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REAUTHORIZATION OF THE NATIONAL
SCIENCE FOUNDATION

WEDNESDAY, APRIL 13, 1994

U.S. Senate,
Subcommittee on Science, Technology,

AND Space of the Committee on
Commerce, Science, and Transportation,

Washington, DC.
The subcommittee met, pursuant to notice, at 3 p.m., in room

SR-253, Russell Senate Office Building, Hon. John D. Rockefeller
IV (chairman of the subcommittee) presiding.

Staff members assigned to this hearing: Patrick H. Windham,
senior professional staff member, and Elizabeth Inadomi, staff

counsel; and Louis C. Whitsett, minority staff counsel.

OPENING STATEMENT OF SENATOR ROCKEFELLER
Senator Rockefeller. If Dr. Neal Lane will come forward and

have a seat.

So, now we change to the National Science Foundation, and you
have to put up with another statement from me, but I think it will

set the parameters of this hearing.
The question that I have raised throughout our Science Sub-

committee hearings and has been raised by others, and I will raise

again today, is to ask how the Federal Government can most effec-

tively use the about $70 billion on research and development that
we put out in the Nation each year. And particularly, how can we
do that in a way which responds to what taxpayers want, which
is what we are meant to be representing, and to what they see as
the Nation's pressing needs, which translates increasingly and for

obvious reasons into the whole question of jobs and economic
growth?
Congress provides the taxpayers' hard earned money to the re-

search community as an investment in our country's mture. I am
not sure that the taxpayers know that we are doing that, but we
do do that, and we should be doing that. The process of reauthoriz-

ing a major research agency offers us the opportunity and the re-

sponsibility to assess those investments and then to adjust them if

that is necessary.
So, the National Science Foundation and the research univer-

sities that it supports are in fact national treasures. That is doubt-
ed by none. We know that, but it does bear repeating because in

this rush to economic self-sufficiency it needs to be repeated fairly

frequently.

(1)



Our universities are the envy of the world, and virtually every
year the Nobel Prize committees in Stockholm once again confirm
the genius of our scientists and the research system that supports
their work, although sometimes when I am cynical I point out that

those awards are usually given 10 or 20 years after the work was
done. But I am not cynical, so I will not say that.

Of course, all of us who value science have a responsibility to see

if we can do even better, and with the scarcity of funds we have

every reason to do that. Today that means doing better with about
the same amount of funding. That does not mean changing the fun-

damental system of basic research and training that has served
this country very well. I mean by that taking steps to increase the
contributions that this marvelous system can make to our economy,
to our environment and physical well-being, and to our society as

a whole.
To explore this crucial subject, this hearing will ask three basic

questions. First, is the National Science Foundation moving in the

right direction, and with that, are its policies, organization, and
mechanisms the right ones for today and for tomorrow. And where
and how can we do even better?
As you know, I hope, I am one Senator who has called for a

greater emphasis on what I call "strategic research," which I define

as basic research focused on areas of strategic national concern.

That requires understanding not only which areas are important,
but also what university research can and cannot do to help meet
those national needs.

It also requires a reexamination of how the National Science
Foundation's programs fit into the Nation's overall science and

technology objectives. For example, does NSF support become even
more important today as large corporations, as they surely are in

large percentage points, cutting back on their in-house basic re-

search?
The second and related question is whether the President's budg-

et request for the National Science Foundation for the fiscal year
1995 is the right one to support the policy direction in which we
wish to go. Within tight budget constraints, does it have the right

priorities, does it have the right initiatives, or does it not?
And then third, what important issues do we face regarding the

condition and the capabilities of our Nation's research universities,
which are very nervous about this and about health care, the insti-

tutions in fact which we rely on to perform high priority research
and education, and which have done such an incredible job over all

of these years.
I know of at least three issues that deserve consideration. One

is the importance of building strong universities across the country,
a goal pursued in part by the important Experimental Program To
Stimulate Competitive Research, the so-called EPSCOR program.
Two other issues that have been raised this year are indirect cost

rates, and that has some controversy attached to it, and the ren-

ovation of research facilities. I hope that we can discuss all of these

today, and those last two particularly.
To help us to examine these key questions, the subcommittee ob-

viously today is about to hear from Dr. Neal Lane, the new Direc-

tor of the National Science Foundation. This is, Dr. Lane, your very



first appearance as Director before the Commerce Committee, and
I welcome you with a very, very full heart.
And my inclination is point out, at this point, if you look at the

President's budget it is either flat or going down in virtually every
area. But when it comes to science and technology in certain areas
where the President considers our future to be most relevant, the
National Science Foundation being one of those, the budget has in-

creased, and I respect that and want that. Mr. Chairman, your
comments, please.

OPENING STATEMENT OF SENATOR ROLLINGS
The Chairman. I am pleased that the Science Subcommittee is

holding today's hearing on the reauthorization of the National
Science Foundation. Consideration of legislation to reauthorize
NSF gives us an opportunity to assess the agency's programs and
review how they are helping to meet today's national needs.

University research continues to be a great American success

story, and NSF can be proud of its role in helping to create and
sustain this great research enterprise. If we continue to ask more
of NSF and our universities, it is because we know what this sys-
tem has contributed to the Nation in the past and that it can make
even greater contributions in the future. By themselves, univer-
sities cannot solve our national problems with technological com-
petitiveness, the environment, and social issues such as crime, pov-
erty, and education. However, the research and trained young peo-
ple provided by our universities will continue to play a major role
in addressing these pressing issues.

I look forward to reviewing today's testimony, and to reviewing
the role that this important Federal agency can play in meeting
our national needs.
Thank you, Mr. Chairman,
Senator Rockefeller. Thank you, Mr. Chairman. After Dr.

Lane, we are going to hear from a panel of two outside experts.
James Sawyer is both a practicing civil engineer and a leader in

the Nation's top engineering group, the American Association of

Engineering Societies. And we have invited Mr. Sawyer particu-

larly to comment on how engineering research can be strengthened
and made more useful to industry.
We also have Dr. Howard Silver, executive director of the Con-

sortium of Social Science Associations addressing national needs
such as manufacturing productivity and crime control which in-

volves more than just new hardware. We also need the best pos-
sible scientific information on the human dimension. And we have
invited Dr. Silver to discuss NSPs role in helping to generate that
information.

So, Dr. Lane, I am delighted to have you before me.

STATEMENT OF HON. NEAL F. LANE, DIRECTOR, NATIONAL
SCIENCE FOUNDATION

Dr. Lane. Thank you, Mr. Chairman, for the opportunity to tes-

tify today on the reauthorization of the National Science Founda-
tion.

Before I begin a very brief summary, it is my pleasure to inform

you, and perhaps you already know, tnat President Clinton has an-



nounced his intention to nominate Dr. Anne C. Peterson as Deputy
Director of the National Science Foundation. Dr. Peterson is cur-

rently vice president for research and dean of the Graduate School
at the University of Minnesota, and we are very pleased to wel-

come Dr. Peterson to NSF.
And I would also like at this time to request permission that a

statement by Dr. James Duderstadt, Chairman of the National
Science Board, be submitted for the record.

Senator Rockefeller. Of course.

Dr. Lane. The President and the Vice President have repeatedly
emphasized that our investments in research and education are
critical ingredients to ensuring the Nation's long-term economic

growth, and NSF is a focal point for many of the issues of concern
to the Nation's science and engineering research and education en-

terprise, and our reauthorization hearing provides a very important
opportimity to discuss these issues.

When NSF was founded more than 40 years ago, its responsibil-
ities were clearly laid out. The agency was to support basic science

and education in order to "promote the progress of science to ad-

vance the national health, prosperity, and welfare, and to secure
the national defense."

Well, the essential ingredients of the policies that have guided
NSF since its inception remain the same. But as you pointed out,
Mr. Chairman, how we carry out those responsibilities has been

continuously evolving as something that we should constantly look

at. And in my testimony today I would like to briefly discuss some
of the changes that are affecting the research and education com-

munity, and how NSF is responding to the changes.
And I would like to ask that my full testimony be included in the

record, and I will keep my summary very brief.

Senator Rockefeller. This is a very important presentation, so

do not worry about being brief
Dr. Lane. Thank you, sir. The world today is very different from

what it was only 10 years ago. During that period we have wit-

nessed enormous transformations—the end of the cold war, chal-

lenges to our economic competitiveness, demographic shifts, and
persistent budget deficits, to name only a few.

These changes have caused us to reexamine NSF's role in pro-

moting the progress of science and engineering research and edu-
cation. National policymakers and the public agree that we need to

connect federally funded research and education more closely to

larger national policy issues.

At the Federal level, this coordination is being undertaken in a

very comprehensive fashion through the President's new National
Science and Technology Council. At the same time, NSF is looking
for ways to be more effective in connecting the Nation's research

and education activities to specific national priorities.
In my judgment, the research and education activities we sup-

port do make a tremendous difference in people's everyday lives.

But we need to make our case in different ways, perhaps, than we
have in the past.
Our Nation's standard of living attests to the impact of invest-

ments in basic research on the quality of our lives in health care,

communications, transportation, and virtually every facet of our



work and leisure activities. We expect to continue to make these
interconnections more obvious and more productive by developing
research and education initiatives around strategic themes. These
themes cut across traditional disciplines and connect research in

strategic areas within the NSF and with other Federal agencies.
Our current budget request, which is summarized in the attach-

ment to the testimony, reflects a planning process that places in-

creasing emphasis on research and education that is relevant to

national objectives.
More than three-quarters of the increase in our budget request

will go for research and education in the following strategic areas:

global change research, environmental research, high-performance
computing and communication, advanced manufacturing tech-

nology, advanced materials processing, biotechnology, civil infra-

structure systems, and of course science, mathematics, and engi-

neering education and training.
This emphasis reflects the President's priorities for investing in

research and education that will allow the United States to main-
tain world leadership in science, mathematics, and engineering
while at the same time providing the basis for long-term economic
growth.
The areas targeted for growth within NSF will advance knowl-

edge relevant to addressing contemporary problems. For example,
NSF support of the Interagency U.S. Global Change Research Pro-

gram will increase 46 percent, to a total of $207 million. Because

understanding global change phenomena requires analysis of mas-
sive amounts of climatic information, special attention will be given
to international data collection and analytic programs.
Another area of research with near-term applications is high-per-

formance computing and communications. The research supported
through HPCC is perhaps most familiar as it relates to the admin-
istration's vision for a national information infrastructure.
But research that will eventually enable information highways is

only one facet of the high-performance computing communication
effort. The HPCC activity also supports research on parallel com-
puting, which has brought dramatic increases in computational ef-

ficiency with applications ranging from aerodynamic design to the

analysis of the market for home mortgages.
Senator Rockefeller. If I can just interrupt you right there,

with my apologies to you.
Dr. Lane. Yes, sir.

Senator Rockefeller. You recommend about a 3-percent in-

crease for manufacturing, which does stand in contrast to what you
have just been talking about. Can you just tell me why?

Dr. Lane. It is correct, Mr. Chairman, that the largest increases

by far in the strategic areas have gone to the two I just mentioned,
and manufacturing over a 2-year period did quite well. I think the
increase coming into fiscal year 1994 was double digit of the order
of 12 percent, so I would suggest it needs to be looked at over a
period of time.

It is an important program. We have a significant investment in

it, and certainly it will remain a high priority for the NSF.
Senator Rockefeller. My apologies.



Dr. Lane. Thank you. A third example of research in a strategic
area is advanced manufacturing technology, which supports re-

search on such topics as environmental benign manufacturing tech-

niques, advanced fabrication and processing, and intelligent manu-
facturing systems, and I just described our priority for that area.

These cross-agency initiatives are complimented by other NSF
initiatives such as civil infrastructure systems. As this subcommit-
tee already knows from a hearing held last year, this progpram sup-
ports research that provides the fundamental knowledge that can
lead to new designs, more durable construction materials, non-
destructive evaluation techniques, and innovative remediation for

infrastructure facilities such as roads, bridges, utilities, and sanita-
tion systems.
The fundamental research supported by NSF and conducted at

academic institutions across the Nation has already proven very
important to industry. Since only about 5 percent of industrial
R&D is allocated for basic research, industry is dependent on NSF-
funded research conducted at academic institutions both for new
discoveries and for a well educated workforce.
The value of academic research to industry is evident in the

rapid growth of industry support for academic R&D. Over the past
decade industry spending for academic research has grown nearly
fourfold, to an estimated $1.5 billion, as indicated in the recent
science and engineering indicators.

This fact demonstrates the value of a strategy of maintaining
leading edge research capability in all important areas. Future in-

dustrial investments in academic research are likely in areas that
are recipients of NSF support today, but it is simply not possible
to know in every case which ones those are.

Let me conclude, Mr. Chairman, by briefly discussing a related

issue, and that is the need to repair, renovate, and modernize the
Nation's academic research laboratories and instrumentation.

Senator Rockefeller, Which you figure would cost what, about
$10 or $12 billion?

Dr. Lane. Our current best estimate, based on a recent survey,
is I think a little under $10 billion, but that is the order of mag-
nitude.

NSF currently is able to provide little more than nominal assist-

ance for infrastructure. To do more within our current budget
would seriously skew it away from NSF's highest priority, which is

people and the process of learning.
In H.R. 3254, the authorization bill being considered in the

House, this bill moves funds from NSFs priorities of research and
education to academic research facilities, and the administration

opposes this shift.

I have talked with Dr. Jack Gibbons, the Director of the Office

of Science and Technology Policy, about the need to consider aca-

demic infrastructure issues on a Govemmentwide basis. I have also

recommended that this issue be reviewed by the National Science
and Technology Council, and the Council's committee on fundamen-
tal science research, which I cochair with Harold Varmis and Marci

Greenwood, has established a standing committee—will establish a

standing committee on research infrastructure.



Senator Rockefeller. And that is a very good twosome to work
with; is it not?

Dr. LAhfE, It is an excellent—I started to say threesome. That
would be presumptuous. It is a wonderful twosome to work with.
Senator Rockefeller, No, I said to work with. That implies

threesome.
Dr. Lane. Thank you. Revitalizing the academic research infra-

structure obviously is very important, but it requires cooperation
among the Federal agencies as well as the support of the States,
the universities, and the private sector entities that fund academic
research. NSF certainly has been a leader in supporting merit re-

viewed infrastructure modernization activities, and we expect to
continue our efforts to upgrade facilities while we work to develop
a more inclusive approach.

Well, in conclusion, Mr. Chairman, I appreciate the opportunity
to provide you with a summary of some of the important activities

being supported at NSF. We support the highest quality research
and education, and seek connections across strategic areas in order
to make progress toward national goals.

I certainly look forward to working with you, with Senator
Burns, and with other members of the committee to make NSF's
contributions to the Nation even more significant in the future
than they have been in the past.
Of course I would be pleased to respond to any questions you

mirfit have.
[The prepared statement of Dr. Lane follows:]

Prepared Statement of Dr. Neal F. Lane

Thank you, Mr. Chairman and members of this subcommittee for the opportunity
to testily today on the reauthorization of the National Science Foundation. The
President and Vice President have repeatedly emphasized that our investments in
research and education are critical ingredients in ensuring the nation's long-term
economic growth. NSF is a focal point for many issues of concern to the nation's
science and engineering research and education enterprise, and our reauthorization

hearing provides a very important opportunity to discuss these issues.

When NSF was founded more than 40 years ago, its responsibilities were clearly
laid out. The agency was to support basic science and education in order to "promote
the progress ofscience, to advance the national health, prosperity, and welfare; and
to secure the national defense."
The essential ingredients of the policies that have guided NSF since its inception

remain the same. How we
carry

out these responsibilities, however, has been con-

tinuously evolving throughout the life of the Foundation. In my testimony today, I

will briefly discuss some of the changes that are afTecting the research and edu-
cation community and how NSF is responding to these changes. My testimony will

emphasize the relationship between NSF-supported research and national priorities.
Kecent changes in the world, including the end of the Cold War, challenges to our

economic competitiveness, demographic shifts, and persistent budget deficits, to
name a few, have caused us to reexamine NSF's role in promoting the progress of
science and engineering research and education. National policy makers and the

public agree that Federally-funded research and education must be more closely
connected to larger national policy issues. In recent years, the research community
has come to appreciate the importance of coordinating Federal research. This coordi-
nation is now being undertaken in a

very comprehensive fashion through the Presi-
dent's National Science and Technology Council.
At the same time, the National Science Foundation has considered ways that it

can be more effective in connecting the nation's research and education activities to

specific national priorities. There is widespread agreement that supporting excel-
lence in research and education is a necessary, but not sufiicient, justification for

what we do at NSF. There is also a growing acceptance of the need to establish re-

seairch priorities that are relevant to national objectives, if we wish to sustain the

public support needed to preserve the health of the research enterprise. While there
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has long been a consensus that advances in knowledge and new discoveries are a

positive good to society, it Is nevertheless necessary for us to continue to justify sup-
port for research in terms that all citizens understand and value.

