive
universities, because of their particular role in the nation's Research and Development
(R&D) enterprise. Because of their important relationship with the Federal
government, the health and future of those universities are inherently of significant
concern in public policy matters. But our focus in no way implies that other types of
institutions of higher education do not play critical roles in the larger educational
system, particularly as recruiters and developers of the nation's talent.

The issues facing us are numerous and complex. We have sought to identify those that
are the most pressing but that can be addressed in a realistic fashion, as well. Some of
our findings and recommendations may not be popular, but a positive future sometimes
requires painful treatment. At the very least, we hope that the report will stimulate and
contribute to a healthy public debate. Given the critical nature of the present situation,
we hope that our recommendations will lead to a productive readjustment of the current
system.

We have also recommended a next step. Beyond the immediate issues, there is a need
for a very fundamental look at the place of R&D in our nation's future and how it
should be planned, supported, carried out, and managed. Such a recommendation
should be high on PCAST's agenda at the outset of the new Administration.

David Packard

( i P/C7

Chairman, Committee on
Research-Intensive Universities

Enclosure

The Honorable D. Allan Bromley
Assistant to the President for

Science & Technology
Executive Office of the President
Washington, DC 20500

incerely yours,

cam. 1,
Harold T. Shapiro
Vice-Chairman, Committee on
Research-Intensive Universities
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PREFACE

Earlier this year, the President's Council of Advisors on Science and Technology
(PCAST) turned its full attention to a core component of the nation's science and
technology enterprise: those institutions of higher education that produce
simultaneously the bulk of America's most highly trained scientists and engineers
and a substantial fraction of our country's new scientific knowledge. Because
most faculty at those institutions devote considerable efforts and resources to
research as well as teaching, we refer to them as "research-intensive universities."
The term applies to somewhat more than one hundred and fifty universities from
among more than three thousand institutions of higher education. Their direct
and indirect contribution to our national well-being economic growth,
international competitiveness, and new jobs is immeasurable.

For more than four decades. the research and the graduate and post-doctoral
education capabilities of those universities have rested in large part on support
from the federal government. Because the research-intensive universities both
benefit the public and are supported by it, their health and productivity are key
matters of public policy.

As we look to the future. we are convinced that America cannot continue to meet
the challenges of international economic competition, of national security in a
post-Coid War world, and of threats to the environment and to public health
without the continued contributions of the research-intensive universities.

As the present time, however, we are concerned that America's research-intensive
universities are not as well prepared as they should be to assume the
responsibilities of the future. We are also concerned ihat the American public no
longer has the confidence in the research-intensive universities that will enable
those institutions to bear those responsibilities. This is not a healthy situation for
the nation.

Thus, we have sought to identify the weak points that threaten the otherwise
strong web that hinds together the federal government and the tax-paying public
with the research-intensive universities into a major scientific research and higher
education partnership. We have also considered the relationship between
universities and industry one that is also critical to the nation's future. In this
report, we present our findings and recommendations for strengthening the
overall enterprise.

Our approach to the subject consisted of three parts. First, the Council took the
unusual step of constituting itself as a committee of the whole for the project.
We felt from the outset that the study required the widest possible range of
institutional and scientific perspectives and experience: industrial, governmental.
and academic and from the physical, natural, life, and social sciences and
engineering.
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Second. we solicited and received a wide range of information and views
from various interested parties. At six meetings around the country we heard
from undergraduates, graduate students, post-doctoral students. and untenured
faculty members as well as senior faculty and university administrators. We heard
views representing a cross-section of universities large and .;mall, public and
private. Just as important to our findings, we gathered perspectives from four-
year and two-year institutions and from minority institutions. all of which play
critical roles with respect to the research-intensive universities. Representatives
from companies in the areas in which our public meetings were held rounded out
the picture, as did representatives of educational and scientific associations.
Written comments were also received from a wide variety of individuals and
institutions responding thoughtfully to our invitation to provide input and advice.

This public input was invaluable to the study. We express our deep gratitude to
the many who so graciously hosted the meetings. who participated in them. and
who sent us their observations and ideas. Without these contributions. many of
our findings would not have emerged so clearly, if at all.

"rhird, we benefitted greatly from data and perspectives provided by a group of
federal agencies whose policies and programs affect research and education.
Meeting as an Ad Hoc Working, Group on Research-Intensive t .niversities and
the Federal Government of the Federal Coordinating Council for Science.
Engineering, and Technology (FCCSF,T), they conducted their own study in
parallel with ours. The Working Group is chaired by Deputy Secretary of
Education David Reams, with National Institutes of Health Director Bernadine
Healy and National Science Foundation Director Walter Nlassev serving as Vice-
Chairs. We are greatly appreciative to the FCCSE'I' group for sharing its vi_ws
and for the data and information it has provided. .\nv interpretation of those data
in this report is, of course, our own.

Finally, we would be remiss indeed were we not to recognize the vital
contribution made to this report by many members of the Office of Science and
"rechnology Policy and PCAST organizations. In particular, our thanks go to
Pierre Perrolle, William Raub. and James NIcCullough for outstanding staff work
throughout this activity. We would also thank Alicia Tenuta and Philip Bolus for
major contributions to the structure of the entire study_, the organization of the
public meetings. and the production of the report.
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EXECUTIVE SUMMARY

INTRODUCTION

Vannevar Bush's 1945 report, Science The Flit/less Frontier, promised the
nation the possibility of a prosperous, healthy, and secure future if the

Lnited States made a substantial commitment to basic research. Bush proposed
specifically that the federal government provide funds to the nation's colleges
and universities so that they could generate new knowledge and scientific and

' engineering talent. '['hat vision led ultimately to the establishment of the largest
and strongest scientific and higher education enterprise that the world
has ever seen.

The human and intellectual capital generated by colleges and universities
over the past four decades has been the basis for a vast array of accomplishments
that have touched the lives of all Americans: jobs in new industries: sophisticated
consumer products: technological breakthroughs affecting transportation.
communications, and entertainment: an abundance of food: advances in medicine
and public health: increased security against the threat of nuclear annihilation:
and improved protection against natural disasters and environmental degradation.
'rile American taxpayer's investment in university-based research has paid off
handsomely. The 1945 promise has been more than fulfilled.

Those accomplishments notwithstanding, the relationship between the American
public and institutions of higher learning is showing serious signs of stress. This
artnership of over one hundred and fifty research-intensive universities and the

federal government has grown to be a research and educational enterprise of
enormous size. scope. and complexity. Despite their success, or perhaps in part
because of the ever increasing expectations derived from that success,
universities are losing public confidence. The many partners in the overall
enterpri e students and parents. the federal and state governments.
foundations and industry, and faculty and scientific communities increasingly
are expressing discontent with the enterprise's current state and direction.

The problems underlying that discontent must be addressed. In today's rapidly
changing world, the Fnited States is confronted with shifting national security
needs, increasing economic and technolegical challenges from other countries.
and new environmental and public health concerns. If anything, America's
dependence on its colleges and universities both for creating new knowledge and
for training new talent is greater now than at any time in our history.

t)
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In reviewing the health of the nations research-intensive universities and their
relationship with the federal government. PCAST has focused on six main areas:

the implications of a limited resource environment:

the fundamental importance of teaching activities at research-intensive
universities:

the erosion of public trust and confidence in our universities:

federal investment in university -based research:

interactions between universities and industry:

and the identification and development of exceptional talent for science and
technology.

FINDINGS AND RECOMMENDATIONS

I. A Matter of Limits: Adapting to a New Resource Environment

Advancing the frontiers of knowledge is not, as it once may have been. a matter
of intellectual luxury. In an era of relentless global economic competition, it is a
national imperative. The United States must continue, as a nation. to invest in
fundamental research. The returns on such research, although unknowable in
advance, have proved enormous in the past and are likely to be even greater in
the future.

.\ realistic assessment of the next several decades indicates. however, that no
matter how firm our national resolve may be to invest in the future, resources will
not expand as rapidly as our intellectual capacity to pursue promising research
opportunities. It is unreasonable to expect that the system of research-intensive
universities will continue to grow as it did during periods in the 1960s and 1980s.

The cross-pressure of expanding opportunities and constrained resources poses a
risk for the United States: spreading its resources too thinly across its array of
highly trained investigators and research-intensive universities. Most of our
research-intensive universities aspire to excel in all or most areas of scholarship
and education. .\s worthy as those aspirations might seem. they are likely to
be ill-advised. They cannot he fully realized in an era of significantly constrained
resources.

'I'he relentless quest for an ever broader range of activities will inevitably destroy
the most important aspect of American higher education and research quality.
We cannot afford to allow our higher education to decline to the levels of
mediocrity that now characterize much of our precollege education.

4
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So that research-intensive universities may continue to function productively in
an environment of limited resources, PCAST urges them to:

adopt more highly selective strategies based on a realistic appraisal of
the future availability of resources and a commitment to meet \vorld-
class standards in all programs that are undertaken.

Such strategies will require universities to:

eliminate or downsize some departments and specialties rather than sustain
less than world-class activities in every area of science and engineering:

collaborate with other academic. industrial, and governmental institutions in
sharing instructional and research facilities and programs:

build facilities or programs only where there are strong long-term prospects of
sustaining them: and

develop permanent institutional mechanisms for strategic planning -hat will
foster a balance between activities and resources and among teaching, :esearch.
and other missions that are commensurate with society's clues and the needs of
the universities.

PCAST also urges federal agencies and other supporters of research-intensive
universities to:

refrain from encouraging universities to embark on new research or education
programs or the building of facilities when there is little or no long-term prospect
of sust lining those programs: and

refrain from developing or implementing research or education programs that
would increase the net capacity of the system of research-intensive universities.

