
NATIONAL SCIENCE FOUNDATION FY 1997

AUTHORIZATION

Y 4. SCI 2: 104/45

National Science Foundation FY 1997...

HEARING
BEFORE THE

SUBCOMMITTEE OX BASIC RESEARCH
OF THE

COMMITTEE ON SCIENCE

U.S. HOUSE OF REPRESENTATIVES
ONE HUNDRED FOURTH CONGRESS

SECOND SESSION

MARCH 22, 1996

[No. 45]

Printed for the use of the Committee on Science

U.S. GOVERNMENT PRINTING OFFICE

WASHINGTON : 1996

For sale by the U.S. Government Printing Office

Superintendent of Documents. Congressional Sales Office, Washington, DC 20402

ISBN 0-16-052857-7





NATIONAL SCIENCE FOUNDATION FY 1997

AUTHORIZATION

Y4.SCI 2:104/45

national Science Foundation FY 1997...

HEARING
BEFORE THE

SUBCOMMITTEE ON BASIC RESEARCH
OF THE

COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

ONE HUNDRED FOURTH CONGRESS

SECOND SESSION

MARCH 22, 1996

[No. 45]

Printed for the use of the Committee on Science

^ *#%
•'''«•.... '«

*§&*.

U.S. GOVERNMENT PRINTING OFFICE

WASHINGTON : 1996

For sale by the U.S. Government Printing Office

Superintendent of Documents, Congressional Sales Office, Washington, DC 20402

ISBN 0-16-052857-7



COMMITTEE ON SCIENCE

ROBERT S. WALKER,
F. JAMES SENSENBRENNER, Jr.,

Wisconsin
SHERWOOD L. BOEHLERT, New York
HARRIS W. FAWELL, Illinois

CONSTANCE A. MORELLA, Maryland
CURT WELDON, Pennsylvania

DANA ROHRABACHER, California

STEVEN H. SCHIFF, New Mexico

JOE BARTON, Texas
KEN CALVERT, California

BILL BAKER, California

ROSCOE G. BARTLETT, Maryland
VERNON J. EHLERS, Michigan**

ZACH WAMP, Tennessee
DAVE WELDON, Florida

LINDSEY O. GRAHAM, South Carolina

MATT SALMON, Arizona

THOMAS M. DAVIS, Virginia

STEVE STOCKMAN, Texas

GIL GUTKNECHT, Minnesota
ANDREA H. SEASTRAND, California

TODD TIAHRT, Kansas
STEVE LARGENT, Oklahoma
VAN HILLEARY, Tennessee
BARBARA CUBIN, Wyoming
MARK ADAM FOLEY, Florida

SUE MYRICK, North Carolina

Pennsylvania, Chairman

GEORGE E. BROWN, Jr., California RMM*
HAROLD L. VOLKMER, Missouri

RALPH M. HALL, Texas
BART GORDON, Tennessee

JAMES A. TRAFICANT, Jr., Ohio
JOHN S. TANNER, Tennessee
TIM ROEMER, Indiana

ROBERT E. (Bud) CRAMER, Jr., Alabama
JAMES A. BARCIA, Michigan

PAUL McHALE, Pennsylvania

JANE HARMAN, California

EDDIE BERNICE JOHNSON, Texas
DAVID MINGE, Minnesota

JOHN W. OLVER, Massachusetts

ALCEE L. HASTINGS, Florida

LYNN N. RIVERS, Michigan

KAREN MCCARTHY, Missouri

MIKE WARD, Kentucky
ZOE LOFGREN, California

LLOYD DOGGETT, Texas
MICHAEL F. DOYLE, Pennsylvania

SHEILA JACKSON LEE, Texas
WILLIAM P. LUTHER, Minnesota

David D. Clement, Chief of Staff and Chief Counsel

Barry Beringer, General Counsel

TiSH Schwartz, Chief Clerk and Administrator

Robert E. Palmer, Democratic Staff Director

Subcommittee on Basic Research

STEVEN SCHIFF, New Mexico, Chairman

JOE BARTON, Texas

BILL BAKER, California

VERNON J. Ehlers, Michigan

GIL GUTKNECHT, Minnesota
CONSTANCE A. MORELLA, Maryland
CURT WELDON, Pennsylvania

ROSCOE G. BARTLETT, Maryland
ZACH WAMP, Tennessee

DAVE WELDON, Florida

LINDSEY 0. GRAHAM, South Carolina

VAN HILLEARY, Tennessee

SUE MYRICK, North Carolina

"Ranking Minority Member
"*Vice Chairman

ROBERT E. (BUD) CRAMER, Jr., A
ALCEE L. HASTINGS, Florida

LYNN N. RIVERS, Michigan
LLOYD DOGGETT, Texas
WILLIAM P. LUTHER, Minnesota

JOHN W. OLVER, Massachusetts

ZOE LOFGREN, California

MICHAEL F. DOYLE, Pennsylvania

SHEILA JACKSON LEE, Texas

HAROLD L. VOLKMER, Missouri

BART GORDON, Tennessee



CONTENTS

WITNESSES

March 22, 1996:

Dr. Neal Lane, Director, National Science Foundation, Arlington, Vir-

ginia; and Dr. Anne Petersen, Deputy Director 4

APPENDLX

Questions and Answers for the Record from Dr. Neal Lane 87

(HI)





NATIONAL SCIENCE FOUNDATION FY 1997
AUTHORIZATION

FRIDAY, MARCH 22, 1996

U.S. House of Representatives,
Subcommittee on Basic Research,

Committee on Science,
Washington, DC.

The Subcommittee met at 9:38 a.m. in Room 2318 of the Ray-
burn House Office Building, the Honorable Steven H. Schiff, Chair-
man of the Subcommittee, presiding.

Mr. Schiff. I am going to call the subcommittee meeting to

order, please.

Today the Subcommittee is convening to receive testimony from
Director Neal Lane and Deputy Director Anne Petersen of the Na-
tional Science Foundation on NSF's budget request for fiscal year
1997 and beyond.
As most in the audience know, the National Science Foundation

is an independent federal agency established in 1950 to promote
and advance scientific progress in the United States.

It accomplishes this principally by funding research and edu-
cation activities at more than 2000 colleges, universities, and other
research institutions throughout the United States.
NSF provides about 25 percent of basic research funding at uni-

versities and over 50 percent of the Federal funding for basic re-

search in certain fields of science including math and computer
sciences, environmental sciences, and the social sciences.
Moreover, NSF plays an important role in precollege and under-

graduate science and mathematics education through programs of
model curriculum development, teacher preparation, and enhance-
ment, and informal science education.
As I mentioned at our Subcommittee's hearing this past Tuesday

on NSF's Partnership for Advanced Computational Infrastructure
Program, as this Congress continues to find new ways to balance
the budget, government agencies are looking to maximize the value
of each taxpayer dollar.

Of the Federal Government agencies, the National Science Foun-
dation is one of the best at running a lean and efficient organiza-
tion.

I extend my compliments to Dr. Lane, Dr. Petersen, and all their
employees.
The National Science Foundation Research Programs are better

off in fiscal year 1996 than they were in fiscal year 1995, and the
other bellwether of the basic research community, the National In-
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stitutes of Health, received a 5.7 percent increase in fiscal year
1996.

Also, the basic research programs at the Department of Energy
received an increase. And, according to the Congressional Research
Service, the total R&D increased 1.5 percent over fiscal year 1995.

I realize that certain programs were not increased, but overall

during this time of fiscal responsibility I believe the science com-
munity has done well.

As both the Administration and the Congress work toward our
mutually agreed upon goal of a balanced budget, we must remem-
ber that basic science is a long-term investment.

In particular, we must make sure that the budgets from fiscal

year 1997 through the Year 2002 when the budget must be bal-

anced under Congress's and the Administration's agreement, in the
end provide basic science programs with stability and responsible
funding profiles.

The Republican Budget Resolution adopted last year commits us
to increasing NSF's research account by 3 percent each year.

In my letter of invitation to Dr. Lane for this hearing, I re-

quested that NSF provide the Subcommittee with a detailed esti-

mate of NSF's projected spending for the fiscal years 1998 through
2002.

I look forward to discussing these figures with NSF today.

As we all know, science is included in the discretionary spending
portion of the federal budget, and in both Republican and Demo-
cratic plans. Increasing pressure is being placed on discretionary

spending to balance the budget.
The science community is going to have to make its voice heard

if it expects to be treated fairly. I commend Dr. Lane for his recent
speeches urging his scientific colleagues to recognize their civic re-

sponsibility and engage in educational discussions with our citizens

and their elected representatives.

Certainly other communities are doing so with respect to the im-
portance of their discretionary programs.
But as our Full Committee Chairman, Mr. Walker, likes to point

out, when Congress asks for priorities from the science community,
the answer that comes back is often "all the programs are good and
should receive funding."
As Dr. Frank Press reported to the Science Committee last

month, the science community needs to make the hard choices and
recommendations for the future.

Let me cite one recent positive example. This past Tuesday this

subcommittee received testimony from Dr. Ed Hayes on the tough
decisions his task force recommended for the Supercomputer Cen-
ters Program within NSF.

I commend Dr. Hayes and Dr. Lane for looking at the budget re-

alities and at the research opportunities, and coming forward with
a proposed reconstructed program to meet those two conditions.

Add to the fact that both the current facilities operators and the
users community endorsed the proposal and you have a truly

unique proposal, the type Congress appreciates receiving.

This is exactly the type of science policy advice that Congress
needs.



Support for the National Science Foundation has been bipartisan
on this Committee. As we go forward with the budget debates, I be-

lieve the Science Committee will continue to have support from
both sides of the aisle.

Before welcoming Dr. Lane and Dr. Petersen to explain the
NSF's budget, let me just state that I particularly look forward to

hearing about the long-term funding profile of NSF, the decision to

terminate the academic research infrastructure program, NSF's
safety concerns at Antarctica, and the future of the Antarctica pro-
gram, and changes in the Education and Human Resources Direc-
torate, and the increase in funding for the LIGO program.
But before calling upon Dr. Lane and Dr. Petersen, I would like

to recognize my Ranking Member of the Subcommittee, Congress-
man Bud Cramer from Alabama, who is recognized for any opening
remarks he would like to make.
Mr. Cramer. Thank you, Mr. Chairman. I will be brief.

I am pleased to join the Chairman in welcoming Dr. Lane and
Dr. Petersen and senior staff this morning to review the NSF budg-
et for fiscal year 1997.
This is going to be a tough year for us again, but an important

year for NSF. The Science Committee has a long history, as the
Chairman pointed out, of bipartisan support for the Foundation.
This support arises from a recognition that NSF plays a central

role in developing and sustaining the academic research enterprise
of the nation.

The wide-ranging activities NSF supports underpins our techno-
logical strength both through the generation of new knowledge and
the education of scientists and engineers.

In particular, NSF's programs support research and science and
engineering, the operation of national research facilities in such
fields as astronomy and oceanography, the acquisition of scientific

instruments, and I hope the modernization of research facilities,

which is an issue that I want to bring to your attention today.
A program that is near and dear to my district is the EPSCOR

program. It is a program that is a notable example of just what a
state like Alabama can do with the NSF to promote scientific activ-

ity.

In fact, nearly all of NSF's programs affect the future of the na-
tion's research capability because they are closely tied to the edu-
cation of new generations of scientists and engineers. That is an
issue that is near and dear to my heart, how we can project out
there.

Now the NSF budget request for fiscal year 1997 provides real
growth approaching 5 percent above the expected appropriations
level for the current fiscal year.

I am pleased that the President's budget does reflect this growth.
The budget request, however, does raise a policy issue which has
long been of interest to this committee. That is, as I said earlier,

the need for refurbishment of academic research facilities.

So I am going to listen to you today to talk to me about that im-
pact and what that means for the future, particularly after the
painfully slow progress in establishing and obtaining appropria-
tions for the program.



It is naturally disappointing to see NSF now propose to abandon
it.

Again, under these circumstances it is my pleasure to welcome
you, Dr. Lane and Dr. Petersen, and I will look forward to your tes-

timony today.

Thank you.
Mr. Schiff. Dr. Lane, you are welcome to proceed. Welcome to

the Subcommittee.

STATEMENTS OF DR. NEAL LANE, DIRECTOR, NATIONAL
SCIENCE FOUNDATION, WASHINGTON, D.C.; AND DR. ANNE
PETERSEN, DEPUTY DIRECTOR AND CHIEF OPERATING OF-
FICER, NATIONAL SCIENCE FOUNDATION, ACCOMPANIED BY
DR. LUTHER WILLIAMS, ASSISTANT DIRECTOR FOR EDU-
CATION AND HUMAN RESOURCES
Dr. LANE. Thank you, Chairman Schiff, Mr. Cramer, Members of

the Committee:
It is a great pleasure for us to appear before you today to provide

an overview of our budget request for the coming year.

I am accompanied this morning by Dr. Anne Petersen, who is

Deputy Director and Chief Operating Office of the National Science
Foundation.
My remarks this morning will provide an overview of the ration-

ale behind our budget, and some highlights of our request.

I have attached a summary of our budget request to my testi-

mony and ask that it be made a part of the record.

Mr. Schiff. Without objection, it will be entered as part of the
record.

Dr. Lane. Thank you, Mr. Chairman.
This is an extraordinarily exciting time for science. It is an excit-

ing time to be at the NSF, and we appreciate the opportunity to

share just some of that excitement with you today.

We are in what we are calling a "golden age for scientific discov-

ery" where frequent breakthroughs are occurring in virtually every
field—from astronomy, to materials science, to genetics, to elemen-
tary particle physics.

Moreover, the research often moves so seamlessly into applica-

tions that we sometimes fail to notice the transition.

NSF, for example, supports research in optical and
electromechanical systems that has potential applications in areas
as varied as sensors that detect wear and tear on bridges and road-

ways in real time, or that can change the shape and response of

an air foil on an airplane to changing air conditions, or perhaps
even provide ways to steer aircraft; medical devices that allow doc-

tors to conduct surgery without leaving visible scars; new tech-

niques for manufacturing integrated circuits.

The fact that cutting edge technologies like these are being devel-

oped in U.S. universities and laboratories is no accident.

Our national capacity for education and research at the very
frontiers of science and engineering remains the envy of the world.

It forms the heart of science and technology in this country, an it

keeps the U.S. competitive in a global economy.
Our budget request for this fiscal year 1997 is needed to main-

tain the momentum that we have developed. Our requested $3,325



billion is a 4.6 percent increase above the House and Senate Appro-
priations Conference Report for fiscal year 1996.

After inflation is taken into account, this is a modest increase.
But in a time of very tight budgets, it reaffirms the priority we give
to investments in the Nation's future.

The NSF's strategic plan which was approved by the National
Science Board a year-and-a-half ago, served as the starting point
for developing our budget.
Three goals were set forth in that plan: maintaining a world

leadership position in all aspects of science, mathematics, and engi-
neering; employing new knowledge in service to society and excel-
lence in science, mathematics, engineering, and technology edu-
cation at all levels.

These reflect NSF's overall mission.
In developing the budget with these goals in mind, we first

sought balance across the agency. NSF is the only federal agency
with the responsibility to support research and education in all

fields of science and engineering.
We intend to continue this balanced support across the major

fields while retaining the flexibility to move quickly into new and
emerging areas.

A second consideration was to encourage action across bound-
aries. Artificial separations between research and education, for ex-
ample, do not serve the interests of either.

We are committed to reducing organizational and cultural bar-
riers to interdisciplinary research—because the most exciting
science and engineering often occurs at the boundaries of dis-

ciplines.

Finally, we developed our budget with an emphasis on partner-
ships. Our principal partners are, of course, institutions and indi-

viduals, and universities and colleges, who are the recipients of
roughly three-fourths of our research funding.
But we also encourage partnerships with the states, with the pri-

vate sector, with other agencies, to industry—with all those who
have a stake in the science and engineering enterprise.

Let me just take a few moments to highlight how these prin-
cipals are translated into numbers in the budget request.
The balance principle is reflected in the decisions we made to

balance the responsibility for the support of research across all

areas of science and engineering with our obligation to promote ex-
cellence in education.
Just over half of our budget—56 percent—goes for research

project support for individual investigators, research groups, and
research centers.

Of the remaining 44 percent, 20 percent is for education and
training, and 20 percent for research facilities, which are required
for frontier research in many areas of science and engineering.
This leaves about 4 percent for the administration and manage-

ment of the Foundation. Let me emphasize, 96 percent of our budg-
et goes out in competitively-reviewed and evaluated research and
education activities in all the states and territories. Only 4 percent
goes for the administration and the management of these activities
here with the NSF staff.
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A word is now in order about the change in our support of re-

search facilities. NSF supports large, world-class, multi-user re-

search facilities that are complicated, that are expensive, and that
require a long-term commitment of support for operations and up-
grades.

Included in this list are optical and radial telescopes, particle ac-

celerators, high-field magnet lab, laser inferometer gravitational
wave observatory, and the Antarctic facilities, Research Fleet, and
other facilities.

The budget request also includes $95 million for Major Research
Equipment Account which will be used to support the continued
construction of LIGO, and important safety, health, and environ-
mental improvements necessary to maintain the U.S. research ac-

tivities in the Antarctic.

In order to accommodate our highest priorities, we have found it

necessary to eliminate support for the renovation of research facili-

ties under the Academic Research and Infrastructure Program.
I recognize that there are some who will be disappointed with

this decision, but in these times of constrained budgets, difficult

choices have to be made. Let me assure you that the decision was
not an easy one, and it was made only after much discussion and
debate.

Consistent with recommendations provided in the National Per-
formance Review which stressed re-examination of our role and our
specific objectives, we have concluded that this renovation of aca-

demic buildings might reasonably be supported through nonfederal
sources such as states, the private sector, or the academic institu-

tions themselves.
This decision provides us with the resources that will accommo-

date research and education activities which are of a higher prior-

ity. We will continue our competitive program to support instru-

mentation at all levels at colleges and universities.

The second principle used in developing the budget is building
bridges across many types of boundaries. This principle is exempli-
fied in the integration of research and education at all levels.

We make the integration of research and education a major
theme in our planning. There is a wealth of information pointing
to the value of inquiry-based learning as a superior way for stu-

dents to learn, and also as a way of teaching problem-solving skills

to transfer from one subject to another.
In the future, employers will increasingly need workers who are

not only well-versed in science and technology concepts, but who
are adept at learning through experimentation, through inquiry,

critical evaluation and discovery all characteristics of the research
culture.

We are currently planning awards that recognize achievement
and that encourage future efforts to integrate research and edu-
cation.

Some research universities have shown leadership in developing
innovative programs to broadly involve students in research and
inquiry-based learning and to involve their best researchers in

science and engineering education at all levels.

We want to recognize those efforts, and to encourage them to

share their ideas and experience with other institutions.



We are also in the final stages of a comprehensive examination
of the current state of science, mathematics, engineering, and tech-

nology education at the undergraduate level.

The project will offer an overview of the needs and opportunities
for all undergraduate students and examine how science literacy

for the entire country is related to undergraduate education.
We hope that these efforts are responsive to the concerns of

Members of the Committee who have been persistent in their focus

on the need to ensure the highest possible quality of undergraduate
education in our nation's universities and colleges.

As I mentioned earlier, the education and training program func-

tion accounts for approximately 20 percent of our overall budget
and will total $657 million, an increase of 5.3 percent over fiscal

year 1996.
Many activities such as research experience for undergraduates,

research in undergraduate institutions, and the Faculty Early Ca-
reer Development Program that cut across our research and edu-
cation functions.

One could argue that all of the NSF programs have an education
and training component since they develop participants' knowledge
and skills.

Likewise, there are many cross-cutting interdisciplinary activi-

ties such as earthquake research, biotechnology, civil infrastructure
systems, environment and global change, high-performance com-
puting and communication, manufacturing and materials.
These interdisciplinary activities interact with one another and

also contain a coordinated, focused educational component.
A third principle guiding our budget planning is working in part-

nerships. Our investment directly involved 200,000 researchers,
teachers, and students at over 2000 colleges, universities, and re-

search institutions, including almost 600 businesses.
Indirectly our programs affect literally millions of people, but the

larger impact would not be possible without partnerships. Forming
these partnerships will bring together the best minds in our soci-

ety, sharing ideas and resources in order to improve research and
education.

It is particularly important that NSF build on its role as a cata-
lyst, linking elements of society that share an interest in improving
education, maintaining scientific and engineering leadership, and
using scientific and engineering knowledge to our common benefit.

As one measure of the impact of these partnerships, last year
NSF leveraged $1.4 billion from partners, including over $250 mil-
lion from industry in support of research programs in which NSF
was involved.

Other major partners in these activities are academic institu-
tions, states and other federal agencies.
For example, our program called Grant Opportunities for Aca-

demic Liaison with Industry, or GOALI, which provides opportuni-
ties for a variety of industry-university linkages, is slated to in-

crease by over 40 percent to $18 million in 1997.
To conclude, we have structured this budget request to allow us

to sustain the momentum in science and engineering that we built
over the past half-century. As a result of our successes, we are on
the threshold, or perhaps in the midst of a truly revolutionary era
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of discovery ranging from the origins of the universe, to the discov-

ery of a new state of matter, to manufacturing microscopic ma-
chines.

We have at our fingertips today an array of experimental instru-
ments, computers, information networks that enable us to design
and carry out research that would have been impossible just a few
years ago.

Over the next decade, the potential for rapidly increasing our un-
derstanding of both the natural world and that shaped by humans,
and applying new knowledge and technologies resulting from that
research, is staggering.
Mr. Chairman, we appreciate this opportunity to present this dis-

cussion of our fiscal year 1997 budget request and the rationale be-
hind the proposals.

Dr. Petersen and I would be pleased to respond to any questions
you might have.

Mr. Schiff. Dr. Petersen, do you have any separate remarks you
would like to make at this time?

Dr. Petersen. No, I do not.

Mr. Schiff. Thank you, Dr. Lane.
[The prepared statement of Dr. Lane follows:]

TESTIMONY OF

DR. NEAL LANE

DIRECTOR, NATIONAL SCIENCE FOUNDATION

BEFORE THE

SUBCOMMITTEE ON BASIC RESEARCH

HOUSE COMMITTEE ON SCIENCE

MARCH 22, 1996

Chairman Schiff, Mr. Cramer, members of the committee, it is a pleasure to ap-
pear before you to provide an overview of our budget request for the coming fiscal

year. I am accompanied this morning by Dr. Anne Petersen, Deputy Director of

NSF.
My remarks this morning will provide a brief overview of how we went about put-

ting our budget request together and review some highlights of that request. I have
attached a summary of our budget request to my testimony and ask that it be made
a part of the record.

Mr. Chairman, our budget request for fiscal year 1997 is $3,325 billion. This is

a 4.6 percent increase above the House and Senate appropriations conference report
for fiscal year 1996. After inflation is taken into account, this is a modest increase,

but in a time of very tight budgets it reaffirms the priority we give to investments
in the nation's future.

The NSF strategic plan, which was approved by the National Science Board a

year and a half ago, served as the starting point for developing our budget. The
goals set forth in the plan—maintaining a world leadership position in all aspects
of science, mathematics, and engineering; employment of new knowledge in service

to society; and excellence in science, mathematics, engineering, and technology edu-
cation at all levels—reflect NSF's overall mission.

In addition to looking to our strategic plan for guidance, we made specific deci-

sions about allocating resources by applying three principles. First, we have sought
balance across the agency, both as a way of ensuring continuity in our programs
and as a way of fulfilling our responsibility as the only federal agency that supports
research and education in all fields of science and engineering. We intend to con-

tinue this balanced support across major fields while retaining flexibility to move
quickly into new and emerging areas.
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Second, the budget encourages action across boundaries. We must look beyond ar-

tificial separations that occur between research and education in order to encourage
more inquiry-based learning. We are also committed to reducing organizational and
cultural barriers to interdisciplinary research because there is much exciting science
and engineering at the boundaries of disciplines and because such separations tend
to limit our vision.

Finally this budget promotes partnerships. Our principal partners are, of course,
institutions and individuals in universities and colleges. This strong commitment to

academic research is reflected in our request for research and related activities,

which increases by 8.7 percent, to just under $2.5 billion. Roughly three-fourths of

both the total and the increment for FY 1997 will support activities based at col-

leges and universities. But we also encourage partnerships with the states, the pri-

vate sector, with other agencies, and with all those who have a stake in the science
and engineering enterprise.

Let me take just a few moments to highlight how these principles are translated
into numbers in the budget request. The balance principle is reflected in the deci-

sions we have made that balance our responsibility to support research across all

areas of science and engineering with our obligation to promote excellence in edu-
cation. Just over half of our budget—56 percent—goes for research project support
for individual investigators, research groups, and centers. Of the remaining 44 per-
cent, 20 percent is for education and training and 20 percent is for research facili-

ties, which are required for frontier research in many areas of science. This leaves
about 4 percent for the administration and management of the foundation.
A word is in order about a change in our support of research facilities. NSF sup-

ports large, world-class, multi-user research facilities that are complicated, expen-
sive, and require a long-term commitment of support of operations and upgrades.
Included in this list are optical and radio telescopes, particle accelerators, the high-
field magnet lab, laser interferometer gravitational-wave observatory (LIGO), the
Antarctic facilities, the research fleet, and other facilities. The budget request also
includes $95 million for our Major Research Equipment account, which will be used
to support the continued construction of LIGO and important safety, health, and en-
vironment improvements necessary to maintain U.S. research activities in the Ant-
arctic and the continuing U.S. presence at the South Pole.

In order to accommodate our highest priorities, we have found it necessary to

eliminate support for the renovation of research facilities under the Academic Re-
search Infrastructure Program. I recognize that there are some who will be dis-

appointed with this decision, but in these times of constrained budgets, difficult

choices must be made. Let me assure you that this decision was not easy and it

was made only after much discussion and debate. Consistent with recommendations
provided in the National Performance Review, which stressed a reexamination of
our role and specific objectives, we have concluded that this renovation of academic
buildings might reasonably be supported from non-federal sources, such as states,

the private sector, or the academic institutions themselves. This decision provides
us with resources that will accommodate research and education activities which are
of a higher priority. We will continue our competitive program to support instru-
mentation at colleges and universities.