In my judgment, NSF has an outstanding case to make. The research and edu-
cation activities we support make a tremendous difference in

people's everyday
lives—but we need to make our case in different ways than we nave in the past.
To those of us who are in continuous contact with Federally-funded basic research,
it is obvious that the results of years of research are having a jjositive impact on
our lives. Our nation's standard of living attests to that effect. It is veiy evident
to us that there are connections between our investments in basic research and the

development of information superhighways, new manufacturing technologies, and a
better understanding of global change, including impacts of human behavior on the
environment. It is equalfy evident that basic research will pay large economic divi-

dends in many areas in the future.

RESEARCH AND EDUCATION IN STRATEGIC AREAS

We continue to make these interconnections more obvious and more productive by
developing research and education initiatives around strategic themes. These
themes cut across traditional disciplines and connect research in strategic areas
within NSF and with other Federal agencies.
Our current budget request, which is summarized in the attachment to this testi-

mony, reflects a planning process that places increasing emphasis on research and
education that is relevant to national objectives. It is worth noting that, of the incre-

mental funds we are requesting for the coming fiscal year more than three quarters
wiU go for research and education in the following strategic areas:

• Global Change Research
• Environmental Research
• High Performance Computing and Communication
• Advanced Manufacturing Technology
• Advanced Materials and Processing
• Biotechnology
• Civil Infrastructure Systems
• Science, Mathematics, Engineering and Technology Education
This emphasis reflects the President s priorities for investing in research and edu-

cation that will allow the United States to maintain world leadership in science,

mathematics, and engineering, while at the same time providing the basis for long-
term economic growth. NSF accounts for more than one third of the $8 billion in

the President's Science and Technology Investment package—all of NSF's budget for

research and education activities in fiscal year 1995 is included in this designation.
The areas targeted for growth within NSF represent research fields that show prom-
ise for exciting near-term discoveries, many of which will advance knowledge rel-

evant to addressing contemporary problems.
For example, the budget request for NSF's support for the interagency U.S. Global

Change Research Program will increase 46 percent to a total of $207 million. NSF
wiU support research that focuses on the fundamental physical, biological and socio-

economic processes related to global change. Because an understanding of global
change phenomena reauires analysis of massive amounts of climatic information,
special attention will be given to international data collection and analytic pro-
grams. Within the Global Change Research Program, the Human Dimensions of
Global Change activity will seek to provide a better understanding of local, national,
and international decision-making and policy development.
Another area of research with more immediate applications that are already evi-

dent is High Performance Computing and Communications. NSF's budget request
for this activity is a 23 percent increase to $328 million. The research supported
through HPCC is perhaps most familiar as it is related to the Administration's vi-

sion for the National Information Infrastructure. But research that will eventually
enable information superhighways is only one facet of the HPCC effort. The HPCC
activity also supports research on parallel computing which has brought dramatic
increases in computational efficiency,

with applications ranging from aerodynamic
design to analysis of the market for home mortgages.
A third example of research in strategic areas is Advanced Manufacturing Tech-

nology, which supports fundamental research on such
topics

as environmentally be-

nign manufacturing techniques, advanced fabrication ana processing, and intelligent

manufacturing systems.
These cross-agency initiatives are complemented by other NSF initiatives such as

the Civil Infrastructure Systems Program. As this subcommittee already knows
from a hearing held last year, this program supports research that provides the fun-



damental knowledge that can lead to new designs, more durable construction mate-
rials, non-destructive evaluation techniques, and innovative remediation for infra-

structure facilities such as roads, bridges, utilities, and sanitation systems.
Although such research focuses on specific problems within the strategic areas, in

reality there is synergy with other important research. For example, the data han-
dling requirements for Global Change Research are advanced by discoveries that re-

sult from the High Performance Computing and Communications initiative, and in-

novations from the Advanced Materials and F*rocessing Program often feed directly
into research on manufacturing or civil infrastructure.

The fundamental research supported by NSF and conducted at academic institu-

tions across the nation has already proven to be very useful to industry. Since only
about 5 percent of industrial R&D is allocated for basic research, industry is de-

pendent on NSF funding of research conducted at academic institutions. Doth for

new discoveries and for a well-educated workforce. The value of academic research
to industry is evident in the rapid growth of industry support for academic R&D.
Over the past decade industry spending for academic research has grown from $389
million to an estimated $1.5 billion i—nearly a four-fold increase.
This fact demonstrates the value of a strategy of maintaining leading-edge re-

search capability in all areas. Future industrial investments in academic research
are likely to follow on in areas that are recipients of NSF support today.

ACADEMIC RESEARCH INFRASTRUCTURE

Let me conclude by briefly discussing a related issue, and that is the need to re-

pair, renovate, and modernize the nation's academic research laboratories and in-

strumentation.
NSF currently is able to provide little more than nominal assistance for infra-

structure. To do more within our current budget would seriously skew it away from
NSF's highest priority

—
people. H.R. 3254, the Authorization bill being considered

in the House, moves funds irom NSF's priorities of research and education to aca-
demic research facilities, and the Administration opposes this shift.

In September, NSF's next report on the academic research infrastructure will be
available to provide an up-to-date assessment of the needs. I have talked with Dr.
John Gibbons, Director of the Office of Science and Technology Policy, about the
need to consider academic infrastructure issues on a government-wide basis. I've

also recommended that this issue be reviewed by the National Science and Tech-

nology Council. NSTC's Committee on Fundamental Science and Research, which I

co-charr, has established a standing subcommittee on Research Infrastructure.

Revitalizing the academic research infrastructure requires cooperation amon^ the
Federal agencies, as well as the support of the states, universities, and the private
sector entities that fund academic research.
NSF has been a leader in supporting merit-reviewed infrastructure modernization

activities, and we will continue our efforts to upgrade facilities while we work to

develop a more inclusive approach.

INDIRECT COST PAUSE

You have no doubt heard about the Administration's proposed "Pause" in indirect
cost reimbursement. We believe that the Pause should be addressed on a govern-
ment wide basis to ensure fairness, and should not be implemented on an agency-
by-agency basis, as H.R. 3254 proposes.

CONCLUSION

In conclusion, Mr. Chairman, I appreciate the opportunity to provide you with a

summary of some of the important activities being supported at NSF. We support
the highest quality research and education and seek connections across strategic
areas in order to make progress toward national goals.

I look forward to worlcing with you and your committee to make NSF's contribu-
tions to the nation even more significant in the future than they have been in the

past.
Thank you. I will be pleased to respond to any questions that you might have.

ACTIVITY SUMMARIES

Funding for the National Science Foundation is provided throu^ the following
seven appropriations.

1 Science and Engineering Indicators—1993, p. 388.
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Research and Related Activities

The FY 1995 Request for Research and Related Activities (R&RA) is $2,348.70

million, an increase of $185.0 million, or 8.6 percent, over the FY 1994 level 2 R&RA
funds a broad range of activities focused on strengthening the nation's scientific,

mathematics, and engineering research enterprise. Included is support for research

projects, centers, instrumentation, user facilities necessary for forefront research,
ana education and training activities. Also included within R&RA is support for re-

search in the arctic and antarctic regions, and the necessary logistics and operations

support to enable such research.

Within R&RA, funding for research and education in strategic areas increases by
more than 12 percent over the FY 1994 planned level. Efforts in these strategic
areas produce the knowledge necessary to address a range of national priorities, to

advance our understanding of scientific phenomena and technological processes, and
to strengthen the science and technical workforce. Significant increments include:

• U.S. Global Change Research Program increases by more than $65 million, or

46.2 percent, for a total of $207.52 million. Special attention will be given in FY
1995 to major international data collection and analytic programs; to climate change
modeling and forecasting activities; to research on terrestrial ecology; to research on

policy processes; and to the advancement of methods for conducting integrated as-

sessments.
• High Performance Computing and Communications initiative increases by more

than $61 million, or 24.5 percent. This includes more than $50 million for Informa-
tion Infrastructure Technology and Applications for information infrastructure serv-

ices, system development, intelligent interfaces, and National Challenge Applica-
tions Problems in areas which have broad impact on the nation's

competitiveness.
• Support for the interagency Science, Mathematics, Engineering and Technology

Education initiative increases by more than $9 million, or 8.4 percent, to $118.53
naiUion. R&RA-fanded education programs are directed primarily at post-secondary
education. Increased support in FY 1995 focuses primarily on improving under-

graduate education.

Significant support is also provided within R&RA for efibrts in strategic areas in-

cluding Advanced Manufacturing Technology, Environmental Research, Advanced
Materials and Processing, Civil Infrastructure Systems, and Biotechnology.

Funding for fundamental research in all
disciplinary

and cross-disciplinary fields

of science and engineering supported by NSF will continue. Within R&KA, research

project support increases by 10.7 percent to $1,404 million. Examples of projects

supported include:
• Investigators funded by the Biological Sciences Activity have isolated a key

gene controlling the intake of potassium and of toxic metals in plants. This research

may lead to the development of genetically engineered plants capable of blocking
toxic metals responsible for major agricultural losses from entering plants.

• Data from the 1993 floods in the Upper Mississippi Basin are being used by
researchers funded through the Geosciences Activity to protect river systems against
bank and levee sloughing and to determine the degree to which major floods re-

charge aquifers mined by irrigators and industries.
• Research in the formal methods for the design and analysis of fault-tolerant,

real-time, distributed systems supported by the Computer ana Information Science

and Engineering Activity were applied in the national Air Traffic Control system in

the form of the nand-off protocol used to transfer ownership from one air-traffic con-

troller to another.
• The Nobel Prize in Physics for 1993 was awarded to NSF-grantees Joseph Tay-

lor and Russell Hulse for their discovery of the first binary pulsar and for subse-

quent studies leading to high precision tests of Einstein's theory of gravitation.
• One of the greatest challenges for the chemist is the design of molecules and

methodologies that mimic nature. Particularly exciting developments supported by
NSF's Chemistry Subactivity are "chemzymes," small molecules with catalytic ac-

tivities rivaling those of enzymes, and self-replicating molecules designed at the

Massachusetts Institute of Technology, taking lessons from DNA.
• Companies have used results from research on human cognition funded

through the Social, Behavioral and Economic Sciences Activity, as it unfolds through
language, memory, problem-solving, decision-making, and learning, to improve
human/machine interfaces.

*The Major Research Equipment (MRE) appropriation is proposed in FY 1995 to fund the con-

struction of the Laser Interferometer Gravitational Wave Observatory (LIGO) and the Gemini
8-meter telescopes, currently funded through R&RA. For comparability, the FY 1993 and FY
1994 amounts for these construction project* are included under MRE.
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Funding for centers within R&RA increases by 4.6 percent for a total of $186 mil-
lion. Activities include:

• When earthquakes occur, such as the recent Northridge, California earthquake,
the NSF-supported Southern California Earthquake Center nerves as a center m
capture data, coordinate science activities, and provide public information.

• The NSF-supported Industry/University Cooperative Research Center for Meas-
urement and Manufacturing Control at the University of Michigan developed a
measurement methodology which allowed Chrysler's Jeep Grant Cherokee Plant to

improve the dimensional tolerance of the assembly of automobile body panels to 2

mm, a tolerance standard used by Toyota Motors.
• Experiments at the Cedar Creek Long Term Ecological Research site in Min-

nesota demonstrated the importance of biodiversity on plant production following
the major drought of 1988. Areas previously manipulated to contain high plant di-

versity maintained higher plant production during the drought and recovered more
rapidly than less diverse areas.

• The NSF-supported Center for Ultrafast Optical Science has helped bring ten
new products to market in its first three years, with sixteen others under develop-
ment. The Center is now poised to launch the Ultrafast Development Laboratory
where scientists and engineers from private companies will conduct experiments re-

lated to product development along with Center students.

Support for facilities within R&KA increases by 6.0 percent to a total of $559 mil-
lion. Activities have included:

• More than 1,200 U.S. colleges and universities are fully connected to the

Internet, with traffic carried by the NSFNET Backbone Service in December 1993
almost double that carried a year before.

• The four NSF-supported Supercomputer Centers continue to provide over 8,000
users with access to state-of-the-art computing resources not available elsewhere.
Their Centers' scope has expanded to include partnerships permitting private sector

organizations to experiment with the application of high-performance computing
technologies.

• Since its creation in 1960, about 30,000 people from 250 institutions across the

country and around the world have visited the National Center for Atmospheric Re-
search and used its facilities, including aircraft, supercomputers, and ground-based
observing facilities.

• NSF funding for the three major national facilities in astronomy supports oper-
ations, maintenance, and development of instrumentation in ground-based optical
and radio astronomy.

• Facilities supported through the U.S. Polar Programs enable research in the
Antarctic by providing the necessary infrastructure for scientists, including aircraft,
research vessels, research stations, and logistical and operations support.
Funding for education and training activities within R&RA increases by 5.2 per-

cent to a total of $199 million. Efforts include support to provide research experience
for undergraduate students, reform undergraduate curriculum, explore innovative
educational delivery systems, experiment with innovative applications of technology
for educational activities, increase the involvement of women and underrepresented
minorities through special programs and mentorship activities, provide doctoral dis-

sertation support in research areas requiring field work, and allow faculty at small

colleges to update their skills.

Highlights of R&RA by Activity are:
• The Biological Sciences (BIO) Activity promotes understanding of the underly-

ing principles and mechanisms governing living organisms. Research areas include

analyses of the genetic and molecular processes underlying all life; the use of cut-

ting-edge tools to understand organism development and behavior; modeling of the

interrelationships among organisms and the environment in which they live; and
the development of new instruments and databases for the biological sciences. The
9.1 percent increase in FY 1995 will primarily support research In the U.S. Global

Change Research Program and High Performance Computing and Communications,
allowing enhanced support for research on biodiversity and the environment. Long
Term Ecological Research sites, and the establishment of a Center for Ecological
Analysis and Synthesis.

• Research in the Computer and Information Science and Engineering (CISE) Ac-

tivity is directed at information processing in the broadest sense, ranging from fun-
damental theory of computing to systems architecture and engineering. In addition,
significant attention is devoted to advanced computer and communications facilities

providing services for the general research and education community. The 13.7 per-
cent increase in FY 1995, directed toward the High Performance Convputing and
Communications initiative, enhances support for its Information Infrastructure

Technology and Applications component, increases high performance computing ca-
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pabilities at NSF Supercomputer Centers, and provides for a transition to very high-
speed networking.

• The Engineering (ENG) Activity promotes the progress of engineering and in-

creases its potential to respond to the nation's future technological opportunities and
needs. ENG accomplishes its mission by supporting all fields of engineering edu-
cation and research and by developing the nation's engineering human resources
and physical infrastructure. Engineering's 9.7 percent increase lor FY 1995 will go
to support increases in Advanced Manufacturing Technology and High Performance

Computing and Communications, and to meet mandated levels for tne Small Busi-
ness Innovation Research (SBER) program.

• The Geosciences (GEO) Activity supports research to advance knowledge of the

properties and dynamics of the planet Earth including: studies of geologic forces and
their history; ocean dynamics and resources; and the physics and chemistry of the

atmosphere. The 9.7 percent increase in FY 1995 reflects emphasis on the U.S.
Global Change Research Program and will enable new and enhanced efforts in

international data projects, forecasting and climate modeling, terrestrial ecology,
and integrated assessments.

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

mathematics, astronomy, physics, chemistry, and materials science to accelerate the

growth of the knowledge base and to connect it to potential users. Major equipment
and instrumentation such as accelerators and telescopes are provided to support the
research needs of individual investigators. The 6.3 percent increase in FY 1995 will

strengthen support and boost MPS participation in all interagency and NSF re-

search initiatives and enhance support for facilities and instrumentation.
• The Social, Behavioral and Economic Sciences (SEE) Activity stimulates sci-

entific progress in the social, behavioral and economic sciences. Research focuses on
how various social and economic systems are organized and operate and how cog-
nitive and cultural factors influence human behavior. The Activity also includes pro-
grams that promote international scientific cooperation and provide authoritative
data on science and engineering and the characteristics of the nation's research and
education enterprise. The 14.6 percent Increment In FY 1995 will primarily support
the U.S. Global Change Research Program.