II. A Matter of Education: The Importance of Teaching at Our Universities

lore than ever in its history. America needs its institutions of higher education to
train scientists and engineers and educate citizens ho can till increasingly
technical jobs. It also needs them to educate citizens of a democratic society who
can understand the principles of technologically-oriented public policy issues.
Furthermore. it is essential that colleges and universities continue to adapt to the
increasingly diverse educational paths of many of our citizens, and keep pace
with their desire and need for life-long learning. Finally. U.S. scientists and
engineers must be capable of working in an international environment, in which
foreign language skills arc very important.

Many higher education institutions, including research-intensive universities, are
turning away from their educational mission. particularly from undergraduate
education. We believe that many of the complaints of parents and students
concerning the quality of undergraduate education are werfounded. Universities

.
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XIV

should reemphasize teaching in all its aspects, both inside and outside the
classroom. In doing so, many institutions will have to curtail some of their
research activities. However, if institutions are selective in allocating their
resources, the net output of leading-edge research by our nationwide array of
research-intensive universities need not decrease.

PCAST recommends that universities strengthen their educational functions by:

increasing direct senior faculty involvement in reaching at both the
undergraduate and graduate levels, and in counseling of students;

balancing the contributions of teaching and interaction with students with
those of research and public service in evaluating and rewarding faculty;

placing less reliance on graduate teaching assistants and ensuring that they
understand their subjects, are better prepared with regard to teaching methods.
are able to express themselves well in English, and. like all faculty, are able to
provide a supportive environment for women and minority students:

increasing the involvement of undergraduates in hands-on frontier
research; and

placing greater stress on educating scientists and engineers in key foreign
languages.

Even as universities reemphasize teaching, they and their patrons working
together must keep tuition and educational costs from rising faster than the
income of the average American family.

The federal agencies should ensure that their programs encourage universities to
reemphasize education rather than discourage them even inadvertently
from taking the measures recommended above.

Ill. A Matter of Public Trust: Restoring Confidence in Our Universities

Public trust in universities is eroding. There is public concern about the rising
cost of higher education and about whether the value of higher education is
commensurate with the costs. There is also concern about a possible decline in
quality, especially in teaching. Both the public and the university community
have been shaken by a few, widely publicized cases of scientific misconduct,
conflicts of interest, and misuse of federal research funds.

In addition. expectations of what universities can do for the nation are rising
faster than arc the resources available to meet those expectations. In a time of
great change, there is imperfect consensus at best both locally and at a national
level about where universities should place their emphases. Before issues of
resources and priorities can be fully addressed, public trust and confidence in
universities must be restored.

16
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In our view:

the university community and its patrons, including federal agencies.
must act in ways designed to preserve the core values that underlie the
scientific and educational enterprise free and creative pursuit of
ideas and synergism between research and teaching. Current
"politically correct" approaches in some universities are attacking the
very foundations of higher education.

In addition to reemphasizing education (see Section
II), we urge colleges and universities to:

establish effective measures to eliminate
fabrication, falsification, and plagiarism in scholarly
work, and to eliminate fraud and waste in the
administration of that work.

PCAST cautions, however, that excessive efforts to
anticipate and eliminate all potential problems can
lead to bureaucratic strictures that undermine or
stifle scientific creativity.

IV. A Matter of Wise Investments: Federal Support of University-Based
Research
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Short-term constraints on research and development (R&D) resources as well as
the likelihood that resources will be limited well into the future have fueled a
healthy national debate over priority setting in all sectors. The debate has
covered many issues and generated many options. In the context of this report.
PCAST addresses only those issues most germane to the relationship between
research-intensive universities and the federal government and only those issues
directly pertinent to mathematics, the sciences (including the social sciences).
and engineering.

PCAST urges, first of all, that the following principles guide the relationship:

Our nation must continue to invest enough in basic research to sustain world
class accomplishments in all major areas of science and technology. In those areas
where [..S. activity does not define the frontiers, it must be sufficiently close to
those frontiers that we can exploit discoveries without delay, wherever and
whenever they are made:

.\ healthy federal government-university partnership particularly in basic
research must be maintained. It has served the nation well since World War II
and we have every reason to believe that it will do so in the future:

RENEWING THE PROMISE. RESEARCH-INTENSIVE UNIVERSITIES AND THE NATION
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Federal agencies must, in their interactions with universities at all levels,
recognize that they are investing in institutions that simultaneously generate new
knowledge and new talent, and that they are not just procuring
research results:

The federal government must pay the full costs of the university-based
research it supports. To expect cost-sharing (except where it strengthens the
research-teaching linkage or in other special circumstances) defeats the
investment objective and may shift costs to students and their families;

Federal funds for research should he allocated through competition on a merit
basis. Basic research proposals from federal laboratories should compete with
those from universities for federal funds. The growing ractice of Congressional
earmarking of R&D projects and facilities without merit review must cease and
must not be initiated or encouraged by universities; and

Much more attention should he focused on developing criteria for federal and
other investments that this nation accepts as appropriate to its long-term goals
and aspirations. Criteria, by their nature, have much greater stability and
longevity than do priorities, which are extremely sensitive to changes in the
environment in which they are made.

In the body of the report. PCAST makes specific recommendations to federal
agencies based on the above principles. They address: full federal
reimbursement of all legitimate indirect costs; the growing obsolescence of the
physical infrastructure for university-based research; improvements in the
administration of federal research support to universities; and reexamination of
the role of federal laboratories.

The recommendations regarding infrastructure include establishing a substantial
federal program hr the repair and renovation of university research facilities.
The program would be nationally competitive and merit reviewed and would
require 50-50 matching from non-federal funds. Support would be available only
to institutions that pledged to forego any federal funds earmarked without merit
review. The program would operate only for a catch-up period of a few years to
enable universities to bring their facilities up to an appropriate level of modernity.
Beyond that period, universities would be expected to keep their facilities
current on the basis of federal indirect cost support and other resources.

RENEWING THE PROMISE RESEARCHINTENSIVE UNIVERSITIES AND THE NATION



V. A Matter of Two Cultures: Universities and Industry

Some of the cultural differences that have long surrounded industrial research
and university research have had the unfortunate effect of unnecessarily
inhibiting the most effective interaction between industry and universities. 'Ile
notion that each sector had its own well-delineated and isolated role and that new
knowledge would flow as rapidly as necessary and in one direction from the
universities to industry is completely at odds with today's world.

Today the pressure of international competition has introduced a critical time
dimension into the system. The issue is not simply how much new knowledge is
being generated but also how fast it is being translated into economically and
socially beneficial products and processes. This argues for a much greater flow of
information and. especially, of people in both directions between universities and
industry.

Despite recent gains in building linkages between I..S. universities and industry.
there are still too many individuals in each sector who hold negative permectives.
attitudes. and stereotypes with respect to the other sector. The nation cannot
afford to have this situation persist. and much more effort is required to overcome
it. Even fundamental research that is not expected to yield short-term answers to
industry's scientific problems can benefit from being informed by the technical
concerns of industry. Conversely. [-.S. industry should have the benefit of easy
and immediate access to the new knowledge and new talent generated by
universities. Exchange of personnel, at all levels, is the surest answer to these
problems.

Accordingly, PCIST recommends that:

universities and industry together. through a wide range of concerted actions.
should exchange scientists and engineers at all levels especially their very
best between the two sectors for substantial periods of time and repeatedly
throughout their careers.

VI. A Matter of the Best Scientific Talent: Tapping the Nation's Talent Base

\ lost important scientific discoveries have been made by a small number of very
gifted people who had been provided the opportunity and time to pursue their
intellectual interests. Brilliant young people can be found throughout the
population within both genders and every race and ethnic group. in every
economic situation, and in every region of the country. Stronger public policies
must he designed to identify scientifically-gifted persons at an early age and
to help them develop their talents to the fullest. no matter what their
circumstances.
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If the I. rated States is to continue to lead the world in basic scientific discoveres
and in their exploitation. we will need to identify the most talented young people
at the earliest possible time, encouraging their interest in advanced education
and science, and giving them a sense of purpose as they pursue their education
and career paths.

Considering that potential science and engineering talent is well distributed
throughout the population. in diverse economic circumstances, and throughout
the country, PCAST recommends:

that the federal government develop programs to award a substantial number
of portable undergraduate scholarships and graduate fellowships in science and
engineering in each (:ongressional district. These awards would be made on a
nationally competitive basis, using non-political, merit criteria.

. \s with the traditional program of National Science Foundation graduate
fellowships. only citizens and permanent residents would be eligible: awardees
would be able to attend any t .S. institution of their own choosing: and
reasonable allowances would be included to cover institutional costs. The
undergraduate program would include both beginning students and some who
have completed one or two years of undergraduate work.

PCAST notes that federal. stare, and local tax policies should bolster. not
undermine, the nations investments both public and private in human
capital. PCAST recommends that:

federal, state, and local government end all taxation of scholarships.
fellowships, and student stipends for participation in research.

Finally, research-intensive universities can have a major effect on the
development of scientific talent by educating inspiring teachers of precollege
science and mathematics. PCAST therefore, recommends that:

research-intensive universities give greater emphasis to the education
(including continuing education) of precollege teachers of science and
mathematics: and

the federal government provide scholarships or service-repayable loans to
encourage talented students to attend research-intensive universities for careers
as precollege teachers of science and mathematics.

RENEWING THE PROMISE. RESEARCHI4TENSIVE UNIVERSITIES AND THE NATION



BEYOND THE HORIZON

This report is intended to address pressing problems that threaten the productive
relationship between the federal government and research-intensive universities.
We believe that the fundamental premises of this relationship are sound but that
improvements are required for it to avoid deterioration and achieve its fullest
potential.