The second principle used in developing the budget is building bridges across
many types of boundaries. This principle is exemplified in the integration of re-

search and education at all levels. We have made the integration of research and
education a major theme in our planning. There is a wealth of information pointing
to the value of inquiry-based learning as a superior way for students to learn and
also as a way of teaching problem-solving skills that transfer from one subject to

another. In the future, employers will increasingly need workers who are not only
well versed in science and technology concepts, but who are adept at learning
though experimentation, inquiry, critical evaluation, and discovery—all characteris-
tics of research.
We are currently planning awards that recognize achievement and encourage fu-

ture efforts to integrate research and education. Some research universities have
shown leadership in developing innovative programs to broadly involve students in
research and inquiry-based learning and to involve their best researchers in science
and engineering education at all levels. We want to recognize their efforts and en-
courage them to share their ideas and experience with other institutions.
We are also in the final stages of a comprehensive examination of the current

state of science, mathematics, engineering, and technology education at the under-
graduate level in the nation. This project will offer an overview of the needs and
opportunities for all undergraduate students and examine how science literacy for

the entire country is related to undergraduate education. We hope that these efforts
are responsive to the concerns of Members of this committee, who have been persist-
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ent in their focus on the need to insure the highest possible quality of undergradu-
ate instruction in our nation's universities and colleges.

As I mentioned earlier, the education and training program function accounts for

approximately 20 percent of our overall budget and will total $657 million, an in-

crease of 5.3 percent over FY 1996. Many activities, such as Research Experiences
for Undergraduates, Research in Undergraduate Institutions, and the Faculty Early
Career Development program cut across our research and education functions. One
could argue that all NSF programs have an education and training component, since

they develop participants' knowledge and skills. Likewise, there are many cross-cut-

ting interdisciplinary activities such as earthquake research, biotechnology, civil in-

frastructure systems, environment and global change, high performance computing
and communication, manufacturing, and materials. These interdisciplinary activities

interact with one another and also contain a coordinated, focused educational com-
ponent.
A third principle guiding our budget planning is working in partnerships. Our in-

vestments directly involve 200,000 researchers, teachers, and students, and over
2,000 colleges, universities and research institutions, including almost 600 busi-

nesses. Indirectly, our programs affect literally millions of people, but this larger im-
pact would not be possible without partnerships. In forming partnerships, we bring
together the best minds in our society, sharing ideas and resources in order to im-
prove research and education. It is particularly important that NSF build on its role

as a catalyst, linking elements of society that share an interest in improving edu-
cation, maintaining scientific and engineering leadership, and using scientific and
engineering knowledge to our common benefit.

As one measure of the impact of our partnerships, last year NSF leveraged $1.4

billion from partners, including over $250 million from industry in support of re-

search programs in which NSF was involved. Other major partners in these activi-

ties are academic institutions, states, and other federal agencies. For example, our
Grant Opportunities for Academic Liaison with Industry (GOALI) program, which
provides opportunities for a variety of industry-university linkages is slated to in-

crease by over 40%, to $18 million.

To conclude, we have structured this budget request to allow us to sustain the

momentum in science and engineering that we built over the past half century. As
a result of our successes we are on the threshold, or perhaps in the midst, of a truly

revolutionary era of discovery—ranging from the origins of the universe to the dis-

covery of a new state of matter to manufacturing microscopic machines. We have
at our fingertips today an array of experimental instruments, computers, and infor-

mation networks that enable us to design and carry out research that would have
been impossible just a few years ago. Over the next decade, the potential for rapidly

increasing our understanding of both the natural world and that shaped by hu-
mans—and applying new knowledge and technologies resulting from research—is

staggering.
We are in a "golden age" of scientific discovery where frequent breakthroughs are

occurring in virtually every field, from astronomy to materials science to genetics

to elementary particle physics. Moreover, the research often moves so seamlessly
into applications that we sometimes fail to notice the transition. NSF supports re-

search in optical and electromechanical systems that has potential applications in

areas as varied as sensors that detect wear and tear in bridges and roadways, medi-
cal devices that allow doctors to conduct surgery without leaving visible scars, and
new techniques for manufacturing integrated circuits.

The fact that cutting edge technologies like these are being developed at U.S. uni-

versities and laboratories is no accident. Our national capacity for education and re-

search at the very frontiers of science remains the envy of the world. It forms the
heart of a science and technology enterprise that keeps the U.S. competitive in the
global economy.
Mr. Chairman, we appreciate this opportunity to present this discussion of our FY

1997 budget request and the rationale behind these proposals. We would be pleased
to respond to any questions that you might have.
Thank you.
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NATIONAL SCIENCE FOUNDATION
OVERVIEW OF FY 1997 REQUEST

The National Science Foundation requests $3 3 billion for FY 1997 to invest in almost 20,000 research ana

education projects in science and engineering Today's investments in people, in ideas, and in the exploration

of the unknown will help determine the course of the United States in the 21st century. Based on history, it

can be said with confidence that the return on these investments will be instrumental in propelling the nation

into a future of progress and prosperity

FY 1997 Request: $3,325 Billion

56%
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FY 1997 Request by Account

(Millions of Dollars)
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as tennis racquets, golf clubs, and sailboats, at higher performance levels, the success of our satellite

program, earth-orbiting systems, and stealth aircraft depend on fundamental research in composite materials

NSF has focused its education programs on delivering benefits to the American people Already, teachers in

schools across America are discarding outdated textbooks and methods and are engaging students through

hands-on, dynamic approaches to mathematics and science education We are now moving toward

unleashing the power of advanced technologies in improving the teaching of mathematics and science in the

nation's schools

GOALS AND PRINCIPLES FOR FY 1997

The goals and core strategies of NSF's strategic plan, NSF in a Changing World, guided the development of

the FY 1997 Budget Request Another influence was the second phase of the National Performance Review

(NPR) NPR required NSF to reexamine its mission and functions, and whether this mission was
appropriate for the Federal government From this process, the need for NSF's mission was strongly

reaffirmed As a result, we have combined NSF's stated goals and strategies with an understanding of the

rapid change experienced by other components of the science and technology enterprise, and established a

small number of principles for developing this Request

Balanced Portfolio

NSF is the only Federal agency with responsibilities that cover research and education in all science and

engineering fields Through its activities, NSF invests in specific research and education projects, facilities

and instrumentation, not only for the immediate results they produce, but for the groundwork they lay for the

future Maintaining a balanced investment that enables the agency to move rapidly to address the most

compelling opportunities is a key principle in budget development.

Balance Across Major Fields of Science. NSF's leadership role in support of research and education in

colleges and universities requires both sustained, balanced support and the flexibility to move quickly into

new and emerging areas.

In FY 1997, NSF's Research and Related Activities Account increases by 8 7% to $2 5 billion The major

disciplinary science and engineering activities funded through that account experience comparable

percentage increases Within the activities, priorities shaped by emerging scientific opportunities result in

significant variation at the sub-activity and program levels.

Balance Across Key Program Functions The second phase of NPR led to the organization of NSF's modes
of support into a few key program functions (research project support, research facilities, education and

training, and administration and management) through which NSF carries out its work
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transformation in roles and priorities caused by the end of the Cold War or changes in scale or scope as a

result of attempts to balance the Federal budget, there are substantive policy questions about how the

academic, private sector, and government members of partnerships can and should interact Difficult issues

that require attention as partnerships are reformulated include what is the role of the Federal government in

support of research and education? what is an appropriate role for the private sector? what does world

leadership mean' and how can we assure the American public reaps the benefit of these investments? For

NSF, there is the additional question of NSF's role and the impact on NSF programs and functions of

changes in activity or funding levels at other agencies

NSF's principal partners are the institutions and individuals of academia who conduct the research and
education projects in which NSF invests Together, academia and NSF are developing new approaches to

research and education activities, involving in the process the private sector, other agencies, and others with

a stake in the science and engineering enterprise.

Even as NSF works to address the difficult policy issues described above, this strategy has been successfully

incorporated into activities across the Foundation. Examples include: the GOALI program (Grant

Opportunities for Academic Liaison with Industry); Alliances for Minority Participation, memoranda of

understanding and joint program activities with approximately 20 other Federal agencies; and international

partnerships that provide opportunities for collaborative research, research visits to laboratories and

academic institutions in other countries, coordinated international research programs, and joint funding of

major research equipment

FY 1997 HIGHLIGHTS
PREPARING FOR THE CHALLENGES OF THE 21 ST CENTURY

LEARNING

While America's system of higher education is the best and most inclusive in the world, the educational

system overall traditionally does not prepare the vast majority of students for dealing with the rapidly

changing, scientifically and technically challenging situations predicted for the 21st century Through
education programs, research activities that aim at better understanding the learning process, and activities

that link learning and education, NSF is working to position the nation to meet the learning needs of the 21st

century

Systemic Reform: NSF's focus is on treating whole systems as the most effective way to make
improvements in science and mathematics education Building the capacity for change through the

commitment and involvement of broad partnerships in the development of goals, solutions and actions can

result in significant, long-lasting impact Total system reform is based on the underlying belief that ajl

students can learn and achieve in science and mathematics at much higher levels than presently attained

Investment in the systemic reform of K-12 education continues to increase in FY 1997. Funding for the Urban
Systemic Initiatives increases by 20 percent to $67 million The Rural Systemic Initiatives increase four-fold

to more than $10 million These increases will be offset by a $13 million decrease in the Statewide Systemic

Initiatives, as part of the phase-out of awards planned at the program's inception.

Learning and Intelligent Systems: We are in the midst of a revolution in the interaction between human
learning and technology, similar in potential impact to the revolution created by the invention of movable type

and the printing press Research is now beginning to yield tantalizing insights into how both living organisms
and artificial systems process information to achieve remarkable levels of performance across a wide range

of activities Research in various fields bearing on learning and intelligent systems is at a juncture where
seminal, concerted action will result in significant, even revolutionary, intellectual advances NSF has used
the Opportunity Fund to provide seed funding for this emerging area Investments across the Foundation for

these activities in FY 1997 are estimated at $23 million.
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Technology for Education: The dramatic breakthroughs in information technology and communications

have the potential to revolutionize the future of education Instructional methods and curricula will need to

change as schools provide computers for their students and are linked to national and international

information resources Building the effective use of technology into education programs, including the

systemic reform programs, will be a key component of NSF's activities aimed at preparing students for the

challenges of the next century

Integration of Research and Education: This core strategy from NSF's strategic plan is a key component

of the Foundation's vision for establishing a linkage between learning and discovery Educating todays

students in a discovery-rich environment will better prepare them to meet tomorrow's challenges. Likewise,

history has shown that research in an education-rich environment yields an exceptionally dynamic and

diverse enterprise

• The CAREER program (Faculty Early Career Development) enables scientists and engineers to develop

their skills in both research and education The awards provide a framework for junior-level faculty to link

their research activities with their teaching and mentoring responsibilities In FY 1997, this program will

almost double, to total $73 million,

• A new activity will focus on the identification and recognition of universities with significant research

capabilities that have shown bold leadership, exceptional innovation, and tangible accomplishment in

linking research and education. This program, which will total approximately $5 million, will be one of the

activities supported through the Foundation's Opportunity Fund in FY 1997,

ENVIRONMENT

NSF has had a strong presence in research on the environment for many years The focus of NSF programs

has been on enhancing the understanding of complex dynamics among natural systems and humans and

developing the knowledge important to preserving, managing and improving the environment.

• FY 1997 sees increased emphasis on environmental research in areas such as natural hazard reduction,

water, coastal and marine studies; biodiversity and its role in ecological systems; environmental

technologies, and bioremediation

• Several activities will combine to establish an urban long term ecological research site, the first that

focuses on a human-based ecology.

• Polar research makes significant contributions to NSF's portfolio of environmental activities The general

infrastructure of the research station at the South Pole has deteriorated, and a code inspection in 1993

identified over 300 deficiencies. It is increasingly costly to maintain activities within acceptable risk

bounds To address safety and environmental concerns, specific improvements totaling $25 million in FY
1997 are proposed to address critical shortcomings

NSF also participates in the interagency Global Learning and Observations to Benefit the Environment

(GLOBE) initiative

INFORMATION FOR SCIENCE AND ENGINEERING

NSF provides state-of-the-art computing and communications capabilities essential for advanced work in all

fields of science and engineering through its supercomputer centers and networking activities. Over the past

decade, access to such capabilities has driven a sea change in many fields of science and engineering,

providing new means for testing theories and for running different kinds of experiments. Information, always

the lifeblood of science and engineering, is now being collected and analyzed in new and different ways,

providing valuable tools for predicting the behavior of diverse phenomena
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Computational biology, climate modeling, rapid prototyping tor manufacturing, and digital libraries are a

few among the many areas of emphasis on developing information-based resources across the

Foundation

The Partnerships for Advanced Computational Infrastructure program builds on and replaces the current

NSF Supercomputer Centers program established in 1985 It will take advantage of newly emerging

opportunities in high performance computing and communications The first awards in the program will

be made in FY 1997.

A pilot program designed to re-engineer business interactions will improve efficiency and productivity and

reduce administrative burden on the research community Over 100 institutions are participants and may
conduct business with NSF electronically, including submitting proposals, performing merit reviews,

requesting cash and managing awards.

CONCLUSION

America has entered an exciting, even revolutionary era for research and education in science and
engineering In just the last few months, American scientists and engineers have detected planets with the

potential for sustaining life trillions of miles from earth, have accomplished genetic breakthroughs with

implications for health and food supply, and observed a new state of matter at temperatures near absolute

zero. Progress in computing and telecommunications has continued to accelerate More and more schools

have begun injecting the thrill of discovery into the teaching of mathematics and science

The National Science Foundation has been at the center of these and countless other discoveries and

advances that excite our imagination and secure our future. For FY 1997, NSF has established priorities for

research and education investments that directly reflect this commitment to advancing learning and discovery

in the nation's interest.
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ACTIVITY SUMMARIES

Funding for the National Science Foundation is provided in the following Activities

Biological Sciences

The Biological Sciences (BIO) Activity fosters understanding of the underlying principles and

mechanisms governing life Research ranges from the study of the structure and dynamics of

biological molecules, such as proteins and nucleic acids, through cells, organs and organisms, to

studies of populations and ecosystems It encompasses processes that are internal to the

organism as well as those that are external, and includes temporal frameworks ranging from

measurements in real time through individual life spans, to the full scope of evolutionary time. The

8 6 percent increase, to a total of $326 million in FY 1997, will support research in microbial

biology, genome sequencing, computational and theoretical biology, and ecosystem restoration

and bioremediation

Computer and Information Science and Engineering

Research in the Computer and Information Science and Engineering (CISE) Activity includes

theory and foundations of computing, system software design, engineering design, prototyping,

testing, and deployment of cutting-edge computing and communications systems to address

complex research problems The 8 6 percent increase, to a total of $277.0 million in FY 1997, is

principally directed toward research pertaining to learning and intelligent systems, new
technologies for scalable high performance computing and high bandwidth communications, and

the convergence of computing and communications In FY 1997, the Supercomputer Centers

program will transition to the new Partnerships for Advanced Computational Infrastructure

program in order to facilitate continuing U S. world leadership in computational science and

engineering, with the new Partnerships in place and fully operational in FY 1998

Engineering

The Engineering (ENG) Activity seeks to improve the quality of life and the long-term economic

strength of the nation by fostering innovation, creativity, and excellence in engineering education

and research ENG seeks to promote the natural synergy between engineering education,

fundamental research, and the application of technical knowledge The ENG Activity's 12

percent increase, to a total of $354 33 million for FY 1997, will go to support research in areas

such as learning and intelligent systems, environmental technology, and the synthesis and

processing of nano-particles Funds are included to meet the mandated level for the Foundation-

wide Small Business Innovation Research (SBIR) program.

Geosciences

The Geosciences (GEO) Activity supports research in the atmospheric, earth, and ocean

sciences Basic research in the geosciences advances the scientific knowledge of the Earth,

including resources such as water, energy, minerals, and biological diversity GEO supported

research also advances the ability to predict natural phenomena of economic and human
significance, such as climate changes, weather, earthquakes, fish-stock fluctuations, and

disruptive events in the solar-terrestrial environment The 8 6 percent increase, to $454.0 million
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in FY 1997, will support fundamental research and national user facilities across the geosciences.

including emphasis on the U S Weather Research Program and National Space Weather

Program, the global seismic network, interdisciplinary projects in environmental geochemistry and

biogeochemistry, studies on coastal ocean processes and global ocean circulation, and

international activities for ocean drilling, continental drilling, and global change research

Mathematical and Physical Sciences

The Mathematical and Physical Sciences (MPS) Activity supports research in mathematics,

astronomy, physics, chemistry, and materials science Major equipment and instrumentation such

as particle accelerators and telescopes are provided to support the research needs of individual

investigators The 8 8 percent increase, to $708 million in FY 1997, will support research in

multidisciplmary areas such as nanoscience and engineering, optical science and engineering,

biomolecular materials, undergraduate and graduate activities in education, and enhance support

for instrumentation and facilities

Social, Behavioral and Economic Sciences

The Social. Behavioral and Economic Sciences (SBE) Activity supports research to build

fundamental scientific knowledge about human characteristics and behavior SBE also supports

the Foundation's international activities, providing US scientists and engineers with access to

centers of excellence in science and engineering research and education throughout the world

To improve understanding of the science and engineering enterprise, SBE provides informational

tools for tracking the human and institutional resources that make up the nation's science and

engineering infrastructure. The 8 6 percent increase to $124 million in FY 1997 will provide

increased support for: multidisciplmary research on topics including human capital, Learning and

Intelligent Systems, decisionmaking related to risk, and the use of digital libraries; additional

activities to provide international experiences for young researchers, and enhanced data

collection and assessment activities by the Science Resources Studies Subactivity

Polar Programs

Polar Programs, which includes the US Polar Research Programs and US Antarctic Logistical

Support Activities, supports multi-disciplinary research in Arctic and Antarctic regions Polar

regions play a critical role in world weather and climate and provide unique research opportunities

ranging from studies of the earth, ice and oceans to research in atmospheric sciences and

astronomy In FY 1997, Polar Programs increase 4 1 percent, to $226 million Priority is given

to increases for arctic research, including Arctic System Science which focuses on

interdisciplinary approaches Increases are also provided for research on Antarctic ice sheets

and oceans, and for science facilities and operations that make Antarctic research possible

Critical safety issues at the South Pole are addressed though the Major Research Equipment

account

Critical Technologies Institute

The Critical Technologies Institute is a Federally-Funded Research and Development Center

established in 1992 by Congress to support the complex task of devising and implementing

science and technology policy Specifically, the Institute provides analytical support to the Office

of Science and Technology Policy to identify near-term and long-term objectives for research and

development and identify options for achieving those objectives
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Education and Human Resources

The FY 1997 Budget Request for Education and Human Resources (EHR) is $619 million, an

increase of $20 million, or 3 3 percent, over the FY 1996 Estimate of $599 million EHR
supports a cohesive and comprehensive set of activities which encompass every level of

education and every region of the country EHR also plays a major role in the Foundation's long-

standing commitment to developing all our nation's human resources for the science and

engineering workforce of the future

• Support at the Pre K-12 level totals $375 39 million, an increase of $6 75 This support is

focused primarily in the Systemic Reform activities ($101 85 million) in states, urban, and rural

areas, and Elementary, Secondary and Informal Science activities that enable all students to

achieve in science, mathematics, engineering and technology education.

• Support at the Undergraduate level increases $8 75 million to total $114 11 million. This

support is focused primarily on institution-wide undergraduate education reform, improving

undergraduate preparation of Pre K-12 teachers, and addressing advanced technician

training Efforts of reforming curriculum and laboratory instruction, and upgrading equipment

continue to be major emphases

• Support at the Graduate level is $79 20 million, an increase of $8 million This support

allows an increase in the institution cost-of-education allowance provided for the Graduate

Research Fellowships program The number of fellows will remain at approximately 2,400

The Graduate Research Traineeships program will be enhanced, permitting new traineeship

awards for about 150 students FY 1997 funding will also support a new Science Education

Postdoctoral Fellowships program

• Advanced Technological Education (ATE) established in FY 1994, is $30 85 million, an

increase of $7 50 million Support will continue to focus on improving curriculum development

and program improvement at the secondary and undergraduate levels to help transition

students to the increasingly technology-based workforce

Major Research Equipment

The FY 1997 Request for Major Research Equipment (MRE) of $95 million represents a $25.0

million increase, or 35 7 percent, above the FY 1996 Estimate Two projects currently comprise

the Major Research Equipment Account: the Laser Interferometer Gravitational Wave
Observatory (LIGO) and the South Pole Safety Project A third project, the funding for the

construction of the Gemini 8-meter telescopes, was completed in FY 1995 The $70 million

request in FY 1997 will permit the LIGO project to progress toward completion of construction in

FY 1998 and a transition to operations during FY 1999. In FY 1997, the Research and Related

Account will provide support for the initial activities needed for the operational phase of the facility

Also included in the request is $25 million for the South Pole Safety Project to address critical

health, safety and environmental concerns at the South Pole research station Improvements are

proposed for the heavy equipment maintenance facility, the power plant, and fuel storage facilities
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Salaries and Expenses

The FY 1997 Request for Salaries and Expenses (S&E) is $134 31 million, an increase of $1 80

million, or 1 4 percent, over the FY 1996 level of $132 51 million Salaries and Expenses provides

funds for staff salaries and benefits, and general operating expenses necessary to manage and

administer the NSF The Request level provides for current administrative levels, and continues

the investment in information technology for administrative processes

Office of Inspector General

The Office of Inspector General (OIG) was established to promote economy, efficiency, and

effectiveness in administering the Foundation's programs; to detect and prevent fraud, waste, or

abuse within NSF or by individuals that request or receive NSF funding; and to identify and

resolve cases of misconduct in science The FY 1997 Request for the OIG is $4 69 million, an

increase of $200,000, or 4 5 percent, over the FY 1 996 level.
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KEY PROGRAM FUNCTIONS

In response to the Government Performance and Results Act (GPRA) of 1993, NSF has been

planning for increased examination of the results of its portfolio of investments This section of the

budget is organized to provide, simultaneously, a substantive justification of the FY 1997 request

and a preliminary picture of how NSF will use performance in the budget process in the future.

NSF's investments are expressed in terms of key program functions: Research Project Support

(which includes Research Projects and Centers), Research Facilities, Education and Training, and

Administration and Management. This categorization is an extension of what NSF has previously

exhibited as "Modes of Support" resulting from intense examination of NSF activities through the

GPRA and National Performance Review processes

Budget by Key Program Functions

(Dollars in Millions)



24

Research Facilities

Support for Research Facilities totals $661 million in FY 1997, a decrease of $3 million, or 0.4

percent, from the FY 1996 Estimate NSF supports large, multi-user research facilities that are

characteristically large, complicated, and expensive, requiring long-term commitments of support

The principal focus is providing access to state-of-the-art capabilities that might otherwise be

unavailable to US researchers

Education and Training

Education and Training totals $657 million in FY 1997, an increase of $33 million, or 5 3 percent,

over the FY 1996 Estimate NSF's education and training component supports activities from pre-

kmdergarten through postdoctoral levels, including public science literacy, aimed at enabling U S

students to become scientifically literate citizens and well-trained members of the nation's

workforce

Cross-Cutting Activities in Research and Education

Many activities cut across the key program functions described above For example, one might

argue that all NSF programs have an education and training component since they develop

participants' knowledge and skills Explicit examples of research project support activities with

significant education and training components include Research Experiences for Undergraduates,

Research in Undergraduate Institutions, and the Faculty Early Career Development program

(CAREER) Likewise, there are cross-cutting interdisciplinary activities, many of great importance

in delivering benefits to the nation, that merit attention Examples include earthquake research,

which incorporates components of all the key program functions Other areas where NSF
specifically coordinates activities across program functions and organizations include

biotechnology, civil infrastructure systems, environment and global change, high performance

computing and communications, manufacturing, and materials These coordinated activities

interact vigorously with one another and with a complementary focused activity on science, math,

engineering and technology education.

Administration and Management

Administration and Management totals $139 million in FY 1997, an increase of $2 million or 15

percent above the FY 1996 Estimate. This program function provides operating funds to support

NSF staff in efforts to achieve strategic goals by implementing programs in all key program areas

NSF programs require both a high-level professional workforce and an effective management and

support staff.



25

RESEARCH PROJECT SUPPORT

Research Project Support includes funding for both Research Projects and Centers

(Millions of Dollars)

FY 1995 FY 1996 FY 1997

Actual Estimate Request

Research Projects 1,570 1,553 1,659

Centers 196 202 209

Total, Research Project Support $1,766 $1,755 $1,868

Research Projects

FY 1997 support for Research Projects totals $1,659 million, an increase of about $106 million, or 6 8

percent, over FY 1996 Research Projects develop intellectual capital through support for individuals and

small groups of investigators in disciplinary and cross-disciplinary fields of research, including areas of

national priority Project support includes funding for researchers as well as postdoctoral associates and

undergraduate and graduate assistants, emphasizing the discovery of new knowledge as well as

contributing significantly to education and training Funds are provided for items necessary for performing

research such as instrumentation and supplies and related costs for travel and conference support NSF
seeks out and supports excellent proposals from groups and regions that traditionally have not fully

participated in science, mathematics, and engineering In addition, the Experimental Program to Stimulate

Competitive Research (EPSCoR), a State-NSF partnership, will continue to support improvements in

academic research competitiveness

NSF relies on merit review to guide investments within its existing programs As current awards expire,

funds are reallocated to new opportunities. The requested increment will intensify NSF-supported efforts

in such areas as genome sequencing; computational and theoretical biology, human-centered systems

such as learning technologies and virtual environments, computing systems, networking, communications

and the convergence of computing and communications; synthesis and processing of nano-particles,

water, coastal and marine research; biodiversity, environmental technologies and bioremediation, Arctic

research on ocean surface heat budget, and Antarctic studies of the West Antarctic Ice Sheet In addition,

$50 million will be used to support an NSF-wide instrumentation program.

University/industry partnerships within an integrated education/research environment will be supported

through expansion of the Grant Opportunities for Academic Liaison with Industry (GOALI) program New
Focused Research Groups (FRGs) in materials science will be initiated and an Industry-University

Environmental Chemistry Institute will also be initiated

Support is targeted for young investigators and for increasing participation of women and minority

researchers The Faculty Early Career Development (CAREER) program, which was initiated in FY 1995.

will increase by 48 percent to $73 million in FY 1997 CAREER supports junior faculty within the context

of their overall career development and combines, in a single program, the integrated support of quality

research and education.

The Small Business Innovation Research (SBIR) program is mandated to increase from 2 percent of

extramural research to 2.5 percent in FY 1997 The program will total approximately $52 million, an
increase of almost $13 million over the nearly $39 million for SBIR in the FY 1996 Estimate
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In order to move into new areas of science, some existing programs will be eliminated or phased out

These include a planned phaseout of an ocean sciences postdoctoral program, and sunsetting of the

Research Improvement in Minority Institutions program to accommodate enhancement of the Minority

Research Centers of Excellence.