• Polar Programs, which includes the U.S. Polar Research Programs and U.S.
Antarctic Logistical Support Activities, support multi-disciplinary research in arctic

and antarctic regions. Polar regions play a critical role in world weather and climate
and provide unique research opportunities from the ocean bottom throu^ the ice

layer and into space. Special logistical and operations efforts are required to support
research in Antarctica because of its remote location and the necessity of providing
all infrastructure. The 2.1 percent increase in Polar Programs will be directed en-

tirely to research projects rather than logistics. This represents an 8.8 percent in-

crease in research and will enable expanded studies in arctic and antarctic regions,
focused

primarily
on global change and environmental issues.

• The Critical Technologies Institute is a Federally-Funded Research and Devel-

opment Center that provides analytical support to the Ofiice of Science and Tech-

nology Policy by identifying near-term and long-term objectives for research and de-

velopment; analyzing the production capability and economic viability of tech-

nologies; and providing options for achieving R&D objectives.

Education and Human Resources

The FY 1995 Request for Education and Human Resources (EHR) is $586.00 mil-

lion, an increase of $16.40 million, or 2.9 percent, over the FY 1994 Current Plan.
EHR supports a cohesive and comprehensive set of activities, augmented by infor-

mal science experiences, which encompass every level of education and every region
of the country. EHR plays a major role in science, mathematics, engineering and
technology education, funding about thirty percent of the total federal effort in FY
1995.

•
Support at the K-12 level totals $360.05 million, an increase of $8.87 million

over Fi 1994. Included in this amount are Systemic Reform activities ($86.06 mil-

lion) in states, urban and rural areas, and programs to meet the National Education
Goals in science and mathematics, established in 1990 by the President and the na-
tion's governors.

• Support at the Undergraduate level is $102.25 million, an increase of $2.44 mil-

lion over FY 1994. This support focuses on the continued efforts of reforming cur-

riculum and laboratory instruction, and upgrading equipment. Improving under-

graduate preparation of K-12 teachers and addressing advanced technician training
continues to be major emphases.

•
Support at the Graduate level is $63.39 million, an increase of $4.60 million

over FY 1994. Included in this support is a modest increase in both the stipend and
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the cost of education allowance for the Graduate Fellowship program. The number
of fellows will be sustained at approximately 2,400. The Graduate Traineeship pro-

gram will be sustained at the FY 1994 level.
• Advanced Technology Education (ATE) established in FY 1994, is $17.60 mil-

lion, an increase of $3.00 million over the FY 1994 level. ATE promotes improve-
ment in advanced technological education curricula and instruction to help in the
transition of students to the high-performance workforce. The increase will support
new centers and expansion of curriculum projects.

Academic Research Infrastructure

The FY 1995 Reauest for Academic Research Infrastructure is $55.0 million, a de-

crease of $50.0 million from the FY 1994 Current Plan level of $105.0 million, but
the same level requested in FY 1994. Because academic infrastructure needs are so

Servasive.
only with the concerted cooperative effort of every agency that funds aca-

emic research, and with the support of the Congress, can the federal government
begin to address the large scale modernization and instrumentation reauirements
of our science laboratories and classrooms. The $55.0 million Request is tne amount
NSF feels is sufficient to allow the continued upgrading and improvement of re-

search facilities and instrumentation at academic institutions, wnile maintaining
the Foundation's traditional role in the research community.

Major Research Equipment
The FY 1995 Request for the new Major Research Equipment (MRE) appropria-

tion is $70.0 million. MRE is established in FY 1995 to provide funding for the con-

struction of major research facilities that provide unique capabilities at the cutting
edge of science and engineering. Currently funded through the Research and Relat-
ed Activities (R&RA) appropriation, these construction projects totaled $34.07 mil-

lion in FY 1993 and $52.00 million in the FY 1994 Current Plan. The FY 1995 Re-
auest of $70.00 million represents an $18.00 million increase, or 34.6 percent, over
tne FY 1994 level for these items.

Projects supported by this Account will push the boundaries of technological de-

sign and will offer significant expansion oi opportunities, frequently in totally new
directions, for the science and engineering community.
Two projects currently comprise the Major Research Equipment Account: the

Laser Interferometer Gravitational Wave Observatory (LIGO) and the Gemini Tele-

scopes,
twin 8-meter telescopes in the northern and southern hemispheres being

built throu^ an international partnership.

Salaries and Expenses
The FY 1995 Request for Salaries and Expenses (S&E) is $130.72 million, an in-

crease of $12.42 million, or 10.5 percent, over the FY 1994 Current Plan level of

$118.30 million. The Reauest level fully funds the Foundation's stafUng requirement
of 1,243 full-time equivalents and will enable NSF to exercise effective management
of its programs ancl activities and to continue its investment In advanced informa-
tion technology.

Salaries and Expenses provides funds for staff salaries and benefits, and general
operating exf)enses necessary to manage and administer the NSF. Funds are re-

quested separately for the OfTice of Inspector General and for NSF Headquarters
Relocation, the appropriation account which includes fiinds to reimburse the Gen-
eral Services Administration (GSA) for expenses incurred to relocate the Foundation
to its new Headquarters location in Arlington, Virginia.

NSF Headquarters Relocation

The FY 1995 Request for NSF Headquarters Relocation is $5.20 million, equal to

the FY 1994 level. This appropriation account provides annual reimbursement to

the General Services Administration (GSA) through FY 1998 for expenses incurred

by GSA pursuant to the relocation of the National Science Headquarters to Arling-
ton, Virginia, which was completed in January 1994.

Office of Inspector General

The Ofiice of Inspector General (OIG) was established to promote economy, effi-

ciency, and efliectiveness in administering the Foundation's programs; to detect and

Rrevent
fraud, waste, or abuse within NSF or by individuals that request or receive

[SF funding; and to identify and resolve cases of misconduct in science. The FY
1995 Request for the OIG is $4.38 million, an increase of $0.38 million over the FY
1994 level.

Senator Rockefeller. Thank you, sir. You will find that work-
ing with Senator Burns and myself is good and amicable and posi-

78-265 0-94-2
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tive, and I would call on Senator Burns for any thoughtful com-
ments he might have.

OPENING STATEMENT OF SENATOR BURNS
Senator Burns. Thank you, Mr. Chairman. I would just ask that

my comments—opening statement be made a part of the record.

Senator Rockefeller. Of course.

[The prepared statement of Senator Burns follows:]

Prepared Statement of Senator Burns

Mr. Chairman, thank you for holding this hearing on the reauthorization of the
National Science Foundation (NSF).

U.S. leadership in science has depended on NSF's strong support for basic re-

search. Four (4) percent of the entire federal R&D budget comes from NSF. That
support has been

particularly important for the research being conducted at our col-

leges and universities. NSF has also played a critical role in strengthening our Na-
tion's math and science education to ensure continued generations of scientific tal-

ent in the U.S. The $3.2 billion budget request for NSF—a six (6) percent increase
over current funding—should enable the agency to continue these critical activities.

In Montana, we are particularly aware of the importance of NSF to quality aca-

demic research. As one of the first of the EPSCoR (Experimental Program to Stimu-
late Competitive Research) states, the Montana scientific community nas been ener-

gized by the opportunity to compete, and I might add, compete successfully in sev-

eral important scientific areas.

I would like specifically to mention Montana's Systemic Initiative in Mathematics
Education. This cooperative effort among the the public schools and the colleges and
universities is resulting in a whole new math curriculum for students. The initiative

has recently been supplemented by another grant to change the way in which we
educate teachers of mathematics at the university level. These projects are espe-

cially commendable in that they connect resources throughout the state and nation
with a long-term goal for American education, namely more facile, confident and ca-

pable students of mathematics.
Another key project has been awarding a National Engineering Research Center

at Montana &,ate University. This Center which specializes in understanding micro-
bial processes at their surfaces is having major industrial impacts in revitalizing oil

fields, the implantation of medical devices and environmental remediation—so much
so that more than a dozen industrial affiliates from across the country contribute

to the center's work.
In addition to EPSCoR, Mr. Chairman, let me also express my interest in NSF's

facilities modernization program. Scientists cannot do quality work without quality
facilities and equipment. Currently the nation's scientific infrastructure is in need
of renovation. Some of this is due to age and new demands, but some is also due
to our own largely unfunded mandates that universities and other laboratories meet

specialized safety requirements, hazardous materials standards and ADA access re-

quirements.
I certainly recognize the need for facilities' modernization, but it is my under-

standing that some of the facilities' money may come from dollars previously
merited for research and this also causes me concern.

Clearly, we require a more comprehensive approach to the facilities issue. I agree
that we may need to consider program options that go beyond NSF and involve

DoD, DoE and NASA in the quest for an adequate facilities' modernization program
for the nation's academic research operations.
Mr. Chairman, I am a supporter of NSF, but I know that it is at a crossroads

in its evolution. There is a growing belief that we need more clear connections be-

tween the research that is funded and critical national needs. Because I also sit on
the appropriations subcommittee responsible for NSF funding, let me repeat the

language in the Senate report on the FY94 funding bill in which we indicated:

"the Foundation can be at the heart of helping to shape the administration's

science and technology policy in pursuit of specific national goals, or it can di-

minish into becoming nothing more than a national endowment for science."

The Senate report urged NSF to place a greater emphasis on research that is tied

to broad national goals such as high performance computing and Advanced Manu-

facturing Technologies. In that regard, Mr. Chairman, it is my intention to intro-

duce specific legislation in the manufacturing area because I believe that it so espe-

cially critical to our job base in America.
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I also wish to remind the panel that the Senate report directed NSF to develop
better systems for evaluating NSF-funded projects so that it can know what is work-

ing, what is not working and act accordingly.
I am hopefiil that this hearing will provide time to discuss the future direction

of NSF and the degree to which some of the Congress' recommendations have been

implemented.

Senator Burns. And with that, I think that as we look at our

goals, Mr. Lane, and as we go down the line, if you were setting
the priorities of what we should be doing at NSF, what would be

your top priority right now? Just where would you put the top pri-

ority that is facing this Nation, or facing this community, the sci-

entific community? Give me the top three. I will let you off the
hook in that way.

Dr. Lane. Senator, I think that I would have to say that the top
priority for the NSF, given its mandate, is to do everything it can
in ensuring progress in science, mathematics, engineering in this

country, and the development of the human resources that are

going to be necessary to ensure not only that our people are happy,
healthy, and fulfilled society now, but also in 10, 20, 30 years in

the future that has to be our top priority, I think.

It implies, then, that we hold firm to the core values of the foun-

dation; namely that we look to the excellence of the programs we
support, we hold to high standards the investigator-initiated pro-

posals that we receive, we review them based upon the merit of

those proposals, we use peer evaluation in order to determine that

merit, and we look after the health of the programs across the

spectrum of areas of science, mathematics, and engineering.
That is a long first priority, but I think a second priority then

is that we look immediately to supporting those areas of research
and education that are expected to be the most important under-

pinning of broader national goals that are of concern to our society
at this time, and immediately behind that, in parallel with that, is

our increased interactions with industry, with the States, because
that is necessary, I believe, to make the second thing happen.
Senator Burns. The reason I ask that, because I make—areas

where we have had a very cooperative thing in my State of Mon-
tana University was the systemic initiative in mathematics edu-

cation, and you said awhile ago, make sure that the human re-

sources are in place and there to carry out the work of the National
Science Foundation, and also to be equipped to meet those chal-

lenges.
I am concerned, though. You ask for a little bit of an increase in

one area that I do not quite agree with, but I will let you respond
to it, anyway, I notice you have got a 46-percent increase in global
warming research, and everything else is sort of on the shoestring.
Do you want to comment on that?
Senator Rockefeller. That is because of all the Democrats in

the White House. [Laughter.]
Senator Burns. But we had some of those even when my guy

was there, but they operate in the bowels of that old building, any-
way. You cannot spray and get them out. The Orkin man cannot
even get them out, but they are always there. Gro ahead. [Laugh-
ter.]
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Dr. Lane. Senator, no question that one
really

does stand out.

The high-performance computing increase is also large. It is just on
the order of 23 percent.

I believe there are several reasons that both of these stand out.

One is that they are broad areas, broad strategic areas. If one looks
at the research that actually gets supported, you can find those re-

search projects all across the intercept. They involve projects in

chemistry and in atmospheric science and in engineering and bio-

logical sciences, so it actually does involve the larger scientific com-

munity in a very multidisciplinary way, even though when you
view it in terms of a particular initiative, it has a very high peak.
A second thing to say, I believe, is that both of these initiatives

are among the more mature initiatives of interagency cooperation.
I think they are excellent examples of cooperation. The NSF was
in on the very front end of both of these, and so they represent pri-
orities that were already there in the science community and at
NSF from early on.

Of course, a third thing I would say related to that is that we
have entered into cooperative agreements with other agencies in

addressing the administration's high priorities, so we have a capac-
ity to reacn out to those high interests and do quite a lot more re-

search in fiscal year 1995, and therefore feel that we can invest
those fimds very wisely and productively.
Senator Burns. I have a couple of other questions, but I have got

another meeting to go to here and I want to thank you for coming
today, and I will submit those in writing, and if could respond to

the committee and to me I would appreciate that very much.
I appreciate your comments. Thank you, Mr. Chairman.
Senator Rockefeller. Thank you. Senator Bums, as always, for

,your excellent work. We tease each other because the fact of the
matter is we work very, very well together, and so sometimes if you
tease people assume that you are sort of masking hostile feelings.
Well, it is quite the opposite here. Senator Burns and I, when we
are together on the floor, we prevail without exception. [Laughter.]
Senator Burns. I could never dunk a basketball like you can,

though. [Laughter.]
Senator Rockefeller. Dr. Lane, you know, it is an easy thing

to say, and I agree with it, that NASA is saying they can do their

missions without really any particular change in budget, and Dan
Goldin says, well, we will just make things more efficient, and we
will make NASA work more for the American job-creating machine,
and all that kind of thing.

Fundamentally, I mean, the National Science Foundation is a
Government body, but in some ways its psychology has to have a
little bit of that of the university, that in a sense it is a protector
of basic research. A lot of your money has gone into that.

You have got a little bit of an increase in that this year, and yet
we are coming at you, and you are saying, we will react to this

slowly and carefully, but we are saying, let us get relevant. And at

some point I just want to get an assessment from you of why that
is doable, why that is honorable. In other words, it is not just re-

sponding to a political mandate from the Congress or from the
White House. I happen to agree with that mandate, but that is not
the point. It has to be a bit jarring.
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Universities are very nervous. It has to have some of the profes-
sionals in the National Science Foundation who are accustomed to

doing things in certain ways nervous. Tell me a little bit about

that, and to the extent that you tell me, tell me also why it is

something that you can in fact deal with, if in fact you can. I am
asking a little bit about morale as well as dollars.

Dr. Lane. Well, Mr, Chairman, I have had a lot of opportunity
to talk about this as I go around the country, because it is a ques-
tion that is almost the first question that comes up after a presen-
tation that I might give. It is because there is considerable nerv-

ousness in the research community for a variety of reasons, not the

least of which is that our research, our university and college base
is a national resource, and it is important clearly to the future of

the Nation.
The faculty who teach there and who carry out their research

there are an essential part of that resource base. They are the re-

searcher who we support primarily, and of course we want to en-

sure that our programs enable those researchers to do the finest

research and teach in the best possible way the students that they
have under their care, and so it is of great concern to us.

The way I try to describe this when I talk to faculty who have
these concerns is that we are being asked the following kind of

question: with a budget of the order of $3 billion, are you telling
the NSF or university community that there is no way any of you
can do any more to use your great talent, ability, skills proven
through the years, to address some of these problems of society
that are so immediate and of such gravity to us?

Are you saying that that whole system is so optimized that there

is no way that you can do anything different without somehow de-

stroying the fundamental underpinning so that the whole thing is

going to collapse?
I do believe that in fact we can do more as a community

in this

partnership that has been so important that it has worked so well

through the years, and that is why I view one of my most impor-
tant jobs right now is to go out and have these discussions and try
to help bring the community along, first of all, to not be so fearful

that some terrible thing is going to happen.
I think in much of the discussion your comments, Mr. Chairman,

to the forum, recent forum that was held at the academy, and Sen-
ator Mikulski's comments and other discussion that went on there
I think did much to encourage members of our community that

maybe they were interpreting too negatively all of these kinds of

discussions.