We recognize the present time as one of tumultuous and profound changes in
American society and in the world. The ending of the Cold War, the emergence
of the European Community and nations of the Western Pacific Rim as economic
powers, the changing demography of the American population, the ever
increasing power of science and technology, and the growing awareness of new
societal problems to which science and technology can be applied all require
fresh and creative thinking of overall federal science and technology policy of
which federal government-university relations are a part. While the current
framework has served us well for four decades, it is far from obvious, as we move
into the swifter current of the twenty-first century, that it will retain the validity it
had when it was established in the middle of the twentieth century.

In our view, we must look beyond the immediate issues addressed in this report
and conduct a broad national reexamination of the place of research and
development in our national life including its fundamental rationale, goals.
organization. funding, and administrative mechanisms. The importance of
generating new knowledge and new technologies and of educating scientists.
engineers, and the general public for the twenty-first century demands no less. It
is the intention of PCAS'L drawing fully on federal and state government as well
as private sector expertise and experience, to undertake such a reexamination in a
subsequent report.

c,
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RENEWING THE PROMISE:
RESEARCH-INTENSIVE UNIVERSITIES

AND THE NATION

Progr.:s in the war against disease depends upon a flow of new scientific knowledge.
New products, new industries, and more jobs require continuous additions to
knowledge of the laws of nature, and the application of that knowledge to practical
purposes. Similarly, our defense against aggression demands new knowledge so that
we can develop new and improved weapons. This essential, new knowledge can be
obtained only through basic scientific research.

Vannevar Bush
ScienceThe Endless Frontier

THE PROMISE

With these words Vannevar Bush began his momentous 1945 report to
President Truman on the role of science and technology in the postwar era.

His message was straightforward: without scientific progress and advanced
education, the nation could not hope for rapid increases in its standard of living,
its economic well-being, the health of its citizens, and its national security.

.Science !he Endless Frontier effectively promised the nation that science could
yield enormous benefits if three conditions were met:

That the united States. as a nation, make a substantial commitment to
conducting basic research:

That America's colleges and universities. both public and private, take on the
responsibility of providing the nation with the requisite new knowledge and
scientific and engineering talent:

And that the federal government provide the funds to enable academic
institutions to meet those new responsibilities.

Out of those conditions emerged a unique partnership between the federal
government and America's colleges and universities. The public would invest in
institutions of advanced learning and scholarship. and those institutions would in
turn produce the new knowledge, understanding, and human capital that would
fuel economic growth. improve public health, and strengthen national security.

22
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What is a Research- Intensive University ?

No other nation has the advantage of such a large and diverse collection of world-
class universities, each of which has developed strong capabilities in many fields of
basic research, advanced education and public service. How many can be called
"research-intensive" depends on the criteria applied such as number of graduate
students, national and international reputation, size of faculty, size and significance of
their research and education programs, or amount of Federal research funding.

For purposes of this report, the precise number is not important. However, PCAST
was curious as to what overall number of universities performed most of the research
and educated most of the doctoral students. Using two criteria namely, those that
together produced 90% of the Nation's doctorates in science and engineering between
1981 and 1990 (the latest available year), and expended 90% of academic research and
development funds from all sources during that decade resulted in a total of 170
universities.

These universities are located in virtually every state. Some states with large popula-
tions, such as California, New York, Texas and Massachusetts, have several; others
such as Michigan, Florida, Illinois and Wisconsin, have fewer but generally larger
ones. About two-thirds are state institutions, and the rest privately-governed.
Significant increases in state and federal funding for education and research during
the 1960s, and again in the 1980s, led to the creation or expansion of many state uni-
versities particularly as Southern and Western states grew in population.

The character of each research-intensive university depends on its individual history.
They range, for example, from the large land-grant universities of the Midwest with
their teaching hospitals, agricultural extension services and sizable engineering
schools to mid-size institutions founded by religious organizations long before the
Revolution, to smaller polytechnical universities that concentrate in a few fields. And
beyond any total that could be generated using broad criteria, there are many other
universities with one or several nationally-competitive research departments, devel-
oped in response to local or regional industry needs or some other feature unique to
the institution's location.

9
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THE PROMISE FULFILLED

Vannevar Bush's vision ultimately led to the establishment of the largest and
strongest scientific and higher education enterprise that the world has ever seen.
This enterprise has fulfilled the promise of science to a greater extent than could
possibly have been anticipated right after World War 11. to cite a few of the most
dramatic examples:

Agricultural research conducted at our land-grant and other universities has
served as one of the earliest models of a federal government-university
partnership. '['he continuation of that partnership since World War has led to
productivity levels so great that two percent of the population of the United
States produces enough food for our entire nation and large surpluses for export
as well:

Research in medicine and the biological sciences carried out in our universities
and medical schools has led to vast improvements in the health of people around
the world and has generated a new biotechnology industry in the 1.nited States:

Figure 1
Distribution of National R&D Funding by Source, Performer, and
Character of Work, 1991
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Diversity is a prominent cnaractenstic of the U S R&D system. In no other nation do so many dif-
ferent sponsors foster discovery and innovation in so many different disciplines within so many
different institutions. Yet, amidst this diversity, basic research is significantly dependent upon a
single class of relationships those where a federal agency is the sponsor and a university is the
performer During 1991, of the $23.5 billion expended within the United States for basic researcn
116 percent of all R&D expenditures that year, the federal government provided over 60 percent
of the funds, while universities carried out almost half (47 percent) of the work.

RENEWING THE PROMISE RESEARCH - INTENSIVE UNIVERSITIES AND THE NATION



t'niversity research on the structure of matter and the properties of materials
provided the key foundations for a multibillion-dollar microelectronics industry,
which in turn has fueled computer and telecommunication industries and has
changed the nature of society throughout the world:

Basic materials research has also led to critical advances in aerospace and other
technologies. These, together with electronic and computer technologies, have
been among the resources with which the [nited States buttressed its national
security during more than four decades of the Cold War:

Social scientists at our universities have provided us with the fundamental
concepts that underlie the survey research and economic analyses on which
business institutions rely for their marketing and financial planning and on which
federal, state. and local governments depend in making public policy:

lany technologies flowing from fundamental university research have made
possible a whole new era of entertainment. continuing education, and public
information access:

Fundamental advances in physics. chemistry, and biotech Ino.ogy have
spawned a revolution in environmental science and technology. For example,
rather than simply dispose of hazardous wastes, the focus is now on reduction of
waste at the source and on reclaiming valuable components of industrial and
other waste streams to yield environmentally benign residues: and

t -niversitv research has provided us with much of cur dramatically improved
understanding of such natural phenomena as earthquakes, hurricanes, and other
severe weather patterns. 'Prat knowledge has served to reduce the loss of lives,
improve buildings, bridges, and other structures. and mitigate major economic
losses in short, to prevent natural hazards from becoming national disasters.

Basic scientific research and the associated development of scientific talent are
only two agents of progress. Nlany kinds of institutions public and private,
industrial, and financial as well as scientific and educational also contribute to
our economic growth and well-being. But, over the past four decades. the
American public has placed both its faith and its tax dollars in our colleges and
universities so that the new knowledge, technological advances, and human
talent that these institutions are uniquely capable of producing would in turn
generate wealth, health, and security for the nation.

The record of those four decades is clear: the promise was more than fulfilled, the
faith of public was rewarded. and the investment continues to pay off.

2F)
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THE GROWTH OF THE ENTERPRISE

The federal research enterprise in America has become large and very complex.
involving more than twenty federal agencies, each with its own mission,
managing hundreds of individual programs. lore than one hundred and fifty
unit rsities are at the center of that enterprise. Because most faculty at those
institutions devote considerable efforts and resources to research as well as
teaching, the universities are referred to in this report as "research-intensive
universities." "l'hey are dispersed over virtually every state in the I .nion and
exhibit considerable diversity in size, character. and governance. The
interrelationships between the federal government and those universities loom
large for both partners. although this is but one component of a complex array of
university activities and federal research programs.

Federal support of university- and colle,z,e-based programs has grown
substantially since World War 11. This support has focused on student aid and
the sponsorship of research activities, particularly basic research. Overall, the

..S. system of research-intensive universities is roughly three times the size it
was thirty years ago: in enrollment and degree production at all levels. in
numbers of faculty, and in numbers of research staff. The capacity of our
universities to produce doctorates is well over ten times what it was in the
immediate postwar years.

Figure 2
Federal Expenditures for Research in Total and for
University-Based Research
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The federal government has been and continues to be the principal source of funding for me sub-
stantial exDansiOn of U.S. research activities that has been underway since the end of World War
II and especially since the mid-1970s Federal funding for university-basea research has consti-
tuted a significant fraction of this investment throughout the last four decades, reaching approxi-
mately $9 billion or almost 35 percent of the total in 1990
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In real (inflation-adjusted) terms, federal support for university-based research is
now about five times what it was thirty years ago. Although federal support is
still concentrated in a relatively small number of institutions, over three decades
more institutions have become larger partners in federally supported research and
development (R&D). In the postwar period scarcely a dozen institutions
received half the federal funds ijanted to universities. At present, over thirty
universities account for that fifty percent share.

In sum, the implementation of Vannevar Bush's 19-45 visizin has led to the
unprecedented growth of research-intensive universities throughout the nation.

