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INVESTMENT IN RESEARCH AND
DEVELOPMENT

WEDNESDAY, DECEMBER 2, 1987

CONGRESS OF THE UNITED STATES,
Joint Economic COMMITTEE,
Washington, DC.
The committee met, pursuant to notice, at 9:41 a.m., in room SD-
628, Dirksen Senate Office Building, Hon. Paul S. Sarbanes (chair-
man of the committee) presiding.
Present: Senator Sarbanes and Representative Scheuer.
Also present: William Buechner, professional staff member.

OPENING STATEMENT OF SENATOR SARBANES, CHAIRMAN

Senator SARBANES. The committee will come to order.

This morning the Joint Economic Committee holds the first of
two hearings on the Federal role in the Nation’s research and de-
velopment program. These hearings on R&D are part of the com-
mittee’s focus on an area of issues which we have labeled ° prudent
investment,” as we seek to identify those areas of the economy in
which prudent investment is critical to the Nation’s future econom-
ic strength.

Today, and in a second hearing which will take place on the 11th
of December, the committee will attempt to assess the strengths
and weaknesses of Federal research and development programs,
and the role of the Federal Government in facilitating research
and development in the private sector.

The committee’s inquiry is prompted by concerns which were
outlined earlier this year in the committee’s 1987 annual report.
The first is the dramatic shift in the focus of the Federal invest-
ment in research and development programs. From the mid-1960’s
until 1981, a, rough apportionment of 50-50 was maintained be-
tween defense and nondefense programs. Today, that apportion-
ment is approximately 70-30.

While Federal R&D expenditures increased almost 60 percent in
the 5-year period 1981 to 1986, military R&D more than doubled,
while nondefense R&D increased less than 6 percent.

The second dramatic shift is a failure of U.S. investment in non-
defense research and development, measured as a percentage of
GNP, to keep pace with comparable investments by West Germany
and Japan ince 1980, U.S. investment in nondefense R&D has re-
mained constant, rou, hly 1.8 to 1.9 percent of GNP, while in con-
trast West Germanys investment increased 13 percent between
1980 and 1986 and Japan’s investment increased more than 27 per-
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cent. Both of those countries are now investing between 2.6 and 2.8
percent in nondefense R&D. That is reflected in the chart here on
the left, nondefense R&D as a percent of GNP, which shows the
trend lines for Japan, West Germany, and the United States.

[The chart referred to follows:]
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Senator SARBANES. The widening gap has raised serious concerns
about America’s ability to compete successfully over the longer
term in international markets. Notwithstanding a more realistic
valuation of the dollar which has now come about, there is wide-
spread agreement among economists that in basic research, which
lays the foundation for new technologies and new products, the
Federal Government may be better able than entities in the pri-
vate sector to assume the costs and risks involved. And in fact,
throughout the post-World War II era, the Federal Government
has played a pivotal role in this area.

There are also important questions to be considered with respect
to the relationship to Federal programs and research and develop-
ment efforts in the private sector, where R&D expenditures have
increased more than 250 percent since 1960.

In focusing today on trends in Federal research and development
policies and expenditures, and on the policies and practices of our
major trading partners, the committee is fortunate to have four
very distinguished witnesses. We will hear first from Mr. Erich
Bloch, Director of the National Science Foundation. Following Mr.
Bloch, we will hear from Mr. Albert Teich, head of the office for
public sector programs of the American Association for the Ad-
vancement of Science.

We will then turn to a discussion of the economics of research
and development with a panel consisting of Professor Edwin Mans-
field, University of Pennsylvania, and Professor Nathan Rosenberg,
of Stanford University.

Senator D’Amato has an opening statement which will be includ-
ed in the record, and he is hopeful that he will be able to make the
hearing later in the morning.