So, I think on that side of the issue that the community is begin-

ning to understand and feel less threatened, and I see

increasingly
Senator Rockefeller. Do you really think so? I just want to

challenge you on that, because when Barbara Mikulski or I start

talking about strategic research, and since the end of World War
II the purpose of the National Science Foundation has really been

very focused, very discrete, very safe and uniform, and very excel-

lent, that that does cast fear.

I see it in the health care debate which I referenced in my open-
ing statement with academic health centers. We are talking
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about—and Senator Bums and I feel strongly about this—^having
more primary care physicians in rural areas than we are now
pumping out, which means that academic health centers have to

produce approximately the same number of generalists as special-

ists, and they hear that from the U.S. Government, and they are

terrified.

They are terrified, because they say the Grovernment is going to

come and change things—even though it is our money, $5.5 billion

of Medicare money that they are using—that is, the taxpayers'

money. There is a distinction, is there not, and an important one.

They think they are changing the rules on us, and here comes the

heavy hand of Government, and they say they mean this, but actu-

ally it is kind of a nose under the tent, and watch out. There is

a deep effect on morale. There is a sense of desperation.
Now you are saying you are going out there and you are calming

people down, and in a sense I am trying to ask, what do you tell

them that calms them?
Dr. Lane. Well, I am from the Government, I am here to help

you. [Laughter.]
Senator Rockefeller. That is a good opener. [Laughter.]
Senator Burns. I would imagine the conversation shortens up at

that point. [Laughter.]
Dr. Lane. Well, I try to say this. Senator, with a smile on my

face as best I can.

Mr. Chairman, I do not want to make light in any way of the

seriousness of the morale problem. I think there is a serious morale

problem. I believe the questions are being seriously asked by mem-
bers of our community as they are being asked the other way by
the public, so the dialog is very important to hold.

My own view is, which I share with them, is that so long as we
keep the identification, the definition of the strategic area suffi-

ciently broad, and I think global change is broad. It is global
—it

is broader than global warming. It is sort of all aspects of change
on our planet, particularly those changes that—well, including
those changes brought on by the interaction with human beings,
but also those changes that are fundamental to nature. We really
have to understand the dynamics. It is a very complex problem.

Clearly that is an important, large but very broad area of societal

concern.
If that definition is kept broad, and if the flexibility is left to the

agencies such as NSF and to the scientists who are doing the work
in the laboratory to propose their very best ideas in areas that will

be supportive of that large, broad, strategic goal, then I think that

does not threaten the quality of the science that is going to be

done. That if you look at a particular project, sometimes there is

nothing special about that particular project, that single researcher
in that university, that is any different from another researcher

doing just as fundamental problem in another area.

So, we are not there to really change in a qualitative way quickly
the way in which researchers do their job, or the way in which they
introduce young people to the idea of discovery and the excitement

of research.
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Senator Rockefeller. Well, let me just push that further. I

have a list here of the, as they say, research and related activities

that you will be spending the money on.

But you know, your budget proposes cutting funds for academic
research infrastructure, which of course is the upgrading of the
older labs, which have been with us for many, many years. I re-

member when I was Governor of West Virginia I got complaints
about that, and that was many, many years ago, I got that all the

time, and it never abates. That is going down by 45 percent, as op-

posed to the previous budget, and then they look around at the uni-

versity, these folks doing basic research, and they see corporate
America cutting back I think, what is it, 15 percent is the expected
cutback on basic research?

Dr. Lane. I have heard the number, Senator. I cannot verify
that.

Senator Rockefeller. Let me ask two questions from that: one,
what is the relationship for the interaction, if any, between the
basic research being done by corporate America in a generic sense
and that being done by universities, and if the corporate is going
down, does that affect the university. Help me understand that a
little bit.

Dr. Lane. Mr. Chairman, I think that there certainly is a rela-

tionship. I think one of the reasons that large corporations cut back
in their basic research laboratories is because increasingly they felt

that their own research activities were unrelated to their product,
and so even within a given company it appeared that the research

activity had distanced itself from the production line of the com-

pany, and so it was a place that when it was necessary to cut the

budget, it was possible to cut the budget.
I think what it implies is that industry is increasingly interested

in the university, and has been very supportive of the importance
of basic research in universities, and many industries want to work
more closely with universities to be able to tap that knowledge and
those technologies early on, but my sense is across all of industry
there is pretty widespread support for basic research remaining
strong in the universities, so the coupling is there.

Industry is very supportive, and will be looking, I believe, in-

creasingly to universities for the new knowledge and the new tech-

nologies they will depend on 20 or 30 years down the road.

Senator Rockefeller. But let me press some more. You are

going up in some basic areas, like global warming and computing,
and then here you have got geosciences, engineering, mathemati-
cal, physical sciences, behavior and economic sciences. But never-
theless your overall percentage increase is only 6 percent; right?

So, something presumably is suffering in the way of research
that you were doing in previous years, which probably will not be
able to be done, and I do not wish to make a scandal of that. Just
what kind of things are those?

Dr. Lane. Well, Mr. Chairman, within that 6 percent overall

budget, the research part of that—I mean, the part that actually
goes into research projects is of the order of 8 percent, and if we
were to receive this increase, then that really would be quite a good
budget year, and even with the investments in the strategic
areas
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Senator Rockefeller. That is $180 million increase.

Dr. Lane. That is correct. Even with these large investments in

strategic areas, the way in which that research ^ets done is to in-

vest those funds in research projects in universities and other non-

profit organizations.
So, just as in the past some parts of the agency will have more

money to invest, some areas of research will have more money and
some areas will have less money, but the differences would not be
as dramatic as one might think in looking at the strategic areas be-

cause of their breadth, the fact that they really do include support
of activities in many different fields of science.

Senator Rockefeller. I mentioned in my opening statement—
then I would yield to Senator Stevens, who I am very, very grateful
is here—the so-called human dimension of all of this, and then I

think of areas like anthropology, et cetera. Are those going to be

suffering to some degree because of the new emphasis on strategic
research?

Dr. IjANE. Mr. Chairman, it turns out that the social sciences

really have a very substantial role to play in some of the strategic
research areas. So, for example, within the global change initiative,
that is the largest of our requested increase in 1995, social sciences

play a very important role through a program in the human dimen-
sions of global change in particular.

So, policy areas and other areas that come to mind that relate

to global change are going to be supported by the NSF, and so

there will be social scientists benefiting from that and other of the

strategic initiatives.

Senator Rockefeller. Let me yield to Senator Stevens.

OPENEsfG STATEMENT OF SENATOR STEVENS
Senator Stevens. Thank you, Mr. Chairman.
Mr. Lane, it is nice to see you.
I have been going through this justification for your budget this

year, and I think there is a growing disparity between Arctic and
Antarctic research.

I note from the breakdown that is on page 192 that the Arctic

Research Program actually has $27 million plus of the total polar

program of $225 million in the request. The balance is basically the
Antarctic operation.
The disparity that comes to me is that the Arctic Research Pro-

gram does not have a breakdown for support or any kind of—well,

any kind of science support like field camp or information systems
or engineering, or transportation, and in the Arctic research line all

of those are included.
Did you ever examine all of this to see what could be done in

Alaska or on the North American continent as opposed to going to

Antarctica to conduct this polar research?
Dr. Lane. Senator, I appreciate your question on this, and I rec-

ognize that while you have described the numbers and I recognize
that there is a clear difference between the two areas, if one looks

at all of the Federal funding of Arctic research then the numbers
are not so different. I mean, my numbers show—and I would be

happy to submit any details for the record that might further clar-

ify these issues—my numbers show that the total Federal support
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for Arctic research request in fiscal year 1995 is about $163 mil-

lion, whereas the total Antarctic program is on the order of $198
million. And so still larger

—the Antarctic is larger
—but NSF is the

sole supporter in the Aritarctic whereas many agencies support re-

search activities in the Arctic. And so we do try to look at the full

Federal picture.
Senator Stevens. I would like to see that breakdown. The last

time I looked at the Arctic Commission Report that was not the

case. But my point is that you have operational support of $104
milHon to conduct 26 or 28 million dollars' worth of research in

Antarctica. You have listed zero support to conduct—^for this fiscal

year, pardon me, it is $31 million for Antarctica. You have $162
million total. Our figures show that $104 million of that, what is

listed there—operations, science support—is $104 million. That is

all Antarctica. But there is no support for the Arctic program. I

just think with that high cost—in other words, you are spending
almost $3 or $4 for every dollar you spend in research in Antarc-

tica. In the Arctic, all of the support money is included in the $27
million.

Dr. Lane. Yes, Senator, that is correct.

Senator Stevens. Well, has anyone ever done an analysis to see

what could be done on the North American Continent as opposed
to the South American Continent?

Dr. Lane. Well, I think it is clear to us that a lot can be done
on the North American Continent in the Arctic program.
Senator Stevens. But I mean on the same research. You see, I

also sit on the Defense Appropriations Subcommittee and I know
how tenuous the support from the Navy for your activity really is.

They no longer have the presence in terms of the total Pacific Navy
to give you that kind of support for cost any longer. Are you not

feeling some strain in terms of getting support from the Navy al-

ready? That is what they told me.
Dr. Lane. Senator, we are certainly aware of the Navy's views

on this and we are in discussion with the Navy right now over this

issue. Obviously, we have had a good working relationship with the

Navy through the years, and that relationship remains important.
We are discussing the details of that at this time. We have a report
that we will be presenting May 1 on this matter.

Senator Stevens. Well, if you look at the total Antarctic budg-
et—I did not even mention the logistical support activities them-
selves and the safety environmental health, you have got $62 mil-

lion plus the $104 million. If you really want to look at the total

you have got $166 million of $225 million is going into support ac-

tivities for 31 million dollars' worth of research. You have got zero

going into $27 million of Arctic research. It just does not, from a

fiscal point of view, seem to make sense to me.
If we have not reviewed to see which of those experiments in the

science research that is going on in Antarctica could not be done—
whether it is Alaska or Canada, wherever it is, even upstate New
York has some of the same conditions you would find down in Ant-
arctica during part of the year. I really would like to urge you to

make that review.
I have never opposed your Antarctic expenditures, but now it is

starting to stick out like a sore thumb, fi-ankly, particularly when
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I look at the defense budget. The defense budget is coming down.
You cannot demand the support you have had in the past for safety
or for general logistic support any longer.

Dr. Lane. Well, Senator, the issue you raise obviously is a very
important one to us. There is excellent science to be done and being
done in the Arctic, as there is in the Antarctic. The logistics of sup-
porting the research in the Antarctic is very costly because of the
nature of that environment. We will continue to look at these re-

spective programs and the role of research in the Arctic and all of

these various strategic initiatives that I have been discussing and
make available to you the results of such study.

Senator Stevens. Do you have an advisory board that could
make such an analysis, that could look at expenditures in Antarc-
tica and determine what, if any of those, could be legitimately done
in the North American portion of your activities?

Dr. Lane. Well, Senator, we have underway, but only underway
for a few months, an internal strategic planning activity that is fo-

cused initially entirely on the programs. That includes all the pro-

grams or research that we support. And one charge that I have
made to this body is to look at, identify, evaluate, give us options
on the criteria that should be applied in determining or funding of

the various programs in the NSF, exactly consistent with your
question as it relates particularly to the Arctic and Antarctic pro-

grams.
The National Science Board also has a parallel planning activity,

and the board and the staff are working very closelv together on

this, and we will expect that by this summer we will have the re-

sults of that planning activity which we certainly would be pleased
to make available to the committee that will provide guidance on
what additional studies may need to be made and also any ques-
tions that need further discussion on how we set priorities among
the programs that we fund.

Senator Stevens. Well, I would appreciate that if you can give
that to the committee. Let me tell you Mr. Lane, and my good
friend the chairman, Alaska has had a NIOSH unit. I do not
know—the National Institutes of Occupational Safety and Health.
It has been eliminated in the budget. It has been eliminated for

two reasons, for money reasons and because of the ceiling limita-

tion on civilian employees. That is doing for all of Alaska and the
U.S. Arctic, the Arctic under U.S. flag, what you are doing down
there with your safety environmental health initiatives in Antarc-
tica.

But the difference is that people who are losing their lives daily
now in those conditions are up in our Arctic. We have the highest
rate of death, we have the highest rate of accidents, we have the

highest per capita death rate both from accidents and from drown-

ing in the country. We are losing a NIOSH unit because we cannot
afford it, and you have got the luxury of one down there in Antarc-

tica, and you have to transport everybody down there to support
them.
Even the support costs for your unit would keep that unit up

there in Alaska. In a tight budget period, I think we have to ana-

lyze whether some of these things are necessary, particularly when
tne impact is being felt—and it will have a severe impact, I tell
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you. That is a very, very vital unit to our State, the NIOSH unit.

They are doing the same thine, as I understand it, as you are doing
with a portion of this money down there.

Now, I think somehow or other we have to find ways to make

absolutely certain that what you are doing down there cannot be
done in the North and done in a way to provide the spinoff protec-
tion to those who are in the fishing fleets, those who are out there

in the Coast Guard, those who are out there in our aviation com-

munity. All of them are affected by the NIOSH unit loss, and it

bothers me considerably. That is why I came over today.
Thank you very much, Mr. Chairman.
Senator Rockefeller. Senator Stevens, that is an incredibly

well-made point, and you are saying just that just sort of the trans-

porting costs of getting the people down south could more or less

take care of your NIOSH problem.
Senator Stevens. I understand the cost of transportation alone

would pay for the NIOSH unit in Alaska.
Senator Rockefeller. And these drownings that are taking

place—
Senator Stevens. We have a staggering drowning rate. The

NIOSH unit has been doing a good job m curtailing that, as a mat-
ter of fact. I have got to tell you, my friend, the industrial base sort

of looked over their shoulder when I urged that that be established

and brought to Alaska, and now they are just on the top of their

toes screaming not to take it away because it has had a very salu-

tary impact on the accident and death rate in Alaska.
It has not been eliminated, do not misunderstand me. But this

operation down there has such a study going on, has the basic con-

cepts of survival and how to deal with the subzero conditions and
survival in Arctic waters, they have the same kind of units going
on down there but they are not dealing with exact problems that

we face and the NIOSH units are not able to conduct the safety
and health seminars for each one of the industries that the NIOSH
unit has in the past.
Thank you very much.
Senator Rockefeller. Thank you, Senator Stevens, very, very

much.
Dr. Lane, let me just come back to a couple of more generic

points. The NSF, post-World War II, has supported university basic

research people who have been pursuing kind of single dimension

pursuits. That may or may not be true, but in essence that is what
they have been pursuing, and now all of a sudden along comes

something called strategic research and they are being asked
whether supercomputing or global warming or manufacturing,
whatever, they are being asked in essence to act and therefore to

be trained in a more multidisciplinary fashion.

Now, that is not the nature of the way university basic research
is most comfortable. And I would like to get a sense on your part
on how you think that will happen. How do you think that will

work?
Dr. Lane. Well, Mr. Chairman, I completely agree. That is not

the nature of the university. That is not the culture I remember
6 months ago, and I know that moving in this direction causes

great concern on the university campuses.
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The NSF has done a number of things through the years to try
to—^recognizing first of all that there are very important areas of

science and engineering that are multidisciplinary and inter-

disciplinary, tried to find the right way to engage the researchers
in a manner that is consistent with the mission of the university
and helps education and gets the research done. And I think the

centers programs really have done extraordinarily well in that re-

gard.
We have all kinds of different centers. We have over 160 centers.

But the main thing about centers is that they are devised to cause
interactions to occur that do not occur easily, so sometimes that

means interaction with industry. We have many centers that em-

phasize the partnership with industry, others that emphasize part-

nerships across different disciplines within a campus.
As you well know, Mr. Chairman, sometimes it is a lot easier to

interact with somebody down the street than it is somebody in your
own house, and that is certainly true within academia.

So, I think the centers have worked very well, and we will con-

tinue to explore mechanisms of that kind because we believe, many
of the important questions in fact do require, that the university
folks reach across, move across disciplinary lines. And at the same
time we understand the culture of the university mitigates against
that.