,
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SIGNS OF STRESS

'l'he strength of the enterprise and the great value of its contributions to the
nation notwithstanding, the relationship between the American public and
institutions of higher learning is showing serious signs of stress. In the current
public debate on research and education in American universities and colleges,
the following points are frequently heard:

Qudents and their families are concerned that the quality and value of the
education provided by colleges and universities are not commensurate with its
rising cost:

Faculty and administrators express deep concern that, despite a steady and
substantial growth of government support. resources for basic research and
advanced training are falling far short of what is required either to permit
exploitation of the myriad opportunities that have been opened up through
research successes in recent decades or to enable our growing national pool of
highly trained investigators to pursue their scientific careers:

Both the university world and the tax-paving public have been disturbed by
isolated but sobering incidents of faculty and institutional misconduct. This has
diminished the nation's confidence in academic institutions:

Various members of the higher education community have described the
relationship of their institution to the federal government. particularly as it
pertains to the support of university-based research, as increasingly
adversarial: and

Faculty and administrators are concerned that the federal government is
uemanding more applied research as a visible contribution to the nation's
economic competitiveness.

'these points serve to underscore some of the diversity and multiplicity of
partners in the nation's large and complex research and higher education
enterprise. Those partners students and parents, federal and state
governments, foundations and industry, faculty and scientific communities
have ever increasing expectations about what the research-intensive universities
can provide: more research, more education, more service to local industry and
communities. At the same time. all those who have a stake in the enterprise
both inside and outside the universities have become unsure that their
expectations can be met. In a sense, the enterprise may have become the victim
of its own success. As Hanna Gray, president of the University of Chicago,
suggested in her 1992 keynote address to the American Association for the
Advancement of Science.

Our universities have arrived at a stage of maturity burdened by too many tasks
. . . and too ,great a contUsion of expectations. by the consequences and distortions
of excessive growth, . . . and by the illusion that comprehensiveness Lc necessary
for institutional distinction.

VARIOUS MEMBERS

'OF THE HIGHER

EDUCATION

COMMUNITY HAVE

DESCRIBED THE

RELATIONSHIP OF

THEIR INSTITUTION

TO THE FEDERAL

GOVERNMENT ...

AS INCREASINGLY

ADVERSARIAL.
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EVER INCREASING EXPECTATIONS

World War II left the United States in a position of economic preeminence with
respect to both its defeated adversaries and its devastated allies. It also left us in
a newly adversarial position with respect to the Soviet Union, the central and
eastern European nations that the USSR had come to dominate, and its then ally,
China. Nluch of the rest of the world was emerging from a long colonial era. The
national security imperatives of the Cold War particularly the aerospace and
electronic requirements of defense were one of the engines that drove much
of the federal government's commitments to R&D for four decades. Other
important engines have been commitments in the area of health and the needs
for an assured energy supply and for a more highly trained labor force.

With the remarkably swift end of the Cold War and major political shifts in the
world, the long-term national security needs of the United States cannot he easily
defined today. What is likely is that uncertainty will become a feature of a more
fluid international system. Preparedness in the face of uncertainty is even more
complex and ultimately more technologically demanding. If anything.
technological advances will he more important than ever before in ensuring our
national security needs.

~Vs

Figure 3

Increasing Dispersion of the Nation's University-Based R&D Activity
as Shown by Expenditure Distribution in Four Selected Years
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The number of universities participating in the national R&D effort has been growing over the last
several decades. As a conseauence. the most research-intensive universities have accounted for
a progressively smaller share of expenditures for university-oasea R&D. The changes in recent
years, while consistent with the long-term trend, nevertheless are mocest compared to those
that occurred between the ea' ly 1960s and the early 1970s.
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Although the Cold War, with its complex set of implications for the nation's R&D
programs, is no longer center stage, new developments, particularly in the
international economy, are presenting new challenges for the nation. The
industrial economies of Japan and Germany as well as those of major Western
European countries have been rebuilt, largely on the basis of technology-
intensive strategies. Former colonial and quasi-colonial economies on the Pacific
Rim South Korea, Taiwan, Hong Kong, and Singapore have surged ahead
with export-led strategies rooted principally in the electronics industry. All of
these countries, as well as others such as China on the horizon, will
continue to pose a powerful economic and scientific challenge to the United
States.

Paralleling the widespread economic and population growth of the past three
decades has been the emergence of global environmental concerns. By their very
nature these can only be addressed on a multinational basis both in terms of a
scientific understanding of complex physical, biological, and human phenomena
and in terms of policy responses to environmental threats. This is another of the
new R&D challenges before us. Finally, we are approaching a new frontier in the
area of the life sciences that provides many new opportunities for both the relief
of human suffering, the further advancement of world agriculture, and the
development of important new industries.

As America looks to the future, it is clear that the nation's dependence on its
colleges and universities for creating new knowledge and training new talent will
be greater than at any time in our history. Over more than four decades our
research-intensive universities have shouldered a weighty responsibility for the
nation. Reflecting a unique American belief that higher education and research
are inextricably linked and synergistic, we have made equally unique demands
on our research-intensive universities both for new knowledge and for young
minds trained to use it in a creative and innovative fashion. No other nation has
made comparable demands on their universities.

PCAST is concerned that America's universities are not as well poised as they
should be to assume the responsibilities of the future. PCAST is also concerned
that the American public no longer has the confidence in universities that they
will need if they are to meet those responsibilities. This unhealthy situation puts
the nation's future in jeopardy.

PCAST has sought to identify the weak points that threaten the otherwise strong
web that has bound together for many decades the federal government and the
tax-paying public with the research-intensive universities. In the six sections
that follow, PCAST presents its findings and recommendations for restoring the
relationship.

PCAST IS CONCERNED

THAT AMERICA'S

UNIVERSITIES ARE

NOT AS WELL POISED

4S THEY SHOULD BE

TO ASSUME THE

RESPONSIBILITIES OF

THE FUTURE.
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1. A MATTER OF LIMITS:
ADAPTING TO A NEW RESOURCE ENVIRONMENT

"We are in the paradoxical situation of being unable to support adequately all of the
valuable scientific work we are now capable of doing, while at the same time we are
generating the capacity to do more."

Robert M. Rosenzweig, President, Association of American Universities
July 1992 statement to PCAST

"America's research universities today rest on unstable and shifting ground."

Charles Vest, President, Massachusetts Institute of Technology
June 1992 statement to PCAST

Advancing the frontiers of knowledge is not. as it once may have been, a matter
of intellectual luxury. In an era of relentless global economic competition, it is a
national imperative. The t -nited States must continue, as a nation, to invest in
fundamental research. Because the ultimate applications that might derive from
fundamental research are largely unforeseen, there are no easy answers to such
questions as "how much basic research is optimal?" or "in what specific areas of
science should investments be concentrated?" Expenditures in basic research
are an investment with returns that, although unknowable in advance, have
proved enormous in the past and are likely to he even greater in the future.

A realistic assessment of the challenges facing America in the next decades
indicates that the key issues before us will be different from those of the past. In
particular, unless we achieve more robust and sustained levels of economic
growth we will face some very difficult choices. In such an environment, all
public resource commitments will receive new levels of scrutiny, and the
university-based system of research and education is not likely to expand for the
indefinite future. It is probably unreasonable to expect that the system will
continue to grow as it did for periods in the 1960s and 1980s. Given the resources
that the nation is willing and/or able to devote to this enterprise, the system may
already have exceeded its steady state capacity.

The financial stresses already experienced by both our institutions of higher
learning and their many different supporters students and their families. the
federal government, and state and local governments are only in part a
reflection of ongoing economic cycles. "rhese short-term conditions should not
obscure longer-term challenges brought about by relatively slow growth in family
income, intense international competition, and rising costs of cutting-edge
education and research.
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Ouite apart from particular economic conditions, the nation has Co contend with
two sets of cost issues. The first is that the system contains two built-in growth
factors. Almost all research breakthroughs open multiple opportunities that can
he pursued, each holding the promise of new technologies, new industries, new
conquests over disease, and new tools for improving the human condition. These
developments raise national productivity, wage rates. and the cost of attracting
talented investigators to the research enterprise. Furthermore, the system has a
kind of "natural population growth." Each university scientist usually trains
many new scientists, several of whom now typically remain in the university
system.

The second cost issue pertains to inflation not only that which affects the
economy as a whole. but "sophistication inflation.- Each scientific advance
requires more complex and sophisticated techniques. instrumentation, and
facilities than did the last. Each successive step forward is a longer step but a
more costly one as well.

The cross-pressure of expanding opportunities for investment in research and
constrained resources poses a risk for the t nited States: spreading our resources
too thinly across an array of highly trained investigators and research-intensive
universities. The relentless quest for an ever broader range of activities will
inevitably destroy the most important aspect of American higher education and
research quality. \ \'e cannot afford to allow higher education to decline to the
levels of mediocrity that now characterize much of our precollege education.

\ lost of our research-intensive universities aspire to excel in all or most areas of
scholarship and education. As worthy as those aspirations might seem. they are
likely to be ill-advised. They cannot be fully realized in an era of relatively
constrained resources. Our rcsearch-intensive universities must adopt more
highly selective strategies.

Even for those who still belies c in optimistic scenarios, an important observation
applies. Those institutions that have maintained the highest standards of quality
by being selective in their investments in faculty and physical plant are the ones
that will be in the best position to compete successfully for apd make effective
use of any significant new resources that might become available.