Centers

NSF supports a variety of individual centers and centers programs The centers play a key role in

enabling the U.S. to achieve its goals, particularly through their encouragement of interdisciplinary

research and the integration of research in education programs While the programs are diverse, the

centers share a commitment to:

• Addressing scientific questions and research and technical problems with a multidisciplinary, long-

term, coordinated research effort Center programs involve a number of scientists and engineers

working together on fundamental research addressing the many facets of a complex problem;

• Including a strong educational component to aid the training of this nation's next generation of

scientists and engineers and to encourage students of all ages to participate in science and

engineering; and

• Coordinating with industry to ensure that research is relevant to national needs and that knowledge

quickly migrates into the private sector.

The centers and center programs are listed below.

(Millions of Dollars)

Year of FY 1996

Program No of FY 1995 FY 1996 FY 1997

Initiation Centers Actual Estimate Request

Engineenng Research Centers

Science & Technology Centers

Industry/University Cooperative Research Centers

State Industry/University Cooperative Research Centers

Minonty Research Centers of Excellence

Matenals Research Science & Engineenng Centers

Center for Ecological Analysis and Synthesis

Long-Term Ecological Research Sites

National Center for Earthquake Engineenng Research

National Center for Environmental Decision-Making Research

Research Centers on the Human Dimensions of Global Change

National Consortium for Research on Violence

National High Field FT-ICR Mass Spectrometry Center

National Center for Geographic Information and Analysis

i r it i< ,il In hnologies Institute

TOTAL
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The FY 1997 Request for centers is $209 million, an increase of 3 6 % over the FY 1996 Estimate NSF
expects to support 176 centers by the end of FY 1996 No new center programs will be initiated in FY
1997 There will, however, be competitions within some of the existing center programs possibly leading

to some turnover within the programs Funding for the Minority Research Centers of Excellence will

increase by 27% to establish two additional centers Support for the National High Field FT-ICR Mass
Spectrometry Center will be reduced by 20 percent, reflecting decreases in instrumentation costs

Support for all other centers and centers programs is stable

1995 Estimates for Selected Centers

(Millions of Dollars)

"pamXf
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RESEARCH FACILITIES

The National Science Foundation provides support for large, multi-user facilities which meet the need for

access to state-of-the-art research facilities that would otherwise be unavailable Support includes funding

for staff and support personnel to assist both internal and external scientists in conducting research at the

facilities. Support for these unique national facilities is essential to advance U S research capabilities

required for world-class research

NSF's support of facilities, generally operated and partly supported by universities, contributes to all the

goals of the NSF strategic plan by providing physical and institutional capabilities necessary

• for scientists and engineers to carry out cutting-edge research across a broad spectrum of scientific

and engineering fields,

• to promote the discovery and dissemination of new knowledge in service to society as exemplified by

fields such as materials science, computing and communications science, and environmental science,

• for graduate and undergraduate science, mathematics and engineering students to acquire skills to

perform world class research.

The activity reflects NSF strategies by strengthening physical infrastructure for the conduct of research,

developing scientific and engineering intellectual capital, integrating research and education, and

promoting partnerships in the US science and engineering research system

NSF supports the following facilities:

(Millions of Dollars)

FY 1995 FY 1996 FY 1997

Actual Estimate Request

Advanced Scientific Computing Facilities 72 69 71

NSFNET 46 44 44

National Center for Atmospheric Research 59 59 62

National Astronomy Centers 65 64 67

Laser Interferometer Gravitational Wave Observatory 85 70 70

National High Magnetic Field Laboratory 12 18 18

Gemini Observatories 41 4 5

National Nanofabrication Users Network 4 4 4

Academic Research Fleet/Ship Operations 49 47 48

Academic Research Infrastructure 59 50

Polar Science Operations & Logistics 167 163 168

South Pole Safety Project - - 25

Other Facilities
1

83 74 80

TOTAL $742 $664 $661

' Other facilities include physics, materials research, ocean sciences, atmospheric sciences, and earth sciences facilities

The FY 1997 Request for Facilities totals $661 million, a $3 million decrease from the FY 1996 Estimate

and $81 million below the FY 1995 level. US funding for construction of the Gemini 8-meter telescopes

was completed in FY 1995 Support for Gemini in FY 1996 and FY 1997 is for preliminary operations only

The Academic Research Infrastructure program is terminated in FY 1997, and no further funding for this

activity is requested In FY 1997, NSF plans to provide $25 million for the South Pole Safety Project
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EDUCATION AND TRAINING

National Science Foundation programs support and place a high priority on efforts to Improve science,

mathematics, engineering, and technology education and training at all levels pre-kindergarten through

secondary, undergraduate, graduate, and public science literacy In addition, special emphasis is placed

on increasing participation among groups which have been historically underrepresented in science and

engineering fields Other important efforts include programs for evaluation and communication, which

ensure that education programs achieve their goals and that program and project outcomes reach a wide

audience. Much of NSF's support is associated with the federal interagency effort to improve science,

mathematics, engineering and technology education,

NSF fosters the natural connections between learning and discovery When research resides alongside

education and training, the rewards of discovery are shared more quickly and disseminated more widely

Support for education and training includes most activities funded through the Education and Human
Resources appropriation, as well as those programs funded through the Research and Related Activities

appropriation that accomplish education and training objectives through the tie to research programs.

(Millions of Dollars)

FY 1995 FY 1996 FY 1997

Actual Estimate Request

Pre K- 12



encourage science, mathematics, and engineering faculty members to take leadership in developing

educational experiences that enhance the competence of prospective teachers

NSF programs which address undergraduate needs include:

Advanced Technological Education projects, which focus on meeting the demands of the competitive.

technology-based workplace by targeting technician education programs at the undergraduate and

secondary school levels in advanced technology fields.

Comprehensive Undergraduate Education Reform which supports institution-wide reforms of

undergraduate science, engineering and mathematics education

Alliances for Minority Participation, which support comprehensive approaches to increase the quantity

and quality of underrepresented minorities who successfully earn science and engineering

baccalaureate degrees, and the number who go on for graduate study in these fields

Engineering Education Coalitions, which stimulate innovative and comprehensive models for systemic

reform of undergraduate engineering education and aim to increase the retention of students

Undergraduate activities will total $159 million in FY 1997, an increase of $17 million, or 11.8 percent, over

the FY 1996 Estimate FY 1997 priorities in undergraduate activities include expansion of the

Comprehensive Undergraduate Education Reform program initiated in FY 1996 and enhancements to the

Advanced Technological Education projects and Alliances for Minority Participation The Model

Institutions for Excellence program will remain at the FY 1996 level Undergraduate programs also include

support for Engineering Education Coalitions and interdisciplinary mentoring programs for minorities

Graduate/Postdoctoral

NSF's graduate education programs are designed to improve the human resource base of science and

engineering in the United States and to increase the participation of scientists and engineers from groups

that are traditionally underrepresented in advanced levels of science, mathematics, and engineering

Programs include:

Graduate Fellowships and Minority Graduate Fellowships, which are awarded across all science,

mathematics, and engineering disciplines to provide financial support for outstanding students during

their graduate studies,

Graduate Research Traineeships, which are awarded competitively to institutions to provide student

support in critical areas of current and anticipated national priority;

Research Training Groups, which foster multidisciplinary, research-based training and education at

the graduate level; and

Postdoctoral study and research fellowships, which are sponsored in specific research disciplines.

Graduate and postdoctoral programs will total $106 million in FY 1997, an increase of $11 million, or 11.0

percent, over the FY 1996 Estimate. In FY 1997, a new class of Graduate Research Traineeships will be

funded and the Graduate Research Fellowships program will be enhanced to allow an increase in the

education allowance A new science education postdoctoral program for production of K-12 and

undergraduate level professionals will be initiated In addition, increases will include support for

international postdoctoral fellows and for industry-based fellowships for graduate students and

postdoctoral fellows A new competition is planned for Research Training Groups

Other Support for Education and Training

NSF supports programs to promote public understanding of science, mathematics, engineering, and

technology (SMET), including the collection, analysis, and dissemination of data on US and international

resources devoted to science, engineering, and technology The FY 1997 Budget Request is $17 million.

a decrease of $800,000, or 4 4 percent, from the FY 1996 Estimate Increases for data collection,

analysis, and evaluation of selected data systems will be offset by decreases in programs promoting public

interest and literacy in SMET
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CROSS-CUTTING ACTIVITIES IN RESEARCH AND EDUCATION

New cross-cutting activities in research and education are always emerging within the framework of

NSF's existing programs. NSF uses both formal and informal mechanisms to ensure that links are

created across organizations and key program functions The examples below describe areas where

NSF provides formal coordination, through a group of senior managers, due to their importance within

NSF's priorities or to interest on the part of other agencies.

Integration of Research and Education

One might argue that all NSF programs have an education and training component since they develop

the participants
1

knowledge and skills Likewise, many education and training programs are linked to

research activities Integrating research and education is one of NSF's core strategies for

implementation of its strategic plan Coordination is provided across a broad range of relevant

programs The coordinating group is currently developing a new activity that will focus on the

identification and recognition of universities with significant research capabilities that have shown bold

leadership, exceptional innovation, and tangible accomplishment in linking research and education

In the Research Project Support key program function, relevant programs include Faculty Early

Career Development (CAREER); Research in Undergraduate Institutions, Collaborative Research in

Undergraduate Institutions; Research Experiences for Undergraduates, Grant Opportunities for

Academic Liaison with Industry (GOALI), and Engineering Research Centers, Science and

Technology Centers. Materials Research Science and Engineering Centers and Minority Research

Centers of Excellence, all of whose missions include the integration of research and education

In the Education and Training key program function, relevant programs include Institution-Wide

Reform of Undergraduate Education in Science, Mathematics, Engineering and Technology, Graduate

Research Fellowships; Graduate Research Traineeships. Science Education Postdoctoral

Fellowships; Research Training Groups, Undergraduate Faculty Enhancement, Undergraduate

Course and Curriculum Development, Instrumentation and Laboratory Improvement, Combined

Research-Curriculum Development Program; and Engineering Education Coalitions

Coordinated Interdisciplinary Research and Education in Areas of National Priority

An evolving set of interdisciplinary frontiers in areas of broad national interest also receives sustained

attention and coordination. These areas emerge from NSF planning processes that take account of

both (1) input from the research and education community resulting from such activities as workshops,

reports, and advisory committees and (2) national goals for science and technology In identifying

areas included in this set, NSF considers factors such as scientific readiness, the availability of

infrastructure, NSF's role in promoting the discovery and dissemination of new knowledge in service

to society, and the potential for collaboration NSF has played an important role in nurturing research

and education in areas that subsequently became the focus of interagency coordination and national

efforts.

Seven well-defined areas currently make up this set of opportunities for investment The coordination

mechanism provides a means of establishing priorities within each area and tracking the
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research through facilities enhancement and acquisition and development of instrumentation for

shared use

Biotechnology. The FY 1997 estimate for Biotechnology is $176 million, a 6 2 percent increase over

the FY 1996 estimate The goals for this area are to increase understanding of biological systems at

the most basic level and to develop the infrastructure and human resources for continued progress in

biotechnology Priorities remain: environmental biotechnology, bioprocessing/ bioconversion, and

plant/agriculture biotechnology Special focus areas within these priorities include: building the

knowledge base, the sequencing of the Arabidopsis genome, and interagency partnerships in

multidisciplinary research on bioremediation and metabolic engineering

Civil Infrastructure Systems. The FY 1997 estimate for Civil Infrastructure Systems (CIS) is $57

million, a 4.3 percent increase from the FY 1996 estimate FY 1997 activities emphasize systemic

research with broad-based participation and enhanced partnerships and linkages, including

international interactions. Research priorities include: new and improved materials, deterioration of

materials and systems: life cycle performance evaluation of systems and components: recycling and

retrofit/repair technologies; intelligent renewal decisions for urban infrastructure systems; mitigation of

earthquakes and other hazards, and institutional effectiveness and productivity.

Environment and Global Change. The FY 1997 estimate for Environment and Global Change
(EGC) is $346 million, a 6.5 percent increase over the FY 1996 estimate. The goals of environment

and global change research are to enhance understanding of complex dynamics among natural

systems and humans; to develop knowledge to preserve, manage and improve the environment; and

to provide scientific background for national and international policies. In FY 1997, the overall EGC
priorities reflect increased emphasis on: research related to natural hazard reduction; water, coastal

and marine research, biodiversity, pollution prevention technologies and bioremediation. global ocean

studies and climate modeling Some large scale international programs are making a transition from

data collection to data analysis.

High Performance Computing and Communications. The FY 1997 estimate for High Performance

Computing and Communications (HPCC) is $280 million, a 3 6 percent reduction from the FY 1996

estimate NSF's work in the HPCC area is coordinated through the interagency High Performance

Computing, Communications, and Information Technology Subcommittee on Information and

Communications (CIC) of the National Science and Technology Council In keeping with National

Research Council studies of the overall HPCC program, the CIC has reformulated the national effort

to reflect the rapid evolution of HPCC technologies For FY 1997, NSF's goals, priorities, and funding

estimates are consistent with this reformulation which emphasizes Global Scale Information

Infrastructure Technologies; High Performance Scaleable Systems; High Confidence Systems; Virtual

Environments; User-Centered Interfaces and Tools; and Human Resources and Education

Manufacturing. The FY 1997 estimate for Manufacturing is $125 million, a 3 6 percent increase over

the FY 1996 estimate In FY 1997, increased support will be given to: developing software and
hardware tools for virtual and physical rapid prototyping, advanced fabrication and processing

methods that are resource and energy efficient, developing the fundamental breakthroughs in

sensors, process modeling, computation and control, and in their coordinated application for next

generation intelligent manufacturing systems; and research on environmentally conscious design and
manufacturing, including methodologies for design for disassembly and recyclability, life cycle

design/assessment and material life cycle analyses.

Science, Mathematics, Engineering, and Technological Education. The FY 1997 estimate for

Science, Mathematics, Engineering, and Technological Education (SMETE) is $695 million, an
increase of 8.4 percent over the FY 1996 estimate. NSF is working to strengthen partnerships with

industry, state and local governments, and schools, colleges and universities throughout the country

NSF is committed to providing the citizenry with the knowledge and skills needed to meet the
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demands of the high-technology jobs of the future FY 1997 SMETE priority areas include Pre K-12

systemic reform at urban, rural, and state levels, including activities that support reform; technological

workforce and expanded comprehensive undergraduate reform; and expansion of activities that

integrate research and education, including a new science education postdoctoral program, a new
class of graduate research traineeships. integration of K-12 education projects with research activities,

and Research Training Groups and System Reform of Engineering Education

Opportunity Fund

In FY 1995. Congressional appropnators provided NSF the flexibility to pursue unusually promising

cross-cutting activities through the creation of an Opportunity Fund of up to $15 million NSF used this

flexibility in FY 1995 to accelerate investment in emerging areas The total Opportunity Fund
investment in FY 1995 was $13 3 million

In FY 1997, NSF plans to continue with its use of a similar Opportunity Fund Current plans include

• enhanced investments in learning and intelligent systems that build on seed funding for this area

from the FY 1995 Opportunity Fund;

• a new activity focused on the identification and recognition of universities with significant research

capabilities that have shown bold leadership, exceptional innovation, and tangible

accomplishment in linking research and education, and

• developing emphases on aspects of modeling and simulation that address predictability in a

variety of phenomena; and on addressing research topics and educational approaches of

importance to the urban environment.
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KEY PROGRAM FUNCTIONS AND GOALS-BASED
PERFORMANCE ASSESSMENT

The Government Performance and Results Act (GPRA) requires that performance be assessed in

terms of progress toward strategic goals The key program functions represent aspects of NSF's

portfolio that have varied performance objectives in support of those goals

NSF's Goals and Core Strategies

The NSF Strategic Plan, NSF in a Changing World, identifies a course of action in keeping with

the Foundation's tradition of excellence and its commitment to working in partnership with other

organizations dedicated to advancing science and engineering The plan sets forth three broad

goals to help guide the agency's investments

• Enable the United States to uphold a position of world leadership in science, mathematics,

and engineering

• Promote the discovery, integration, dissemination, and employment of new knowledge in

service to society

• Achieve excellence in US science, mathematics, engineering, and technology education at

all levels

The plan describes four core strategies through which the agency will address its goals These

core strategies provide a touchstone against which the agency tests its priorities in planning

programmatic activity.

• Develop Intellectual Capital. NSF's investments in the Nation's intellectual capital, that is, in

people and the ideas they create, are essential to meeting the agency's goals. This means
looking for areas that are particularly ripe for advancement, identifying and supporting the best

ideas in research and education and the most capable people, and nurturing the systems that

engage future generations with science and engineering.

• Strengthen the Physical Infrastructure. Creative, innovative ideas require resources for

their pursuit. The physical infrastructure is an enabling aspect of NSF's activities It helps

create an environment in which effective progress is possible NSF is promoting the

intelligent development of a versatile and adaptable infrastructure for the future

• Integrate Research and Education. NSF's close involvement with academic institutions

gives it the ability to promote the closer coupling of research and education NSF aims to

engage researchers and educators in a joint effort to infuse education with the joy of

discovery and to bring an awareness of the needs of the learning process to research,

creating a rich environment for both.

• Promote Partnerships. NSF does not itself perform research or education activities. Thus,

the Foundation cannot achieve its goals without partnerships. Success requires collaboration

with many different partners, including the academic community, industry, elementary and

secondary schools, other Federal agencies, state and local governments, and other

institutions involved in science and engineering.
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These goals and core strategies are implemented through the investment strategies developed for

the budget request, the merit review of projects that make up the portfolio of investments, and a

cycle of performance assessment that addresses the effectiveness of the implementation

Plans for responding to GPRA

For all functions composing the set of investments NSF makes in research and education. NSF
proposes to use descriptive performance goals based on its strategic plan, and to ask

independent assessment panels to judge whether the Foundation's investments have met them
The panels would assess broad areas of science, engineering and education, and cover the entire

range of the Foundation's activities over a five to eight-year period The panels would include

international members and members from organizations that use the science and engineering

knowledge and human resource base The panels would be provided with both quantitative and
qualitative performance information on which to base their assessments. During FY 1997, the

Foundation will build the base of results information available from its various activities and

experiment with using assessment panels effectively.

The following performance highlights include some of the information that might be presented to

the assessment panels Because the purpose is to tie outcomes to goals, the highlights have
been laid out in a goal-based framework.



PERFORMANCE HIGHLIGHTS

GOAL: Enabling the U.S. to uphold a position of world leadership in all aspects of science,

mathematics, and engineering.

Research Project Support: NSF investments in fundamental research activities provide support

for the cutting edge research that characterizes world leadership in many fields They help to

maintain the nations capacity to perform in science and engineering, particularly in the US
academic research enterprise

• Parallel Computing Systems. Since the 1960s, NSF has supported research on various

aspects of parallel computing During the past 10 years the overall investment, which has

supported a broad range of related activities with impact well beyond parallel systems, has

totaled approximately $285 million As a result of this investment and the investments of other

agencies, there has been a paradigm shift from sequential systems with a single processor to

parallel systems consisting of from a few, to thousands of processors capable of executing

instructions simultaneously In addition to being the only form of computing capable of

addressing the high performance needs of the science and engineering research community,

parallel computing is also becoming increasingly pervasive in workstations and other less

powerful systems as a cost-effective alternative to sequential computing.

• Polymers NSF invests about $45 million annually on basic research on polymers through

about 300 individual investigator grants and several centers. Past NSF support of basic

research has contributed substantially to the $300 billion per year US polymer industry It is

important to find cheaper and more benign solvents to replace toxic volatile organic solvents

for polymer synthesis In research supported jointly by NSF and EPA, an environmentally

benign method of polymer synthesis was discovered using liquid carbon dioxide This

research received one of Discover magazine's 1995 Awards for Technological Innovation,

and several chemical companies are supporting its development for commercial use Other

exciting work in polymers focuses on finding ways to use plastics in place of silicon as the

base material of microcircuits. NSF grantee Alan Heeger recently received the international

Balzan Prize for his work in the area of Science of New Materials, where Heeger and

collaborator Fred Wudl synthesized all-plastic light emitting diodes.

• Genetic Code Two of the major challenges in biology are to determine the genetic blueprint

of organisms, as encoded in their DNA, and to decipher how this linear blueprint leads to the

complicated structure of biological molecules The Science and Technology Center for

Molecular Biotechnology, with $24 million from NSF over the past seven years, has developed

integrated tools and instruments to meet these challenges A distinguishing feature of the

Center's research is that it focuses the most powerful methods from chemistry, computer

science, engineering, mathematics and physics on biological problems Researchers at the

Center were involved in the development of the first automated DNA sequencer, and their

current research is leading to new analytical instrumentation with greater sensitivity and

productivity than existing instruments Recently, the University of Washington has capitalized

on the Center's success by creating a new Department of Molecular Biotechnology that will

provide a multidisciplinary educational program of biology, genomics, protein chemistry,

instrumentation and engineering

Facilities: NSF support of large multi-user facilities provides physical and institutional capabilities

necessary for scientists and engineers to carry out research which enables the United States to

uphold world leadership across a broad spectrum of scientific and engineering fields
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The Academic Research Fleet includes ships, submersibles and large shipboard equipment

necessary to support NSF-funded research and the training of oceanographers The twenty-

seven ships in the US academic fleet provide the resources necessary for the research

community to explore new areas of science. For example, researchers aboard the research

vessel Melville accomplished the first major demonstration of the Iron Hypothesis, that

"fertilizing" the oceans with iron could influence the levels of C02 in the atmosphere. The
hypothesis is based on the theory that plant growth in large areas of the ocean is limited by

the availability of dissolved iron Scientists from Moss Landing Marine Laboratories and 12

other institutions in the U S , England and Mexico fertilized an 8x8 km patch of ocean west of

the Galapagos Islands with 220 kg of iron and tracked it for 20 days as it drifted a distance of

over 1100 km The rapid growth of plankton began to reduce the concentration of carbon

dioxide in the surface waters and after 10 days the concentration of C0 2 had dropped 20

percent below the initial values The IronEx II research cruise confirmed an

ocean-atmosphere linkage that may drive large scale climate change

Recent Results from Radio Astronomy. The powerful Arecibo Observatory discovered,

through telltale radio signals, planets (roughly the mass of the earth) around a nearby neutron

star These are the first known planets outside of the solar system The radiotelescopes of

the Very Long Baseline Array (VLBA) can study signals which have been traveling across

the universe from quasars and radiogalaxies The unparalleled angular resolution of the

VLBA, 100 times finer than the Hubble Space Telescope, has shown that the extraordinary

luminosity of these radiogalaxies is due to gaseous material falling into massive black holes.

Recent technical advances at the National Radio Astronomy Observatory (NRAO) have

made it possible to observe carbon monoxide (CO) and molecular oxygen (02 ) in the gas
clouds making up the youngest galaxies These first galaxies are seen to be large amorphous
structures that are not yet dynamically stable These observations will contribute to

understanding exactly how and when heavy elements such as carbon and oxygen formed in

the early universe

In its first five and one-half years, the National High Magnetic Field Laboratory (NHMFL)
has become a truly unique facility With a first-rate scientific and technical staff, including

Robert Schriefer, Nobel Laureate, the NHMFL has already set world records for magnetic field

strengths obtained in resistive magnets The NHMFL collaborates with the High Field Magnet
Laboratory in Grenoble, France, the National Research Institute for Metals in Tsukuba, Japan
and the European Community 100 Tesla Program At home, the NHMFL has established

active collaborations with industries such as Dow Chemical, DuPont, Intermagnetics General,

American Superconductors and others In addition, the NHMFL has established a masters

degree program in magnet technology at Florida A&M University/Florida State University

College of Engineering, undergraduate programs for women and minorities, and K-12
cooperative education programs involving regional schools The NHMFL is well on its way to

ensuring the scientific and technological competitiveness of the United States in high

magnetic field research

Polar Facilities provide the infrastructure for research in Antarctica -- a remote, hostile

environment at the end of a long logistical supply chain NSF funds the operation of three

research stations; two research ships and about 30 field camps; a fleet of aircraft operated

for NSF by DOD; and an icebreaker operated by the US Coast Guard The Antarctic

infrastructure sustains the pursuit of unique scientific opportunities. For example, since the

1985 discovery of the "ozone hole" above Antarctica, NSF has supported research to

understand the causes and dynamics of stratospheric ozone depletion in polar regions

Recent observations of ozone depletion in the Arctic and the excursions of the Antarctic

ozone hole over Argentina have heightened the interest in ozone depletion research in high

latitude regions, particularly in populated areas Building on the ozone research, data from
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the NSF Polar Ultraviolet Radiation Monitoring Network have now provided the first direct

measurements of potentially harmful ultraviolet radiation occurring in a region affected by the

Antarctic ozone hole Such ongoing research has a direct impact on issues in human health

as well as on understanding atmospheric structure and climate

Education and Training: NSF seeks to ensure an adequate, well-trained workforce that can

maintain leadership in science and technology

Graduate Research Fellowships. The Graduate Research Fellowship Program (GRF)

identifies and encourages young American science, mathematics, and engineering students

to develop their potential and prepares them for leadership in the nation The GRF program,

initiated in 1952, is designed to ensure the vitality of the human resource base of science and

engineering in the United States and to strengthen its diversity. Since its inception. GRF has

invested approximately $700 million in fellowships to over 31,000 outstanding graduate

students in the sciences, mathematics and engineering. Many of these individuals have had

distinguished careers in research, academia, and industry. In 1995, Dr. Eric F. Wieschaus

became the 13th Awardee to receive the Nobel Prize Dr Wieschaus won an NSF Graduate

Fellowship in 1969 to study genetics He earned his Ph D at Yale, and has been teaching

and conducting research at Princeton University since 1987 His Nobel Prize in Medicine

recognizes his discovery of how genes control the early structural development of the body.
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GOAL: Promoting the discovery, integration, dissemination, and employment of new
knowledge in service to society.

Research Project Support: The discoveries produced by NSF-funded research projects provide

a foundation for broad and useful applications of knowledge and the development of new
technologies. Researchers in the academic, government, and private sectors build upon the

results of NSF-funded work

• Advanced Storage Systems Advanced storage systems are vital to the U S computer

industry's ability to maintain its competitive edge in world markets and continue its world

leadership of the information super-highway One crucial technology involves improving

recording heads as they access data at very small distances from rapidly spinning storage

discs Researchers at the Data Storage Systems Engineering Research Center combined the

effects of air bearing design, gas dynamics, dynamical mechanical forces between heads and

discs, and surface roughness and wear to develop state-of-the-art head/disk interface

simulation programs Companies such as IBM, Hewlett Packard, and Seagate Technology

have received licenses from the ERC to use this technology in the design of the next

generation of storage devices NSF has provided about $9 6 million to this ERC over the past

six years.