So, I do not have a crisp answer for that except that we continue

to explore ways in which to make that happen. But in the context

of ensuring that the research that is done is of the highest quality
and that the education that goes on is of the highest quality, be-

cause that is the fundamental mission of the university.
Senator Rockefeller. Let us go back to the corporate cutback,

which frankly is somewhat surprising to me because I thought that

was a lesson that we had learned, that when you are in the trough
of a recession that is the time when you should not give up your
research and development because when you emerge fi*om the

trough you will be far ahead of the competition. But we definitely
have not learned that, once again, and there have to be con-

sequences to a diminution, not just to the amount of dollars but
also the sense of direction.

How does the NSF take account of that factor, what kind of cuts

those are, how you react to it, or is it simply not your business, or

what?
Dr. Lane. As you know, Mr. Chairman, we say that roughly one-

half of our research budget is invested in the strategic areas and
the other one-half is invested in areas of basic science and engi-

neering where one does not quite know where the results will im-

pact society. And that is not an unreasonable split to have, I be-

lieve, and it has evolved fairly naturally over time.

I believe that our many programs that involve interaction with

industry do a couple of things. They provide those in industry who

really want the interaction, who want to have their people in the

laboratory, the opportunity to do just that, to be there on a day-

by-day basis or frequently and see early on the developing ideas

even before they are in the published literature and at a time when

they can be thinking how those will plug into their own industry.
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It also enables, in some cases, those in industry to influence the
choice of research problems that occur. They are just as exciting re-

search problems, and so the faculty and students are
very happy

to work on them, but they just would not have known otherwise,
without that interaction, that that was also important to one or an-
other industry.

It also enables the universities to do a better job of educating
young people because you have available to you precisely those peo-

ple who are going to hire the graduating students in industry, and
the faculty, I think, will admit—not every one of them and not all

the time, but I think they will admit—tnat they perhaps not the
best judge always of what a student needs to know when a student
walks in the door of industry, so that interaction is very important.
And NSF, through a variety of mechanisms, encourages those kind
of interactions and those kind of partnerships.
Senator Rockefeller. We have a vote going, which means I

have got to go away and them come back as fast as I can run. One
problem came up in the discussion we had the other day when we
were talking about all that NIST has to offer and all that NSF is

doing. It is that there could be a surplus of Ph.D.'s in this country,
that that could very well be a fact, as there is a surplus of special-
ists in medical care in this country. And there is. I mean, it is

50,000 surplus specialists, $1 million apiece to do business, so that
is $50 billion, that is lots of money, very high consequence, while
at the same time, K through 12 in math an science is not exactly

ringing the bell with excellence. Now, that is not in your bailiwick,
but it must be of concern to you. And I wonder what your reflec-

tions are upon that as you come into this position.
Dr. Lane. Mr. Chairman, it is of great concern to us, and really

it is in our bailiwick. The core of our Education and Human Re-
sources Program really is concerned about K-12 education, and
how to change that in a systemic way.

Senator Rockefeller. Are you formally interested in that? Tell

me about that.

Dr. Lane. Yes, Mr. Chairman, we have formal programs. The
statewide systemic initiative is the name of the program, and it is

now a fairly mature program. It is currently being evaluated. But
the whole idea of that program is to go into a State and get the
folks to sit down together, the school board, the mayor, the gov-
ernor, and commit to working together to change in a qualitative,

lasting, substantive way the way K-12 education is done in that
State. And we do support those activities and have for some time.

Senator Rockefeller. Well, I am deficient in my knowledge,
then, very deficient. That is extremely good then, and particularly
in that they figure, do they not, that in a few years, by the year
2000, 70 percent of all manufacturing jobs will not require a college
education.

Dr. Lane. Well, I think, Mr. Chairman, that we really
—^in the

past, I think our activities in K through 12 education have been
viewed as somewhat peripheral, but that is no longer the case.

They really are central, I think, to what we do.

Everything the NSF involves itself in has to do with people and
learning, and there really should be no barriers between research
and education. They are both activities that involve exploration,
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discovering, or neither of them work very well. And so we want to

move toward an integrated philosophy in all these areas.

Senator Rockefeller. Do you think you are making a difference

in that K through 12 area?
Dr. Lane. We have some very good stories to tell, largely anec-

dotal, but we have reviews underway by expert reviewers right now
evaluating our efforts in the State systemic initiative, as well as in

our other K through 12 programs, and we will make available to

you the results of these reviews. And we will then know which of

our programs work better and which need improvement.
Senator Rockefeller. Dr. Lane, would you forgive me? I have

been exercising recently, so I think I can go back and forth fairly

quickly, but I nave another couple of questions that I want to ask

you and I apologize to everybody, and then we have our next panel.

So, we will be in recess here for a moment.
[A brief recess was taken.]
Senator Rockefeller, Dr. Lane, my apologies to vou, and I am

not as fast a runner as I thought I was. I need to ask a final ques-
tion of you and then to get our other two witnesses to the table.

And I want to do more K through 12, but we will have to do that

privately.
You said in your statement that one of your responsibilities from

the very beginning has been to advance national prosperity, so you
accept that NSF role as a charge. In effect, industry and other

parts of the economy are important. Customers at the university

doing basic research that NSF now funds, whether they adjust to

that, you are helping, you are going out, you are receiving reactions

but you are trying to smooth the waters.

So, what in your judgment does American industry now need and
want from research universities? For example, with more and more

companies cutting back, as I indicated, are firms more interested

than ever in academic research? What mechanism do you use at

NSF to find out what areas of basic research are the most impor-
tant to industry? How do you find out what this customer, Amer-
ican industry wants?
And as an extension of that, how do you formally chose your

strategic areas, and how do you set priorities among those areas?

Clearly, you and other agencies are often guided by major inter-

agency research initiatives in areas such as nigh-performance com-

puting and global change, which you have mentioned, but what is

the process that you use inside of NSF to decide whether to add
internal initiatives or whether not to, such as a valuable project on
civil infrastructure, for example? How do you decide to add that

particular program, if you could just respond to that larger ques-
tion?

Dr. Lane. Mr. Chairman, we seek a lot of advice from all direc-

tions, and many of these strategic initiatives really are bottom up
initiatives. They came out of the scientists, the community of sci-

entists themselves, and as has been the case for a long time, our

interactions with industry. Members of industry serve on our advi-

sory committees. There are members of industry on our National

Science Board. We support many cooperative programs between in-

dustry and universities, and we get the flow of ideas and advice in

that way, and in many other ways we assess what industry needs.
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Having said that, my view is there is not any such thing as in-

dustry. There are all kinds of sectors and sizes of companies, and
what a biotechnology company might want out of the university
can be very, very different than that of a major—an IBM or some-

thing, for reasons of size as well as the nature of the industry it-

self.

What I think we are hearing from some of the major, larger com-
panies that have cut back in their basic research efforts, they
would like the universities to have strong, basic research programs
in all major fields of interest because they feel that knowledge in

some of those technologies will be important downstream. And
some of them want to have interactions with universities and help
support them.
But many representatives from those industries will tell me tech-

nology is not a problem. In one particular company, and I'm talking
about a high-technology company, they have got plenty of tech-

nology and they can find the technology if they need it. That is

maybe in some sense why they decided to cut back in their own
R&D laboratory.
We just want universities to focus on their primary mission, do

basic research, educate students, but by the way, while you are

educating students please make them understand that a career in

industry
can be a good thing with a Ph.D. or a masters degree or

a baccalaureate degree. Please do not send them out with a bad at-

titude about industry.
That is what we are hearing from big industry. From little indus-

try sometimes we hear, we want to be in your laboratory 24 hours
a day to the extent that we can stay up that long, because we bene-
fit from the technology. We need the technology, that is what we
live on.

So, we hear different things depending on what part of the spec-
trum we are viewing. And I am happy to respond to your question
on how we set priorities now or later.

The process involves lots of components. In any case of a new
program the National Science Board plays a key role in hearing the
arguments for the program, and then finally approving the estab-
lishment of a new program for the NSF.
But at the front end of this process is generally an idea that will

come from an academy report or an advisory committee, and in an
interdisciplinary area this is often a group of scientists and engi-
neers that have gotten together really fi*om the grassroots and said,
here is an area of science and engineering we cannot do as individ-
uals by ourselves. We have got to work together on this because of
the very nature, complexity, interdisciplinary character of the prob-
lem. And so NSF, why do you not put together a program that will

make it possible for us to work together in this area of science?
We have many examples of that and civil infrastructure is such

an example, where people in the community themselves recognize
that we can bring something to bear on this very important na-
tional goal. And, therefore, NSF, let us have a program of that
kind.

So, the idea was spawned. I was not here at that time, so in part
I would have to speculate, but I believe it is correct that it, the

idea, was spawned from the community. NSF was interested, ob-
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tained more advice from the community, proposed a program for

that purpose inside, and it went through the normal review proc-

ess, and finally proposals were sought and received and evaluated
in the normal way.
Senator Rockefeller. One final one. I do not know how many

years ago, 4 or 5 years ago, maybe 6 years ago, I was in constant
conversation with Erich Bloch, and tnis is over what you see so

often when you are distributing grants based purely on "merit," as

it is generally understood within the research community. And I

am referring, of course, to the EPSCOR program.
If you have dollars, you know, if you have $180 million more that

is fine, but that is not a lot. And if corporations are cutting back,
that puts more pressure on the quality of research that is being
done and which you are funding, so that the instinct always, and

understandably is that Harvard, Stanford, University of Chicago,
et cetera, et cetera, get it.

It is like what I call the Export-Import Bank syndrome, that

there are about 20 companies in this country which get virtually
all the money, companies like Boeing Aircraft, et cetera. And small-

er ones which want to get into exporting and do not have the way
to do it, and could do very well if, indeed, they had the way to do
it therefore do not do it, and we are changing that. The Ex-Im
Bank is becoming much more sensitive on that.

Similarly with the NSF, and this was a sensitive subject at first

with Erich; he was resistant, stringently resistant, to the concept
that what you might call a second rank university might have for

example very good work in materials processing. The University of

Delaware has that, Penn State has that, we have some of at West
Virginia University. In other words, Delaware is not necessarily
understood as being major but they do very good work in materials

research and that is a critical technology that is important.

So, I need to know your general view, it hopefully not being hos-

tile, that EPSCOR has a place and a role in the overall develop-
ment of our country's research as well as strategic abilities.

Dr. Lane. Well, Mr. Chairman, when I first heard about
EPSCOR it sounded like a bad idea to me, which was a number
of years ago now, understand, and I was a university professor in

a culture that was worried already about the various new—all

these new programs eroding funds from supporting the best re-

search available.

I had the opportunity, though, over the next several years to par-

ticipate in a site visit, more than one actually, in EPSCOR pro-

grams. And I would have to use the word "stunned." I think was
I stunned by the experience because what I had not realized or had
not really faced is that there are first rate people everywhere. To
take on the reputation of a first-rate university takes time, it takes

a lot of time. It is a historical matter, and complicated with regard
to the very nature of the culture of academia.
But there are just absolutely outstanding researchers and teach-

ers available all over the country. And I would search any institu-

tion—I cannot say absolutely any institution, but virtually any in-

stitution, and I have had an experience in a whole spectrum, and
I think one is surprised at the quality of the people who are there.
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Now, sometimes they are working under difficult circumstances.
Their teaching load is too high, the facilities are not so good, all

kinds of problems, and therefore they need help that perhaps some
other faculty do not need.

I think the EPSCOR program has done an
absolutely

outstand-

ing job. I was pleased to visit their annual meeting, I tnink it was
in South Dakota, early on, shortly after I came on board. And my
earlier experiences were simply reinforced. These folks are incred-

ibly gifted at what they do. By that I mean the folks who run these

programs and make them work because they are hard to make
work. It is hard to be successful in that environment.
But it has had an extraordinary record of success. And I view,

you know, back to our statutes to be responsible for progress in

science, engineering, mathematics, and the Nation, that really
means everywhere in the Nation, and it means being sure that the

opportunity to participate in the excitement of science and engi-
neering must be there for all people.
And we know that bright people grow up everywhere. They are

likely to be in any place in the country. They are likely to have
their education close to home. And I think that the NSF programs
must ensure that all those people have the opportunities that those
in the so-called first rank universities have.
Senator Rockefeller. That leaves us on a very high note, so I

thank you very much.
Dr. Lane. Thank you, Mr. Chairman.
Senator Rockefeller. And I am always very proud to point out

that the president of MIT is a West Virginian. Dr. Lane, thank you
very much. We will work very well together. I admire very much
your undertaking this work, and we will see a lot of each other.

Dr. Lane. I look forward to working together. Thank you, Mr,
Chairman.
Senator Rockefeller. Thank you very much. And now Mr,

James Sawyer, who is senior vice president of Greiner Engineering,
Tampa, FL, and chairman of the Engineers' Public Policy Council,
American Association of Engineering Societies, and also Dr. How-
ard Silver, who is executive director of the Consortium of Social
Science Associations here in Washington, DC. I welcome both of

you, gentlemen. And Mr. Sawyer, perhaps we could start with you,
sir.

STATEMENT OF JAMES E. SAWYER, SENIOR VICE PRESIDENT,
GREINER ENGINEERING, INC., AND CHAIRMAN, ENGINEERS'
PUBLIC POLICY COUNCIL, AMERICAN ASSOCIATION OF EN-
GINEERING SOCIETIES

Mr. Sawyer. It is a pleasure to be here and to support the Na-
tional Science Foundation.

I am just a country boy, a bridge engineer. I have been with
Greiner for 40 years. I have designed some bridges in West Vir-

ginia, Senator.
Senator Rockefeller. Which ones?
Mr. Sawyer. The latest one was the Glade Creek Bridge, and

some work on 1-64, and I am here representing the Engineers Pub-
lic Policy Council, AAES, which represents 28 engineering societies
with more than 800,000 members.
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Our industry and the future of the United States depends on
NSF as the basic birthing place for scientific and technology knowl-

edge, and people. We think the budget request of $3.2 oillion is

minimal. It is bare bones, and we think the 6-percent increase rep-
resents a token commitment to technology, which is the future for

my grandchildren.
We think NSF does a superb job. They have peer reviewed qual-

ity research. We depend upon them for making a better life. The
work that they do is used daily by me and 1,500 employees of

Greiner—the work that they did several years ago—routinely, and
it helps us compete.
We are using finite element technology that was not developed

for bridge engineering—it was developed by NSF a decade or so

ago—to design bridges in Hong Kong in competition with engineers
from all over the world, and the balance of the payments to the

United States is bettered $8 or $10 million for fees we are getting
for doing that bridge.

Senator Rockefeller. Just as a matter of curiosity at this point,

my trade interest, are you designing any bridges in Japan?
Mr. Sawyer. No, but the contractor on this bridge is Japanese,

and so we are designing bridges for Japanese constructors in Hong
Kong.
Senator Rockefeller. That is not what I had in mind.
Mr. Sawyer. We have not designed any bridges in Japan, but we

will compete for them if they will let us; yes,
sir.

One of the things, as an aside, the utilization of laser technology
now is routine in our company to do things like survey, and the

productivity and the production of engineering is incredible. We use

computer networks.
The bridge we are designing in Tampa and Baltimore, MD, to be

constructed in Hong Kong, we are designing on computers. We are

plotting them on a plotter in Hong Kong hooked to our network,
and this is using technology not developed for bridges or civil engi-

neers, but developed by NSF, so we feed deeply at their trough on
a personal basis.

The engineering community feels that the balance between fun-

damental and applied research in NSF is remarkably good. We do
feel there is basic research that has application routinely balanced
well there. There is a good balance between curiosity and strategic

research, whatever strategic research means.
We encourage you not to use a formula to differentiate between

basic and strategic research, because we do not think you can draw
that line. I think it is very difficult to decide that research in some
element is not of great use to us bridge engineers just a few years
down the line, because it never occurred to me that the numerical

analysis would be something we would use to design bridges.
Senator Rockefeller. There is a difference at the exact moment

that they are both being done, but you are saying that the basic

leads to the other.

Mr. Sawyer. You may think there is a difference, but it is very
hard to define it.

Senator Rockefeller. That is interesting.
Mr. Sawyer. I really am not sure that I could define that dif-

ference, and I have worked in the field for a long time.
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Incidentally, I meant to tell you, I do not get a dime from NSF.
I do not do research, and I am not on any faculty grants or any-
thing. I am here representing the production engineering rather
than the academic engineering as well.