Recommendation One: Adapt Quickly and Responsibly to a Constrained
Resource Environment

Llo that research intensive universities may continue to function productively in
an ens ironment of limited resources, PCAST urges them to:

,

adopt more highly selective strategies based on a realistic appraisal of
the future availability of resources and a commitment to meet world
class standards in all progn.uns that are undertaken.

e 1.S
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Such strategies will require universities to:

eliminate or downsize some departments and specialties within departments
rather than sustain less than world-class activities in every area of science and
engineering;

collaborate with nearby institutions (academic, industrial, and governmental)
in sharing instructional and research facilities and programs, with the aim of
conserving limited resources;

build facilities or programs only where there are strong long-term prospects of
sustaining them. The expectation that, somehow, new resources will become
available to sustain initiatives must be viewed with skepticism. Without long-
term sustainability, initial investments result in squandered resources; and

develop permanent institutional mechanisms for strategic planning that will
foster a balance between activities and resources and among teaching, research,
and other missions that are commensurate with society's values and the needs of
the universities.

pcAsT also urges federal agencies and other supporters of research-intensive
uniN,-;.rsities to:

refrain from encouraging universities to embark on new research, new
education programs, or the building of facilities when there is little or no long-
term prospect of sustaining them; and

refrain from developing or implementing research or education programs that
would increase the net capacity of the nation's research-intensive universities.
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II. A MATTER OF EDUCATION: THE IMPORTANCE OF
TEACHING AT OUR UNIVERSITIES

conducting research has become such an overwhelming focus on today's campuses that
those professors who still manage to teach more than a few hours a week are actually
looked down upon by their peers, to say nothing of the negative effect teaching has on
chances for tenure, pay and promotion.

Representative Patricia Schroeder
Chairman, Select Committee on Children, Youth and Families

The best teacher in the world is known only to the perimeter of his campus, while a
mediocre researcher is known around the world.

Norman Hackerman, former president of
the University of Texas at Austin and of Rice University and

former Chairman of the National Science Board

To meet a wide range of its future needs, the Nation will have to educate a higher
percentage of its citizens in science and technology. Those needs :nclude:

tilling demanding positions in competitive. high-technology manufacturing
industries such as computers, biotechnology, and medical instrumentation:

finding solutions to a wide range of problems in such areas as environmental
control and disease prevention:

making sound decisions in technically-based spheres of corporate
management, legal affairs, and public policy; and

participating effectively as citizens of a democratic society. by having the
ability to understand the principles of technologically-oriented public policy
issues.

But at the very time that highly-trained scientists, engineers, and technicians and
Ncientifically literate lay persons are more important than ever to our society,
declining numbers of high school students are interested in science and
technology, and most have inadequate precollege preparation in these areas.

in addition, the traditional model for producing "scientists and engineers =where
one completed a formal college or graduate school education and then moved on
to career activities having completed education if it was ever true, is no longer
\ ;did. If the system does not adapt to massive changes in the demographic
composition of the student body (which is older on the average, culturally and
ethnically more diverse, and includes many individuals attending college part-
time) and does not take advantage of relatively new post-secondary institutions
such as community colleges, opportunities may be foreclosed to some talented
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The U.S. Higher Education System

Higher education is a major, complex and diverse enterprise in the United States.

Overall, it comprises more than 3,000 colleges, universities, specialized institutions
and professional schools, employing a total of 750,000 faculty and serving about 12.4

million students.

Several types of institutions play varying roles in educating students for mathematics,
science, medicine and engineering. Many of the 1,250 two-year colleges have impor-
tant missions in technician training, especially to meet the needs of local industry
and a sizable and expanding role in preparing students for transfer to baccalaureate
institutions. There are about 1,270 institutions with programs primarily at the bache-
lors'- and masters'-degree levels. They annually award about 180,000, or 55%, of the
baccalaurates, and about 40% of the 60,000 masters' degrees, in science and engineer-
ing.

Another way of viewing higher education institutions is by the student populations
they serve. More than a hundred historically black colleges and universities, some of
considerable distinction in research, education and medicine, have evolved from seg-
regationist beginnings in Southern states. Also, as the demography of the U.S. popu-
lation changes, a growing number of colleges and universities in several areas of the
country now have student bodies comprising sizable numbers of Hispanic-Americans

and Asian-Americans.

Faculty at those institutions and at hundreds of others contribute to the Nation's
research effort; about 1,100 colleges and universities annually report at least some
spending on research. A small group of highly selective liberal arts colleges send a
relatively larger proportion of their students on to the doctorate than do most four-
year institutions; indeed, faculty at these "research colleges" regularly win nationally-
competitive funding for their own research.

In fields other than science and engineering, almost all four-year degree holders have
completed two or more science courses and two or more mathematics courses. Many
of them will become pre-college science or mathematics teachers, and many others
will become leaders in business or government who make decisions involving scien-
tific or technological matters. And most are (or become) citizens who will exercise
many choices during their lifetimes about public issues having substantial scientific or

technical content.

3
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persons not on the traditional path. Education must be viewed as a continuing,
life-long component of the of each of our citizens. and an attractive,
accessible means of achieving life-long education must be provided throughout
the nation.

Improved teaching and learning of science and technology are needed
throughout the system. All institutional levels elementary schools. junior high
schools and high schools, two-year colleges, undergraduate colleges and
universities, and doctoral institutions and those involved in continuing education

have a role and a stake in providing a high-quality education in science and
technology to all of their students. Research-intensive universities have a
particularly powerful role as a consequence of their extensive research programs
and associated activities with industry and government and their responsibilities
in preparing the next generation of teachers.

Figure 4
Number of Academic Institutions by Type
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The U.S. system of higher education could not possibly have kept pace with the enrollment
increases without significant structural change; and that change was well underway by the mid-
1960s. The most prominent feature was the creation of about 1,000 new two-year colleges. The
continuing challenge with respect to science and technology is to help ensure that these colleges
provide the educational opportunities both directly and through affiliations with four-year col-
leges and universities that will prepare students for science and technology careers

"Universities" refers to institutions typed by the Carnegie Foundation for the Advancement of
Teaching as "research" and "doctoral "Four-year+" refers to Carnegie's "comprehensive" and
"liberal arts" institutions.

ti 0
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Figure 5
Higher Education Enrollment* by Type of Institution
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The decline in college and university enrollments that inevitably accompanied World War II quick-
ly reversed during the post-War years as former members of the military, many aided by the G.I.
Bill, entered or reentered higher education. However, by the mid-1950s, when most of the
cohort of returning veterans nad passed through the system, the level of enrollment once again
became primarily a function of the number of traditional "college age" persons in the population

e., the 18-21 year-olds.

This pattern held until the no-1960s, after which time enrollment in undergraduate proarams
began growing much more rapidly than traditional "college age" population and then continued
growing, albeit more slowly, despite the decline in that age group as the "baby boom" cohorts
successfully achieved adulthood. Since the mid-1960s, the number of students enrolled in U.S.
institutions of higher education has grown by a factor of four i.e., from about 3.5 million in 1960
to about 13 million in 1990. This was the result of increasing participation of many different age
groups, especially students over 25 years of age, as well as women and minorities in general.

However. many higher education institutions, including research-intensive
universities, have come under fire for seeming to turn away from education,
especially of undergraduates. toward research and other activities. Parents and
students complain of:

too little direct contact between undergraduate students and senior faculty,
both in and outside of the classroom:

too much reliance on persons other than faculty members for educational
counseling: r

(3 I
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too many early courses taught by graduate teaching assistants sonic of
whom are ill-prepared to teach, some not fluent in English. and some exhibiting
hostile attitudes toward women and minority students:

too many course offerings, including some that appear duplicative or that
reflect very narrow faculty interests peripheral to students' needs for an
intellectually integrated education;

years of continuing tuition increases, severely pressuring a family's capability
to afford higher education particularly given recent economic conditions: and

failure to orient students to the full range of intellectual and career
possibilities of the world into which they will graduate.

America's educational needs are greater than ever. It is critical to the nation's
future that universities reemphasize their educational mission and apply their
unique resources to society's educational requirements. PCIST believes that
increased attention to educational activities need not drive up the costs of
education and need not be at the expense of the net research output of truly
valuable new knowledge from the research-intensive university system as a
whole.

Reemphasizing education will require improving teaching performance and
raising teaching productivity, as difficult as those may he to evaluate and
measure. While experience has demonstrated clearly that prior research
performance is the best available indicator of future professional productivity, it is
fundamentally more difficult to measure teaching performance. For example,
evaluations of teachers by students five years after graduation arc typically
dramatically different from evaluations made at the time courses are taken.

Recommendation Two: Reemphasize Teaching

Each research-intensive university should review, in a searching and
comprehensive manner. the nature and quality of its teaching programs
particularly in science. mathematics. and engineering with a view to improving
teaching performance and productivity. PCAST in no way implies that
performance and productivity problems are limited to those fields: rather our
experience and expertise limit our consideration to them. More specifically, each
research-intensive university should develop policies and programs to:

increase direct senior faculty involvement in teaching at both the
undergraduate and graduate levels and in counseling of students;

balance the contributions of teaching and interaction with students with those
of research and public service in evaluating and rewarding faculty:
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place less reliance on graduate teaching assistants and ensure that they
understand their subjects. are better prepared with regard to teaching methods.
are able to express themselves well in Engli3h. and, like all faculty, are able to
provide a supportive environment for vomen and minority students;

increase efforts to involve undergraduates in hands-on frontier research; and

place greater stress on educating scientists and engineers in key foreign
languages.

Even as universities reemphasize teaching, they and their patrons working
together must keep tuition and educational costs from rising faster than the
income of the average American family.

In addition, the research-intensive universities should:

develop new pedagogics, including technology-based teaching methods. for
undergraduate teaching. .lhese new pedagogics should be aimed as much or
more at non-science majors as at those intending to pursue careers in science and
technology;

help two -year institutions improve curriculum quality and develop agreements
about transferability of credits:

where appropriate resources and talents exist, assist with national, state, and
local efforts to redesign and revitalize precollege education. especially in science
and mathematics: and

give special attention to undergraduates who intend to become precollege
teachers of science and mathematics. "fhese individuals must have a thorough
grounding in those topics.