• Geographic Data Display. With NSF support of $9 4 million over the past eight years,

researchers at the National Center for Geographic Information and Analysis (NCGIA) have

developed powerful methods for manipulating, correlating, analyzing, and displaying

geographic data Geographic information systems are a major tool in both the public and

private sectors for land use. transportation planning, and environmental management NCGIA
has developed automated support systems for spatial decision making and for processing

satellite and other remote sensing data These developments provide the key framework for

a multi-million dollar industry that develops geographic information systems

• Energy Dissipation in Structural Systems. Over the last five years. NSF has invested

approximately $5 million in the area of passive energy dissipation As one part of this broader

field, research on energy dissipation and large deformations of thin-walled cylinder cluster

structural systems has provided extremely useful results Innovative energy absorption

hardware has been used to develop new transportation safety technologies, such as the

crash cushions located at the exits of many interstate highways and around temporary

construction sites The Federal Highway Administration estimates that the use of these

impact attenuation devices has prevented thousands of highway deaths and serious injuries

each year, with an annual savings of about $400 million.

• Medical Imaging In keeping with its desire to fund scientific research with potentially

significant societal benefits, NSF is supporting a collaboration among researchers at the

Space Telescope Science Institute in Baltimore, Georgetown University's Lombardi Cancer
Research Center, and Johns Hopkins University to detect signs of cancer in digitized

mammograms. Sophisticated astronomical image processing techniques, the product of

decades of investment by NSF and other Federal agencies, makes such research possible

In this case, image-processing software developed by NASA for the Hubble Space Telescope
reconstructs and filters images which, when applied to a digitized mammogram, enables

researchers to distinguish suspicious areas that may indicate breast cancer from other areas

With initial results showing promise, the team of researchers will work on refining and testing

the detection methods

• Economics Over the past decade, NSF has provided about $160 million for fundamental

research in management and decision science, and economics This research has included

experiments that have been used to identify strengths and weaknesses of existing and
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proposed policies and to test innovative alternatives Improved policies developed by

incorporating the results of such experiments can lead to substantial savings For example,

the FCC sold broadband communication licenses using a "simultaneous multiple round

auction" system developed by NSF-funded researchers, and captured at least $1 billion in

additional net revenue for the government Based on NSF-funded research, EPA is using

pollution permits to promote more cost effective reductions in pollution levels This approach

will save about $100 million in the Los Angeles Basin alone

• Composite Materials. NSF invests about $10 million annually on basic research on

composite materials This research into new materials bridges the fields of engineering,

physics, chemistry, and mathematical simulation With NSF support of $12 6 million over the

past seven years, the Science and Technology Center for High-Performance Polymeric

Adhesives and Composites has developed tough new materials like the advanced composite

used in the tail-section of the Boeing 777. Light as aluminum but far more durable and

fatigue-resistant at high altitudes, this resin-and-fiber composite is ideal for aircraft

Composites are familiar to us in recreational applications such as tennis rackets, golf clubs,

and sailboat masts. At the higher performance levels, the success of our satellites, earth-

orbiting systems, and stealth aircraft depend on fundamental composite materials research

• Tornado Research Coordinated NSF sponsored research at universities, the National

Center for Atmospheric Research (NCAR) and the Center for Analysis and Prediction of

Storms (CAPS) is advancing fundamental knowledge of tornadoes and tornadic storms The

NSF and NOAA project VORTEX (Verification of Origins of Rotation in Tornadoes

Experiment) revealed unprecedented details of tornado genesis and served as a test of short-

term forecasts (up to 6 hours) of tornadic thunderstorms Two types of advanced tools were

used during VORTEX. The first was several advanced Doppler Radars developed

collaboratively between university scientists, NOAA and NCAR The second was the

numerical prediction system developed at the CAPS - the Advanced Regional Prediction

System, the best weather numerical model in existence for the prediction of localized severe

weather events.

• Experimental Program to Stimulate Competitive Research (EPSCoR). EPSCoR, initiated

in 1979, enhances the research competitiveness of 18 states and the Commonwealth of

Puerto Rico (all called "states"). EPSCoR builds partnerships among major research

universities, industry, and state governments to strengthen science and technology (S&T)

research, higher education, and technology transfer Over the period 1979-1995, EPSCoR
awarded $145 million in grants matched by $300 million from participants In FY 1995,

EPSCoR supported over 240 S&T projects conducted at 62 institutions These projects

involved more than 1,000 faculty and more than 2,000 postdoctoral, graduate, undergraduate

and high school students and covered all disciplines supported by NSF EPSCoR participants

have made the establishment of university/private sector partnerships a high priority

EPSCoR-sponsored R&D projects have also spawned some productive spin-off activities

For example, EPSCoR-funded research in South Dakota on the recovery of platinum from

catalytic converters has provided the basis for two patents and a pilot company

Facilities: In addition to providing capabilities which produce world class research, the facilities

supported by NSF have promoted the potential uses of research results and technological

breakthroughs in the instrumentation provided by facilities.

• The four NSF Supercomputer Centers have fostered fundamental advances in our

understanding of science and engineering in areas including the application of computing,

communications and information technologies to important national problems One major

accomplishment has been the dramatic expansion of the use of high end computing to

explore important questions in many scientific fields For example, research carried out at
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one of the Supercomputer Centers has led to a clearer understanding of the chemical and

physical processes responsible for the formation of air pollution The computational capability

to perform this type of detailed modeling and scientific understanding led to changes in the

Clean Air Act and is now a routine part of the design of more effective air pollution control

strategies throughout the world Projects currently underway, such as the linking of powerful

supercomputers to solve complex climate simulation problems, promise to keep this nation at

the forefront of science, engineering, and education in computer and networking technology

well into the twenty-first century

Created in 1960, the National Center for Atmospheric Research (NCAR) serves as the

world center for atmospheric research Facilities available to university, NCAR, and other

researchers include advanced computational resources and research aircraft to measure

meteorological and chemical state parameters Recent research using these facilities has

ranged from the global effect of clouds on climate, to the background status of aerosols in the

atmosphere, the development and testing of the next generation of climate models, from

observations and simulations of tornado formation to detailed observations of the sun's

corona This research will increase our understanding of the climate and will help to improve

the accuracy of weather forecasting

For six years NSF has supported the University NAVSTAR Consortium (a consortium of 30

universities) to provide equipment, technical, and logistic assistance to scientists using the

Global Positioning System (GPS) GPS is a space-based radionavigation system of 24 earth-

orbiting satellites The three-dimensional positioning relative to a terrestrial reference frame

with an accuracy better than a few millimeters allows direct measurements of the motions of

tectonic plates, displacements along seismically active faults, and the swelling of volcanoes

before eruption These projects have led to a much improved understanding of earthquakes

and earthquake hazard mitigation techniques

Education and Training: Many of NSF's educational programs simultaneously seek to use new
knowledge in service to society

Engineering Education Coalitions. The Engineering Education Coalitions link engineering

programs in colleges and universities together to create and implement comprehensive,

systemic models for reform of undergraduate engineering curricula For example, the

Engineering Coalition of Schools for Excellence in Education and Leadership (ECSEL),

consisting of engineering schools at Howard University, City College of New York,

Massachusetts Institute of Technology, Morgan State University, Pennsylvania State

University, the University of Maryland, and the University of Washington, has made significant

progress in institutionalizing the design experience into the core curricula With $3 million

annually from NSF, matched by contributions from the participants, these schools have

worked together since 1990 to introduce engineering design all across the curriculum The
ECSEL schools use assorted projects to introduce design at the Freshman level Howard
University has focused on the design of products for the community such as portable shelters

for the homeless The University of Maryland freshman design course is now offered to all

600 incoming students and has resulted in the design, manufacture, assembly, and testing of

fully realized products such as windmills to produce electricity and solar water boilers At

Penn State the introductory design course is now offered to approximately 500 students per

semester At the City College of New York (CCNY) the Engineering Freshman Design course

is now required in the engineering curricula
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GOAL: Achieving excellence in U.S. science, mathematics, engineering and technology

education at all levels.

Research Project Support: Research Projects contribute to the education and training of the

next generation of scientists and engineers by giving them the opportunity to participate in

discovery-oriented projects NSF centers provide an alternative and enhanced environment for

broad interdisciplinary education at all levels while maintaining the highest standards of intellectual

excellence

Antarctic Research and Education: Live from Antarctica. Modern communications

technologies have enabled NSF to bring antarctic science to classrooms around the United

States. In the 1994-1995 antarctic summer, the pioneering public television series, Live from

Antarctica, offered students in middle schools and high schools four hour-long "electronic field

trips." The live telecasts allowed students to see and examine Antarctica's harsh environment

and its research projects (weather, biology, animal life, etc.) with the guidance of the

researchers in the field, including researchers at South Pole Station Students from several

sites around the country interacted with NSF funded scientists

The programs were broadcast across the United States, on public television, and reached

thousands of classrooms in 46 states There were follow-up question and answer sessions via

the Internet. With a small investment, this $750,000 project - with support from several

Federal agencies and private-sector organizations in addition to NSF - demonstrates how the

combination of distant, exotic regions or phenomena, new technologies, and the expertise of

NSF-funded researchers can inform and educate the public about contemporary science, as

well as to motivate and inspire young people.

The father of a sixth-grader wrote, "I've never seen a science project that was more alive with

the breath of what it means to do the work of science " One hearing-impaired student pointed

out that using the electronic medium for learning has the effect of "equalizing" the educational

playing field for hearing impaired or other physically challenged students An early evaluation

of 128 teacher responses representing 272 classrooms and 6,559 students indicated that 99

percent were able to integrate the project fully or partially into their teaching goals and

objectives. The same percentage said they are likely to use the materials again with a new
class of students

• Ocean Drilling Program (ODP). The ODP is a multinational program of basic research in

the marine geosciences supported through NSF and six international partners Over the last

twelve years, NSF has invested approximately $270 million in the ODP, 60% of the total

international effort, as well as $49 million in U.S. science support associated with the drilling

program (which includes US educational activities) The program uses a drilling vessel, the

JOIDES Resolution, to recover sediment cores and geochemical and geophysical logs from

the continental margins and deep oceans NSF's investment in this program has led to

improved understanding of plate tectonic processes, of the earth's crustal structure and

composition, of conditions in ancient oceans and of changes in climate through time

The ODP has always recognized that a strong education component is essential for

maintaining the U.S.'s competitive lead in drilling research The program has sought to

incorporate educational opportunities, for students at all levels of schooling, into its research

activities Educational support has primarily been through fellowships and scholarships

granted to undergraduate and graduate students In particular, the ODP has emphasized its

doctoral fellowship program which provides students an opportunity to do research, largely of

their own choice, which is compatible with the research interests of the drilling program

Since the fellowship program in the Geosciences began in 1987, it has awarded $20,000/year

fellowships to four or five students each year Most fellows conduct their research aboard the
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dnllship, which provides a unique opportunity to interact in the intense scientific environment

of the long ocean drilling legs

In addition to the doctoral fellowship program, the ODP has sought to integrate education

through several other programs For the past five years, ODP has offered a Distinguished

Lecturer Series designed to bring the results of the program's research to students at both the

undergraduate and graduate levels, and to the general earth sciences community. In

addition. ODP has developed an interactive, multimedia CD ROM which describes, and

involves students in, the research activities on the drilling ship. The CD, accompanied by a

teachers manual, provides interactive laboratory exercises for primary education students to

complete with the guidance of the scientists aboard the drilling ship NSF's total investment of

almost $200,000 in these two programs has been very successful in teaching students about

Earth System Science and bringing ODP science results to the general public

Facilities: The NSF supported facilities directly contribute to the education and training of science

and engineering students, and enhance the public awareness of science and the goals of

scientific research.

• NSF's nurturing and support of NSFNET, now expanded into the global Internet, has had a

profound impact on science, education, and communication worldwide. A natural evolution of

the ARPAnet, NSFNET was a Foundation-supported nationwide computer network that

enabled almost instantaneous communication between researchers and educators in all fields

and served as an experimental platform for high speed networking. As more sites were

connected to the network, better communications tools were developed, such as Mosaic (the

precursor of today's websurfing software), which was created at the NSF-supported National

Center for Supercomputing Applications The combination of vast stores of information

available on-line and simple yet effective tools for accessing this information led to

exponentially increasing demand by the public for access to Internet services. The Internet

has now moved beyond servicing the research and academic communities and has

blossomed into an entire industry supplying an indispensable educational service to society

that is used by millions daily.

Education and Training: In addition to the training of the next generations of excellent scientists,

NSF strives to enable U.S. students to become well-informed, scientifically and technologically

literate citizens.

Statewide Systemic Initiatives (SSI). SSI is a major effort to encourage improvements in

science, mathematics, and engineering (SME) education through systemic changes in the

education systems of the states Initiated in FY 1991, NSF has invested over $275 million in

24 states and Puerto Rico, an investment matched by $200 million from other sources SSI

has touched more than 2,900 school districts, over 13,000 schools and has involved over

100.000 teachers who instruct more than 5 million students SSIs use a wide combination of

reform strategies involving broad partnerships in the development of goals, solutions, and
actions For example:

The Connecticut SSI (Project CONNstruct) has worked for four years with communities, local

school districts, state agencies, and other partners to institutionalize improvements in all

students' learning of science, mathematics and technology Other Federal, foundation, and
corporate sources have tripled NSF's $8 million contribution to the Connecticut SSI effort

More than 130 of the state's 166 districts are now participating in this systemic initiative

Course taking and test scores in SME. the proportion of high school graduates who continue

their education, and the amount of teacher education that is being restructured have all
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increased since 1991 A vigorous public awareness and community outreach strategy has

fostered continuing coverage of the reform effort by over half the state's print media and 80

percent of its electronic media

Success in math and science education reform is demonstrated in the Louisiana SSI

(LaSIP) The heart of LaSIP is professional development, focusing on the redesign of

professional development programs for mathematics and science teachers Accomplishments

to date have been substantial For example, 74 mathematics and science projects, involving

over 2,400 teachers throughout the state have been funded by LaSIP in the first three cycles,

with approximately 25 additional projects to be funded in 1995-96, affecting 800 more

teachers Almost 18 percent of the 59,400 students who took the 1994 Louisiana grade

seven mathematics test were instructed by LaSIP-trained teachers In a state with high rates

of illiteracy and low rates of high school graduation, the LaSIP students, ethnically ana

economically representative, averaged scores two to three items higher than other students

This performance is directly related to the professional development of teachers over the past

four years In 1995-96, approximately 200,000 students in Louisiana will be taught by LaSIP

teachers.

The Systemic Initiative for Montana Mathematics and Science (SIMMS), initiated in FY 1991

has redesigned the state's mathematics curriculum for grades 9-12 into a multidisciplmary

approach that is being implemented in 106 of the state's 173 schools It currently is being

taught to more than 7,000 students Through SIMMS, professional development services in

FY 1995 reached about 550 of the state's 980 secondary math and science teachers, directly

or indirectly affecting 31 ,000 students out of a total student population of 47,000

The Urban Systemic Initiative (USI) program addresses both the need for systemic change

in science and mathematics education at the elementary and secondary levels and for

enhanced productivity for groups that traditionally have been underserved by our national

education system Begun in FY 1993, the USI targets the 25 cities with the largest

populations of school-age children living in poverty NSF's USI investment through FY 1995

totaled about $63 million, and although the program is relatively young, initial outcomes are

encouraging For example, the Dallas Independent School District is developing and

implementing a new, integrated K-12 science and math curriculum, and the school district is

instituting a new management structure to improve delivery of education to its 145,000+

students Activities in Dallas have resulted in a $2.3 million match from the O'Donnell

Foundation to expand USI efforts Also, the city of Dallas passed a $275 million bond issue

for capital improvements, including technical applications, which is testimony to the early

strength of USI efforts. The Dallas school district has forged important partnerships with area

corporations (Occidental Petroleum. Frito-Lay. Texas Instruments. IBM, and Mobil Oil) The
school district notes that mathematics test gains have exceeded expectations in seven of

eight tested grades All of this activity has occurred in just the first year of USI efforts in

Dallas.

Calculus - The Mathematical Gateway to Science The Calculus and Bridge to Calculus

activity has reformed the teaching and learning of calculus nationally NSF has invested about

$22 million in this program since its inception in FY 1988. The program objectives are to reform

courses and curricula so that calculus serves as a "pump" rather than a "filter," thereby

expanding the academic and career options and opportunities for students These courses

focus on numerical, visual, and applied interpretations of calculus. Students make extensive use

of technology, engage in cooperative learning, and learn to attack the open-ended problems

faced in the real world The best selling calculus text last year (over 800.000 copies sold) is a

reformed text developed through the NSF funded project produced by a Harvard-led

consortium of five universities, two four-year and one two-year college, and a high school. The
NSF support was critical to the formation of a consortium of this breadth, an essential feature of
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this project to develop innovative materials ready for broad adoption The impact of the NSF
program can be measured in several ways, including the fact that over 35 percent of all students

enrolled in calculus in the US are now taking a "reformed" course, including those in over 1000

institutions that were not supported by NSF as pilot projects under this program, indicating

exceptional leadership, dissemination, and impact-

Research Training Groups Since 1989, NSF has sponsored 23 integrated,

multidisciplmary. training programs through its biological sciences Research Training Groups

(RTGs) program, for a total investment of approximately $30 million The goal has been to

facilitate broadened education and research training centered on a multidisciplmary research

theme RTGs include faculty from disciplines such as mathematics, chemistry and computer

science in addition to the biological sciences, and students from undergraduate through

postdoctoral levels Opportunities for industrial internships are included as part of the training.

The programs of individual RTGs often impact students at many institutions. For example, the

RTG for Metals in Biology at the University ot Georgia offers a summer workshop in inorganic

biochemistry to graduate students from across the nation Over the last 5 years,

approximately 400 students from other institutions have received instruction in isolation and

genetic characterization of novel bacteria, and in the purification and analysis of novel, metal-

containing proteins The multidisciplinary training being provided students at Georgia and

other RTGs is helping to develop a "fearless" biologist, a scientist especially well equipped to

tackle the challenging multidisciplmary problems of the 21st century.
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PERFORMANCE HIGHLIGHTS
FOR ADMINISTRATION AND MANAGEMENT

NSF manages its research and education programs through a cycle that involves choosing an

appropriate portfolio of programs and activities, project selection, and project and program

assessment

Portfolio Management

As described in the Budget Overview, NSF balances its portfolio of activities in a variety of ways,

introducing new programs and shifting resources toward existing ones regularly The amount of

funds obligated for facilities as a percentage of total obligations is one of NSF's measures of

balance in its portfolio Facilities funding can grow out of balance with other activities, given the

possibility of large, sudden incremental construction or operations costs NSF management and

the National Science Board guard against this threat to the overall balance in the NSF investment

portfolio in their continual review of facility plans. This year, NSF staff recommended and the

Board approved the principle that facilities funding should remain in the range of 20 to 25 percent

of the total budget. Achieving this goal will require continued management attention during the

budget process, as well as on-time, on-budget performance from the facilities themselves.

Facilities Obligations as a Percent of Program Funds

FY 1990
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As the table indicates, this new standard requires significant improvements from current

practice

Processing Time from Proposal Receipt Through
Directorate Recommendation

Fiscal Year

1990 1991 1992 1993 1994 1995

Proposal Processing Time

Average (Months) 6 5 6 5 6 8 6 7 6 6 6 5

Processed within Customer

Service Standard 51% 45% 45% 46% 50% 48%

Performance Assessment

Performance under NSF awards is regularly examined through the merit review process. In the

case of research projects, this happens when grantees apply for additional funding In the case of

centers and facilities, regular site visits and recompetitions gather performance information and

incorporate it into resource allocation decisions. Committees of visitors, advisory committees, and

the National Science Board provide oversight at program and directorate levels

As described in the introduction to the Key Program Functions section, NSF has been moving

toward an even more systematic examination of goal-based performance assessment in response

to the Government Performance and Results Act.

NSF proposes to set descriptive performance goals based on its strategic plan, and to ask

independent assessment panels to judge whether its investments are leading toward them. The
panels would be provided with both quantitative and descriptive information on which to base their

assessments

• The panels will be able to draw on reports of results provided by principal

investigators on research projects This information will be gathered and retrieved

through a new results information base scheduled for implementation early in FY
1997.

• The panels will have access to reports of results provided by facility and center

directors, external reviews, and the reports of site visit reviews. NSF is currently

testing a set of indicators of the efficiency and effectiveness of facility operations

• In judging NSF's education portfolio, the panels will have access to the Impact

Database that gathers information on outcomes of activities funded through the

Education and Human Resources account.

• The panels will also be able to draw on the results of special performance studies. For

example, an evaluation of the Science and Technology Centers program is underway
and two studies of the Engineering Research Centers (ERC) program, on the impact

of ERCs on industry and on ERC graduate student outcomes, are neanng completion
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Other Highlights

• In order to provide the best returns on public investments In research, engineering, and

education activities, NSF staff work to reduce administrative burdens on grantees as far as

possible Electronic communication presents NSF with unique opportunities to reduce the

administrative burden on the research community and on NSF in many parts of the proposal,

review, and award process A key part of this effort is Project FastLane, a three year

experimental program utilizing advanced information technology to explore methods to re-

engineer and streamline the way NSF does business with the research community In October

1995, participation in FastLane was expanded beyond the original 16 universities and now

includes over 100 institutions This group represents a broad cross section of NSF funded

institutions including large universities, state colleges, community colleges, minority institutions

and museums In FY 1995, the Graduate Research Fellowship module was particularly

successful having over 20% of its applications submitted electronically Another notable

success was that 10% of all cash requests from institutions were submitted to NSF via

FastLane. All requests were processed within 5 days (and 90% were processed within 3

days) The standard for processing these requests is 90% within 5 days In FY 1995, 800

reviews were submitted via FastLane This resulted in a savings of 200 hours of processing

time

• NSF has implemented a site on the World Wide Web that has drawn critical acclaim from our

customers and the trade press The NSF home page (and associated sites developed by

NSF research directorates and staff offices) has provided a number of benefits to NSF and to

the communities we serve

1 The NSF website serves as a very effective vehicle for communicating with the

external research community The home page has expanded the overall audience for

NSF information and enabled us to reach target audiences more quickly

2. The "instant" access made possible by dissemination on the World Wde Web has

helped us to make important science news and information (e.g., press releases)

available quickly and to a broader audience

3 The NSF home page has given NSF the opportunity to create an unprecedented

global science information network that showcases the accomplishments of NSF-
sponsored research projects and centers

4 Feedback from our external customers regarding the NSF home page has provided

valuable insights on their information needs

• The NSF Information Center annually responds to over 50,000 requests for information from

external audiences about NSF programmatic and operational activities In a recent pilot

project, the Center worked with the Office of Polar Programs to develop a profile describing

facets of the Antarctic and Arctic Research Programs. The profile included frequently

requested information that could be disseminated directly to customers through the Center,

thereby freeing the program staff from handling numerous routine inquiries This pilot will be

expanded to other program areas of NSF and should result in significant time savings from

customers and program staff.

• FinanceNet is the Internet's worldwide home for public financial management FinanceNet

began as a concept at the National Performance Review in early 1994 and is now operated by

NSF under memoranda of agreement with agency members of the U.S. Chief Financial

Officers Council. FinanceNet seeks to achieve its goals by (1) encouraging dialog for the

sharing of ideas, best practices and successes through subscriptions to a series of 30 public
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Internet mailing lists and corresponding netnews newsgroups, and (2) by providing an instantly
available electronic library of financial information on gopher, ftp and World Wide Web Internet
servers to empower government financial operations staff and taxpayers to make more
effective decisions. FmanceNet is also the worldwide electronic "clearing house" for
information on the sale of all manner of public assets from real property and loans to planes,
boats, cars, jewelry, and just about anything that any government, Federal, state, local or
International, will be offering for sale to the general public electromcally-truly a "one-stop-
shop" for such information FinanceNet has become the largest government administrative
Internet network on all service platforms in the world FinanceNet posts an average of 75 new
financial management documents every month, processes over 300 e-mail messages daily
and is visited at the rate of nearly 9 million "hits" per year
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NUMBERS OF PEOPLE INVOLVED IN NSF ACTIVITIES

Over 200,000 people are directly involved in NSF programs and activities, receiving salaries, stipends, or participant

support

In addition, an estimated 15 million people are indirectly impacted by NSF programs These programs reach Pre K-

12 students, Pre K-12 teachers, and researchers through activities including workshops, informal science activities

such as museums, television, videos, and journals, outreach efforts, and dissemination of improved curriculum and

teaching methods

FY 1995 FY 1996 FY1997

Estimate Estimate Estimate

Senior Researchers 25,300 24.800 25,700

Other Professionals 9,300 9,100 9,400

Postdoctoral Associates 4,100 4,000 4,200

Graduate Students 20,100 20.000 20.800

Undergraduate Students 27,600 25,400 25,900

K-12 Students 11,200 11.600 6,100

K-12 Teachers 105,900 115,000 125,500

Total Number of People 203,500 209,900 217,600

Senior Researchers include scientists, mathematicians, engineers, and educators receiving funding through NSF

awards. These include both researchers who are principal or co-principal investigators on research and education

projects, and researchers working at NSF-supported centers and facilities

Other Professionals are individuals who may or may not hold a doctoral degrees or its equivalent who are

considered professionals, but are not reported as senior researchers, postdoctoral associates, or students

Examples are technicians, systems experts, etc.

Postdoctoral Associates are individuals who have received Ph.D., M D , D Sc ,
or equivalent degrees less than

five years ago, and who are not members of the faculty of the performing institution Most of these postdoctoral

associates are supported through funds included in research projects, centers or facilities awards The balance of

these, less than 5 percent, are recipients of postdoctoral felllowships.

Graduate Students include students compensated from NSF grant funds Roughly 15 percent of these students

receive support through programs such as the NSF Graduate Fellowships, Minority Graduate Fellowships, and

Graduate Traineeships. The balance assist senior researchers or postdoctoral associates in performing research,

and are supported through funds included in research projects, centers or facilities awards.

Undergraduate Students include students enrolled in technical colleges or baccalaureate programs compensated

from NSF grant funds They may either be assisting senior researchers or postdoctoral associates in performing

research, or participating in NSF programs specifically aimed at undergraduate students, such as Research

Experiences for Undergraduates or Alliances for Minority Participation

K-12 Teachers include teachers at elementary, middle and secondary schools These teachers participate in a

direct, intensive enhancement project, which includes approximately three week programs with follow-up activities

K-12 Students are those attending elementary, middle and secondary schools These students receive direct

support in NSF programs, such as the Young Scholars program and the Summer Science Camps
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NSF FUNDING PROFILE

Approximately half of the awards that are supported in a particular fiscal year are competitively

reviewed in that year through NSF's merit review process The other awards are continuations of

projects that were competitively reviewed in a prior year The funding rate is the number of

competitive awards made during a year as a percentage of total proposals competitively reviewed

It indicates the probability of winning an award when submitting proposals to NSF

The annualized award size displays the annual level of support provided to awardees by dividing

the total dollars of each award by the number of years over which it extends Both the average

and the median annualized award size for competitively reviewed awards are shown

Average duration is the length of the award in years The duration calculation is limited to

research projects and excludes other categories of awards which fund infrastructure-type

activities such as equipment and conference awards which do not require multi-year support.