I would like to comment briefly on the civil infrastructure sys-
tems initiative, because that is my field. I think it is only 2 years
old, but it is admirably constituted. I think the emphasis on assess-
ment technology is important. We do research on a number of

things in infrastructure, but the technology of assessing our infra-

structure is generic, and it is general, and NSF has that proper as-

signment.
If we had known more about deterioration science, which is an-

other emphasis field they have, initiative they have, the Silver

Bridge might still be standing. You do know about the Silver

Bridge. I guess we both do. It was designed by my firm in 1921.
Renewal engineering could pay great dividends. That is another

part of the civil infrastructure initiative, a key part that is surpris-
ing in the civil engineering initiative, is the institutional effective-

ness. One of the impediments to exploitation of technology is risk.

Risk assessment and the institutional barriers to using new tech-

nology for the benefit of your and my grandchildren.
Senator Rockefeller. Can I interrupt, and excuse me for my

lack of politeness, but one of the things I remember about 6 or 7

years ago at West Virginia University materials research was two
things. One they have made much more use of, and that is the in-

jection of polymers into woods to create, really, steel structure

strength, and that is being used.
The other was cement, except that it was composite materials,

and there was a square of it. It bent, and what they were talking
about at that time was the possibility of the use of this, because

they said if this works out as we think it will, it will certainly not
be good for the cement business, but it may end potholes and re-

pairs and enormous expense on our highway system. I have never
seen a trace of it since. How come?
Mr. Sawyer. I do not know the specifics. I have read your re-

sponse to testimony earlier, I guess by Harvey Bernstein, on some-
thing like this. My guess is that that was an expensive substitute
for cement. One advantage cement has is, it is cheap, and it is ef-

fective at what it does.

We are using cloths of polymers to reinforce the subgrades and
to enhance the lives of pavements we are building today, and it is

kind of strange for an old country boy to think that we could rein-
force concrete with cloth and make it far more durable, and again,
those layered systems depend on numerical analysis that had no
application to that field when NSF pioneered and developed the

technology. I am a firm believer in NSF and the National Academy.
One thing that I think could do more to enhance the application

of this basic technology that we are so rich in the United States
is to do something about tort reform and product liability, and I

yvould hope that the institutional effectiveness part of NSF looks
into that, and I heard a rumor that you were thinking of some
other legislation on product liability, and anything you can do to

protect my grandchildren from litigation against me for the bridges
I design I would appreciate.
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Senator Rockefeller. Well, this is probably the worst room in

the entire U.S. Capitol for me to make the following statement. We
are going to pass product liability this year in the Senate.
Mr. Sawyer. Senator, I appreciate it as a citizen and a taxpayer.
I would like to talk briefly about the concern about technology

transfer. One of the places that I get technology is the ERC's. The
Atlas Center at Lehigh University is an ERC, and we depend upon
it a great deal for the technology we use to design large structures
and complex structures. Another one is the earthquaKe center. It

is not an ERC. It is funded under the earthquake program at
SUNY at Buffalo.

Interestingly enough, that shows that NSF is not so incestuous.

They won that in a fair free enterprise competition from univer-

sities, great universities in California, so I think it shows that the

competitive nature of NSF works and the peer review and the
merit review process assures that the taxpayers' money may not be

perfectly spent, but it is not wasted as much as it could be in other

areas, and I think they do an excellent job of stewardship.
You never know when you start research whether you are going

to get a payback on their research or not. It might not work. If youknew it was going to work, you do not need to do the research, but

they do an excellent job of peer review, and the only suggestion I

have for them, and I have told them, is that they should use a few
more of us nonacademics, and in fact we are on the boards. A
friend of mine is on the board for the engineering directorate.

I think it is important that we continue the programs of K
through 12, particularly in technology and math and science devel-

opment. You started to question my predecessor about that. That
is something that is very important to me, because one of the in-

hibitors agamst technology exploitation and utilization is the tech-

nical and mathematic illiteracy of the populace of the United
States.

Our educational system is geared toward telling third graders
that math and science is hard. Remember the scandal about the
Barbie doll? I took that very seriously. We have a very serious

shortage of women and minorities in technology and in my field of

engineering.
NSF has attacked that, and we now have several women on the

faculty at the University in Tampa. They are incredibly good at

contributing to materials technology and to what I am concerned
about for the future of my industry.
Senator Rockefeller. You know, it is interesting that Spellman

College, which is still an all-female, all-black, very, very fine insti-

tution, has a new president who is really making as the major
thrust there math and science, not only for women but for minority
women that this is an enormous opportunity for them in terms of

the economics of their future, and I assume you would agree with
that.

Mr. Sawyer. Absolutely. I have talked to 1st through 12th grad-
ers in my tours around the United States on behalf of the civil en-

gineering community, and I find an incredible deficit in math and
science competency on the part of good educators, and I am sup-

porting any effort I can, because it is for the benefit of the United
States and for my grandson.
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People joke about talking about my grandchildren, but that is

what we are building the country for, and the deficit in facility and
technology math and science and physics, chemistry, all of those

goods things—I thought they were terrific. I still think they are
terrific. They are exciting.

It is a wonderful thing to see my 9-year-old grandson boot up a

computer, and he knows more about DOS and MS-DOS than I do,
but most of the young people are not that blessed. He happens to

go to an exceptional school.

Senator Rockefeller. Well, he had a role model in his grand-
father that helped.
Mr. Sawyer. I hope so, but his mother was deterred from going

into engineering and math and science because the school system
had said women are not good at math and science, so she is a fi-

nancial officer with McCormick and has a good career.

I think NSF has a commitment to broad systems, holistic devel-

opment of technology, and if you change the requested budget I

would hope you would enhance the funding for the K through 12

education initiative. I think that is something that is beyond belief,
the payback you could get from developing a technically literate

constituency in this country, and we are making very little

progress toward it.

The last point I would like to make before I answer any ques-
tions you have is, I would encourage that we change the name of

the company, the National Science Foundation, to the National
Science and Engineering Foundation, Too many young people think

engineers drive trains, and civil engineers drive trains while drink-

ing tea with their pinkie extended, and do not understand that we
are here to solve the problems of sustainable development of the
future.

Senator Rockefeller. That is a very interesting point, because
also it is in the Nation's interest, is it not, because that roots it

more.
Mr. Sawyer. We absolutely are not trying—the engineering com-

munity is not trying to grasp power, because we have good rep-
resentation on the National Science Board now, and all of the deci-

sions made are generally as fair as human beings can make them,
but the name is important.
We have retained the name of the company I work for since

1908, because we think it means something, and I think National
Science and Engineering Foundation sends the signal that we want
science used in the service of the public and the country.

So, I encourage you not to decrease the budget for NSF. It is one
of the best-managed, most-productive organizations in Grovernment
service. I would hope you would see a way to give a little more
money toward improving the technology development of my grand-
children and their children, and I would like to see it called the Na-
tional Science and Engineering Foundation.

[The prepared statement of Mr. Sawyer follows:]

Prepared Statement of James E. Sawyer, P.E.

On behalf of the Engineers' Public Policy Council (EPPC) of the American Associa-
tion of Engineering Societies (AAES), I am pleased to have the opportunity to share
our perspective on the reauthorization of programs at the National Science Founda-
tion. AAES is a multidisciplinary organization dedicated to coordinating the collec-
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tive efforts of over 800,000 members represented by 28 engineering societies to ad-
vance the knowledge, understanding ana practice oi engineering.

INTRODUCTION

The degree to which U.S. industry is able to prosper in an increasingly competi-
tive global market will largely determine our future economic security. And knowing
that two-thirds of U.S. economic ^wth since the Depression can be attributed di-

rectly to technological advances, it follows that our economic security will depend
to a great extent on our ability to compete in high technology areas. We applaud
the strong commitment of both President Clinton and Congress to strengthen our
civilian technology enterprise, and we support efforts to formulate a coherent na-
tional science ana technology policy by strengthening, coordinating and evaluating
the federal R&D enterprise which is supported by approximately $72 billion in an-
nual appropriations. The questions before us today should be framed by how NSF
fits into the post Cold War federal R&D landscape at a time when large budget defi-

cits have forced a tight fiscal climate.

NSF BUDGET REQUEST

We strongly support the Clinton Administration's $3.2 billion FY 1995 budget re-

quest for NSF. ana we urge the committee to authorize at least the same 6 percent
increase in FY 1996. The Foundation's budget request represents a cornerstone of

the President's long-term investment strategy, and for good reason. In our judg-
ment, NSF funding should remain strong because the Foundation's peer reviewed,

quality-based system for resource allocation has greatly advanced our nation's fun-

damental scientific and engineering knowledge base on which a renewed civilian

technology enterprise will rely.
As global trade and industrial competition intensify, the ability of U.S. companies

to remain competitive will rely increasingly on science and engineering advances
and a properly educated workforce. Investment in NSF is vital because it is the only
agency charged with providing support broadly across the science and engineering
base. We applaud the Foundations leadership and support for research, education
and training programs to better prepare our future scientists and engineers, and we
endorse its peer review system. While it is difficult to quantify these benefits on a
1:1 basis, successful developments such as lasers, fiber optics, CAT scanners, bio-

technology, composite materials, superconducting materials, microelectronic devices,
and developments in information theory and molecular biology have benefited great-
ly from NSF supported academic research. In addition, we expect that current re-

search being conducted will lead to a host of commercially irnportant technologies
that could lead to entire new industries. According to a recent Congressional Budget
Office report, "economic measures suggest generally high rates oi return for basic

research and academic research in science and engineering."
To help maintain this high rate of return, our nation's engineering colleges must

continue to educate an engineering workforce capable of sustaining our technological

superiority in the new global environment, and nurture the flow of engineering re-

search from discovery to development and deployment. The NSF Directorate for En-

fineering
is providing vision and leadership to the academic engineering community

y funding major experiments in engineering curriculum reform and breakthrougn
engineering research, as well as broadening research objectives to promote inter-

disciplinary, inter-agency research in areas of national importance. NSF provides
the oominant share (about 30 percent) of federally supportea fundamental engineer-

ing research at colleges and universities. Given the importance of NSF funding to

enrineering research, and the importance of engineering to the creation of wealth,
as NSF grows, we believe it should increase the relative size and broaden the scope
of engineering activities throughout its research directorates.

BALANCING THE RESEARCH AGENDA

In terms of research
priorities,

we do not believe major changes are needed at

NSF. We are encouragea that NSF continues to adapt to a changing world by fur-

ther aligning its priorities with those of the nation. NSF's mission and structure are

broad and ffexible enough to allow for adjustment, which has enhanced its creative

pursuit of new challenges. This latitude must be preserved. At the same time, it is

important for all federal agencies—including NSF—to better link their research pro-

Eams
to strategic areas based on national needs. A good case can be made that

iking fundamental academic research more closely with the needs of our society
will increase the likelihood of earlier payoff. In that regard, as the Foundation's

budget grows 1 we believe a greater portion of funding increases should be directed

toward strategic research.
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There is a broad consensus of support for strategic research at NSF. We define

strategic research as basic and/or appHed research in an area broadly identified as
a national

priority. Strategic research should also involve cross disciplinary re-

search, academic/industry collaboration, and inter-agency partnerships that can
shorten the lead time to technology development and commercialization. One must
be careful, however, not to get caught up in abstract definitions of research which
do not stand up under scrutiny. We also caution against trying to make formula
based funding allocations before national

priorities
are better denned. The National

Science and Technology Council is currently tackling this formidable task.
As consideration ofnational priorities continues to become more prevalent at the

Foundation, NSF must be sure to maintain its traditional support for fundamental
science and engineering research because this holds the prospect for breakthrough
discoveries whose outcome can not be predicted today, but may lead to new products
and industries in the future. For example, research aimed at understanding the fun-
damental chemistry of genes led to the technology on which the biotechnology indus-

try was founded. Fundamental research in itself is a national priority because it

sustains a strong academic research base.
NSF has already identified and directs funding toward broad strategic areas such

as advanced manufacturing, advanced materials, high performance computing, civil

infrastructure, environmental technolo^, biotechnology and global change—all of
which are set to increase in FY 1995. This type of activity, supported strongly by
the Engineering Directorate, should be expanded. Given the peer review process and
the tight funding climate in which thousands of proposals must compete, research-
ers already have an incentive to pursue projects in strategic areas. However, it is

crucial that scientific intuition and discovery are not crowded out in the process.

CIVIL INFRASTRUCTURE SYSTEMS

A good example of a national priority in particular need of better technology, lead-

ership, coordination, and sustained funding is the NSF Civil Infrastructure Systems
(CIS) initiative. This program—developed over the past two years—seeks a systems
approach to the application of advanced technology and solving the social problems
related to renewing our nation's aging highways, bridges and water systems, the
cost of which is enormous. The Federal Highway Administration estimates that
about 45 percent of our nation's bridges are in immediate need of repair. Given the

complexity of the current infrastructure and the diverse engineering systems at

work, the 015 initiative takes a holistic view of the problem, rather than focusing
on particular components.
The application of new and existing technologies that can reduce the cost of mate-

rials and improve construction methods, corrosion resistance, durability, stability,
and temperature resistance will increase the competitiveness of the U.S. construc-
tion industry. Problems in the development of these advanced materials include the
cost of new technology, performance, manufacturability, financing, and

liability.
The

problems are compounded by the fragmented nature of the construction industry,
the relatively small amount of R&D conducted by construction firms, and the maze
of local state and federal codes and standards that must either be met or created
to implement the technology.
The CIS initiative depends on cooperation among civil, chemical, mechanical, elec-

trical and environmental engineers, as well as experts in materials and the social
sciences. Education on advanced composites design is also a crucial element. The
program will require integrative thinking and genuine partnerships among the fed-
eral government, states, industry, and professional societies. Given the relatively
small Department of Transportation R&D budget, NSF currently provides about
half of all federal research in this area. But the magnitude of the challenge and the
amount of funding that will be needed clearly warrant significant inter-agency col-

laboration with NSF working in close cooperation with other agencies such as NIST,
DOE, the U.S. Army Corps of Engineers and DOT. It is important that each of these

agencies be funded to provide the leadership needed to encourage private invest-
ment in this critical area.

TRANSFER OF RESULTS TO INDUSTRY

NSF contributes to the transfer of technology primarily by supporting hi^ qual-
ity, scientifically literate and technologically prepared graduates who transfer their
skills and knowledge to the private sector. From this

standpoint,
NSF is a signifi-

cant technology transfer agency. And the changing labor market for engineering pro-
fessionals makes this contribution all the more important. We believe it would be
valuable to expand NSF's programs to place faculty and students in industrial lab-

oratories, such as the Engineering Directorate's new Grant Opportunities for Aca-
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demic Liaison with Industry (GOALI), as well as place industrial researchers and
workers in university settings. These personnel exchanges promote technology
transfer and a mutual understanding of the different cultures in which academia
and industry operate.
We strongly support NSF's Engineering Research Centers (ERC) and the Indus-

try/University Cooperative Research Centers (lUCRC), which together account for

about 20 percent of the budget for the Engineering Directorate. These university-
based centers are designed to advance industrial competitiveness by connecting aca-

demic theory with application to convert fundamental engineering research into

products. Students worlc with practicing engineers from industry on projects that re-

quire a cross disciplinary approach to research. The systems emphasis helps stu-

dents sharpen a variety of skills—including teamwork, communication and working
within deadlines -that will be vital once they move on to private sector challenges.

Industry participation in these centers is strong. Each ERC involves an average of

33 companies. Industry,
universities and states collectively match NSF funding by

about 2.5 times for ERCs, and about 15 times for lUCRCs. Although no new EJRCs
or lUCRCs 8U^ proposed for FY 1995, we expect an evaluation oithe existing 18

ERCs and 53 lUCRCs will justify additional centers in future years. The centers

should be measured not only by extent of industry funding, or the numbers of cus-

tomers, patents, or licenses, but also by the quality and integration of research and

education, and the value of industry/university collaboration and multidisciplinary
research. The number of small businesses participating in the centers is also an im-

portant attribute.

We would have great concern about any effort to give the Foundation a more di-

rect role in the transfer of technology to
industry.

More active promotion would re-

quire additional staff with somewhat different skills from those who currently run
the Foundation's grant programs. We believe that a more effective strategy is the

one the Engineering Directorate is already pursuing: development of partnerships
with other federal agencies that have more direct technology transfer missions, such
as NIST, ARPA, NIH, NASA, DOE, USDA and EPA.