The federal agencies should ensure that their programs encourage universities to
reemphasize education rather than discourage them even inadvertently
from taking the measures recommended above. In particular. federal agencies
should:

provide incentives for outstanding undergraduate and graduate teachers in the
fields of science and technology, such as awards and special national recognition
for their accomplishments; and

develop or expand sustainable programs that would assist research-inteqsive
universities in meeting the objectives described above.
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Ill. A MATTER OF PUBLIC TRUST:
RESTORING CONFIDENCE IN OUR UNIVERSITIES

cutting through all of the "excellence" and "quality" rhetoric reveals one very clear
point: the focus in higher education today is on research, not teaching. This fact has
not been lost on the professors. If you don't believe me, go ask one yourself: However
don t look for a professor in a classroom; its unlikely you'll find one.

Representative Patricia Schroeder
Chairman, Select Committee on Children, Youth and Families

"Universities have been over-responsive to those who seem to think that they should
carry out every function and address every concern that might be of interest to citizens
in general. They need to return to the criterion that measures what they can do, and
do well, that other institutions cannot do, or do as well, and stick to their own special
purpose. or it will be lost."

Hanna Gray, President of the University of Chicago
Keynote address to the American Association for

the Advancement of Science, 1992

Public confidence in universities is eroding. Although studies show that the
economic value of an advanced education has increased substantially in the last
decade, there is nevertheless a growing concern that tuition and related costs are
rising too quickly and that the teaching programs of the research-intensive
universities should receive more attention. Students. parents, and legislators are
raising concerns that those institutions have shifted their attention too far toward
performance of research and away from dedication to students. In the current
economic environment, continuing tuition increases leave middle-class parents
wondering how they will be able to afford to send their children to an institution
of their choice and whether they will receive full value for what they invest.

Revelations that a few universities. in recovering indirect costs of research. billed
the government for items having little. if any, relationship to research efforts have
further served to undermine public trust. as have a few widely publicized
instances of scientific misconduct. More generally, some outside the academic
community have lost faith in the vision and commitment of university faculty and
administrators, in their management of universities, and in their use of the
resources currently :ix ailable to them. Exacerbating these problems have been
responses from some of the individuals and institutions involved that were
interpreted by the public as arrogant.
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'File notion of a university as a community of scholars having shared interests in

certain critical tasks, such as undergraduate education, is under siege from inside
universities themselves. Some members of the academic community at times
spurred by their reassessment of our history and culture act as if they have lost
faith in the continuing vitality of such core values of the scholarly enterprise as
free inquiry, tolerance. scholarly integrity, verifiable ways of knowing, and open
communication of new ideas. Current "politically correct- activities on many
campuses attack the fundamental values and foundations of the modern
university. Some faculty pursue their own work without regard for their
institution as a whole or for the coherence of its teaching curriculum.

Factors that undermine public trust can be placed in three general categories.
Some, such as fabrication of research results and misuse of funds, however
isolated in their incidence, are universally acknowledged as grossly inappropriate
and illegal. Some, such as banning of "politically incorrect" speakers or teachers,
undermine some of the deepest values of academia. Ind some. such as debates
about the balancing of efforts among research. teaching, and community
outreach, may reflect important disagreements about priorities of missions and
resources.

Figure 6
Undergraduate Enrollment as a Percent of Total Enrollment
in Research-Intensive Universities
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Undergraduate education is a significant function for the research-ntensive universities
Bachelors-degree candidates have accounted consistently for about 60 percent of the enrollment
in private research-ntensive universities and about 80 percent of the enrollment in public

researcn-intensive universities.
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Research-intensive universities are very complex institutions with many outputs
and many patrons, each of whom tends to expect the output it funds to have the
highest priority and to be the most heavily subsidized by others. Students (and
their parents) expect a high-quality education, including significant personal
contact with the senior faculty that give the institution its reputation. State
governments expect state-supported universities to offer a full range of graduate
and undergraduate courses, at low tuition, to a large proportion of the state's high
school graduates. Local industry and government expect to be able to hire
graduates that are ready to work in their companies and agencies. Universities
with medical schools and teaching hospitals are expected to offer high-quality,
affordable health care to the public. Agricultural and forestry interests depend
heavily on university extension services. Companies, foundations, and
government agencies that help fund research expect top-rank work, well-
educated graduates, and, increasingly, efforts to ensure that research results are
used to generate industrial advances and jobs.

Having many missions and sponsors tends to pull research-intensive universities
in several conflicting directions at once. Various sponsors demand that they:

be both more business-like (e.g., focus on the "bottom line ") endless
business-like (focus on maintainim,: ideals and not "merely" on the bottom line):

do both more scientific research (e.g., to help with economic competitiveness)
and less research (e.g., more teaching and public service):

both increase quality and quantity of services and cut costs: and

be both the guardians and the critics of our cultural inheritance.

Each institution has to confront its unique set of conflicting demands originating
with its unique set of constituencies. Whatever its approach, however, each
institution must focus on the fundamental issue of public trust and confidence.
Without those and the ensuing public support. our nation's research-intensive
universities will not be able to meet the nation's needs.
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Recommendation Three: Restore Public Trust and Confidence

In our view:

the university community and its patrons, including federal agencies,
must act in ways designed to preserve the core values that. underlie the
scientific and educational enterprise free and creative pursuit of
ideas and their implications, scholarly rigor, trust in rationality and in
verifiable forms of knowledge, and belief in the benefits of the
synergism of research and teaching as investments in the nation's
future. Intolerance for alternative ideas, or absolute insistence on
"politically correct.' behavior, represents a kind of dry rot that will, if
allowed to remain, undermine the nation's institutions of higher
education.

In addition to reemphasizing education (see Section II), we urge colleges and
universities to:

establish effective procedures to eliminate fabrication. falsification. and
plagiarism in scholarly work, and to eliminate fraud and waste in the
administration of that work.I

['CAST cautions, however, that excessive efforts to anticipate and eliminate all
potential problems can lead to bureaucratic strictures that undermine or stifle
scientific creativity.

I 1 t.iluable Limn...11M] of thl% Obicit can he found in the recent report tit the Nile' on Scientific kesponsibilit. And the
(.4mdiict Of Reseurt.li of the Committee on Science. Ent(ineerine,Jii rolit, entitled ife,poncrlde /' artinne thr

Intrzr7n- ht the Roran h Vol./. National .V.arleim. Pre,. \%.ishinetim. I )( I992.
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IV. A MATTER OF WISE INVESTMENTS:
FEDERAL SUPPORT OF UNIVERSITY-BASED RESEARCH

While watching Michael Faraday at an experiment, British parliamentarian
William Gladstone was said to ask 'Of what use is such a discovery ?' Faraday is
said to have replied. 'Why, sir, you soon be able to tax it !' A more recent British
politician, Margaret Thatcher; recently noted that 'Although basic science can have
colossal economic rewards, they are totally unpredictable. And therefore, the rewards
cannot be judged by immediate results. Nevertheless, the value of Faraday's work
today must be higher than the capitalization of the shares on the stock exchange.'

recounted by Thomas Everhart,
President of the California Institute of Technology

July 1992 statement to PCAST

Short-term constraints on R&D resources as \yell as the likelihood that resources
will be constrained well into the future have fueled a healthy national debate
over priority setting in all sectors. 'rile federal government both in the
Executive Branch agencies and in Congress state and local governments,
universities, industry, scientific associations, and foundations have all debated
and searched for the optimal strategies for expending public and private
resources on R&D.

The choices to be made are many: within fields of science: among fields of
science: between "pure" research that has no obvious immediate application and
"strategic" or "thematic" research that has some expectation of yielding short-
term practical applications: among basic research, applied research, and
development: between "big" science and "small" individual investigator science:
between research itself and the facilities and instrumentation required to conduct
research: between government laboratories and universities.

None of these choices is easy, and this report will not add one more set to the
many contending options already on the table. Rather, we stress a few essential
principles:

Our nation must continue to invest enough in basic research to sustain world
class accomplishments in all major areas of science and technology. In those areas
where t '.5. activity does not define the frontiers, it must be sufficiently close to
those frontiers that we can exploit discoveries without delay, wherever and
whenever they are made:

A healthy federal government- university partnership particularly in basic
research must be maintained as part of the core of a successful science
and technology enterprise. It has served the nation w ell since World War II and
we have every reason to believe that it will do so in the future:

The federal government must, in its interactions with universities at all levels,
recognize that it is investing in institutions that simultaneously generate new
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knowledge and new talent. and not just procuring research results. The
knowledge and talent generated may not always directly or immediately benefit a
particular government mission, but it constitutes important national capital that
will serve many different purposes;

The federal government must pay the full costs of the university-based
research it supports. lb expect cost-sharing (except where it strengthens the
research-teaching linkages or in other special circumstances) defeats the
investment objective and may shift costs to students and their families. The
universities, on the other hand, must commit to using all federal funds that
support facilities and equipment for the maintenance of those important
elements of their research infrastructure;

Federal funds for research should be allocated through competition on a merit
basis. There is no better method for ensuring quality and maximizing the
dividends of our investment than for proposed research to be subjected to
competition based on scientific merit:

There are currently two specific areas in which the principle of
merit-based competition is not followed. One is in the support of basic
research in federal laboratories. Though this research may be reviewed
for its technical merit, it is rarely subjected to direct competition with
research proposals from other institutions, such as universities. When
the primary mission of a laboratory has changed, is not clear cut, is self-
generated. or overlaps the missions of other agencies. such competition,
especially with the research-intensive universities, should be the norm;

The other area that circumvents merit-based competition involves
Congressionally earmarked facilities and projects. Such facilities and
projects. which are often intended only to satisfy particular interests, do
not constitute a good investment for the nation. Instead, they waste
federal funds, undermine morale, and destroy the integrity of the merit
review process. The practice must cease and must not he initiated or
encouraged by universities; and

Finally, we note that priorities, by their very nature, are very sensitive to
changes in the environment in which they are established. Criteria on which the
priorities arc based should, however, he much more stable and remain as suitable
bases for new priorities appropriate to changed environments. Much more
attention should therefore be focused on the development of criteria that this
nation accepts as reflecting its long-term goals and aspirations and, as such. form
an appropriate basis for the development of priorities at all levels and under all
conditions.
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Figure 7

University-Based R&D Support by Selected Federal Agencies (FY 1990)
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More man 20 different agencies of the feaerai government tuna acaaemic R&D. Their inalviou-
ally unique program goals dictate their respective funding levels ano associated spending priori-
ties. The comparison of the tog six agencies and the aggregation all others*" highlights corn
the importance of biomedical research in U.S. national priorities and the special empnasis tnat
:ne National Institutes of Health places in investiaator-onented research and basic research in
particular.