The Quantitative Data Tables, provided under a separate tab, are based on all proposals and

awards, including competitive awards, contracts, cooperative agreements, supplements and

amendments to existing grants and contracts

NSF FUNDING PROFILE
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LEVEL OF FUNDING BY PROGRAM

PROGRAM ELEMENT

IIIOI ()(.!( \l M II M IS

$88,552 $94,170 $87,200 $92,220 $5,020

88,552 94,170 87.200 92.220 5.020

5.8%

5 8%

INTEGRATIVE BIOLOGY AND NEUROSCIENCES

Integrative Biology & Neuroscience Research Projects

ENVIRONMENTAL BIOLOGY

Environmental Biology Research Projects

80,374
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LEVEL OF FUNDING BY PROGRAM (continued)

I Dollars in Thousands)

PROGRAM ELEMENT FY I MS FY11»
ACTUAL REQUEST

COMPI'TER AND INFORMATION SCIENCE AND ENGINEERING

FY W7 FY 97 Rto/FY 96 Est

REQUEST AMOUNT PERCENT

$39,776
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LEVEL OF FUNDING BY PROGRAM (continued)

PROGRAM ELEMENT 97 Req/FY 96 Est

n PERCENT

Mill SCIMIIIIM, AMU \UNO\MI \; II S>SII \l\

Bioengineering

I iiMronmefilal and Ocean Systems

CHh.MlCAl AMI IHISSI'IIIII SYSII\l

Chemical and Transport Systems

( II II AMI W/< HAM! At. SYSTEMS

Hazard Mitigation

Civil, Mechanical and Materials Engineering

Total

39.657
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LEVEL OF FUNDING BY PROGRAM (continued)

PROGRAM ELEMENT

GEOSC1ENCES
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LEVEL OF FUNDING BY PROGRAM (continued)

PROGRAM ELEMENT

MATHEMATICAL AND PHYSICAL SCIENCES

MATHEUA T1CAL SCIENCES
Research Project Support

Infrastructure Support

REQUEST ESTIMATE
'

REQUEST

ASTRONOMICAL SCIENCES

Astronomy Research and Instmn

Facilities

PHYSICS

Physics Research Project Support

Facilities

CHEMISTRY
Chemistry Research Project Support

Instrumentation & I

Total

MA TERJALS RESEARCH
Materials Research Project Support

Materials Research Science and Fngineering Centers

National Facilities and Instrumentation

Total

OFFICE OF MULTID1SCIPL1NARY ACTIVITIES

Research Project Support

93,349
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PROGRAM I LI Ml \ I

SIM_IM
;
IUIJ_\MOKM WHH OMIMh sc II M Is

(Dollars in Thousands)

CHANGE
FY 1995 FY 1996 FY 1996 FY 1997 FY 97 Req/FY 96 Est

ACTUAL REQUEST ESTIMATE ' REQUEST AMOUNT PERCENT

12.430

12.430

12.000

12.000

1124(1(10 $10,000

I MIIIISI \l IS Pol \l! Kl SI U<( II PMIM.HWIS $lono4J " $172,280 $154.4

$62,600 $62,600 $62,600

CRITICAL rKUVHOGIlslNSllll II $2,000 $2,1

$2 2SI4ti2 52 4M.OIK $2,274,1 1.472.000 $I98.C

$2,281,462 $2,454,000 $2,277,098 $2,472,000 $114,902



LEVEL OF FUNDING BY PROGRAM (continued)

PROGRAM ELEMENT

EIH CATION AM) HI MAN RESOURCES

EXPERIMLM 1/ PR< KiRAM lO STIMULATE

COMPETITIVE RESEARCH (EPSCoR)

Experimental Program to Stimulate Competitive Research

UNDERGRADUATE EDUCATION
Curriculum & Laboratory Development

Teacher and Faculty Development

i,rii>i hi iin i \uu\

HUMAN RESOURCE DEVELOPMENT
Precollege Education (ACCESS)

Undergraduate Student Support

Research & Education Infrastructure

Opportunities for Women and Persons with Disabilities

To(«l

RESEARCH. EVALUATIONAND COMMUNICATION

Evaluation

Technology

SubtoUl.EIIR

Carryover

$94,217



61

LEVEL OF FUNDING BY PROGRAM (continued)

REQUEST ESTIMATE

M \ KIR RIM \R( H EQl IPMENT

SALARIES AND EXPENSES

Salanes & Expenses

NSF Headquarters Relocation
J

$129,014
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About the National Science Foundation

NSF is an independent federal agency created by the National Science Foundation Act of 1950 (PL 81-

507). Its aim is to promote and advance scientific progress in the United States The idea of such a

foundation was an outgrowth of the important contributions made by science and technology during World

War II. From those first days, NSF has had a unique place in the Federal government it is responsible

for the overall health of science and engineering across all disciplines In contrast, other federal agencies

support research focused on specific missions, such as health or defense The Foundation is also

committed to ensuring the Nation's supply of scientists, engineers, and science educators

NSF funds research and education in science and engineering It does this through grants and contracts

to more that 2,000 colleges, universities, and other research institutions in all parts of the United States

The Foundation accounts for about 25 percent of Federal support to academic institutions for basic

research

NSF receives approximately 30,000 proposals each year for research and education and training projects,

and several thousand applications for graduate and postdoctoral fellowships, it makes approximately

20,000 awards These typically go to universities, colleges, academic consortia, nonprofit institutions, and

small businesses The agency operates no laboratories itself but does support National Research

Centers, certain oceanographic vessels, and Antarctic research stations The Foundation also supports

cooperative research between universities and industry and US participation in international scientific

efforts.

The Foundation is led by a presidential^ appointed director and governed by the National Science Board

(NSB) The Board is composed of 24 members, representing a cross section of American leadership in

science and engineering research and education; appointed by the President to 6-year terms, with one

third appointed every 2 years, and selected solely on the basis of established records of distinguished

service. The NSF Director is a member ex officio of the Board In addition to governance of the

Foundation, the Board serves the President and the Congress as an independent advisory body on

policies affecting the health of US science and engineering and education in science and engineering.

NSF is structured much like a university, with grants-making divisions for the various disciplines and fields

of science and engineering and science education NSF also uses a formal management process to

coordinate research in strategic areas that cross traditional disciplinary boundaries The Foundation is

helped by advisors from the scientific community and from industry who serve on formal committees or as

ad hoc reviewers of proposals This advisory system, which focuses on both program direction and

specific proposals, involves more than 59,000 scientists and engineers a year. NSF staff members who
are experts in a certain field or area make award recommendations, applicants get anonymous verbatim

copies of peer reviews

Awardees are wholly responsible for doing their research and preparing the results for publication, the

Foundation does not assume responsibility for such findings or their interpretation.

NSF welcomes proposals on behalf of all qualified scientists and engineers and strongly encourages

women, minorities, and people with disabilities to compete fully in its programs In accordance with

federal statutes and regulations and NSF policies, no person on grounds of race, color, age, sex, national

origin, or disability shall be excluded from participation in. be denied the benefits of. or be subject to

discrimination under any program or activity receiving financial assistance from NSF.
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Mr. Schiff. Dr. Lane, I want to say a couple of things first, just

so there is no mistake between you and me; and I am sure there
would not be, but those watching us today:

The first is, I believe the National Science Foundation is a very
well-run organization. I said that in my prepared remarks, and I

want to say it again. When you are on a committee with jurisdic-

tion over any agency, the dirty laundry starts to come over. You
know, people with some kind of complaint come in to see you to

say, "Well, what about this?"

I can tell you that what I have seen—and by the way, there are
even complaints about how Congress is run sometimes; I know
none of you in the room believe that, but on occasion I have heard
it

[Laughter.]

Mr. Schiff. (continuing) the things I have heard about, and
some of which we have discussed. Things like how many direc-

torates there ought to be, and so forth. Although these are reason-
able questions, they do not amount to serious criticism of the agen-
cy, and I want you to know that. I want no mistake in any portion
of this hearing if I raise something to misconstrue what I feel

about your agency.
Dr. Lane. Thank you, Mr. Chairman.
Mr. Schiff. The second is, I want to assure you that, speaking

for myself and Mr. Cramer and other members of the Subcommit-
tee, all of us are committed to the idea of funding basic research
to the absolute extent possible.

I can assure you—I believe in both of our cases, and on behalf
of the other Subcommittee members—that in the budget process,

whether it is internal with the Congress or internal with the Ad-
ministration, or between the two as that comes up, that we will all

do our best for scientific research funding within the mutually
agreed goal of balancing the budget.
However, I have to say that we cannot totally eliminate all ref-

erences to sides of the aisle, and Administration, and Congress,
and so forth because it is part of how the legislative process works.
Way over there on your right, the Science Committee staff has

prepared a chart. I don't know if you have a copy of that—you do,

do you not?—and Congressman Cramer has a copy, but essentially

I don't know if the members can see it all the way on the other
side—they have copies also—but in essence it is the Science Com-
mittee's analysis of the proposals for nondefense discretionary

funding.
The red line is their analysis of the President's proposals as

scored by the CBO, and the blue line is their analysis of presently
the Congress's proposal.

Now of course proposals are "proposals." I mean, if and when we
reach an agreement between the Congress and the President—and
I hope we do—then there would presumably be a whole new set of

numbers there.

But as you can see, as we analyzed the Administration's propos-
als, the proposal is for an increase in nondefense discretionary
spending for fiscal year 1997, which it just so happens we have to

vote on in 1996, which I think is a presidential election year—

I

might have that wrong, but I am pretty sure I am right about
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that—and then it starts to go down from there; and it goes down
so much that at the very end it falls. The total figures fall below
what Congress is recommending at this time.
Again, we have talked about this privately, so you know what I

am going to ask you, I trust. That is, what I would like to know
is where does NSF fit into the Administration's budget for the full

seven years through the Year 2002, if you know?
I wonder if you could tell us about that?
Dr. Lane. Well, Mr. Chairman, we certainly recognize that, in an

effort to get hold of the deficit, there is pressure on many budget
categories and certainly on the nondefense discretionary budget.
The outyear numbers that have been published for the National

Science Foundation, the bottom-line numbers, over the period that
you have mentioned are essentially flat from 1997.
So the President has made a very good request for us in 1997,

as has been remarked on here; and the budget authority in those
outyear projects is roughly constant in current dollars through that
period.

It is also the case, though, that the outlays for at least several
of those years increase in recognition of earlier budget authority on
major construction projects that will be spent out over a number
of years.

So I guess I would conclude by saying two things:

The outyear numbers that have been provided for NSF do, in

fact, show the President's strong commitment for science and for

NSF.
It is also the case that we understand that the outyear numbers

are not locked, and that the situation will be re-examined every
year.

We would expect to continue to make the strong case for NSF's
budget because we believe that this is an important investment in

the nation's future.

Mr. Schiff. Dr. Lane, I cannot resist telling you, looking at that
chart, that there is kind of a Republican joke that goes: "Does Vice-
President Al Gore know what President Clinton is proposing for his

presidency four years from now?"
[Laughter.]
Mr. Schiff. I am not seeing too many chuckles, so maybe it tells

me the political division out there, I don't know.
But I have a couple of follow-up questions.
My first follow-up question is on the flat NSF budget that you

have referred to. In the President's budget submission that we re-

ceived a few days ago, the President had total figures printed
twice. One is CBO-scored, which is our mutual agreement between
the President and Congress; and the President had a separate set

of numbers—and I have no idea why that was in the budget since

we have all agreed to use the CBO numbers—but the President
has a separate set of numbers of total spending, not CBO scored;

I assume, OMB scored.

The chart you see there is using CBO scoring for both the Ad-
ministration's proposals and Congress's proposals.

The question is this. Do you know whether the proposal you have
just stated for the outyears for NSF is under CBO scoring, or under
OMB scoring?



Dr. LANE. I am sorry, Mr. Chairman, I do not know the answer
to that question.

Mr. Schiff. All right, Dr. Lane, I regard that as an extremely
important question. In fact, I think it was nothing less than mis-
leading for the Administration to put in a budget spending figures

that are not related to the Congressional Budget Office verifica-

tions after the President has agreed with the Congress that we
would all use Congressional Budget Office figures.

I think to introduce a separate set of figures for total spending
is nothing less than providing a lot of confusion. That is why I

would like to be certain which set of figures your testimony applies

to. I would be grateful if you would get back to me on that.

[The following information was received for the record:]

Scoring of NSF Budget

The budget proposals presented in the President's budget for NSF were developed
using outlay rates that have been agreed upon by NSF, OMB, and CBO. It is our
understanding that OMB and CBO do not differ on the scoring issue. Therefore, the
outlay proposals displayed for all years are consistent with both OMB and CBO
scoring. However, OMB and CBO disagree on certain economic assumptions for Fis-

cal Years 2001 and 2002. As a result, the budget presents two sets of tables, one
of which displays proposed budget authority and outlays through FY 2002 using the
Administration's economic assumptions, and one which displays outlays through FY
2002 using only the CBO assumptions.

Mr. Schiff. I would like to also ask if you have the breakdown
within your separate accounts within the NSF as to how the funds
in the next six fiscal years will be spent.

For example, I believe that the Congressional proposal is for a
3 percent real growth in the Research and Related Activities Ac-
count for each year for the next six fiscal years.

Can you tell me within the Research and Related Activities Ac-
count what the breakdown is in those fiscal years in the figures

you have referred to?

Dr. Lane. Well, Mr. Chairman, one thing I would like to say is

I think the Research and Related Account does not correctly project

NSF's investment in research. Let me be more specific.

In the NPR process we identified a different way of describing
our activities. I don't mean that we changed the account structure,

but we felt it was appropriate to try to look more carefully at the
activities that we are funding and identify what all goes into re-

search activity and what goes into education.
So we have broken out and given examples in our 1997 budget

of what we spend on so-called "research projects" which I refer to

in my testimony—that's grants, and centers, and other such activi-

ties—and a "research facilities" line, critically important in sup-
porting the research projects, and "education" and "training."

These do not correspond one-to-one with the accounts. "Research
and Related" includes many activities that, quite properly, can be
called "education and training," and the EHR account includes
some activities that, in fact, are almost entirely research.

So that is why we have—not to try to obfuscate the situation at

all, but to try to clarify how our money really is invested—we have
moved to talking also about these key programs.
Mr. Schiff. Well
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Dr. Lane. The reason for me—I am sorry. I will try to finish very
quickly.

Mr. SCHIFF. Please.

Dr. Lane. The reason I am going into that is to say that our pri-

orities now both in developing the 1997 budget and also we would
anticipate to apply to the outyears, would be to keep the balance
between what we call research projects and research facilities and
education and training.

So that is our expectation under these budget scenarios over the
next several years.

Mr. SCHIFF. Dr. Lane, you have every right to give further expla-

nation, and the points you have made are very important, but I re-

spectfully point out you did not answer my question, which was: Do
you have a breakdown, over the next fiscal years, of projected
spending in the Research and Related Activities Account (RR&A)?

Dr. Lane. Yes, Mr. Chairman.
The R&RA is roughly flat for 1996 through the Year 2000. It

goes up somewhat for the last two years, 2001 and 2002.
Mr. SCHIFF. Could I ask you, in addition to the question I asked

earlier about relating the numbers to which figures in the Presi-

dent's budget, could you get me those figures also at your conven-
ience?

Dr. Lane. Yes, Mr. Chairman.
[The following information was received for the record:]

Research and Related Activities Account Budget

The following table displays budget authority numbers for the Research and Re-
lated Activities account, FY 1996 through FY 2002.

Budget Authority
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well-made and have addressed important needs. So we have no dis-

agreement that our investigators need the very best instrumenta-
tion at all levels that we can provide, and also that universities

have had difficulty keeping their laboratory facilities, their spaces,
their air conditioning and air handling systems up to modern
standards.
So we believe that the investment has been made properly and

the best projects have been supported.
The problem is simply that under constrained budgets, we have

to set priorities and make tough decisions. Our first priority is on
the people and the research activities. If we do not have the money
to support the grants for the researchers, then it is very difficult

for EPSCOR scientists to graduate to a competitive position, for ex-

ample, or in any case to have the scientists funded to use the lab-

oratories on campuses.
So it is simply the case that we believe the institutions are in

a better position, working in partnership with the private sector

and with other sources, to handle the bricks-and-mortar needs of

the laboratories.

The removal of the $100 million does, as you point out, cor-

respond to $100 million moving into the Research and Related Ac-
count. $50 million of that money is going to be used to support in-

strumentation of the same scale of multi- user instrumentation as

we supported previously under the ARI account.

So that money will still be invested in competitive, merit-re-

viewed programs to buy large-scale equipment for the researchers

in institutions across the country. So that will be a competition as

we have had before. The only difference is that the money now re-

sides for that instrumentation, now resides in the various research
directorates.

Mr. Schiff. I understand that, but I just want to make the
point—and I don't question your administrative decision to do that,

but the budget shows an 8.7 percent increase in the proposal for

the Research and Related Activities Account, and that is now not
the same account as it was in the fiscal year 1996 account.

Is that right? Because you have now included the Academic Re-
search and Infrastructure Account with the Research and Related
Activities Account.

Dr. Lane. I am not quite sure I know what you mean, Mr. Chair-
man, by saying it is not the same account. The account does in-

clude this additional responsibility to handle the
Mr. Schiff. Which it did not before?

Dr. LANE. Which it did not before; yes, sir, that is correct.

Mr. Schiff. Two more things, Dr. Lane.
One is, in previous budgets I have seen, "Analysis and Proposals"

for the National Science Foundation, in the category "Salaries and
Expenses," there was usually a separate breakout of about $5.2

million-a-year representing a payment of expenses for relocation of

the NSF.
It is my understanding that in a period of time, that is expected

to be eliminated as the expenses of moving have been paid.

I am just noticing that in "Salaries and Expenses" in your pro-

posed budget, that is not broken out. I wonder if there is any rea-

son why that has been changed?
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Dr. LANE. Mr. Chairman, I think the reason is simply to simplify

the accounting. We still have the $5.2 million to pay on the reloca-

tion, and we can provide you the detail. We have simply tried to

simplify the account structure.

Mr. SCHIFF. One last thing, Dr. Lane, and this is a matter I hope
you were told I was going to ask about before. Timing I guess is

everything in government. Just a couple of days ago I happened to

be shown an article from The Wall Street Journal which talks

about some researchers putting together a proposal for a TV series

funded by a grant from the Department of Energy and the National

Science Foundation.
I just kind of wonder if you have any familiarity with a grant

that was to produce a TV series funded by the National Science

Foundation?
Dr. Lane. Mr. Chairman, my understanding is we do—we have

planned to provide some funding for the development of the con-

cept. I believe this is handled in our Informal Education activity

within the EHR directorate. If you would like more details on it,

Dr. Luther Williams, is here and would be happy to comment.
Mr. SCHIFF. Well I think the article explains what this is all

about. I guess it is a TV drama like some of the police dramas, if

you will, or medical dramas to show the life of scientists. I would
sure be interested to know who the casting is going to be.

I would just conclude with this observation, and then I am going
to recognize Congressman Cramer.

I think I can understand what someone is trying to get at, you
know, in funding the idea of funding a TV program is intended to

provide education; but I would, with respect, offer a caution.

It is easy for that to go awry. I think that is really on the edge,

if not over the edge, of what is appropriate for NSF to be funding,

particularly when I am hearing from so many universities about
how strapped they are for direct research funds, which is your pri-

mary mission, as you know.
I just want to say, again with respect, there are some grant-giv-

ing agencies funded by the Congress that have not been careful

over the years about what kinds of projects they have been fund-
ing, and in my opinion those agencies are heading towards a very
serious problem with the Congress—that they have had one al-

ready, and are running into one in the future to the point where
I think one or more of them may be de-funded before the process
is all over.

I would not want to see NSF get into that kind of controversy
and debate. So I just respectfully point out. It is necessary to be
looking in all directions at once. I know that is hard to do, but I

think you understand what I am saying.

Mr. Boehlert. Will the Chairman yield to me on that subject?

Mr. Schiff. I certainly do yield, Mr. Boehlert.

Mr. Boehlert. You bring up a legitimate concern. I would think,

then, that the Chairman might be enticed to work with me to pro-

vide adequate funding for Public Broadcasting, because quite

frankly as we look across the country, we are hard-pressed to find

any decent programming for young people to simulate their inter-

est in the sciences. Public Broadcasting is trying valiantly, but
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there are some people in this Congress that would eliminate all

funding for it, which I think is absolutely ridiculous.

But I share the Chairman's concern, and I think his caveat is

well taken.
Mr. Schiff. I thank the gentleman.
I did not time my own questions here.

Mr. Cramer. I did.

Mr. Schiff. So whatever
[Laughter.]

Mr. Cramer. I will get 30 minutes.
Mr. SCHIFF. Dr. Lane, we are all watched somewhere. I just want

to make that very clear.

[Laughter.]

Mr. Schiff. Whatever time I took as chair, I happily grant to

Mr. Cramer.
Mr. CRAMER. That is only fair, and I knew you would be, Mr.

Chairman. But just in case, I was keeping up with it.

No, I do not have that much. You have in fact emphasized at

least some of the issues that I wanted to bring up.

I do want to start with an overall budget issue. Your NSF budget
request for fiscal year 1997 I said in my opening statement pro-

vides real growth.
Would you tell me how much growth over the expected appro-

priations level for the current fiscal year?
Dr. Lane. I think—do you mean growth in the year just between

1996 and 1997?
Mr. Cramer. Yes.
Dr. Lane. Well if the inflator is—if you take 3 percent, then I

would say 2.6 percent real growth. It is probably a little more. It

depends on what inflation turns out to be.

Mr. Cramer. In projecting down-the-line over the next six years,

what kind of growth will you experience there in your budget?
Dr. LANE. I think if one measures it from 1997 onward, then our

current outyear numbers would not project any growth over that
period of time. In fact, they would be flat in current dollars, or rel-

atively flat, which would mean we would lose to inflation over that

period.

Mr. Cramer. Dr. Lane, you have had to make tough choices dur-

ing a very confusing budget time, to say the least; and I want to

congratulate you on the progress the agency has made, and on hav-
ing to make those tough choices.

Let me come back to a program that I talked about again in my
opening statement, EPSCOR, which I think is a wonderful partner-
ship arrangement with states like mine.
Would you talk about EPSCOR's budget and NSF's commitment

to EPSCOR as we look currently and down-the-line?
Dr. Lane. Well, Mr. Cramer, EPSCOR has I think been a model

success story. As I think I may have mentioned to you before in

our conversations, EPSCOR was not an idea that I thought sound-
ed terrific back when I was a university professor hearing about it

offhand; but when I had my first opportunity to make a site visit

and be involved in the review process, I of course was immediately
reminded of the high standards NSF applies to everything it does,
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including the EPSCOR program, and also the tremendous impact
that it had on the states involved.

It brought together all the key players in a state to help that
state become more competitive in funding, and more recently, to

better link the research activities with education activities and eco-

nomic development activities.

So I think it has been a tremendous success story.

The budget request we have in 1997 is similar to 1996. It does
not show growth. I think that is, though, quite a good request for

EPSCOR given the current set of situations. So EPSCOR remains
an important program to us in making these decisions, and we felt

this would be the appropriate level.

Mr. CRAMER. Would you expect your funding commitment to be
the same as we look down the next six years?

Dr. Lane. I would certainly expect, unless something unantici-

pated occurs in the evaluation which then would cause us to look

at the nature of the program, as we do with all our programs, that
this properly reflects our priorities.

Mr. Cramer. NSF has also been studying the need for a research
icebreaker to support the Arctic Research Projects. What is the sta-

tus of that proposed project?

Dr. Lane. Well that is one area in which our fleet of research
vessels has an identified need. It is clear that we need some infra-

structure to help Arctic research scientists.

There have been a number of reports, a GAO report, though,
questioning the need for a new ship to do this. A National Academy
of Sciences study more specifically suggested that the new Coast
Guard Icebreaker, the HEALEY, I believe, could in fact play this

role with some appropriate consideration to design needs, more
space for scientists, for example, and attention to schedules that
would better accommodate scientific research.
So our staff is working with the Coast Guard on this to simply

see whether, in fact, that vessel would meet the needs of the sci-

entists working in the Arctic.

Mr. Cramer. I want to come back to the comments that I believe

I heard you make about the situation with research infrastructure.

As I pointed out again in my opening statement, the Academic
Research Facilities was zeroed-out. That part of your budget was
zeroed-out.

You made some reference to how it would be picked up. Would
you talk to me about that again?

Dr. Lane. Yes, Mr. Cramer. We believe that, of the activities that
previously were supported within that account, and there are two
such activities—one is to support larger scale instrumentation,
large spectrometers, computational equipment, nuclear magnetic
resonance instrumentation—instrumentation that is at a level too
large for single grants, and that perhaps would be at the depart-
mental level shared by many people in a department or on a cam-
pus, that level of instrumentation was provided by a competitive,
peer-reviewed process using half of the money in the account. That
has been the case in recent years.
We would continue to make that same amount of money avail-

able—$50 million—but we would do it within the Research and Re-
lated Account.
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The part that we are eliminating is the other $50 million that
was supporting the modernization of laboratories—the replacement
of air handling equipment, the moving of walls, the refurbishment,
the bricks and mortar, to put it simply. It is not that that is not
important or that the universities do not need it. It is simply that
in setting priorities in constrained budgets, our feeling was that,
given the magnitude of that problem across the nation and the rel-

atively small impact of the NSF's part of that, that our funds
would be best spent in these other areas.

Mr. Cramer. All right.

Mr. Chairman, in spite of the fact that I believe I have additional
time, that is all the questions I have. I will yield back.
Thank you, Dr. Lane.
Mr. Schiff. I thank the gentleman.
Now I have to be in the situation of saying do as we say and not

as we do, because both I and our Ranking Member took over five

minutes, but just because we have several Members here now,
which I am very pleased to see and I am glad there is interest, I

am going to ask Members to try to stay within five minutes.
If Dr. Lane and Dr. Petersen can stay, I will offer a second

round. I will not take a second round to make up for the extra
time.
With that, Mr. Gordon, you are recognized for five minutes—oh,

I am sorry, Mr. Luther, you are recognized for five minutes.
Mr. Luther. No questions.
Mr. Schiff. Mr. Luther has no questions.
Mr. Boehlert, I believe you are next. You are recognized for five

minutes.
Mr. Boehlert. Thank you very much, Mr. Chairman.
Welcome, Dr. Lane and Dr. Petersen. I admit at the outset that

I am captain of the cheerleading squad for NSF, so maybe this is

going to be some of your easier questions.