EDUCATION

We are most supportive of the leadership NSF has demonstrated in improving en-

gineering, mathematics and science education, particularly with targeted precollege

programs and consortia that address the issues faced by women and minority stu-

dents. Although significant attention has focused on the nation's problems in

precollege education, as well as on graduate student support, we believe a great deal

also needs to be done to revitalize undergraduate education.

Undergraduate education is extremely important to the engineering community
because unlike many other technical disciplines, most engineers begin their profes-
sional careers directly after earning their baccalaureate degrees. The increased de-

mands in engineering practice for teamwork and leadership skills, and an under-

standing of the international context of engineering mean that the engineering cur-

riculum cannot afford to stagnate. Furthermore, the changing demographics of the

nation require U3 to find new ways of making engineering both interesting and rel-

evant to all potential students—particularly to women and under-represented mi-

nority and disabled students.
It should be emphasized that investment in NSF research is also an investment

in education. Research grants support graduate research assistants as well as fac-

ulty researchers, thus providing students the opportunity for an advanced edu-
cation. Along with such support through research grants, the research directorates

fund a number of specific education programs. The NSF Engineering Directorate,
for example, supports 8 Engineering Education Coalitions aimed at revolutionizing

engineering education. These experimental consortia, each consisting of between 8-

10 diverse engineering colleges, are developing and disseminating coordinated inno-

vations in curricula, use of technology in instruction and student outreach. EECs
also aim to improve the recruitment, retention and graduation of more women and

minorities, and they provide an excellent opportunity to integrate sustainable devel-

opment principles into the engineering education curriculum. (In fact, we believe

NSF should take the federal lead in the area of environmentally sustainable edu-

cation). In addition, they are providing engineering faculty with long-overdue rec-

ognition for innovations in teaching and learning, similar to the traditional rewards
of disciplinary research. We applaud these initiatives and believe these and other

undergraduate-focused programs at the Foundation should be considerably strength-
ened. Therefore, we would like to see support for undergraduate education—in both

the education and disciplinary directorates—grow at an even faster pace than other

education programs.
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Because U.S. engineers can begin well-paid professional careers directly out of col-

lege, they tend to have limited incentives to continue on in graduate programs.
While it is unclear to what extent our nation will face an overdl shortage oi PhD-
educated engineers in the coming years, there is no doubt that we must attract the
best U.S. engineering students to our graduate programs. A valuable incentive for

U.S. students has been the NSF Graduate FellowshipProgram, as well as the Grad-
uate Traineeship Program initiated bv Congress in FY 1992. We urge that the fel-

lowship program be sustained and that the traineeship program become a long-
term, mlly-funded program.

FACILITIES AND INSTRUMENTATION

To support this nation's academic research enterprise, we must be sure that the

corresponding infrastructure is up to the job. It has been estimated that about $10
billion will be needed to modernise the facilities and instrumentation at maiw of the
nation's colleges and universities. The modest budget request for NSF facilities

funding in no way begins to address the need. Tackling this problem in a com-
prehensive way will require a multi-agency effort, perhaps coordinated by OSTP. We
stress, however, that any program should continue to require substantial matching
funds from other sources, typically on a 50/50 cost shared basis. Any multiagency
program in this area should also require a good assessment of facilities, tough cri-

teria and mentor review. We believe, however, that NSF should remain focused on
research and education, putting human resources first, and facilities and instru-
ments second.

BROADENING THE NAME OF THE FOUNDATION

In 1985, Congress broadened the NSF Organic Act to provide a statutory empha-
sis on engineering research and education equal to that of science. Among the re-

quests from the engineering profession at that time was a parallel change in the

agency's name to reflect this parity. Unfortunately, the change was not included in
the 1985 law.

In the intervening nine years, engineering at NSF has grown in importance and
visibility. To reflect that reality, we renew our request that the Fountwtion's name
be changed. We recommend that Congress amend the NSF organic act to rename
the agency "The National Science and Engineering Foundation" and its governing
board the "National Science and Engineering Board."
The Foundation has long since validated the vision of Vannevar Bush in 1945

when he recommended to President Truman in his report, "Science—the Endless
Frontier," that the federal government needed to accept major new responsibilities
for "promoting the flow of new scientific knowledge and the development of scientific
talent" through the nation's universities and research institutes. His vision is equal-
ly

valid today, a major change in the frontier has been the evolution of engineering
from what it was pre-World War II to its current status. The five years preceding
World War II saw an average of only 60 doctoral degrees awarded each year in engi-
neering, compared to more than 6,000 awarded each year today. Changing the name
of the National Science Foundation will recognize the significant growth of the engi-
neering profession not only in size, but also in importance to America's education
and research base and to the nation's continued technological and economic well-

being.
Thank You, Mr. Chairman, for the opportunity to present our views. We look for-

ward to working with the committee to sustain a high level of support for NSF in
the coming years. I will be glad to answer any questions you may have.

Senator Rockefeller. Mr. Sawyer, thank you very, very much.
Dr. Silver.

STATEMENT OF HOWARD J. SILVER, Ph.D., EXECUTIVE
DIRECTOR, CONSORTIUM OF SOCIAL SCIENCE ASSOCIATIONS
Dr. Silver. As an old city boy, I am going to talk a little faster.

I am Howard Silver. I am executive director of the Consortium of
Social Science Associations known as COSSA.
As a political scientist who for that past 11 years has been an

advocate for the social and behavioral sciences, and for NSF, I am
delighted to be here today to discuss its reauthorization. I am also

pleased that the White House has announced its intention to ap-
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point Anne Peterson, a social scientist, as the next Deputy Director
ofNSF.
The consortium, supported by more than 90 professional associa-

tions and universities, became an advocacy group in 1981 to defeat

the Reagan budget cuts for social and behavioral research. In Octo-
ber 1991, after much hard work by COSSA and its allies, then NSF
Director Walter Massey created the directorate for the social, be-

havioral, and economic sciences, which for shorthand purposes I

am going to call SBE throughout my testimony.
Enhancing the status and funding for this directorate are the pri-

mary goals for COSSA in the NSF reauthorization. We would
therefore oppose any efforts to reorganize NSF that would diminish
the SBE directorate.

The past 2 years have seen tremendous ferment in national
science policy. I think Dr. Lane earlier described them. As the flag-

ship agency dedicated to promoting the health of science, the prin-

cipal purpose of the NSF must remain supporting basic research
and new ideas, and developing and nurturing new talent.

NSF remains a key source of Federal support for research in the

social, behavioral, and economic sciences. It provides close to one-
third of all Federal support for these disciplines, over 50 percent
of the support for academically based basic research in the social

sciences, and over 90 percent in such areas as anthropology, lin-

guistics, and political science.

In the debate over strategic research, the real question it seems
to me is who sets the agenda. For over 40

years,
with some excep-

tions, the heart of NSF's system included the scientific community
interacting with NSF, usually its program officers, to generate new
ideas and projects worthy of support.

Lately, there is a perception that the system has been altered to

a top-down approach, creating concern among researchers as large
amounts of resources become tied up in fixed projects. This pre-
sents a problem. Research teams develop a base of information that

can later be utilized to formulate solutions to individual and soci-

etal problems.
For example, in the social sciences large data collections devel-

oped by scientists and supported by NSF have provided researchers

sources of information to study such problems as unemployment,
welfare, poverty, nonvoting, and many other things.
But having said all this, it appears strategic research agendas at

NSF are here to stay, as we heard earlier. Therefore, we encourage
Grovemment-based scientific agenda setters to consult with re-

searchers so that priorities reflect new findings, new tools, and
areas where scientific breakthroughs of unanticipated impact seem
possible.
A word about national goals. At the present time, it seems that

national goals for the most part remain defined by the initiatives

promulgated by the old FCCSET. They still dominate NSF's fiscal

1995 budget proposal presentation.
The role of SBE sciences in those FCCSET initiatives is, for the

most part, a peripheral one. In global change research, where most
of the social science activity is in these initiatives, spending in fis-

cal 1994 was less than 5 percent of the total effort for this initia-

tive.
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It is equally important to include the human dimensions of tech-

nological change in the advanced manufacturing initiative. Dale
Compton, a professor of industrial engineering at Purdue Univer-

sity stated that the problem in manufacturing is not technology, it

is management and the need to change large organizations, moti-
vate people, and build work teams. All of these are subjects of so-

cial and behavioral science research.
The SBE sciences have a small role in the HPCC initiative.

NSFs intelligent systems initiative funds studies in cognitive
science for work related to HPCC.
What is of concern is a glaring omission from the current HPCC

initiative. In the past, the Nation rarely spent resources to con-

template the consequences of major technological changes. At the

moment, support for social impact studies is negligible as the Na-
tion rushes headlong into the promised land of technological trans-
formation of our lives.

The National Information Infrastructure Act passed by the
House includes a provision encouraging research on the social and
ethical implications of the Nil, and COSSA hopes it will survive
the upcoming conference with the Senate.
The FCCSET initiatives define national goals focused on tech-

nology and economic competitiveness. There are alternative con-

cepts of national goals. The Carnegie Commission report, "Enabling
the Future," notes four major societal goals to which science and
technology can contribute—-quality of life, health, human develop-
ment and knowledge, a resilient, sustainable, and competitive econ-

omy, environmental quality and sustainable use or natural re-

sources, personal, national and international security.
Within in each of these are researchable areas, such as education

and diffusion of knowledge, cultural pluralism and community har-

mony, full employment and workforce training, international co-

operation and action, maintenance of urban infi-astructure, per-
sonal security and social justice, and national and international se-

curity. These are topics to which social, behavioral, and economic
science research has made and continues to make significant con-
tributions.

COSSA believes it is imperative for NSF to increase support for
research that integrates systematic understanding of human and
institutional issues as central to the pursuit of national goals.

In examining the results of SBE research, much of it supported
bv NSF, it has pursued many of the goals cited by the Carnegie
Commission. There are many examples in my written testimony.
And let me say that most of these are not tne result of a single
project, but represent cumulative developments, and in many ways
they are true examples of basic research in strategic areas.

Currently, the SBE directorate has under consideration three
new initiatives—violence, democratization, and human capital. As
you may know. Congress has requested NSF to ascertain the fea-

sibility of establishing a center for violence research.
NSF has focused on the recommendations of a National Research

Council report, "Understanding and Preventing Violence," and has
planned a multidisciplinary, multiagency effort. NSF will hold a
workshop next week to consider what the next steps should be, and
present a report to the Congress next month.
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The democratization initiative seeks to conduct scientific re-

search taking advantage of the transformations occurring around
the world that provide in many ways a natural laboratory for social

science research examining this topic.
The human capital initiative is a multidisciplinary effort to con-

struct an agenda supporting fundamental research on six key areas
that together represent the major contextual influences on human
capital—^neighborhoods, family, workplace, education, discrimina-

tion, £ind economic factors. A workshop was held in mid-March, and
a report is expected to be completed by early May.
These three initiatives will further any national goals research

agenda, and COSSA hopes they will be adopted by NSF, the Na-
tional Science and Technology Council, and funded in the near fu-

ture.

Before I conclude, let me say a word about facilities. COSSA
agrees with NSF that a multiagency approach through the NSTC
must occur. However, any increased funding for facilities should
not come at the expense of funds for research, as has happened in

the NSF reauthorization bill that has emerged from the House
Science Committee. We hope the Senate will rectify this problem
when it writes its bill.

In conclusion, science policy for the United States in the 21st

century must pursue an integrated strategy that focuses on the

physical, natural, behavioral, and social aspects of what it will

mean to function in a technologically oriented society still domi-
nated by interactions among human beings. As the current re-

search initiative on global change has demonstrated, focusing re-

search on all the sciences should be an imperative of U.S. science

policy.

Thus, to maintain the United States as a world leader in science,

economics, and as the beacon of democracy, enhanced resources de-

voted to gaining increased knowledge about humans and their com-
munities must be a priority.
The biological revolution predicted for the next century may dis-

cover genetic markers to explain predispositions toward certain

types of behavior, but it will not account for all of the variance. So-

cial, political, and economic factors will still impact many national

problems, and research on these factors must be part oi any U.S.

science strategy.
In all of these, the National Science Foundation remains a

central actor to support the conduct of this research, and therefore

must receive adequate funds to carry out these important activities

for the Nation.
COSSA supports a significant increase in the authorization for

all activities at the Foundation. I thank you for the opportunity to

appear today and I will be happy to answer any questions you may
have.

[The prepared statement of Dr. Silver follows:]

Prepared Statement of Howard J. Silver, Ph.D.

I am Howard J. Silver, Executive Director, of the Consortium of Social Science

Associations (COSSA). I am a political scientist by training. For the past eleven

years I have advocated for NSF and the social and behavioral sciences. As a charter

member of the steering committee of the Coalition for National Science Funding
(CNSF), I have worked with my colleagues in the scientific and higher education
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community and NSPs Office of Le^slative and Public Affairs to achieve enhanced
budgetary success for the Foundation. I have monitored the internal deliberations

of NSF by attending National Science Board meetings and directorate advisory com-
mittee meetings and consulting with many NSF program directors. I have met with
4 NSF directors and observed their performances before many congressional author-
ization and appropriations committees.
The Consortium represents more than 90 professional associations, scientific soci-

eties, universities and research institutes concerned with the promotion of and fund-

ing for research in the social, behavioral and economic sciences. COSSA functions
as a bridge between the research world and the Washington community. A list of
our Members, Affiliates, and Contributors is attached.

In 1981, COSSA became an advocacy group to organize and coordinate a response
to the Reagan administration's attempts to severely cut federal research budgets in

the social and behavioral sciences. During the past 13 years COSSA has lobbied to

restore the status and funding for these disciplines, particularly at the National
Science Foundation. In March 1989, Nobel Prize winner. Professor Herbert Simon
of Cameeie-Mellon University revived the idea of a separate directorate at NSF for

the social and behavioral sciences. In October 1991, after much discussion and de-

bate then-NSF Director Walter Massey created the Directorate for the Social, Be-
havioral, and Economic Sciences (SBE).
COSSA has worited closely with Dr. Cora Marrett, the splendid first Assistant Di-

rector for SBE, to help promote the Directorate within the Foundation and with the
external science and policymaking community. Enhancing the status and funding
for the SBE Directorate are the primary goals for COSSA in the NSF reauthoriza-
tion because research conducted in these disciplines is a valuable national resource.
We would therefore oppose any efforts to reorganize NSF that would diminish the
new directorate.

COSSA would like to take this opportunity to express our appreciation to the Sub-
committee for its continued strong support of the NSF and its social and behavioral
science component. COSSA also commends the Subcommittee for its strong concern
for individual investigator initiated research projects at NSF.
The past two years have seen tremendous ferment in national science policy. The

end of the Cold War justification for federal support for science, continued fiscal con-

straints, and repeated calls for research related to national goals have dominated
the debate over the future of U.S. science policy and NSF's role in that policy. The
Clinton administration's perceived emphasis on technology has further disquieted
champions of federal support for science.

As the flagship agency dedicated to promoting the health of science, NSF plays
a vital role in ensuring the continued production of new ideas and scientists to

produce those ideas. The principal purpose of the NSF must remain supporting
basic research and developmg scientific talent. NSF must continue to incubate and
nurture new and promising ideas. Without that, the nation does not develop intel-

lectually, and our technology stagnates, rather than innovates. Although represent-
ing a small share of the federal research and development budget, NSF support for

experiments and investigations into subjects without evident short-term payoffs has
been vital to the development of the U.S. leadership role in science and technology.
NSF remains a key source of federal support for research in the social, behavioral,

and economic sciences. It provides close to one-third of all federal support for these

disciplines; over 50 percent of the support for academically-based basic research in
the social sciences; and over 90 percent in such areas as anthropology, linguistics,
and political science.

SETTING THE SCIENTIFIC AGENDA

In the debate over strategic research, the real question is who sets the research

agenda? For over 40 years, with some exceptions, the heart of NSF's system in-

cluded the scientific community interacting with NSF, usually its program officers,
to generate new ideas and projects worthy of support. Lately, there is a perception
that the system has been altered. A top down approach toward determining the
NSF research agenda creates concern among researchers as larger amounts of re-
sources become tied up in these fixed projects.
This presents a problem. The genius of American science has been the richness

and diversity of the enterprise steered by scientists seeking answers to important
questions. Research develops a base of information that can later be utilized to for-

mulate solutions to individual and societal problems. For example, in the social

sciences laive data collections supported by NSF, such as the Panel Study of Income
Dynamics, the General Social Survey and the National Election Studies, have pro-
vided researchers sources of information to study such problems as unemployment.
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welfare, poverty, non-voting, and many others. At the same time, research in the
SBE sciences speaks to the ever more complex and important human dimensions
of issues and generates new knowledge and insights to help us understand human
commonalities and human differences.