[The written opening statement of Senator D’ Amato follows:]



WRITTEN OPENING STATEMENT OF SENATOR D'AMATO

MR. CHAIRMAN, | WOULD LIKE TO WELCOME TO THE JOINT
ECONOMIC COMMITTEE THIS MORNING OUR DISTINGUISHED PANEL OF
WITNESSES WHO WILL DISCUSS THE ROLE OF GOVERNMENT INVESTMENT
IN RESEARCH AND DEVELOPMENT.

THERE CAN BE NO DENYING THE FACT THAT RESEARCH AND
DEVELOPMENT EFFORTS HAVE MADE THE UNITED STATES THE
INDUSTRIAL GIANT THAT IT IS TODAY, WE CONSTANTLY RELY UPON
RESEARCHERS TO KEEP US AT THE FOREFRONT OF TECHNOLOGY.
RESEARCH AND DEVELOPMENT 1S ESSENTIAL TO THE UNITED STATES IF
WE ARE TO REMAIN COMPETITIVE IN THE WORLD MARKETPLACE .

THERE ARE VARIOUS METHODS IN WHICH RESEARCH AMD
DEVELOPMENT MAY BE STIMULATED AND ENCOURAGED. TWO OF THE
MAJOR WAYS TO DO THIS ARE THROUGH REASONABLE TAX CREDITS AND
THROUGH FEDERAL FUNDING. PAST EXPERIENCE HAS DEMONSTRATED
THAT FEDERAL FUMDING PROVIDES MORE LEEWAY FOR WASTE, FRAUD
AND ABUSE.  TAX CREDITS TEND TO PROVIDE MORE IMCENTIVE TO
BUSINESSES INVOLVED . iN RESEARCH AND DEVELOPHENT.



| LOOK FORWARD TO THE TESTIMONY OF OUR WITNESSES THIS
MORNING AND TO THE INSIGHT THEY ARE SURE TO PROVIDE THIS

COMMITTEE ON THE IMPORTANCE OF INVESTING IN RESEARCH AND
DEVLOPMENT .

THANK YOU, MR. CHAIRMAN,



Senator SArRBANES. Mr. Bloch, we are very pleased to hear from
you now.

STATEMENT OF ERICH BLOCH, DIRECTOR, NATIONAL SCIENCE
FOUNDATION

Mr. BrocH. I have a prepared statement which I would like to
submit for the record.

Senator SARBANES. The prepared statement will be included in
full in the record.

Mr. Broca. What 1 would like to do for a few minutes is just
highlight some of the thoughts in the prepared statement. First of
all, I appreciate the opportunity to testify on science and technolo-
gy and economic competitiveness.

Your letter addressed four issues: First, the relationship between
science and engineering research and economic growth and com-
petitiveness; second, current strategy of U.S. R&D; and third, the
human resources and education aspects of our situation. I added a
fourth one, knowledge transfer. And I would like to comment brief-
ly on all four of these issues. First I want to make a few comments
about the relationship between science and engineering research
and economic growth. Since World War II there have been major
productivity increases that can be traced back to new technologies
and new ideas. Growth in the world economy has been in areas cre-
ated by new scientific discoveries and engineering innovations and
inventions. As examples, I would cite the semiconductor industry,
computers, biotechnology, many of the new synthetic materials
that we hear so much about.

The shift in the international economy has been facilitated by
some of the new technologies, especially communication and trans-
portation, and the shift to a knowledge and information industry is
due to new insights and new ideas that only came out of the lab-
oratories 20 to 30 years ago and many even more recently.

It is no longer sufficient to have access to natural resources and
cheap labor. Those are no longer the key ingredients for competi-
tiveness in any industry. The new growth industries are essentially
the ones that are based on new knowledge, new insights, and they
depend on the continuous generation of that new knowledge and
that new insight. That is the foundation of many of the new indus-
tries that I just mentioned.

Other countries, including our trading partners, understand the
situation and, as a consequence, they have increased their invest-
ment in science and technology, as you mentioned a few moments
ago, Mr. Chairman. As a percentage of GNP, Japan now supports
as much basic research in science and engineering as we do.