Recommendation Four: Adjust Federal Support of Academic Research

The basic approach:

Federal agencies should view their grants in support of university-based
research e en when undertaken in support of a narrow mission as an
investment in the nation's future. and not just as procurement of goods and
services. I'he federal science and technology agencies have a collective
responsibility to make those investments. The view that it is "another agency's
responsibility, not ours- is not acceptable:

(;rants in support of research should be seen by federal agencies. furthermore.
not only as investments in new knowledge but as investments in the nation's
scientific talent:

Federal agencies should review the balance between their intramural research
and the university-based extramural research that they support with a view to
maximising the amount of research conducted at universities, where human
capital is generated in tandem with intellectual capital:

The underlying principle that federal agencies should follow in awarding
research funds to universities is, except in special circumstances, to cover the full
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costs both direct and indirect of the research programs they sponsor. In
turn, the universities must commit to use these funds in the fulfillment of
agreed-upon objectives; and

Except in special circumstances, such as in the case of professional schools.
federal agencies should gradually withdraw from the practice of paying a portion
of the faculty salaries guaranteed by universities. Tenured faculty should have
their academic year salaries paid by the universities, to avoid artificial expansion
of teaching faculties dependent on federal sources for institutionally guaranteed
salaries.

In making awards, federal agencies should:

avoid undue specificity in stating expectations regarding the
outcomes of research projects;

accord principal investigators maximum flexibility under the law
with respect to the choice of proposed research goals, and actual
approaches, methods, and use of resources;

make longer-term (e.g., three to five year) awards, whenever
possible;

award more block grants to give established research groups stable,
flexible support; and

he more willing to accept risk in supporting unconventional ideas,
especially if proposed by investigators with a sound record of
accomplishments. This would especially include cases of experienced
investigators moving into new research fields. In such cases, more
emphasis should he placed on their achievements and promise than on
the particular details of their first research proposals in a new area.

Indirect costs:

The Executive Office of the President should strive to ensure that the indirect
cost portion of research awards meets both the requirements of modern scientific
inquiry and the responsibilities that attend stewardship of public funds. "I-) that
end,

indirect cost policies should he refined to ensure that actual
reimbursements cover only legitimate overhead expenditures;

indirect cost rates should be negotiated at levels sufficient to provide
full reimbursement for those overhead expenditures especial) \_

facilities-related costs that should be allocated to the research
sponsored by the federal government; and

all federal agencies should be required to honor the negotiated rates
in full when making research awards.
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I niversiries should he required to set aside and use the facilities and
equipment portions of indirect cost payments for maintaining, refurbishing, and
renovating the physical infrastructure and equipment required for research.

Facilities and other infrastructure:

The federal government should establish a temporary, nationally competitive,
merit-reviewed program of grants for repair and renovation of the physical
infrastructure of university-based research. such as buildings, specialized
equipment, and computer networks:

The program should operate on a 50-50 matching basis with non-federal
funding. "lhe size of the program should be commensurate with the repair and
renovation needs. Recent estimates place those needs at more than $4 billion:

'Ilia program should operate no longer than a few years. only until
universities can bring their facilities to an acceptable level of modernity.
Regardless of where the responsibility might lie for the current obsolescence of
many university research facilities, the nation cannot afford to have that situation
continue or deteriorate further. Beyond the catch-up period, however,
universities would be expected to keep their facilities current on the basis of
federal indirect cost support and other resources: and

The competitive, merit-reviewed program should make funds available only
to institutions that pledge to forego funds earmarked for award without such
review.

Less red tape:

Federal agencies should strive to ensure that the administrative requirements
associated with research awards to universities facilitate scientific inquiry rather
than impede it. 'lb that end:

funding agencies should authorize their program staffs to make small, short-
term grants at their own discretion for particularly promising proposals where
quick response would be especially advantageous, using streamlined application
procedures and without external review: and

the Executive Office of the President should take the lead toward achieving
federal government-wide uniformity and eliminating unproductive
administrative requirements by reaffirming its support for the goals of the
Federal Demonstration Project and promoting full participation by the relevant
agencies.=

I he I cderal I )emonstration Protect (1 1)1') is de%oted to impro% 111{4 ef ficient% in the administration of research cram,. the
(iitintitne ()bleed% e o1 the protect is to ulenuh .111,1 eliminate unproductne reciiiirements without compromising ste%%ardship

of public hinds. len federal agencies and approsimatel% tilts onhersities partitipate in the protect. 1- 111' is the onb. organi/ed.
longterm cfliirt aimed ar streamlining the basic. administrati% a: relationships linking the agencies sponsoring research %%ith the
oistittitions that pen am it. Outc(lines of the 1-1)P demonstrations usuall% cons.t of recommended changes to federal
._!.%ernment%%ide poll% its pro% tiled 11% the (Mitt e of \ 13'1.11;c:them and Rodger.
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Figure 8
University-Based R&D Support by Source of Funds
and Type of Institution, 1990
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The federal government is the principal sponsor of university-based R&D. However, the federal
share, which has essentially stable ()Linn tne 1970s (near 67 percent), has been declining almost
steadily since 1980, falling to 59 Percent in 1990 The share financed by state and local govern-
ment also shrank slowly throughout the 1980s while that financed from nongovernmental
sources rose from 21 to 33 percent. Offsetting the contracting proportions provided by govern-
ments were the expanding proportions attributed to universities' own funds and Industrial spon-
sors The share of funding from all other sources (e.g . foundations) changed little from one year
to tne next. fi6ctuating around 7 5 oercen:

Public ano Private universities exhibit some notable difference in tne profile of tneir research sup-
port. Tne Private universities are relatively more dependent on the federal government, whereas
the public universities are more dependent on their "own" funds (see note underneath figure)
The share of university-based R&D programs directly financed by state and local governments is
higher for public universities than for private universities. In 1990, federal, state, and local govern-
ments together accounted for about two-thirds of university -based R&D at public universities and
about three quarters at private universities
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Federal Laboratories

Because federal support for research-intensive universities is affected by agency
commitments to federal laboratories, PCAST believes there is now an urgent
need to reexamine the roles of the more than seven hundred federal laboratories.
As original missions have been accomplished, many of these laboratories have
come to support basic research efforts lacking a clear relationship to mission
objectives and in direct competition with research-intensive universities. These
efforts typically have the benefit of superior resources, are not burdened by
educational responsibilities, and are not subject to the same type of merit-review
that ensures high standards of academic research. In some cases. new
laboratories, in response to new missions, have been established when existing
federal laboratories in other agencies are already setting the standards for
activities in the fields covered.

Nlany of these laboratories continue to have appropriate and unique roles.
including provision and operation of facilities beyond the scope of individual
universities but invaluable to both university faculty and students. Under the
impetus of the National Technology Initiative and similar programs, federal
laboratories are forging new and productive linkages with U.S. industry. In the
past. linkages between federal laboratories and universities were very strong,
with a large flow of people back and forth among them and with resulting
benefits in education and training. This flow has slowed, largely for bureaucratic
reasons, and should be reestablished. It is appropriate.to consider making all
federal basic research support available for merit-based competition by
universities, federal laboratories, or industry. Nlerit review in this case should
include, as additional criteria, potential long-term contributions to economic well-
being, national security. and education.

PCAS'l' believes that a review of the federal laboratories similar to the present
review of the research-intensive universities would be timely and would provide
valuable input to the more general reexamination of the U.S. research and
development enterprise that we discuss elsewhere in this report.
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V. A MATTER OF TWO CULTURES:
UNIVERSITIES AND INDUSTRY

Senior management in industry must assure individuals who return to universities
. . . that it is in the best interest of the corporation and the individual's career. This is
not the case today. The university must be willing to take people who have not widely

published . . . and are not recognized as the leading expert in a particular area. I
believe both of these changes are possible. I believe the Nation will greatly benefit from

this increased interaction.

William Spencer. President and CEO of SEN1ATECH
July 1992 statement to PCAST

l'wo very different cultures have surrounded industrial research and university
research. In industry, the drive for new products and processes sets the agenda in
applied research and provides the context for fundamental research. I .niversit%

research is driven by a wide range of factors, some involving practical problems
confronting society. but many curiosity-driven and associated with the pursuit of
knowledge with no obvious relevance to immediate practical problems.

Some of the cultural differences have had the unfortunate effect of unnecessarih
inhibiting full interaction between industry and universities. The notion that
each sector had its own well-delineated and isolated role and that new knowledge
would flow as rapidly as necessary and in one direction from the universities to
industry is completely at odds with today's world.