Having said all this, it appears strategic research agendas at NSF are here to

stay. The pressures for multidisciplinary research creates the requirement for in-

creased cross-directorate cooperation as well as increased interaction with other

agencies, state and local governments, and the private sector. The new National
Science and Technology Council (NSTC), because of its coordinating and budget-set-

ting roles, becomes a major player with 0MB in determining research agendas and
research budgets. Thus, it is vitally important that scientific agenda setters within
the government make specific efforts to consult with researchers, so that priorities
reflect new findings, new tools, and areas where scientific breakthroughs of unan-

ticipated impact seem possible.

NATIONAL GOALS AND THE SOCIAL AND BEHAVIORAL SCIENCES

At the present time, national goals remain defined by the initiatives promulgated
by the old Federal Coordinating Council on Science Engineering and Technology
(FCCSET). They still dominate NSF's FY 1995 budget proposal presentation. In

fact, NSF director Neal Lane told the appropriations subcommittees that 75 percent
of the increment in the proposed budget goes to these initiatives.

The role of the social, benavioral, and economic sciences in those FCCSET initia-

tives is, for the most part, a peripheral one. Althou^ the Committee on Earth and
Environmental Sciences (CEES) now recognizes the importance of the human and
economic dimensions of global change research, spending for these topics in FY 1994
was less than 5 percent of the total effort for this initiative. This year the Global

Change Research program proposes to increase social and behavioral science activi-

ties to include policy sciences and integrated assessments as part of the research

agenda. In testimony to the Senate Energy Committee on March 30, 1993, the im-

eortance
of these factors was referred to by Office of Science and Technology Policy

lirector John Gibbons, who noted: "We need to expand research on the effects of

global change, including research on human health, settlements, and societal re-

sponse." Almost all of the proposed funding increase for NSF's SEE directorate goes
for this research. Yet, with constrained resources and a growing concern for the re-

sults generated from this initiative, sustaining this proposed increase will be dif-

ficult.

Just as the human dimensions of global environmental change have been accepted
as part of the research agenda of that important national research program, it is

equally important to include the human dimensions of technological change in tech-

nology transfer research programs and in the advanced manufacturing initiative. As
Dale Compton, Lillian M. Gilbreth Distinguished Professor of Industrial Engineer-
ing at Purdue University, told his fellow members of the SBE Advisory Committee:
"The problem in manufacturing is not technology, it is management and the need
to change large organizations, motivate people, and build work teams." All of these
are subjects of social and behavioral science research. The problems, Compton noted
are "too important to be left to the engineers." Robert Solow, Professor of Economics
at MIT and Nobel Prize winner, has made the same point in testimony to the House
Science, Space and Technology Committee.
The SBE sciences have a small role in the High Performance Computing and

Communications (HPCC) initiative. NSF's Intelligent Systems initiative funds stud-

ies in cognitive science to ascertain human abilities to receive, store, process, and
communicate information and to interact with artificial systems designed to deal

with massive volume of information.
The FY 1995 proposal to emphasize applications could remove a glaring omission

from the current HPCC initiative. Clearly, this important technological endeavor
will have repercussions for the nation's social and political fabric, as did other pre-
vious major technological changes. In the past, the nation rarely spent resources to

contemplate these consequences. At the moment, support for social impact studies

is negligible as the nation rushes headlong into the promised land of the techno-

logical transformation of our lives. If we are going to radically alter our education

system and our communications system, we should set aside resources to explore
the effects of these changes.
The National Information Infrastructure Act, passed by the House, includes a pro-

vision encouraging research on the social and ethical implications of the Nil. COSSA
hopes it will survive the upcoming conference with the Senate. The Biotechnology
and Human Genome programs have set-asides for research on the social, economic
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and legal issues associated with those research projects. The HPCC should have a
similar provision.

SBE SCIENCES AND STRATEGIC RESEARCH TO MEET NATIONAL GOALS

The FCCSET initiatives define national goals focusing on technology and eco-

nomic competitiveness. There are alternative concepts of national goals. The Carne-

gie Commission report, "Enabling the Future: Linking Science and Technology to

Societal Goals," notes four major societal goals to which science and technology can
contribute:

• Quality of Life, Health, Human Development and Knowledge
• A Resilient, Sustainable, and Competitive Economy
• Environmental Quality and Sustainable Use of Natural Resources
• Personal, National and International Security
Within each of these are researchable areas such as: education and diffusion of

knowledge; cultural pluralism and community harmony; full employment and
workforce training; international cooperation and action; maintenance of urban in-

frastructure; personal security and social justice; and national and international se-

curity. These are topics for which social, behavioral and economic science research
has made significant contributions, and continues to make valuable contributions.
The social sciences have as their "product" the understanding of people and of

their institutions in society, in a matrix of behavioral conditions. COSSA believes
that it is imperative for NSF to continue support for research that integrates sys-
tematic understanding of human and institutional issues as central to the pursuit
of national goals.

If we examine some of the results of SBE research, much of it supported by NSF,
it has pursued many of the goals cited by the Carnegie Commission. The examples
that follow are not the results of a single project, but represent cumulative develop-
ments. In many ways, true examples oibasic research in strategic areas.

Psychological ana demographic studies combined with methodological advances in

survey techniques have created the market research industry which continues to

utilize this knowledge to establish such innovative businesses as CLARITAS and
American Demographics. This research has also been translated into the multi-mil-
lion dollar

polling industry which has explained political, social and economic behav-
ior, not only in America, but in the rest of the world. In addition, basic research
on political behavior helps the media industry interpret elections and other political
events.
The National Center for Geographic Information and Analysis has been supported

by NSF for a number of years. Its research and training activities have helped nour-
ish a $1.8 billion Geographic Information Systems industry that has transformed
urban and rural planning, ecological analysis, and resource management, in the
United States and other industrialized countries.

Sociological and anthropological research on race, ethnicity and multiculturalism
have provided companies with the information and expertise to interact more effec-

tively
with increasingly multicultural workforces and markets. Given the demo-

graphic projections about the increased diversity of the U.S. workforce, these pro-
grams have become an important part of business planning. In addition, basic re-

search on conflict resolution and risk taking has been utilized in mediation and ne-

gotiation efforts.

The NSF Science and Technology Center for Research on Cognitive Science at the

University of Pennsylvania has attracted the support of nine major corporations in-

terested in basic research on language processing, language acquisition, and percep-
tion and action. A "grasp laboratory" is conducting research on visual and tactile

activities of robots. Prior research on computational linguistics provided the basis
for pen based computing, a product now entering the marketplace.

Basic research on economics and sociology has changed the way businesses think
about the functioning of financial markets, how people react to various economic
stimuli, how monetary and fiscal policy work, and how organizations make deci-
sions. In addition, research by economists has greatly contributed to our under-

standing of the critical importance of technological advances to the growth of Amer-
ican

productivity and the impact of investments in science.
Industrial and technological growth in a global economy is

inevitably
a public pri-

vate partnership, and the creation of a climate for its success depends on research
on politics, law, regulatory systems, and governmental processes and institutions.
This research also helps provide for effective and successful negotiation, collabora-

tion, and trade in the international arena.
In addition, research conducted by SBE scientists underpins training in aU fields.

Basic research has impacted how teachers teach and how people learn. Studies in
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cognitive science have provided knowledge about teaching and learning from the

preschool to the graduate level. Studies in the history of science and technology and
ethics and values in science equip students with valuable information about how
science developed and how science should be done.
The SBE sciences have also demonstrated that their research agendas cross into

the other agencies of the Federal government which utilize much of the basic re-

search and apply it to specific problems of concern to them. These include: Depart-
ment of Labor interest in workforce, workplace and organization research; Depart-
ment of Education interest in teaching and learning and testing and assessment re-

search; Department of Health and Human Services interest in health and behavior
and poverty research; Department of Defense concern with personnel training,
human relations, visual and auditory perception, and human factors engineering re-

search, and Department of Justice concerns with crime prevention and the criminal

justice system.

THREE NEW INITIATIVES

Currently, the SBE directorate has under consideration three new initiatives: vio-

lence, democratization, and human capital. Congress has requested NSF to ascer-

tain the feasibility of establishing a Center for Violence Research. NSF has focused
on the recommendations of a National Research Council report, "Understanding and

Preventing Violence," and has planned a multi-disciplinary, multi-agency effort.

Among the topics for research in this initiative are: obtaining more accurate meas-
ures of criminal activity; patterns, trends, and consequences of crime; the impacts
of such items as increasing the prison population, childhood aggressive behavior,

family violence, drugs and alcohol, community characteristics, social and economic
structure and organization, community culture, gangs, and firearms on the commis-
sion of crimes. NSF will hold a workshop next week to consider what the next steps
should be and present a report to the Congress next month.
The democratization initiative seeks to conduct scientific research on the factors

that facilitate or impede democracy. The transformations occurring around the
world provide a natural laboratory for social science research on the social forces

contributing to the changes and the subsequent consequences. A NSF woritshop held
last year produced a report urging enhanced resources for research on factors that

impede the expansion of freedom in authoritarian regimes, facilitate democratiza-
tion in transitional societies, threaten the continued viability of unstable democ-

racies, and maintain democracy in mature states such as the Untied States. Other

topics for research that could be part of this initiative include: the role of market
transitions, the rule of law, global system factors, alternative routes to democracy,
and democratic political institutions.

The human capital initiative is a multidisciplinary effort to construct an agenda
supporting fundamental research that considers the economic, psychological, and so-

cial contexts that influence the development of human capital. This term, utilized

by Nobel prize winning research in economics, refers to the intellectual, physical
and emotional capacities, potentials and resources for people to become productive
citizens. Six key areas that together represent the major contextual influences on
human capital have been identified: neighborhoods, family, workplace, education,

discrimination, and economic factors. Research that provides an understanding of

failures to develop human capital not only will have strategic value for solving criti-

cal social problems, but also will make significant theoretical contributions by devel-

oping models of human motivation and performance that incorporate psychological,
social and economic factors rather than focusing on only one domain. A NSF work-

shop was held in mid-March with a report to be completed by early May.
These three initiatives will further any national goals research agenda. COSSA

hopes they will be adopted by NSF and the NSTC and funded in the near future.

FACILITIES

Before I conclude, let me say a word about facilities. Although the needs in the

SBE sciences for new and renovated physical facilities may not be as great as in

the other sciences, a competitive merit-reviewed program should be the answer to

increased earmarking in appropriations bills for facilities. COSSA agrees with NSF
that a multi-agency approach through the NSTC must occur. However, any in-

creased funding for facilities should not come at the expense of funds for basic re-

search, as has happened in the NSF reauthorization bill that has emerged from the

House Science, Space and Technology Committee. We hope the Senate will rectify
this problem when it writes its bill.

The SBE sciences are more interested in an enlarged instrumentation program.
Despite a tendency to overlook it, equipment needs in the social, behavioral and eco-
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nomic sciences are increasingly complex. Our researchers require sophisticated com-

puters that can handle large bodies of data and complicated multivariate modeling
and econometric procedures. Psychological and cognitive scientists increasingly need
access to advanced machinery. Research in linguistics requires technologically ad-

vanced information processing systems.
In addition, analysis of human behavior and organizations requires dealing with

very large complex data sets, and that as the sciences develop, they demand both
more expensive (longitudinal, cross-cultural) data sets, and more expensive com-

putational resources for analyses. These instrumentation needs for SBE are increas-

ingly important and increasingly costly.

CONCLUSION: AN INTEGRATED SCIENCE POLICY

Science policy for the United States in the 21st Century must pursue an inte-

grated strategy that focuses on the physical, natural, behavioral and social aspects
of what it wUl mean to function in a technologically oriented society still dominated

by interactions among human beings. As the current research initiative on global

change has demonstrated, focusing research on all the sciences should be an impera-
tive of U.S. science policy. Thus, to maintain the United States as a world leader

in science, economics, and as the beacon of democracy, enhanced resources devoted
to gaining increased knowledge about humans and their communities must be a pri-

ority.

Any fundamental science policy must include significant investments to explain
the iJehaviors of human beings as they interact with each other and with their so-

cial, political, economic, and technological environment. It must include research on
those social, political and economic systems themselves. In addition, the paradox of

an increasingly interdependent, yet competitive nation-state system also compels a
continued research focus on all aspects oi the international system.
Technology will not solve our "people" and "societal" problems. All technological

advances are accompanied by upheavals in human relations and societal relations.

Thus, there is a clear need for fundamental studies of the social, legal, and ethical

implications of new technological breakthrou^s.
Complex systems of economic, social and political decision-making by individuals

and organizations require further study and increased investment by science policy
makers. The biological revolution predicted for the next century may discover ge-
netic markers to explain predispositions toward certain behavior, but it will not ac-

count for all of the variance. Social, political, and economic factors will still impact
national problems such as crime, race, poverty, job training, education, health, envi-

ronment, rural and urban development, and an aging popmation. Research on these
factors must be part of any U.S. science strategy.

In all of these, the National Science Foundation remains a central actor to sup-
port the conduct of this research and therefore, must receive adequate funds to

carry out these important activities for the nation. COSSA supports a significant in-

crease in the authorization for all activities at the Foundation.
Thank you for the opportunity to present our views. I will be happy to tmswer

any questions the committee may have.

Senator Rockefeller. Thank you, Dr. Silver. I did not have a
chance to interact with you as I did with Mr. Sawyer. The country
boy and the city boy—^you talked too fast and I could not interrupt.
But let me ask you one question, and then ask that if both of you

would answer any further questions which we might submit in

writing.
Dr. Silver, I want to go to the social science directorate at NSF.

What do you think have been the main questions that the direc-

torate has provided funds to answer, number one? Are they ques-
tions that focus on practical dimensions such as the human side of

improving manufacturing productivity, which you referred to, as
well as the whole question of crime, or do they tend to be more the-

oretical? In other words, do you really think that the directorate is

focusing on the right questions?
Dr. Silver. I think they have looked at all sorts of research

agendas, some practical, some theoretical. The human dimensions
of global change has had an aspect that includes economic factors



46

of the environment and environmental changes which clearly has
some practical applications.

I think that some of the work being done in terms of the law and
social science programs, an interdisciplinarv program looking at
the relationship of law and criminal activity has some practical ap-

plications.
The research in the decision risk and management science pro-

gram has had practical aspects for industry, and I can provide you
some examples of that.

Senator Rockefeller. Duncan Moore, who is behind me, and I

were at a joint West Virginia, Eastern Ohio, and Western Penn-

sylvania meeting. We are trying to get together, in a sense to do

technology together and other things in a joint fashion. We have
talked about it but we have never really done it, so we actually are

going to do it.

And it was interesting to me. We had one fellow from the Honda
plant in Marysville, and he talked about how relatively easy it was.
And we had this also from a steel plant, a joint American-Japanese
steel plant venture in northern West Virginia, how relatively easy
it was, well, at least how effective it was, to apply total quality
management and to take employees who were accustomed to doing
things in a certain way and literally make them part of the team,
in one case in a steel plant in West Virginia to wear uniforms. The
president of the company wore the same uniform as anybody else.

And these really are striking things that you would have not

thought possible up until recently. So, these things really do count;
do they not?

Dr. Silver. Well, total quality management came out of a lot of
basic research in social science and organizational effectiveness.

Senator Rockefeller. Did it come out of some NSF funded?
Dr. Silver. That I am not sure of. I would have to ask them.
Senator Rockefeller. Yes, that would be interesting to find out.

Anyway, you think they are on the right track?
Dr. Silver. Yes. And if they add these three initiatives I talked

about they will go further down the right track.

Senator Rockefeller. Yes, got you. Well, indeed, I am very
happy about that because unless we stacked the witness list, which
I would never even for a moment think that our staff director here,
Pat, would allow to happen, you are both very strongly in favor of
the National Science Foundation. That is very, very clear. And that
is important testimony.

I thank you both very, very much. I apologize for the two delays
that you had to put up with. And there will be some questions com-

ing in your direction.

Thank you very much.
Mr. Sawyer. Thank you for listening to us.

Senator Rockefeller. Thank you. The committee stands ad-

journed.
[Whereupon, at 5:05 p.m., the hearing was adjourned.]
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