In fact, I want to make one particular point on that. We should
not just assume that Japan will continue to do what it has been
doing in the past. The focus in Japan today is on more increase in
basic research for one particular reason: As they are catching up
with us in many technology areas, they know that they can no
longer depend on the generation of new knowledge from this coun-
try or from Europe, but they have to contribute to it and that they
have to undertake investigations and investments in these areas.
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In Europe, there are new programs in information sciences, tele-
communications, robotics, and materials, and I think that this rep-
resents the technological rebirth of Europe that we probably are
n}(:t (iggnizant enough of and are not taking it as seriously as we
should.

One example is high-temperature superconductivity. The new de-
velopments in high-temperature superconductivity came from all
over the world: Switzerland, the United States, Chi a, Japan, and
many other countries. It did not come just from one particular
country; it came simultaneously from many of these countries.

So, I think there is a new era in the importance of basic research
and research in general that the developed countries and develop-
ing countries are recognizing and acting on.

The second comment I want to make is on ‘the current state of

S. research and development and what is the proper mix for that
research and development. The central purpose of these hearings
on R&D in the United States I think focuses very heavily on that
particular issue. So, the question is probably “How are we doing?”’
and I think the answer is in some ways very well and in other
ways not so well. Let me see if I can draw an objective picture.

On the positive side, the strongest and most creative research
system in the world is still that of the United States. The explosion
of knowledge that has occurred is something that has been very
heavily focused on in our universities as well as in some of our in-
dustrial research laboratories. There is a shortening of leadtime be-
tween basic research and the exploitation of the new knowledge in
the marketplace, and we need to be aware of that.

We are not very good in that particular area, by the way. U.S.
research leads in many of the new multidisciplinary fields such as
biotechnology, materials research, and computer and information
sciences—and that is generally acknowledged around the world.
Our universities, which combine education and research, are the
best in the world, and they focus on both of these aspects, educa-
tion and research. As a consequence, they attract foreign students
and foreign investments in our universities. That again is a sign
that part of our system is working very well.

On the negative side, there is a concern about long-term funding
trends. There is not enough investment in our universities’ basic
science and engineering research and education. We are no longer
leading the industrialized nations in percent of GNP. Some of the
other countries, like Japan and West Germany, have caught up
with us in the percent of GNP devoted to research and develop-
ment.

Your own chart on nondefense R&D has made the point that
they are exceeding our investment in those very important areas.

Basic research as a percent of Federal R&D is dropping. It is
dropping—and so is, by the way, university R&D dropping—as a
percent of our R&D budget. That is primari y because of the heavy
defense investment and the fact that the defense R&D budget is
not spending a lot of money on basic research or in universities,

So, I want to say something about balance within the Federal
R&D budget. It needs some adjustment. And by the way, the dou-
bling of NSF’s budget over the next 5 years, which is a request of
the administration, is trying to address some of that balance in



favor of a more proper mix between basic research and other forms
of research and development.

Let me make a couple of other points which I think are very im-
portant. The whole national environment for research has im-
proved. Today there is cooperation between universities and indus-
try which did not exist before. Many of the States are getting in-
volved in funding basic research and in funding education at the
university level and funding new technologies. I think that is a
new trend. There are more cooperative programs between universi-
ties and the private sector. Many of the centers that the Founda-
tion has been establishing in the engineering areas are essentially
focusing on this cooperation. And there is a strong response from
the research community in favor of many of the center activities
that the foundation has undertaken.

A third area I would like to comment on is our human resources.
People create the knowledge that makes technological innovation
possible. The awareness of the importance of people to economic
congg:ltitiveness is reflected in other nations’ investment in human
capital.

Japan, for instance, has doubled its technical work force in two
decades, and that is a very significant kind of step forward.

U.S. scientific and technical employment has grown three times
faster than real GNP and total professional employment, and it is
a signal of how important science and technology education and
our human resources are in this area.