Thday the pressure of international competition has introduced a critical time
dimension into the system. For the nation's economic interests, the issue is not
simply how much new knowledge is being generated but also how fast it is being
translated into economically and socially beneficial products and processes. 'I'his
argues for a more deliberate effort to move information and, especially, people
between universities and industry.

Over the past decade, substantial efforts have been made by federal, state, and
local governments to foster greater and more effective ties between universities
and industry. These efforts, which take the form of co-operative programs,
research centers, and the like, should certainly continue. In addition. some
scientific fields have developed in such a way that commercial applications derive
more readily and rapidly from university-based fundamental research than was
previously the norm. Biotechnology is the prime example, but a number of
others could be cited.

The shrinking interval between fundamental research and industrial applications
in certain areas also is serving to bring universities and industries together.
Although these increasing linkages between the sectors have some potentiall\
negative side-effects for universities, such as pulling faculty away from their
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teaching responsibilities or challenging strategic coherence at the institutional
level, bringing universities and industry closer together in appropriate
partnerships is. on balance, of enormous benefit to the nation.

Despite recent gains in building linkages between 1..S. universities and industry,
there are still too many individuals in both sectors who hold to negative
perspectives, attitudes, and stereotypes about the other sector: new Ph.D.s who
view taking a job in industry as "selling out rather than following an academic
calling: industry managers who are unwilling to send their best people to a
university setting, even for a short time: faculty members who believe that their
only educational mission is to train students for faculty positions and who channel
their best students away from non-academic careers: industrialists who view
university work as an intellectual luxury: academics who view industrial R&[) as
intellectually second rate.

The nation cannot afford to have this situation persist. and much more effort is
required to overcome it. Even fundamental research that is not expected to yield
short-term answers to industry's scientific problems can benefit from being
informed by the technical concerns of industry. Conversely. U.S. industry should
have the benefit of easy and immediate access to the new knowledge and new
talent generated by universities. Exchange of personnel, at all levels, is the
surest answer to these problems.

Figure 9
Bachelors Degrees by Broad Area of Study
(Thousands of Degrees)
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after rabic growtn between the mid-1960s and the mid-1970s, the total number of bacnelors
aegrees awarded each year remained essentially level until 1980, when growth resumed at a rate
much slower than the earlier expansion. Over the same period, the annual production of bache-
:ors aegrees in the sciences and engineering grew more slowly than the overall trend
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Figure 10
Doctorate Degrees by Broad Area of Study
(Thousands of Degrees)
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The total number of doctorates awarded each year exhibits a pattern similar to that for the bache-
lors degrees, albeit on a significantly smaller scale However, the sciences and engineering
account for a substantially laraer fraction of the total aoctorates than is the case for bacneiors
degrees and show a stronger upward trend in recent years
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Recommendation Five: Move People Between Industry and Universities

Accordingly, PCAST recommends that:

universities and industry together, through a wide range of concerted actions,
should exchange scientists and engineers at all levels especially their very
best between the two sectors for substantial periods of time and repeatedly
throughout their careers.

Specific activities and programs that contribute to that goal, and that should
therefore be encouraged, include:

undergraduate co-operative programs in industry:

visiting professors from industry:

dissertation research in industry laboratories:

industry scientists mentoring, graduate students: and

faculty consulting for industry.

In sponsoring such activities, both industry and universities should seek the
involvement of their most valued rather than their most expendable personnel.
Both sectors will have to manage an increasing number of potential conflict-of-
interest situations but, in doing so, should not stifle legitimate opportunities for
greater interaction between university and industry personnel. In addition, any
current or proposed federal or state regulation in this area should balance
concerns about conflicts-of-interest against the value of greater university-
industry interaction and cooperation.

5
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VI. A MATTER OF THE BEST SCIENTIFIC TALENT:
TAPPING THE NATION'S TALENT BASE

Quite apart from the matter of fairness is the realization that we do not ever have
enough bright, scientifically-minded young people to deprive any of them of a chance
for a good education and viable career opportunities.

Barbaia Webster, Professor, University of California Davis
July 1992 statement to PCAST

Most important scientific discoveries were made by a small number of very gifted
people who were provided the opportunity and time to pursue their intellectual
interests. Potentially brilliant young people can be found throughout the
population. within both genders and every race and ethnic group, in every
economic situation, and in every region of the country. Stronger public policies
must be designed to identify scientifically-gifted people at an early age and help
them develop their talents, no matter what their circumstances.

Many factors influence the development of scientific and technological talent in
the population. Most arc beyond the scope of this report, but a few bear
mentioning high societal levels of maternal and child health, early learning
programs. the availability of role models, competent science and mathematics
teachers in the early grades. and the sympathetic portrayal of scientists and
engineers in the media. Several of these factors. along with recommendations for
federal action, have been dealt with in the recent PCAST report on "Learning to
Meet the Science and Technology Challenge.-

A range of local efforts. stimulated. for example. by a Department of Education
program. are made to identify and help "gifted and talented- elementary and
secondary school students. In addition, there are local and nationwide "science
fair" type competitions, national merit scholarships. and similar programs
sponsored by industry, local or state government, or private foundations. While
very worthwhile, these do not seem to be sufficient to identify, or provide support
for. a high enough number of talented students to pursue careers in science and
technology.

Japan and many European countries have a highly selective educational structure
in which large proportions of students are systematically "weeded out- at
relatively early ages and cannot easily proceed on to university-level work. The
U.S. system has multiple reentry points where students whose interests and
talents develop later than the norm. or whose circumstances change. can pursue
their original or new educational goals. Too many promising students turn away
from science at some early or middle stage of their education. only to find later
that, despite the possibility of re-entry, "catching up- is quite difficult. Better
ways must be found to reach out to these students and help them continue their
educations.

51)
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Several types of federal and non-federal loan and
grant programs are available for undergraduate
support, but some students may not be able to
qualify or may not he able, even with these
programs. to afford to attend institutions of the
caliber corresponding to their talents and interests.
Portable undergraduate scholarships, by contrast,
would allow a higher proportion of especially
talented students to choose the schools that they
wish to attend.

: \t the graduate level, competitive. merit-based
federal support for portable fellowships has enabled
thousands of bright men and women to complete
the doctoral degree and go on to become
outstanding teachers and researchers in academia.
industry, and government. Because they do not
have to seek support as research ... ,istants or
teaching assistants, these fellowship holders may
choose to attend -- and are welcomed by any
university in the nation.

Changes to the federal tax code in 1986, and related actions by state and local
authorities, have resulted in greatly increased taxation of scholarships.
fellowships, and student stipends for research. Examples include payments for
participating in hands-on undergraduate research sponsored by the National
Science Foundation and summer participation at federal laboratories. Such
taxation discourages students from accepting such support, complicates
administration for the universities and the sponsoring authorities, and causes
sponsors to raise payments which reduces the number of persons they can
sponsor.

Ari..611111111

If the [nited States is to continue to lead the world in basic scientific discoveries
and in their exploitation, we will need to identify the most talented young people
at the earliest possible time, encourage their interest in advanced education and
science, and give them a sense of purpose as they pursue their education and
career paths.

Recommendation Six: Identify and Nurture the Best Talent

Considering that potential science and engineering talent is distributed
throughout the population. in diverse economic circumstances, and in every part
of the country, PCAST recommends that:

the federal government develop programs to award substantial numbers of
portable undergraduate scholarships and graduate fellowships in science and
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engineering in each Congressional district. These awards would he made on a
nationally competitive basis, using non-political, merit criteria, and would he
designed to encourage greater numbers of outstanding students throughout
the nation to pursue training, and then careers, in science and engineering.

As with the traditional program of National Science Foundation graduate
fellowships, only citizens and permanent residents would be eligible: awardees
would be able to attend any U.S. institution of their own choosing: and
reasonable allowances would be included to cover institutional costs. The
undergraduate program would include both beginning students and some who
have completed one or two years of undergraduate work.

Moreover, PCAST notes that federal, state, and local tax policies should bolster,
not undermine, the nation's investments both public and private in human
capital. PCAST recommends that:

federal. state, and local government end all taxation of scholarships.
fellowships, and stipends for student participation in research.

Research-intensive universities can have a major effect on the development of
scientific talent by educating inspiring teachers of precollege science and
mathematics. PCAST, therefore, recommends that:

research-intensive universities give greater emphasis to the education
(including continuing education) of precollege teachers of science and
mathematics: and

the federal government provide scholarships or service-repayable loans to
encourage talented students to attend research-intensive universities for careers
as precollege teachers of science and mathematics.

5
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BEYOND THE HORIZON

phis report is intended to address pressing problems that threaten the productive
relationship between the federal government and research-intensive universities.
We believe that the fundamental premises of this relationship are sound but that
improvements are required for it to avoid deterioration and achieve its fullest
potential.

We recognize the present time as one of tumultuous and profound changes in
American society and in the world. The ending of the Cold War, the emergence
of the European Community and nations of the Western Pacific Rim as economic
powers, the changing demography of the American population, the ever
increasing power of science and technology, and the growing awareness of new
societal problems to which science and technology can be applied all require
fresh and creative thinking of overall federal science and technology policy of
which federal government-university relations are a part. While the current
framework has served us well for four decades, it is far from obvious, as we move
into the swifter current of the twenty-first century, that it will retain the validity it
had when it was established in the middle of the twentieth century.

In our view, we must look beyond the immediate issues addressed in this report
and conduct a broad rational reexamination of the place of research and
development in our national life including its fundamental rationale, goals.
organization, funding. and administrative mechanisms. The importance of
generating new knowledge a-id new technologies and of educating scientists.
engineers, and the general public for the twenty-first century demands no less. It
is the intention of PCAST, drawing fully on federal and state government as well
as private sector expertise and experience, to undertake such a reexamination in a
subsequent report.
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