A couple of things come to mind.
First of all, let me compliment whoever wrote this document, be-

cause on page 6 I read something that really sort of warms my
heart. It says:

"Educating today's students in a discovery-rich environment will

better prepare them to meet tomorrow's challenges. Likewise, his-

tory has shown that research in an education-rich environment
yields an exceptionally dynamic and diverse enterprise."
At long last we are beginning to realize there is a linkage be-

tween research and education, and I compliment you for beginning
to focus on this and for that initiative in the integration of research
and education.
Too often I have found from my experience—and this is my four-

teenth year on this Committee—that the research universities real-

ly do magnificent work and I applaud their outstanding work, and
sometimes forget about the educational component of their mission.
So let me just compliment you and encourage you. I know Dr.

Ehlers probably will share that view, too.

Now as I look at the long-range projections, I am not particularly
happy with either side. Because what we are looking at, it seems
to me, throughout the beginning of the next century is sort of level

funding for NSF when we factor in inflation.
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Quite frankly, I plead guilty. I would like to be a bigger spender,
because I think we have got to establish some realistic priorities,

and I am concerned when you have to zero-out the Facilities ac-

count. I am concerned about the inadequacy of funding for instru-

mentation.
I am concerned, for example, as I look at this budget presen-

tation to see that the Supercomputer Centers account is not doing
particularly well, all things considered. As I view it, its projected

growth really is about 2 percent.

Then we hear the possibility that we are going from four mag-
nificent centers that make us preeminent in the world to the possi-

bility of only two centers.

Can you address that subject, please?
Dr. Lane. Mr. Boehlert, I thank you for your comments about

our efforts to do more to emphasize the importance of integration

of research and education. We feel very strongly about it. We put
it down as one of our four core strategies in the strategic plan.

It largely describes our priorities in this budget. As I indicated
earlier, those priorities reflect our priorities for the next several

years.

We appreciate your strong encouragement through the years for

us to look harder at how our programs can, in fact, help the univer-
sities make the changes that are needed.
On the issue of the budget for the Supercomputer Centers and

the change in the program, the budget reflects tough times and
hard decisions. We realize that there are risks involved in all of

these things.

We know that there are outstanding people working in this area,

and we are confident that the new program will be an exciting pro-

gram and that we will be able to move seamlessly from the current
one to the new one with the budget that is provided.
But there is not a lot of room in there.

What do I think about this?

I believe that, were our budget situation better, a more conserv-
ative approach perhaps would have been to stay with the original

program and extend from there at least for some period of time in
the future, because it has been an outstanding success story.

It has revolutionized the way science is done, the way scientists

interact with one another and, unexpectedly, through the develop-
ment of the NSF Net and the Internet, the way everybody interacts
not only in this country but around the world.
We are very proud of our involvement and our role in that part-

nership with other agencies and institutions. We think it has been
extraordinarily successful.

The centers themselves have played a key role. The development
of Mosiac at the Illinois Center by students really led to—really

gave us the trick in being able to handle the Internet where all this

complex information is available and is hard to find.

So we believe it is a tremendous success story.

There have been changes, however, through the years. New tech-
nologies have come along. Many, many other kinds of centers have
developed around the country that have unique capabilities that we
feel we can take advantage of for the scientists and engineers, re-

searchers and educators.

25-682 - 96
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So we think that—I thought, I should say, that it was important
to have a group of experts have a look at this. So we asked Ed
Hayes, Vice President Chemist at Ohio State University, to chair
a panel which we put together to help us with realistic budgets
over the next several years and tell us how best to set up this pro-

gram.
I think it was an outstanding report. I had people tell me it was

a model of what future task forces dealing with these complex
problems really ought to look like.

We followed their recommendations really quite closely. We took
to the Board the recommendation of a new program, which any-
body can compete for, that spreads out a little bit the base, that
takes advantage of this broader capability now out around the
country, which in fact was caused by NSF's efforts in advanced sci-

entific computing for the past decade.
We want to take advantage of that. We want to build that into

the partnerships. So the new program will do that.

We are very optimistic about it. We think it is an excellent pro-

gram. We simply want to ensure that, while we go through this

transition, that the science, in fact, remains as exciting and that
the scientists are as well-supported as they ever have been. So we
are optimistic and we are very excited about it.

Mr. Boehlert. Dr. Lane, that is a very diplomatic response, and
I would expect that from someone as skilled as you, but it seems
to me we are diminishing the commitment to our centers of excel-

lence, and sort of diversifying more. I like the idea of diversifica-

tion, but if I could draw an analogy.
The baseball season is starting shortly. I can recall from history,

not from first-hand experience but from history, reading about the
famous "murders row" for the New York Yankees back in the late

1920s, and I'll tell you what. Nobody thought in terms of sitting

Ruth or Gehrig down because we wanted to bring up some rookies

from the Minor Leagues.
The point is, I think we should build upon it. As we are looking

at priorities, it seems to me you are lessening the commitment to

the Supercomputer Center initiative by virtue of the commitment
of dollars at a time when probably we should think in terms of ex-

panding the commitment.
I know that dollars are tight. Believe me I know that. I stand

ready to vote for more dollars for some of the programs that have
a high priority, just as I am willing to say to some people, sorry,

you cannot have as much as you want, and I am willing to cut
other programs.
Thank you very much. I know my time is up.

Dr. Lane. Thank you, Mr. Boehlert.
Mr. SCHIFF. Thank you, sir, for your fine questions.
Mr. Baker?
Mr. Baker. Thank you very much, Mr. Chairman. Thank you for

holding the hearing, and thank you for the Doctors being here to

explain their budget.
This is probably one of the least partisan committees both under

Mr. Brown and now under Mr. Walker, but the commitment to a
balanced budget has been universal.

In each of Bill Clinton's speeches he talks about it.
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We intend to do it.

So you have in front of you a chart, not withstanding the non-
partisanship, which explains the difference. I am going to ask for

your cooperation here.

In the first line, the top line, is what I would politely call an elec-

tion year blip. You mentioned that you are going to have more
money to spend next year, and increasingly less in future years.

This, shall I say, election year blip line—and I will not mention
whose budget it is, but it does happen to come from the Adminis-
tration—you go along high, and then start dropping. Then after

four years, magically you really go into the toilette.

The second line is a more level line. It says, yes, we realize our
commitment to live within our means and we will slowly work with
all of the agencies to try and get there.

In the two outyears, we are better off. So what the top line says
is. Well, we hope these people go away and we hope we can go back
to deficit financing. The bottom line says. We know that the whole
world forces us to live within our means, and we are going to have
to get there in a patient, slow way. But in the end we will be a
lot better off.

I am asking you if you will cooperate with the Committee to take
that blip out and begin the tough job this year so that in five years
we are going to be better off from then on. Because, just like Sheri
said, there are those of us who believe in Supercomputing. We be-
lieve in the fact that we want to have education in the schools by
scientists.

In my area, the Livermore Lab spends a lot of their time, person-
nel time, out in the schools and it is very, very helpful. So none
of us wants to cut these budgets. But the numbers we get from the
Appropriations Committee are inflexible.

We are not. Despite Sheri's willingness to vote for more spend-
ing, the rest of the House is not going to let us do it. So we have
to get there in a patient way, and we will end up better off if we
take a slow, patient way to do it.

Are you willing to work with this Committee and help us achieve
this end?

Dr. Lane. Well, Mr. Baker, there is no question that I am willing
to work with this Committee.

I cannot comment on all the competing priorities—it would not
be appropriate for me to do so—of all the things that appear under
the nondefense discretionary spending profile.

It would, however—and I understand that as we balance the
budget we will have to find the money some place. However, I real-
ly do not think it is self-serving if I say that it would be irrespon-
sible for me to say that this nation should, in fact, cut its invest-
ment in the future of its children and its grandchildren.
That future is in science.

That future is in technology.
That future is in education.
NSF is an agency that integrates those things and that holds to

the very high standards all the decisions we make by using expert
opinion to make those decisions.

I just feel that it would be irresponsible on my part to say that
that is the place we should go to find the money.
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Mr. Baker. Dr. Lane, the people in the Entitlements Committee
and the Education Committee, and the Welfare Committee, and
every committee we talk to, have the same feeling. We are here be-

cause we care about science, not because we came to cut it.

Dr. Lane. Right.

Mr. Baker. Okay? We agree with you.
But that feeling is throughout Congress. We did not get to $5

trillion overnight. We added $200 billion a year. They have told us.

No more. So we have to do our part.

My question again is. Will you help us get there in a painless
way? Or are we going to go a partisan way?
The partisan way is, we take your TV program and wave it like

a bloody shirt and show that, beyond a reasonable doubt, you are
wasting all your money. That is the partisan way—the election

year blip way. We do not want to do it the other way.
By golly, we are going to spend more on you, and you can count

on us.

Dr. Lane. Well, Mr. Baker, I am here to defend the President's

budget. I think it is an appropriate budget for NSF. It is not a
large increase that has been presented, but certainly a very good
budget in difficult times.

Mr. Baker. I will conclude my questioning by saying. To raise

people up to drop them farther down is not probably a good thing
in physics. It is probably not a good thing in budget.

Dr. LANE. Well, Mr. Baker, I certainly will tell you that we will

do everything we can to ensure that the planning that we have in

place, especially for things that have long, long playouts, implica-

tions for many years down the road, will certainly take into consid-

eration the uncertainty of the budget and that these are difficult

times.

Mr. Baker. You hit the key word.
In Livermore Lab they are going to cut their budget. I know that.

Everybody knows that. It was recommended by the Department of

Energy—not the mean-spirited Republicans in Congress.
The only thing I asked the Department of Energy was, no, not

that I'll vote for more money for the labs—of course I will, and
Sheri will join me—but we are not going to get away with it—so

I asked them, please give us a certainty. Tell us what the budget
is going to be next year, and the year after, and the year after.

They promised to do that by next week.
What does that do? That allows me and the Department of En-

ergy to go to those employees and say. This is what it is going to

look like over five years. These are the retraining programs that

are available. These are the other science slots that are available.

Let's help us help you get through that.

By artificially raising your expenditures and then dropping you
on your head, you are not being fair to your employees, and you
are not being fair to the science budget.
That is all I am asking. Cooperate with us. We are not after you.

We are on your side.

Mr. SCHIFF. The gentleman's time has expired.

Mr. Ehlers?
Mr. Ehlers. Thank you, Mr. Chairman.
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First of all I would like to assure Mr. Baker that he is absolutely

correct that physicists do not like to lift people up and drop them.
[Laughter.]
Mr. Ehlers. However, I also assure you that if it does happen,

we can help you calculate how soon they will hit the ground, and
how fast

[Laughter.]
Mr. Ehlers. (continuing) and what their velocity will be when

they hit.

I would like to associate myself also with the comments of my
comrade from New York, Mr. Boehlert, who made some very wise
observations.
They key issue here, and one we have to communicate to the

public and, to a certain extent, to our colleagues is that the future
economic base of this country two, three, and four decades from
now rests on the decisions we make this year about supporting
science because of the economic engine we have today that is a re-

sult of the sacrifices our parents and grandparents made in fund-
ing science research 30, 40, and 50 years ago. The same now holds
true.

I believe if we do not provide the funds for basic, fundamental
research and science that is going to fuel the economic engine of
the future, we are doing just as good a disservice to our children
and grandchildren as we are when we do not balance the budget.
So this leads to very difficult decisions. But I will join my col-

leagues certainly in trying to do what we can to maintain effective

science research programs in this country.
I will not go into detail on the budget. I have discussed this pri-

vately with both of the witnesses. I think it is very important for

us to proceed with some of our major projects, such as the millime-
ter array radio telescope, also the superconducting cyclotron, and
there are a number of other areas—the NSF's participation in the
large Hedron Collider at CERN—all of these are important
projects, and I encourage their continuation and their funding.
But in addition to those, the essence of NSF is thousands and

thousands of individual investigators across the Nation doing out-
standing research on behalf of our country. That is the unique role

of NSF that they perform very, very well, and that we have to sup-
port and communicate to our colleagues and to our country.

I hope we can do that effectively.

On a point related to that, I have circulated a letter trying to en-
sure full-year funding for NSF as soon as possible, if we continue
to drag along with continuing resolutions.

Because of the nature of NSF and their grant-making mecha-
nism, this has jeopardized a great deal of scientific research in this

nation because they simply cannot make grants without an assur-
ance of their funding for the year. So we have many investigators
and scientists across the country who are unable to receive funding
from NSF.
They will not receive their grants because Dr. Lane cannot prom-

ise money that he doesn't know that he has. I think it is incumbent
upon all of us on the Science Committee to work toward assuring
full-year funding for NSF, as well as NOAA, their scientific enter-
prises in NOAA, NASA, and so forth, as soon as we can.



78

I am hopeful that next week we will produce a budget that the
President can sign. But if we cannot, I hope we can at least in the
next Continuing Resolution provide full-year funding for these sci-

entific enterprises because it is really starting to hamper and hurt
the scientific enterprise in this country.

Having made that impassioned plea, Mr. Chairman, I will not
ask any questions, since you are anxious to cut short the time, and
I yield back the remainder of my time.

Mr. SCHIFF. I am not that anxious, Mr. Ehlers.

Mr. Ehlers. That is fine.

Mr. SCHIFF. Mr. Barton?
Mr. Barton. Thank you, Mr. Chairman.
I have only got one question. I am not going to talk about the

numbers. You have been asked about that a number of times, I am
sure.

I want to read a few statements from your budget summary and
then ask one question.

The first sentence in the statement says: "The National Science
Foundation requests $3.3 billion for fiscal year 1997 to invest in al-

most 20,000 research and education projects in science and engi-

neering."

I want to skip down to the second paragraph. "That mission, to

promote progress in science and engineering."

I want to skip down to the third program. ", ... certain activities,

notably investments in research facilities, have been held constant

in order to strike the balance necessary to extend the frontiers of

science and engineering."

The fourth paragraph. "Fundamental science and engineering".

The fifth paragraph. "Providing ... the United States to uphold a

position of world leadership in science and engineering".

So that on the first page, the words "science and engineering" is

mentioned in every paragraph. I offered an amendment to change
the name of the National Science Foundation to National Science

and Engineering Foundation. Chairman Walker called you and said

that you opposed the name change.
In the first page of your statement, everywhere you mention the

word "science" you also mention the word "engineering."

I am a registered professional engineer. The National Society of

Professional Engineers very much wants to have the name
changed. My Texas Society of Professional Engineers very much
wants to have the name changed. We will raise the money to

change the letterhead.

[Laughter.]

Mr. Barton. We will raise the money to change the name on the
building.

So, Mr. Director, I would like for you to seriously consider next
year, or this year I guess, when I offer the amendment again to

think about being supportive. And if you have got some comments,
I would be happy to hear your comments.

Dr. LANE. Thank you, Mr. Barton.
We clearly take engineering as an important part of our charge,

and that is why it is in there and all the places that it is.
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The reason I opposed the change is not the cost of the letterhead,

but I do appreciate your offer on that one. It is because NSF is also

very much about learning. It is about education.

The research we support in engineering is primarily fundamental
engineering. "Engineering" is a much broader area, a much broader
enterprise than "science" is. Pretty quickly we would, I think if we
wanted the title to really represent the kind of things NSF does,

we would need "education" in the title as well as, and then maybe
"research," and it starts to become cumbersome.
Mr. Barton. But we have a Department of Education. Engineer-

ing is a profession. I did not offer the amendment in a trivial atti-

tude. I offered it because the engineering societies of our nation,
which I happen to think are the greatest engineers in the world,
strongly feel that they are the stepchild of an agency in which the
charter very specifically names engineering as a separate function
of the Foundation.
Now I do not want to belabor this because the Chairman has

been very kind, and you have been here for two hours, but I do
want you to know this a serious effort.

We had a fairly close vote. It would have passed, I think, if you
had indicated support, which you did not. So I just wanted to take
this opportunity to make you aware that we are going to keep try-

ing and hope that we can work together and get you to change your
mind.

Dr. Lane. Thank you, Mr. Barton.
Mr. Barton. And with that I will yield back to the chairman.
Mr. Schiff. I thank the gentleman.
Dr. Lane and Dr. Petersen, I am going to have to go in a moment

because I am due on the House Floor. In a moment I am going to
ask the Vice Chairman of the Full Committee, Congressman
Ehlers, to chair in my place, but then recognize Mr. Olver and any
Members for a second round if they choose.
Two things.

Just so we are clear on the two matters I have asked you about,
I am asking whether the extended figures for the year 2002 that
you told us about are connected to the CBO-scored budget or to any
other budget.
And second, whatever figures you have been given from the Ad-

ministration, that you provide them to all the members of the Sub-
committee, if you would.

Also, I have some more technical questions that I wonder if you
would be willing to answer in writing. Therefore, I presume there
would be no objection to that?

Dr. Lane. I would be happy to do that, Mr. Chairman.
Mr. Schiff. I know that, Dr. Lane.
So I am going to give all Members one week to send whatever

questions in writing that they might want to ask, and would ask
you to respond in two weeks, if you could.
Without objection, the record of the hearing will remain open for

30 days so that we can get these questions and answers back and
forth on the record.

[The following information was received for the record:]
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Scoring of NSF Budget

The NSF budget out-year figures FY 1996 to FY 2002 are from the President's
FY 1997 budget and are consistent with CBO scoring.

The figures for major NSF accounts are presented in the table below.

PRESIDENTIAL POLICY BUDGET AUTHORITY
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Much of that advancement of science across the world is due to

leadership this country has played in making the world a better,

more secure place.

I would find it difficult to decide that the United States was
going to sort of be second in some field or other, was not going to

be preeminent but be world class. I think that is a distinction that
is difficult to make.
What I would have real trouble with is if the United States found

that it was, in fact, not making some of the major discoveries in

all the important fields of science.

There may be subfields where that is not happening right now,
but I am not aware what they would be. My belief is that in all

the important areas of science this country, scientists, researchers
in this country, are making breakthroughs and important advance-
ments all the time.

So I am not sure it is easy, and you did not indicate it was nec-

essarily easy, but I am not sure it is such a good strategy to try

to draw the distinction too sharply.

Where I think we are at great risk

Mr. OLVER. You are the one that is drawing it sharply. I think
you said you would find it difficult to even contemplate the U.S.
not being, I think, almost preeminent. I think I don't find it dif-

ficult with drawing the distinction so that we are never less than
world-class, and I don't know how we could expect to be pre-

eminent in all scientific fields. That is a measure that is probably
beyond our capacities, nor even beyond our arrogance.

Dr. Lane. Yes. Mr. Olver, I miscommunicated and I apologize. I

do not, by any means, believe we can or should expect to be pre-

eminent in every field of science. But unless we push as hard as
we can, then we are not going to be world-class. I do not see any
evidence for that in the past, and I certainly would not believe it

would occur in the future.

We do not ask our scientists to sort of be very good but not excel-

lent. We do not ask our institutions to push pretty hard, but not
try to be the best. This country does not try to be good, but not
the very best.

So that is all I really meant to imply; that somehow the motiva-
tion there, the incentive, has to stay there because this is tough
stuff and it is not going to happen unless we are very, very aggres-
sive.

Mr. Olver. How do you think this relates to our interest in co-

operation in major scientific areas, major what you might call "big
science projects" that we have on the table or that we might have
on the table in the future?
Does our need to be world-class or preeminent somehow make

it—have any implications for the capacity for cooperation in broad
fields, which obviously means that there is a great deal of openness
in who is able to use, and what the data are available for.

Dr. LANE. I think there is no conflict between cooperation and
competition in this regard. And I believe for large, expensive facili-

ties, international cooperation makes a lot of sense.
We hope that we will, in fact, be doing more of that. Certainly

in the case of high-energy physics where the Large Hadron Collider
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(HC) is a facility that our scientists want to use, we certainly
should make it possible for them to do that.

In the meantime, and probably for all time, we will be building
facilities that scientists from all over the world will want to use,
as we are now.
Mr. Olver. Should these cooperative efforts be proportionate?

Are we going to allow that one be the first among equals, that
someone else may be the first among equals in some projects? Is

there any problem with that?
Dr. Lane. That is a very tough question. I wish I knew the an-

swer.
My feeling is that there is some problem with that, but it is a

very difficult question.

Right now, for example, our telescopes that we have made sub-
stantial investment in are available for the world. There is a peer-
review process where the best ideas and the best people can work
at these facilities.

Many of our other large facilities are available to the world of

scientists in that same way. That reciprocity is very good for

science. It means the best science gets funded, as opposed to the
best science within some subcategory of more deserving folks.

Science is going to prosper if we can keep peer-review of the way
in which the decisions are made.
So I think there is a problem, but it is a very important question

and a very difficult one in dealing with these large, expensive
projects. I don't have the answer.
Mr. Olver. Is there enough money
Mr. Ehlers [presiding]. The gentleman's time has expired. I will

let you ask this one final question.

Mr. Olver. Do we have enough money investing—are we invest-

ing, or is there a proposal to invest enough money to make certain

that the general principles that you have put forward are going to

be met?
Are the proposals in the budgets by the President, or those which

have been under discussion for this year and the planned expendi-
tures there for the next few years, are those enough to do what you
are suggesting I think in broad form?

Dr. Lane. I don't believe that the analysis across all of the in-

vestment, federal investment, has been done to the extent that I

could answer that question confidently in the affirmative, but it is

an issue for the fundamental Science Committee.
We talk about this all the time. NSF, I can say
Mr. Olver. You cannot answer confidently in the affirmative?

That is a fairly circumspect statement.
Dr. Lane. Well, my feeling is that the plans of the individual

agencies do appropriately take into account the need for inter-

national cooperation and making available to our scientists access

to these facilities.

The LHC is a good example where that planning is underway.
But what I simply do not know is when you add all the pieces to-

gether with all of the programs of all of the federal agencies that

support science, I think you were asking about the totality, and
that is what I do not know the answer to.
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Mr. OLVER. Is there enough in the NSF, in the programs under
NSF that you support, to foster at least world-class, if not pre-
eminence, in that rather broad combination of things as we have
talked about?

Dr. Lane. I am worried about it.

Mr. Olver. You are worried about it.

Dr. Lane. I cannot assure you. That is why I answered the ques-
tion the way I did earlier, that with decreasing real buying power
in the NSF budget we are going to be able to remain world-class
in all the important fields of science. I would not be able to tell you
that I thought that was the case.

Mr. Olver. Well, recognizing that you cannot ever be absolutely
certain about what will be the right number, your worry concerns
me. I wish it were possible to quantify with some degree of under-
standing of what the margins of error are on a quantification, you
know, what the limits are and whether we are doing it or not doing
it, and what the dangers are that we may not be doing it. Because
we should not be not doing it.

Mr. Ehlers. The gentleman's time has expired.
Mr. Cramer had some additional questions.
Mr. Cramer. Yes, and I will try to be brief.

I am confused a bit by the chart, and rather than belaboring this

point I have been looking at the budget figures myself, and I cer-

tainly would not chart it out that way.
The Chairman has indicated that he would leave the record open

for 30 days, I think he said, and I would like to, as well—and he
made reference to the fact that we could submit additional ques-
tions to you, Dr. Lane. I would like to request of the Chair that
the record be left open so that I and other Members can submit ad-
ditional material, as well.

Mr. Ehlers. Without objection, so ordered.
[The following information was received for the record:]
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Mr. CRAMER. Again, Dr. Lane, I do not see these budget figures

being plotted the way they are plotted on this chart here.

I would ask you, as well, during that time to submit to us a plot-

ting of these figures, as well, so that we can make sure we have
an opportunity to clear that up.

Dr. LANE. For the NSF, Mr. Cramer?
Mr. Cramer. Yes, for the NSF.
Dr. Lane. Surely we will do that.

Mr. Cramer. Now I would like to jump into two other questions.
It is my understanding that the size of the NSF's work force has

been fairly constant over the past several years while the programs
have in fact grown.
Do you, in fact, have a staffing level and the resources needed

to administer the various activities that you have carried on? And
what has improved your productivity, which is what occurs to me
would have had to have been improved.
Would you comment about that?

Dr. Lane. I think I would like to offer an opening comment, and
then if I could ask my colleague, Dr. Petersen, to add to that it is

correct that our staffing level has been roughly constant for a dec-

ade or more, while the budget has gone up substantially and the
workload has gone up, as well.

We have found many efficiencies during that period in how we
do work, and information technology has had a tremendous impact,
as it has on other organizations in doing their work.
But there is no question. I can just give you an anecdote compar-

ing my own experience of 1979-1980 when I was in the Physics Di-

vision to my observation now.
People are working much harder, and it is a much more complex

work environment. It is a good story because there is lots of inter-

action across interdisciplinary lines with other agencies, all good
kinds of things, but the workload is very heavy.
We continue to look for how to get more with the resources avail-

able by streamlining our activities and also by making use of new
technologies.

May I ask Dr. Petersen to add to my comments, if you would?
Mr. Cramer. Sure. Briefly, if you would.
Dr. Petersen. Thank you, Congressman Cramer.
I would be happy to just add that the reason that we've been

able to do this at NSF, in addition to using good information tech-
nology and looking to every possible source of efficiency, is that we
have a very remarkable staff.

The fact that we have increased our budget over the past 10, 12
years from about a billion to $3 billion, with increases in workload
and programs with a level staff, I think is truly remarkable.
This is a very dedicated work force. We are stretched very thin

at this point, and we are very worried about future cuts if we have
a similar workload.

I think we have explored every possible efficiency, and it may not
be possible to stretch further.

Mr. CRAMER. If I could then, quickly, according to my notes your
NSF budget request provides $5 million for an increase in the Ad-
vanced Technology Education Program.
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Now that supports a curriculum and faculty development at two-
year colleges, which are very important in at least my area.

Would you give us a progress report on this? I understand that
is a relatively new program. Describe how the increased funding
will be used.

Dr. Lane. Could I ask Dr. Williams to respond to that?
Mr. Cramer. And if my time has expired, Mr. Chairman, per-

haps they could provide me with that information.
Mr. Ehlers. It has not.

Dr. Williams?

STATEMENT OF DR. LUTHER WILLIAMS

Dr. Luther Williams. As you indicated, Congressman Cramer,
this program was started several fiscal years ago with the particu-

lar purpose of ensuring from a science and math base, adequate
preparation in terms of work force.

The program essentially has three components. It combines the
last two years in high school, 11th and 12th grade, with the first

two years in a community college.

So it requires a partnership between a collection of school dis-

tricts and two-year colleges.

Occasionally four-year institutions are affiliated with them also.

The other obligatory partner is a local industry. A variety of

those, for example, are in your state in the Huntsville area. But
that is how we create this triumvirate between the three players.

The program has been really quite successful. It has resulted

in—I would argue that at least from a scientific and technical per-

spective it is serving to revitalize community colleges, because it

has given them really a very challenging agenda that is yielding

very high returns.

The returns are measured by the rate at which the graduates of

the program are being employed in the local industries, and of

course that information is being communicated to the colleges.

The program has grown over the three years, and we are now re-

questing—as it is one of our highest priorities within the education
and human resources directorate

Mr. Cramer. Would you use the additional monies then to ex-

pand the program?
Dr. Luther Williams. It will be to expand the program. As you

know, we have six or seven large comprehensive centers around the
country.
These monies will be used to expand the program, but in particu-

lar they will be used to bridge the linkage between the community
colleges and the industries.

For a very modest amount of money, we can leverage a major
contribution from the participating industries.

Mr. Cramer. I congratulate you on that program.
I think it makes a lot of sense and accomplishes a lot of things

that I would like to see accomplished.
Thank you for that information. Thank you, Mr. Chairman, I

yield back.
Mr. Ehlers. Thank you, Mr. Cramer.
I believe we have completed all the questions that anyone wishes

to ask.
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Thank you, Dr. Lane and Dr. Petersen, and your staff, for being
here.

Dr. Lane. Thank you, Mr. Chairman.
Mr. Ehlers. We appreciate your work at the Foundation. We

wish you well in the future, and we will certainly do whatever we
can to make your path smooth, even though not paved with gold.

Thank you very much.
Dr. Lane. Thank you.
Mr. Ehlers. With that, the meeting is adjourned.
[Whereupon, at 11:07 a.m., Friday, March 22, 1996, the hearing

was adjourned.]
[The following material was received for the record:]

Responses of Dr. Neal Lane to Questions for the Record

BACKLOG OF FACILITIES MODERNIZATION

QUESTION: Since 1990, NSF has spent about a half billion dollars for the
modernization of the research facilities at colleges and universities. Cur-
rent reports document $8- $10 billion worth of needs. With the FY 97 re-
quest, NSF is proposing to terminate the facilities modernization program.
How is the Administration handling the backlog? Is this problem under
control? Why is NSF proposing elimination of this program?
ANSWER: Since passage of the Research Facilities Modernization Act of 1988,

NSF's Academic Research Infrastructure Program has awarded a total of $253 mil-
lion for facilities renovation. The NSF investment over the past seven fiscal years
represents less than 3% of the estimated current needs. Recipients of these awards
have provided cost sharing at approximately this level, bringing the total impact of
the NSF investment to approximately 5% of the estimated current need. NSF's last
two surveys of facilities needs suggest that the level of need is stable at approxi-
mately $10 billion. These surveys also showed that state sources of support and the
resources of the institutions themselves provide the largest portion of support for

facilities modernization, totaling 76% of the total investment. Private donations
from foundations, industry, and other sources accounted for another 10%. NSF sup-
port represented a small portion of the resource pool available to meet these needs.
It therefore appears that sources of support other than NSF have stabilized the fa-

cilities modernization backlog at the $10 billion level. For these reasons, NSF be-
lieves that construction of specialized research facilities are a higher priority within
the NSF investment portfolio.

Appropriations for ARI Facilities Modernization

[Millions of Dollars]

FY 1990
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(1992-93). These data suggest that NSF funding is a relatively minor source of sup-
port for facilities modernization.

b. Why do you now believe that no federal role is appropriate for address-
ing the facilities problem, which NSF has documented? Why do you be-
lieve that the states and private sector will suddenly step in to solve the
problem?
ANSWER: In proposing elimination of the ARI Facilities activity, NSF is not as-

serting that there is no federal role for addressing the facilities problems on the Na-
tion's campuses. Rather, this decision reflects the realities of the current budget cli-

mate and NSF's belief that its limited resources will have a much greater impact
through investments in specialized research facilities. The ongoing need for state-

of-the-art platforms for cutting-edge research is another aspect of the facilities prob-
lem—one in which NSF can take a leadership role and have a major impact. Based
on their past commitments to and investments in construction and renovation
projects, NSF considers state governments, educational institutions, and private do-

nors to be appropriate leaders for modernization of research facilities.

ESTIMATES OF NEED FOR FACILITIES AND INSTRUMENTATION

QUESTION: Last March, the Committee on Fundamental Science of the
National Science and Technology Council released a report entitled: "Aca-
demic Research Infrastructure: A Federal Plan for Renewal." In the section
on needs for and support of research infrastructure, the report rec-
ommends that federal support for instrumentation and facilities be in-
creased by the amount of inflation—defined as increases of 3% each year

—

plus $300 million over the five year period of FY 1997 through FY 2001.

a. What has changed since last March? Are NSF's past estimates of facility

needs inaccurate?

ANSWER: During the past year, NSF, like all federal agencies, has re-examined
its priorities and has focused on those activities for which it is uniquely equipped
to take a leadership role. This effort to ensure a balanced and highly effective in-

vestment portfolio has involved a careful reappraisal of the Nation's needs for aca-
demic research facilities. NSF stands by its past estimates for the needs of research
facilities on university and college campuses. However, specialized one-of-a-kind re-

search platforms represent another component of 'the facilities problem.' American
leadership in research and education will require a new generation of specialized

research facilities, and NSF is uniquely qualified to act as the federal steward for

this effort.

b. For the long-term health of the academic research enterprise, is it pru-
dent to continue to under-invest in infrastructure?

ANSWER: One of the core strategies articulated in NSF's 1995 strategic plan,

"NSF In a Changing World," is strengthening the physical infrastructure for re-

search and education in science and engineering. Several recent NSF surveys have
estimated a roughly $10 billion need for modernization at academic research facili-

ties and a total rate of investment of approximately $1.5 billion per year from all

sources. NSF support is an extremely small portion of the current rate of invest-

ment in facilities modernization by states, institutions, and other sources of funding.
In contrast, NSF support for specialized research facilities is a large and critical

component of funding. Underinvesting in these world-class research facilities would
erode U.S. leadership in many important research areas.

FY 1997 INSTRUMENTATION PROGRAM

QUESTION: Although the NSF Academic Infrastructure program has
been terminated in the proposed FY 1997 budget, funds have been made
available within the research directorate budgets to continue support for
the acquisition of large scientific instruments by universities,

a. What is the rationale for eliminating the centralized instrumentation
program? How will instrument awards be made? Will each directorate op-
erate a separate solicitation?

ANSWER: NSF intends to continue a centralized instrumentation program de-

spite the proposed elimination of the Academic Research Infrastructure program.
Most of the instrumentation support provided by NSF has come from the Research
and Related Activities account, either as part of research grants or as awards from
instrumentation programs administered by divisions and directorates. For this rea-

son, NSF believes that support for instrumentation is most appropriately managed
as part of the research directorates' budgets. The instrumentation funds previously
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managed through the ARI account will support an NSF-wide competition for instru-

ments that are generally more expensive than those supported through other pro-

grams. The management plan for this Foundation-wide activity is in the develop-
ment phase but there will certainly be a high level of coordination across organiza-
tional units.

b: How did you determine the allocation of funds for instrumentation
among the directorates?

ANSWER: While funds for the centralized instrumentation program were budg-
eted across the NSF research directorates according to the directorates' relative

shares of the NSF budget, the funded allocations will be based on the quality of the
proposals received.

REVIEW OF U.S. ANTARCTIC PROGRAM
QUESTION: The Congress asked the Administration to undertake a com-

prehensive policy review of the U.S. Antarctic program. Can you give the
Subcommittee some sense of your preliminary findings? Further, the FY 97
budget requests $25 million for the South Pole Safety project. What exactly
will this request provide? How important is this proposed investment? How
does it tie into the long term plans for South Pole Station's redevelopment?
ANSWER:

Review of the U.S. Antarctic Program
Responsibility for the review of the U.S. Antarctic program was given to the

NSTC Committee on Fundamental Science. The Committee completed its report and
forwarded it to Congress on April 26, 1996.
The policy review concluded that essential elements of U.S. national and scientific

interests are well-served by continued involvement in scientific activity in the Ant-
arctic as carried out by the U.S. Antarctic Program. In particular, the Administra-
tion found that "maintaining an active and influential presence in Antarctica, in-

cluding year-round operation of South Pole Station, is essential to U.S. interests."

The influential presence of the U.S. in Antarctica helps maintain the existing state

of international peace and stability on the continent. The science carried out in Ant-
arctica, by researchers from 43 states, is of great interest and provides unique and
crucial information in several disciplines. The report concludes that present U.S.
policy and practice with respect to the USAP are well-justified.

A major recommendation by the Committee was that an external panel should be
convened by NSF to explore options for sustaining the high level of USAP science
activity under realistic constrained funding levels. The panel should be free to ex-

amine a full range of infrastructure, management, and scientific options, including
reductions in scope commensurate with a range of budgetary scenarios.
Additional specific findings include the following:

• The National Science Foundation has implemented U.S. policy in an effective man-
ner, especially by substantially improving environmental stewardship, by broad-
ening the science program, and by privatizing some operational elements of the
Program to reduce costs.

• The USAP research program is of very high quality and of great interest to a broad
scientific community.

• At the current level of investment, the USAP is cost effective in advancing Amer-
ican scientific and geopolitical objectives and, from a science perspective, sup-
ports the continuation of three stations with year-round presence.

The USAP should give highest priority to correcting critical health, safety, and en-
vironmental issues at the current station at the South Pole.

South Pole Safety Project

The existing research station at the South Pole has exceeded its designed dura-
tion. The station's general infrastructure has deteriorated, and it is increasingly
costly to maintain activities within acceptable risk bounds. The $25 million re-

quested for FY 1997 for the South Pole Safety Project would provide specific up-
grades to address critical shortcomings in the heavy equipment maintenance facility

and associated work shops, the power plant, and the fuel storage facilities:

• Heavy Equipment Maintenance Facility and Shops ($7.96 million): Specific con-
cerns to be addressed include (1) the absence of exhaust ventilation systems ca-

pable of maintaining hazardous airborne contaminants to within acceptable lev-

els, (2) lack of fire suppression systems in an area where presence of fuels, lu-

bricants and other flammable materials is required, and where ignition sources
are present, and (3) minimal facilities and equipment for working on the large,

heavy industrial vehicles used at South Pole Station.
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• Power Plant ($12.49 million): The current power plant is operating at capacity, re-

sulting in brown-outs and restricted operations. The existing generators are rel-

atively fuel inefficient, the 20-25 year old power plant structure is severely over-

crowded, and power distribution systems are past their intended life. The re-

quested funds will provide new power plant structure, new generators, renew-
able energy equipment, water treatment and storage, and associated equipment.

• Fuel Storage Facilities ($4.55 million): Storage for up to 300,000 gallons of fuel is

required at the South Pole. Fuel is currently stored in fuel bladders that have
risk of leakage or major spills. Steel storage tanks are needed to meet minimum
environmental standards. The fuel storage upgrade includes 10,000-gallon steel

tanks with secondary containment for all tanks and fuel piping and pumping
system. Their capacity will sustain the station for the eight months of winter
isolation and through a possible emergency disruption to the annual fuel resup-

ply.

The project costs include materials, labor, logistics for transportation of all mate-
rial and personnel to the South Pole, construction support, inspection, and removal
of construction debris. The location at the South Pole requires significant lead time
for construction projects because of the lengthy procurement cycle, the shipping con-

straints (one vessel per year to deliver materials), and the shortened period for con-

struction at the South Pole (100 days per year). All three upgrades will be com-
pleted by 2002.
The proposed investment is critical to address current safety, health, and environ-

mental hazards. All three components of this request are "stand-alone," that is, they
are independent of future decisions made on the station at the South Pole.

TRANSFER OF LOGISTICAL SUPPORT TO AIR NATIONAL GUARD

QUESTION: Please update the Subcommittee on the plans to transfer
logistical support from the Navy to the Air National Guard. What are the
rationale and advantages that accrue with the transfer? What is the cur-
rent status of that effort and what is the current timeline NSF and DOD
are working under to complete this transition?
ANSWER: NSF, the Navy, and the Air National Guard have developed a three-

year transition to phase-in support by the Air National Guard and phase-out Navy's
support. The Navy will be completely withdrawn by March 31, 1999.

The transition allows the Air National Guard to hire additional personnel—56 in

FY 96; 115 in FY 97; and 68 in FY 98. NSF will provide $1.5 million in FY 96 for

reimbursement of the first increment of transition costs. This will support the initial

56 personnel to the 109th airlift wing.
Appropriate memoranda of understanding for operation and maintenance of NSF's

aircraft are being drafted, and the transition plan is being implemented. Many ad-

vantages result from the fact that the Air National Guard has a military mission
in the Arctic in the Northern Hemisphere summer. Consolidation of the nation's

fleet of ski-equipped C-130 aircraft will more effectively support Arctic and Antarctic

logistics needs. Consolidation will result in more efficient operations and reduced
costs: fewer total aircraft; fewer personnel; reduced training and maintenance costs.

REPLACEMENT OF SOUTH POLE STATION

QUESTION: NSF has been studying options for replacement of the U.S.
Antarctic Program's South Pole Station. The current budget request in-

cludes funding for upgrades to certain facilities at the station. Is the pro-
posed construction consistent with plans for an eventual rebuild of the sta-

tion, or does it involve temporary fixes to facilities which will be replaced
by a new station? What is the status of plans for rebuilding the station?
ANSWER: The proposed South Pole Safety Project reflects NSF priority for en-

suring that our facilities at the South Pole are, to the extent possible, free of safety,

health, or environmental hazards. All three components of this request are "stand-

alone," that is, they are independent of future decisions made on the station at the
South Pole. They are not temporary fixes, nor would they be replaced by a new sta-

tion.

The current station is nearing the end of its useful life. Planning for rebuilding

the station has been ongoing for over five years. A range of alternatives has been
considered for station size and science support. One alternative examined for replac-

ing the present station, while retaining cost-effective options for further expansion,
costed-out at $181 million. Additional planning will take place based on the rec-

ommendation of the NSTC report for further cost-benefit analysis that examines the
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trade-offs between the size, lifetime, and capability of the station vs. the anticipated
requirements of the science program.

PRIORITY OF U.S. ANTARCTIC RESEARCH ACTIVITIES

QUESTION: Congress has asked for the Administration to provide an
analysis of the priority of the U.S. Antarctic research activities and the
pros and cons of maintaining an Antarctic program at the current scale.
Will this report address the need for a new, permanent South Pole Station?
What process is NSF using to set priorities between infrastructure support
for Antarctic and Arctic research activities and what is the timeline for de-
cisions to proceed with construction?
ANSWER: To quote from the Administration's report: "The NSTC reaffirmation

of U.S. policy, including the need for a continuing U.S. presence at the South Pole,

implies that by the time the Amundsen-Scott Station at the South Pole reaches the
end of its useful life, it will need to have been rebuilt or replaced."
The current station is nearing the end of its useful life. Plans for rebuilding the

station continue to be discussed within the Foundation's long-range planning, and
the timeline for decisions to request funding follows the planning process that is

taking place through the spring and summer. Due to the present budget environ-
ment, NSF will conduct further cost-benefit analyses that examine the trade-offs be-
tween the size, lifetime, and capability of the station vs. the anticipated require-
ments of the science program.

Arctic and Antarctic infrastructure support are currently sized appropriately to

meet the science needs in each area, which are very different in scope. Although
NSF's FY 1997 Budget requests equal funding for research programs in the Arctic
and Antarctic, ($29.10 million each), NSF's responsibilities and support of the infra-

structure necessary to conduct Arctic and Antarctic research is fundamentally dif-

ferent. NSF alone serves as the Nation's manager of the USAP. The Foundation also

supports a program of scientific research in the Arctic, as do 11 other Federal agen-
cies. The scientific activities supported by NSF in these two regions are related, as
reflected in the agency's decision to manage both programs in a single office, but
NSF's mandated responsibility is broader in the Antarctic than it is in the Arctic.

The differing responsibilities reflect geographical and jurisdictional differences be-
tween the two polar regions. The Arctic centers on an ocean covered by sea ice and
includes land areas of populated sovereign nations (including the United States),
whereas the Antarctic is a continent covered by thick glacial ice, isolated from any
sovereign nation, governed by international Treaty, and lacking an indigenous popu-
lation and infrastructure.

Because the United States has territory in the Arctic, its administration of arctic

research is similar to its administration of research in other parts of the country,
where Federal agencies perform or support research relevant to their missions.
Twelve Federal agencies supported arctic research and associated activities in FY
95 at a combined level of $175 million; NASA and NSF were the largest funders
at more than $40 million each. These figures do not include arctic research sup-
ported by the State of Alaska and the private sector. The National Science Founda-
tion, in addition to its primary role of supporting fundamental research and edu-
cation in science and engineering, has a special assignment under the Arctic Re-
search & Policy Act of chairing the Interagency Arctic Research Policy Committee
to promote interagency coordination.
Because the principal expression of U.S. interest in the Antarctic is scientific re-

search, the National Science Foundation is tasked by the President to budget for

and manage the entire U.S. national program there, including operational support,
so that the program can be managed as a single package by a single agency.

UPDATE ON LIGO

QUESTION: Would you please provide the Subcommittee with an update
on the Laser Interferometer Gravitational Wave Observatory (LIGO) pro-
gram? Last year, the funding plan suggested that $55 million should be re-
quested for FY 97. However, the new budget is proposing $70 million. Does
this reflect some increasing cost beyond last year's estimates. What is the
rationale for this increase request? Are you satisfied with the progress
made over the past year?
ANSWER: NSF recently conducted an in-depth panel review of the cost, schedule

and management of the LIGO project. The panel review concluded that LIGO con-
struction will be completed within the estimated cost, schedule and scope and that
the project is on track. Contracts for two of the three high-cost parts of the facilities
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have been awarded as planned and are within the expected estimates. The civil con-

struction remains to be contracted.

The total cost of construction will remain at $272.1 million. The increased funding
in FY 1997, from $55 million to $70 million, will preserve contract flexibility and
reduce the risk of delays in the construction schedule. First, the increase will enable

the civil construction to be offered in large packages which will provide optimal effi-

ciency. Second, prompt initiation and funding of contractor activities will reduce
costs and schedule risks arising from contractor delays which limit performance on
other contractors. The current funding schedule has the estimated FY 1998 costs at

$11.2 million, reduced from $26.2 million. The $15 million reduction offsets the in-

crease in FY 1997.

PROGRESS OF GEMINI TELESCOPE PROJECT

QUESTION: How is the GEMINI telescope project moving ahead? What is

the status of the international cost-sharing issue? Does NSF have any con-
cerns about the international partners not being able to meet their finan-

cial obligations?
ANSWER: Construction of Gemini telescopes is proceeding according to schedule

and cost estimates. The first primary mirror blank was shipped to the polisher in

France in November 1995. The second blank was successfully fused at Corning in

February 1996. Civil construction is well under way at both the Mauna Kea, Hawaii
and Cerro Pachon, Chile sites.

Contributions from Brazil, Canada, and the U.K. are up to date. As of April 1,

1996, Chile and Argentina are technically in default of the Gemini Agreement with
respect to their 1995 contribution. However, in both cases, we are optimistic that

they will continue to participate and meet their obligations:

• In Chile, legislation to satisfy conditions placed on the 1995 and 1996 appropria-

tions by the Chilean Congress is currently under discussion. While there has
been no sign from that body of any ill will towards Gemini, there are complex
issues—such as mining rights—connected with other projects that have slowed

passage. The President of CONICYT (NSF's Chilean equivalent) has been given

personal assurances by President Frei of Chile that commitment will be hon-

ored.
• In Argentina, there is also a great deal of enthusiasm for the project. Payment of

the 1995 Argentine contribution has been held up by an internal discussion be-

tween the office of the Secretary of Science and Technology and CONICET
(NSF's Argentine equivalent) as to how the payments should be handled be-

tween the two offices. We expect that this will be clarified within the next

month.

SUPPORT FOR LARGE-SCALE RESEARCH FACILITIES

QUESTION: With these tight budget times and as we look at NSF's budget
we find about 20-25% of the budget goes to large-scale research facilities

—

telescopes, research vessels, university-based physics facilities—these
large-scale facilities could represent some pretty significant fixed cost for

the Foundation as budgets get tighter. How do you plan to deal with the
issue? Do you anticipate having to terminate support for some of these fa-

cilities and if so, what process will you use to help make these decisions?
ANSWER: NSF recognizes the challenges ahead and places a high priority on

maintaining support for both individual and small groups of researchers and for

large user facilities. Each is a critical component for ensuring the health of the U.S.

science and engineering enterprise.

NSF has scrutinized its major research facilities very carefully during the past

year. We have put in place a process, involving NSF senior management and the

National Science Board, for dealing both with existing research facilities and with
requests for development of new or refurbished facilities.

As noted in the FY 1997 Budget Request, we expect to keep research facilities at

approximately 20-25 percent of the total NSF program budget. This will be done to

maintain an appropriate balance across NSF's key program functions and to enable

the construction of new world-class facilities that will advance human knowledge
further. Individual programs are dealing with the research facilities they support.

Some are being upgraded or reoriented now so that operating costs will be lower

in the future. Others may be terminated or funding reduced. The facilities to be
closed will be those of lower priority, as determined by the quality of research being

done at the facilities, their role in keeping the U.S. at the forefront in science, the

opportunities they provide for educating and training the next generation of sci-
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entists and engineers, and the overall benefits which accrue from the investment
to the American people. NSF carefully tracks when funding expires for a given re-

search facility so that rigorous examination of its efficiency, effectiveness and impor-
tance to the community can be undertaken in an appropriate time frame.

INDUSTRIAL SUPPORT FOR BASIC RESEARCH

QUESTION: Industrial support for basic research has been declining in
recent years, particularly as large industrial labs, like the Bell labs, have
been downsized, reoriented or closed. Is NSF concerned about these
changes; does it place new pressures on NSF in its attempt to ensure the
strength of U.S. research in the major fields of science and engineering?
ANSWER: NSF collects and disseminates data on industry R&D through the

Science Resource Studies Division (SRS). SRS data show that over the past decade,
industry's share of basic research has fluctuated between 24 and 30 percent. Indus-
try activity in 1995 was within this range—25 percent ($7.2 billion). Industry shares
of academic and nonprofit basic research support have also been roughly steady over
the past decade.
NSF is very concerned about this issue and tracks the funding data carefully.

NSF sponsors forums to discuss the implications of these data such as the recent
American Enterprise Institute-Brookings Institution conference on the economic. re-

turns to research. NSF is also working with the National Science and Technology
Council's Committee on Fundamental Science to understand better the needs of the
industrial sector for fundamental research in various areas.
While NSF data do not show a substantial decline in overall industry funding for

basic research, funding has declined in certain industries and in some of the large
industrial labs. This can have a major impact on research in specific fields of science
and engineering. For example, industry has made major investments in fundamen-
tal research in communications which has contributed to revolutionizing several
fields. Over 80 percent of this industry's R&D expenditures come from AT&T and
Bellcore, both of which are at risk because of major organizational changes triggered
by deregulation. These changes form the backdrop for NSF's activities in networking
and communications research.
Some studies indicate that Federal and private sector investments are directly

correlated. Reductions in federal funding for basic research could trigger reductions
in related industry-funded research which builds upon fundamental research. For
example, the biotechnology industry has reported that it has almost completely
mined the existing biological knowledge base. NSF plays a key role in creating this
knowledge base and has responsibility for several areas of basic biology not covered
by other federal agencies.

Reductions in industry-funded research can affect NSF in several ways. There can
be increased competition for NSF grants as some exceptional industrial scientists
move to universities. There can also be pressure for NSF to assume the activities
of some of the large company R&D labs. In most cases, this is not appropriate since
the research was targeted to goals focused on the companies' market sectors. NSF's
research activities must be consistent with the agency's mission and goals and
NSF's role as public steward of the nation's science and engineering enterprise.

COOPERATION WITH INDUSTRY

QUESTION: Are there ways in which NSF can work closely with industry
to maximize the investment in R&D and, if so, what do you believe are the
appropriate ways for the Foundation and industry to come together?
ANSWER: NSF is examining how it can best work with the private sector to

maximize national benefits from the investment in science and engineering research
and education. In areas in which industry and NSF have shared goals, partnerships
may help to enhance research productivity and offset funding reductions. Coopera-
tion can also facilitate efforts to develop world class research facilities and a world
class work force. NSF encourages private sector participation in a number of its ac-
tivities, particularly large-scale efforts such as centers, groups, and systemic edu-
cation reform. NSF also works closely with industry to define educational needs and
to provide students with hands-on science experiences.
NSF has developed many mechanisms for industry participation including:

• Industry/University Cooperative Research Centers;
• Small Business Innovation Research Program;
• Engineering Research Centers;
• Science and Technology Centers;
• Grant Opportunities for Academic Liaison with Industry; and
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• the NSF/Private Sector Research Opportunities Initiative

These programs provide a wide range of opportunities for industry-NSF coopera-
tion. In cooperative efforts NSF remains focused on its mission of supporting fun-
damental discovery and on the integration of research and education.
NSF and industry also engage in other collaborative efforts such as shared fund-

ing for instrumentation, geological drilling, and research on transformations to qual-
ity organizations. An important mechanism for enabling partnerships and collabora-
tions has been the NSF cooperative agreement authority. NSF cooperative agree-
ments have enabled relatively small amounts of Federal government support to at-

tract and retain large industrial commitments and collaborations with universities,
non-profits, and state governments. This is the mechanism that was used to develop
several successful NSF programs including the Supercomputer Centers, NSFNET-
lnternet, and the Science and Technology Centers.
We expect cooperative efforts to increase as industry becomes more reliant upon

universities for long term research and education. NSF s activities are focused in the
academic sector. We believe that the agencv can work most effectively with industry
by developing university/industry partnerships, possibly with catalytic funding from
NSF.

NATIONAL PERFORMANCE REVIEW

QUESTION: Last year NSF went through a self-examination process as
part of the National Performance Review (NPR). Could you give the Sub-
committee some sense of how the NPR exercise affected the priorities we
see in your FY 97 budget?
ANSWER: The National Performance Review (NPR2) required all agencies to look

at their programs and functions from the point of view of* appropriateness for the
federal government. In this context, NSF asked questions about whether other orga-
nizations might be better suited to carrying out similar activities. NSF looked broad-
ly at issues of efficiency and effectiveness.

The key program functions described in the NSF FY 1997 Budget Request—Re-
search Project Support; Research Facilities; Education and Training; and Adminis-
tration and Management—grew out of the NPR2 focus on functions and earlier NSF
use of "modes of support" as a way to describe how NSF spends appropriated funds.

Since NSF spends approximately 4 percent of its total budget on administration
and management, it became apparent that NSF could not achieve the budget sav-

ings that were incorporated into the NPR2 effort only by increasing efficiency of its

operations. NSF would need to cut into its program effort. The following budget im-
pacts were determined:

• Targeted reductions were proposed for lower priority efforts in modernization and
renovation of research facilities (i.e., "bricks and mortar") at academic institu-

tions. The elimination of the facilities portion of the Academic Research Infra-

structure (ARI) account is the most visible NPR2 outcome discussed in the FY
1997 Budget Request.

• The decision to maintain expenditures for construction and operation of large re-

search user-facilities at 20-25 percent of the total NSF program budget also

grew out of the NPR2 process.
• Reductions in buying power due to constraints on future budgets will affect NSF's

research and education programs broadly. For example, in the Education and
Human Resources account, NSF placed priority on activities related to edu-
cational systemic reform. A reduction in the request for informal science edu-
cation activities is one consequence.

TASK FORCE ON GRADUATE AND POSTDOCTORAL EDUCATION

QUESTION: In response to the Committee's written questions following
a hearing last July on graduate education, you indicated that the National
Science Board had established a task force on graduate and postdoctoral
education to look at the mix of support NSF provides to postdoctorate and
graduate students, through fellowships, traineeships and assistantships.
What have been the findings of the task force? Have any recommendations
been made to change the proportion of funding for these different modes
of support?
ANSWER: The NSB Task Force presented its recommendations on February 22,

1996. These recommendations state:

The Task Force recommends that limited studies be conducted on alternative

modes of graduate support, with defined goals and assessment criteria. Among these
might be programs for:
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• Traineeships for programs encouraging breadth and interdisciplinary studies, and
including specific attention to ethics and the responsible conduct of research.

• Fellowships for professional technical masters degrees.
• Fellowships for interdisciplinary research for students who have advanced to Ph.D.

candidacy in a traditional discipline.

• Fellowships or other support modes permitting internships in industry, govern-
ment agencies, and/or the public schools as part of the graduate education expe-
rience.

• Devising new means to provide incentives for attracting U.S. citizens (particularly
from underrepresented groups) to graduate programs in science and engineer-
ing.

The Task Force recommends that NSF, possibly through SRS and/or the SBE di-

rectorate, should support data collection and/or research on the effects of funding
mechanisms on the number, retention, programmatic quality, time-to-degree, and
demographic and institutional distribution of students being supported.
The Task Force has recommend limited studies because, despite extensive study,

we find inadequate data to compel a recommendation of a major shift in funding
mode among fellowship, research assistantships, teaching assistantships, and
traineeships for supporting graduate education in science and engineering. We have
found:

• Major institutional and disciplinary variation in time-to-degree.
• Shorter time-to-degree for students who are supported than those who are not.

Specific attention should be paid to the role of foreign students in the SME enter-
prise. This should include collection of data on the number, support mode, and
placement of foreign students.
We recommend the implementation of these changes in FY 97. We urge the EHR

Committee to monitor the collection of these data and to review the issues involved
at the appropriate time. (February 22, 1996, Report from the Task Force on Grad-
uate and Postdoctoral Education, NSB/GE-96-2)
NSF's Senior Management Integration Group is overseeing implementation of the

recommendations and has established two committees. One committee will propose
'pilot' projects in response to the NSB Task Force Report. One committee will con-
sider how best to address the 'data needs' that are requested in the Task Force Rec-
ommendations.

TRACKING OF CAREER PATHS

QUESTION: One recommendation of the National Academy of Sciences
committee that developed the report on reshaping graduate education was
for NSF and NIH to establish tracking of career paths of graduate students
they support. Does NSF have any plans to do this?
ANSWER: The National Science Board (NSB) Task Force on Graduate and

Postdoctoral Education has also recommended that data be collected on tracking the
career paths of graduate students. Even before the NAS committee report, NSF had
undertaken studies of the National Science Foundation Graduate Fellows and Mi-
nority Graduate Fellows programs: Career Paths of the National Science Foundation
Graduate Fellows of 1972-1981, National Research Council (National Academy
Press, 1994) and Minority Science Paths: National Science Foundation Minority
Graduate Fellows of 1979-1981, National Research Council (National Academy
Press, 1995).

NSF's Senior Management Integration Group has established a committee to con-
sider how best to address the data needs that are recommended by the NSB's Task
Force.

HIGH CAPACITY CONNECTIONS
QUESTION: The new NSF Supercomputer Centers Program will involve

partnerships among many institutions which will require establishing
high-speed communication links. Will the new Centers program provide the
resources needed for these high-speed network connections or will the
partnering institutions compete for awards under NSF's networking con-
nections program to accommodate academic research groups which need
high speed Internet connections for their research, but are not part of the
Centers partnerships?
ANSWER: When these questions have arisen from potential proposers in the

Partnerships for Advanced Computational Infrastructure (PACI) program, NSF has
encouraged proposers both to look at the networking infrastructure support pro-
grams of the Networking and Communications Research and Infrastructure (NCRI)
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Division and to include networking support in their PACI proposals. Our intent is

to work closely with NCRI to optimize the effect of both programs on high speed
networking infrastructure, not only for the PACI sites, but also for the entire

science and engineering research community. NCRI resources will be available for

meritorious projects not associated with the PACI program.

EFFECT OF SHUTDOWNS

QUESTION: NSF has been operating without a permanent appropriation
this fiscal year and has undergone shutdowns. What have been the prob-
lems caused by these shutdowns and by the continuing uncertainties about
this year's budget? Do you see any adverse effects?

ANSWER: Budget uncertainties and attendant disruptions to normal business op-

erations have placed substantial burdens on staff at all levels of the agency. NSF
employees were furloughed for a total of 17 working days (November 14-17, 1995,

and December 18 through January 6, 1996) as a result of the budget impasse. Dur-
ing the second furlough, more than 40,000 pieces of mail, including 2,860 proposals,

accumulated in the NSF mail room. To handle the processing of this backlog, the

mailroom staff was put on 12-hour shifts and paid approximately $24,000 in over-

time. An additional $1,200 was authorized for overtime for warehouse workers to

respond to a backlog of 1,500 requests for forms and publications. Proposal process-

ing came to a halt during the furlough and 21 review panels were canceled, most
of which were eventually rescheduled. Six special competitions were canceled and
15 were delayed.

The cancellation of a National Science Board meeting during this period also re-

sulted in the delay of decisions on major awards and the submission of Science and
Engineering Indicators 1996.

The lack of a permanent appropriation made it difficult for program officers to op-

erate, given uncertainty about the amount of funding for their programs. The agen-

cy honored funding commitments on active awards to the extent possible. However,
decisions on new awards have been delayed.

STATUS OF MILLIMETER ARRAY FACILITY

QUESTION: NSF has also been considering construction of a new astron-

omy facility—the Millimeter Array. What is the status of planning for this

facility? Clearly not all of the projects which are being explored at this

time can be accommodated in NSF's budget. Overall, how does NSF set pri-

orities among competing construction within the Major Research Equip-
ment Account?
ANSWER: In November 1994, the National Science Board approved a Project De-

velopment Plan for the Millimeter Array (MMA), endorsing further planning. This

has resulted in a proposal that the MMA be included in the Major Research Equip-

ment (MRE) account. The MMA will be one of the candidates considered for future

funding within the MRE account.

An NSF-wide task force developed the criteria and implementation procedures

that guide operation of the Major Research Equipment (MRE) account. Candidates
for inclusion in the MRE account must meet the following criteria:

• Represent an exceptional research opportunity essential to the U.S., with broad

community support;
• Support the goals of the NSF Strategic Plan;
• Be an activity requiring a period of years for proper planning and construction;

• Have undergone thorough peer review based on scientific merit, feasibility, man-
agement capability, and partnership opportunities;

• Be too large to be accommodated in the relevant disciplinary organization; and
• Be cost-shared by the relevant disciplinary organization.

In examining candidates for construction within the MRE account, NSF takes into

account items such as the potential impact on the relevant scientific communities;

appropriateness of the scientific plans; balance in the Foundation's portfolio of re-

search facilities; appropriateness of the construction plans, including detailed cost

estimates and construction schedule; plan for operating the facility in the future

from within existing funds, including phase-out of existing facilities as necessary

and impact on other activities in the relevant directorate(s); and potential for cost

sharing, particularly international cost sharing.
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VALUE OF THE SBIR PROGRAM

QUESTION: The SBIR program has a statutory increase for FY 1997 that
brings the NSF SBIR program to $52 million. For NSF, this means that 6.6%
of the increased funding available for research accounts must be des-
ignated for SBIR. What are your views on the value of this program and
on the requirement for a fixed percentage of the research budget to go to
the program? Do you believe there are higher priority areas for use of
these resources in a time of constrained budgets?
ANSWER: NSF strongly believes in the value of the Small Business Innovation

Research (SBIR) Program, which was conceived over a decade ago as a means for

facilitating the transition of fundamental research results into useful products to

benefit society. NSF-funded SBIR projects have resulted in new products, private in-

vestment, sales and a significant increase in jobs in SBIR companies. Experience
has demonstrated that the commercial concepts in SBIR proposals are often based
on new knowledge and ideas that result from previously funded fundamental re-

search grants. It is important to recognize that success in this endeavor has a multi-
plier effect in making university-based researchers aware of the advantages of work-
ing with small business, encouraging small business owners to look to universities

for ideas and expertise, and in making challenging, high technology jobs available
to new graduates.
NSF believes that the FY 1997 allocation of 2.5 percent of the NSF external re-

search budget to SBIR activities is sufficient to carry out the objectives of the SBIR
Program. However, we believe that the future growth of the program should keep
pace with, but not outstrip, the growth of NSF's research activities. This will allow
NSF to carry out the objectives of the SBIR program without negatively impacting
its ability to support fundamental research and education. The value of the SBIR
investment would also be enhanced if the program provided greater flexibility to

award grants to universities. This would provide greater continuity in the commer-
cialization of NSF-funded research, most of which is conducted by universities.

REDUCTION IN INFORMAL SCIENCE EDUCATION PROGRAM
QUESTION: The Informal Science Education program in the education

directorate is targeted for a reduction of $10 million for FY 1997, which is

a decrease of 28%. This will reduce support for science museums and media
activities. NSF's budget explanation indicates that the reduction can be re-
covered by leveraging additional funds from corporate and other sponsors.

a) Why are you confident that NSF can attract increased non-federal sup-
port for these informal science education activities?

b) Will resources be restored to this area if additional funding from non-
federal sources does not materialize?

ANSWER: The Informal Science Education (ISE) program is effective in promot-
ing public understanding of science, mathematics, and technology (SMT) and re-

mains an integral part of the agenda for the Education and Human Resources Di-
rectorate. In FY 1997, the ISE budget reduction reflects NSF's strategic planning
priorities and the realities of the current budget environment. Reductions in buying
power due to constraints on future budgets will affect NSF's research and education
programs broadly. In the Education and Human Resources account, as part of the
National Performance Review (NPR2) process, NSF placed priority on activities re-

lated to educational systemic reform. A reduction in the request for informal science
education activities was one consequence.
NSF support for informal science activities has been highly effective in leveraging

support from outside sources. NSF funding of $36 million in FY 1995 leveraged
about $20 million from other sources. Typically, NSF provides about one-third of
total media project costs and two-thirds of museum project costs. NSF support guar-
antees involvement of both researchers and educators in development of projects to

ensure scientific accuracy, balance, and effective educational strategies. Collabora-
tion with NSF also opens opportunities for other sources of support. The NSF strate-
gic planning process is rigorous and its programming dynamic. NSF will evaluate
future ISE program funding in the context of the program's relative contribution in
supporting NSF's strategic goals vis-a-vis the availability of funds.

ADVANCED TECHNOLOGY EDUCATION

QUESTION: The NSF budget request provides for a $5 million increase
for the Advanced Technology Education Program which supports curricu-
lum and faculty development at 2-year colleges in order to improve edu-
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cation of technicians for the high-performance workplace. Please give us a
progress report on this relatively new program and describe how the in-

creasing funding will be used.
ANSWER: The Advanced Technological Education (ATE) Program was estab-

lished in FY 1994 to promote exemplary improvement in advanced technological

education at the national and regional level through support of curriculum develop-

ment, enhancement of instructional workforces, and program improvement for tech-

nicians being educated for the high performance workplace. The ATE program has
provided support for Centers of Excellence in Advanced Technological Education and
model projects. Six Centers of Excellence of national scope have been established in

manufacturing (Ohio); natural resource development (Oregon); information tech-

nology (Washington); mechanical, telecommunications, and electronics technology
(New Jersey); environmental technology (Iowa); and engineering technology via dis-

tance education (Texas).

• All of the Centers involve industry in substantial ways. For example, both Boeing
and Microsoft, and numerous other software firms, are working with the Wash-
ington Center in information technology by providing industry personnel and
significant financial resources. Other large industries such as General Motors
and Weyerhauser as well as many small and medium sized firms are supporting
other Centers.

• All are cooperative efforts which build on leadership from 2-year colleges acting in

partnership with 4-year colleges and universities, secondary schools, business,

industry, and government.
• The impact of the Centers is large. For example, the Washington Center involves

over 5,000 ATE college students, 350 ATE faculty and high school teachers, and
2,700 high school students. The Environmental Technology Center (Iowa) in-

volves over 500 community colleges and 10,000 faculty and teachers in their dis-

semination efforts. They are directly reaching 300 community college teachers,

300 pre-college teachers, and 5,500 students.

In addition to the six Centers of Excellence, the ATE program supported 30
projects in advanced technological education in FY 1994 and 37 projects in FY 1995.

• These include projects in biotechnology, chemical technology, manufacturing, elec-

tronics, geographical information systems, environmental technology, tele-

communications and other engineering technologies, computer and information

technology, as well as science and mathematics core subjects for technicians,

such as mathematics and physics that undergird a highly educated workforce.
• In addition, the ATE project supports leadership activities that examine national

issues in technological fields.

• The first year projects initiated in FY 1995 have engaged approximately 2,340

teachers and faculty and 234,000 students. The three year impact is projected

to be over 7,000 teachers and almost 700,000 students in two-year colleges and
secondary schools.

• Large industries such as Nynex, Siemens, and Intel as well as numerous other

large, medium, and small companies are integrally involved in projects.

Project Examples:

• Prince George's Community College in Maryland is leading a consortium of 12

community colleges each linked to a NASA Center to conduct faculty enhance-
ment workshops in remote sensing, image processing, and geographic informa-

tion systems. They are also developing an earth systems science course and
interdisciplinary modules which can be infused into science and technology

courses.
• Miami University-Middletown in Ohio is leading a consortium of two-year colleges

and secondary schools along with many chemical manufacturing companies to

develop curriculum, instructional materials, and new chemical technology pro-

grams as well as faculty and teacher enhancement programs and student out-

reach to improve chemical technician education.
• Johns Hopkins University is leading a consortium which represents 5 different

consortia of community colleges (including over 130 community colleges directly)

to develop instructional modules in science, mathematics, manufacturing tech-

nology, and technical communications to infuse into courses that comprise a

broadly accepted, portable associate's degree in manufacturing.
• Texas State Technical College at Waco is leading a multi-state effort to develop

curricula and laboratory materials for student learning in advanced tech-

nologies for 15 occupational areas supporting American machining and machine
tool industries.



99

In FY 1996 NSF received 120 proposals requesting $186 million. Most of the new
projects and centers requests received have been of very high quality and involve
all partners—two-year colleges, industries, business, government, secondary schools,

four-year colleges and universities, professional societies, etc.—required to improve
education for an increasingly technology-based workforce. Coordination at the colle-

giate and school levels is achieved through close cooperation between the Under-
graduate Education (DUE) Division and the Elementary, Secondary, and Informal
Education (ESIE) Division. The requested FY 1997 budget increase of $7.5 million,

including $5.0 million in DUE and $2.5 million in ESIE, is expected to result in

three new ATE multi-organization projects and 30 new individual projects funded
directly or cofunded with other programs.

REVIEW OF SYSTEMIC REFORM PROGRAMS
QUESTION: In the Education and Human Resources Directorate, NSF

has been undergoing a review of the systemic reform programs. What is the
status of this review and what have you learned in this program?
ANSWER: The NSF's Division of Educational System Reform conducts a series

of activities to continually assess the progress of the systemic initiative programs.
Among these are: periodic monitoring site visits by program officers; submission of
Midpoint Progress Reports by each Initiative, followed by reverse-site visits at NSF
and Midpoint Review on-site visits to review progress and concerns; submission of
an Annual Progress Report by each Initiative, Data Collection Report, and an up-
dated Strategic Plan. On an annual basis, program officers conduct an analysis of
these data and review all documentation to determine if appropriate progress has
been made to justify a recommendation for continued funding from NSF. In addi-
tion, a number of periodic meetings are held with superintendents, principal inves-
tigators and project directors to discuss critical issues related to technical assist-

ance, accountability, reporting, data collection and formative evaluation processes.
In addition, third party program evaluations of the initiatives are being con-

ducted. A recently released NSF Report entitled: Evaluation of the National Science
Foundation's Statewide Systemic Initiatives (SSI) Program: Second Year Report, De-
cember 1995 reports current information on the progress and findings for the SSI
program. The report findings indicate that the SSI program has motivated and sup-
ported thousands of talented individuals and many different agencies and institu-

tions to work to improve education in mathematics and science in new ways. There
has been greater attention to development of standards and learning goals. More-
over, a number of states are making substantial progress, including development
and implementation of new curricula, new professional development programs, inno-
vative public outreach strategies, and comprehensive school change strategies. At
the same time, it is evident that systemic reform is very difficult, slow work. Al-
though the SSI's as a whole have made substantial progress in meeting these chal-
lenges, progress is not uniform either across states or within them. Currently, pro-
gram evaluations are being designed for the Urban and Rural Systemic Initiatives.

STATUS OF REPORTS REQUESTED BY HOUSE MEMBERS
QUESTION: The NSF authorization passed by the House has not yet been

signed into law. However, the House Members did request several reports
from the NSF for their decision making process.
The Committee asked for reports on the reorganization of the NSF Re-

search and Related account Directorates, an OSTP Indirect Cost Report, a
Facilities Plan, and an Educational Impact Study. What is the status of pro-
viding this information?
ANSWER: Reorganization: NSF gives continuing attention to issues of organiza-

tional structure because they are important in managing the agency. NSF is com-
mitted to an organization that is driven by the substance of the Foundation's work
and that is responsive to planned outcomes. NSF is exploring organizational options,
including the House and Senate recommendations, as part of the planning process.
The Director and Chairman Walker have had lengthy discussions and have

agreed upon NSF's approach. These discussions will continue as part of NSF's ongo-
ing consideration of organizational issues. NSF focused attention on broad issues of
organization in a senior management retreat in December but progress has been
stalled by shutdowns and protracted FY 1996 and 1997 budget discussions. NSF has
given highest priority to planning balanced, forward-looking activities for FY 1996
and 1997. NSF intends to return to the issue of reorganization and will keep the
Congress informed on this matter.

Facilities Plan: The NSF plan for proposed facilities construction projects within
the Major Research Equipment (MRE) account is detailed in NSF's FY 1997 Budget
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Request. Current plans in FY 1997 are for continued funding of the Laser Inter-

ferometer Gravitational Wave Observatory ($70 million) and initiation of the South
Pole Safety Project ($25 million).

NSF has scrutinized its major research facilities very carefully during the past
year. We have put in place a process, involving NSF senior management and the
National Science Board, for dealing both with existing research facilities and with
requests for development of new or refurbished facilities. As noted in the FY 1997
Budget Request, we expect to keep research facilities at approximately 20-25 per-
cent of the total NSF program budget. This will be done to maintain an appropriate
balance across NSF's key program functions and to enable the construction of new
world-class facilities that will advance human knowledge further.

NSF's procedures for developing and approving major facilities projects involve
substantial planning efforts prior to the initiation of construction, including exten-
sive discussion within the science and engineering community, external studies and
reports, and internal NSF review and study. Following these efforts, NSF requires
that a detailed project development plan be drafted to provide information on the
project costs and schedule, as well as on project management and operations. The
project development plan must be reviewed and publicly approved by the National
Science Board in order for further work on the project to proceed. NSB approval is

required prior to a project's inclusion in NSF's budget request to OMB and subse-
quently to the Congress. It is important to note, however, that not all planning ef-

forts or projects which receive approval from the NSB are included in the Founda-
tion's budget or actually proceed to the construction phase.

In examining candidates for construction within the MRE account, NSF takes into

consideration items such as the potential impact on the relevant scientific commu-
nities; appropriateness of the scientific plans; balance in the Foundation's portfolio

of research facilities; appropriateness of the construction plans, including detailed

cost estimates and construction schedule; plan for operating the facility in the future

from within existing funds, including phase-out of existing facilities as necessary
and impact on other activities in the relevant directorate(s); and potential for cost

sharing, particularly international cost sharing.

Educational Impact: In attempting to address the educational impact of each indi-

vidual grant as a way of improving undergraduate education, NSF has undertaken
a broader examination of the current issues in undergraduate pedagogy and how to

provide incentives to researchers and institutions to improve the quality of under-
graduate teaching. In FY 1997, NSF will expand its initiative for Institution-Wide
Reform of Undergraduate Education in Science and Engineering and will establish

a new Recognition Awards for the Integration of Research and Education activity.

The Undergraduate Reform initiative focuses on prior accomplishments by under-
graduate institutions with the goal of promoting activities that spread the reform
effort institutionwide. The goal of the recognition awards will be to identify and rec-

ognize research intensive universities that have shown bold leadership, innovation,

and tangible accomplishments in linking research and education. The awards will

focus on institutions where NSF has made the largest investments and therefore

where NSF has the greatest potential influence in correcting any imbalances be-

tween research and education.

RESPONSES TO H.R. 2405

QUESTION: What is NSF doing in regards to four other provisions in the
House passed bill: the financial disclosure requirement of temporary NSF
employees under the Ethics and Government Act; universities to support
educational leave of reservists recalled to active duty; incorporation of Im-
portant Notice Number 91 in Grant General Conditions; and prohibition of
lobbying activities.
ANSWER: The "Omnibus Civilian Science Authorization Act of 1995" (H.R. 2405)

as passed by the House of Representatives contains the following provisions:

SEC. 126. RESEARCH INSTRUMENTATION AND FACILITIES.

The Foundation shall incorporate the guidelines set forth in Important Notice No.
91, dated March 11, 1983 (48 Fed. Reg. 15754, April 12, 1983), relating to the use
and operation of Foundation-supported research instrumentation and facilities, in

its notice of Grant General Conditions, and shall examine more closely the adher-
ence of grantee organizations to such guidelines.

SEC. 127. FINANCIAL DISCLOSURE.
Persons temporarily employed by or at the Foundation shall be subject to the same
financial disclosure requirements and related sanctions under the Ethics in Govern-
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ment Act of 1978 as are permanent employees of the Foundation in equivalent posi-

tions.

SEC. 128. EDUCATIONAL LEAVE OF ABSENCE FOR ACTIVE DUTY.
In order to be eligible to receive funds from the Foundation after September 30,

1995, an institution of higher education must provide that whenever any student
of the institution who is a member of the National Guard, or other reserve compo-
nent of the Armed Forces of the United States, is called or ordered to active duty,

other than active duty for training, the institution shall grant the member a mili-

tary leave of absence from their education. Persons on military leave of absence
from their institution shall be entitled, upon release from military duty, to be re-

stored to the educational status they had attained prior to their being ordered to

military duty without loss of academic credits earned, scholarships or grants award-
ed, or tuition and other fees paid prior to the commencement of the military duty.

It shall be the duty of the institution to refund tuition or fees paid or to credit the

tuition and fees to the next semester or term after the termination of the edu-
cational military leave of absence at the option of the student.

SEC. 129. PROHIBITION OF LOBBYING ACTIVITIES.

None of the funds authorized by this title shall be available for any activity whose
purpose is to influence legislation pending before the Congress, except that this

shall not prevent officers or employees of the United States or of its departments
or agencies from communicating to Members of Congress on the request of any
Member or to Congress, through the proper channels, requests for legislation or ap-
propriations which they deem necessary for the efficient conduct of the public busi-

ness.

In response to these provisions, NSF has taken the following actions:

• NSF has included a reference to NSF Important Notice No. 91, "Principles Related
to NSF-Supported Research Instrumentation and Facilities" in the Foundation's
Grant General Conditions, (GC-1) as was recommended by the NSF Inspector

General. The Foundation added the following language into the October 1995
edition of our Grant General Conditions (paragraph 7b8):

Use of NSF-Supported Research Instrumentation and Facilities. Grantees should
follow the guidelines contained in GPM 544 regarding use of NSF-supported re-

search instrumentation and facilities.

Section 544 of the NSF Grant Policy Manual (NSF 95-26) states:

In March 1983, the National Science Board adopted Principles Related to NSF-Sup-
ported Research Instrumentation and Facilities (Important Notice 91) and ap-

proved guidelines to aid grantees in their implementation. (See Exhibit V-l.)

Those principles and guidelines address the use of NSF-supported research instru-

mentation and facilities in providing services for a fee in direct competition with
private companies that provide equivalent services. Grantees should implement
those principles and guidelines in a reasonable manner and provide fair and ade-
quate consideration of any complaints about use of instrumentation and facilities.

The Foundation remains alert to any indication that its grantees are not comply-
ing with the principles and guidelines of Important Notice No. 91.

• NSF is now requiring incoming Intergovernmental Personal Act (IPA) employees
to agree to be bound by the Ethics and Government Act (EGA) financial disclo-

sure regulations and the Standards of Ethical Conduct to the same extent as
regular NSF employees.

• Issues related to the "reservists" and "lobbying" provisions are under review by the

Foundation.

OUTYEAR PROJECTIONS OF NSF'S MAJOR ACCOUNTS

QUESTION: As I requested at the hearing, please provide to the Sub-
committee the outyear projections for NSF's major accounts between FY 97
and FY 2002 in CBO scored numbers.
ANSWER: The budget proposals presented in the President's budget for NSF

were developed using outlay rates that have been agreed upon by NSF, OMB, and
CBO. It is our understanding that OMB and CBO do not differ on the scoring issue.

Therefore, the outlay proposals displayed for all years are consistent with both OMB
and CBO scoring. However, OMB and CBO disagree on certain economic assump-
tions for Fiscal Years 2001 and 2002. As a result, the budget presents two sets of

tables, one of which displays proposed budget authority and outlays through FY
2002 using the Administration's economic assumptions, and one which displays out-

lays through FY 2002 using only the CBO assumptions.
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The projections for NSF's major research and education accounts are presented
1 the table below.

PRESIDENTIAL POLICY BUDGET AUTHORITY

[Millions of Dollars]

FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002

Research and Related Activities $2,314 $2,472 $2,473 $2,474 $2 475 $2 549 $2 628
Education and Human Resources $599 $619 $619 $619 $619 $636 $654
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