Scientists and engineers are in demand, and the question is,
“Can we meet that demand?”’ The answer is: “In all likelihood we
cannot in the future.” We are not generating the human talent
that we need. The preparation in high school is not there for many
of our students to pursue science and engineering careers later.

It is too late once you get into universities. The college-age popu-
lation is shrinking. There are fewer students choosing science or
engineering as a percent of that college-age population. The
number of 22-year-olds is dropping, and as a consequence we must
attract a greater portion of the 22-year-olds if we want to supply
our industries and government and our universities with the
human manpower that we need in the future.

It also means that we need to concentrate on the groups which
are underrepresented today in the scientific engineering areas—
women and minorities. That is something that the foundation has
ilgueen focusing on and will have to focus on increasingly in the

ture.

Today we are highly dependent on foreign students for graduate
degree candidates and for people with Ph.D. degrees that later on
can enter our work force. Nearly 85 percent of the recent growth
in graduate education was due to foreign students. It is very fortu-
nate that we have these students available. Many of them stay
here, about 60 percent of them stay here. _

But, it is a bad policy to be dependent on a resource over which
we have no control. A few years ago we had many Iranian students
here. 1 doubt very much that there are many Iranian students here
today. And what can happen with one country can happen with an-
other country.
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So, we should not feel secure in the fact that we have a high
influx of foreign students and that we are not supplying that talent
base ourselves.

Those undesirable educational trends that I just cited—the drop-
off in economic competitiveness and the shrinkage of our manufac-
turing base—could have long-term consequences for us. I refer in
my prepared statement to possible American brain drain, and I do
not mean literal emigration, but the deterioration of the skill base
on which we depend very heavily. As leading industries fall behind,
the best people will no longer be attracted to these industries, be-
cause there is no economic payoff there.

There are many examples from the past that make that particu-
lar point. For example, in nuclear engineering, for completely dif-
ferent reasons, there are very few students today pursuing careers
in reactor design and so forth. And this can happen in other indus-
tries also as the economic future of these industries is in doubt, I
think we have a serious problem in our human resource base.

I said I wanted to comment for a minute on knowledge transfer,
a very important item. One of the shortcomings of our industry is a
lag between research and product implementation in the market-
place. The point has been made many times that in Japan it is on
a much faster track, and I think that is so.

Second, I think there is a lack of coupling between researchers
and product developers and manufacturers in the United States. I
think that we find many times that Japan and Japanese industry
pick up new developments that are flowing out of our universities
much faster and much more readily than our own industry does. It
is a cultural problem. It is also an attitude problem, and this is
something we need to work on.

There are fall guys on all sides, and the United States itself
cannot solve the problem, but we are trying to focus on it and help
that problem along by making information available and also fo-
cusing on programs. I already mentioned the centers program that
requires the involvement of industry and not just the involvement
of the university. Through this coupling, peer-to-peer coupling be-
tween industry people and university researchers, we hope that
technology transfer will take place at a faster rate.

So, in summary, let me say a couple of things. First, science and
technology are important to the economy, and the universities’
health is very important to the health of science and engineering.

Second, we need continuing, steady investment in good times and
bad in research and education. It requires a balance between mili-
tary and civilian investments, between basic and applied programs,
between science and engineering, and between support for individ-
uals and support for institutions and centers.

The third item I want to mention is that people are the basic re-
source. Our educational system needs a major overhaul at the ele-
mentary and high school level, and even at the undergraduate
level, especially in engineering at the undergraduate level.

We need to attract more students, more women, more minorities
into science and engineering. We must demonstrate to young
people that the rewards in science and engineering are there. It re-
quires a thriving and model manufacturing sector to make that
particular point, however.
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Fourth, to stay ahead, we must generate new ideas continuously
and convert them quickly to new products and processes. Closer co-
operation between the universities and industry is an essential ele-
ment to make that happen. There must be more focus on timely
knowledge transfer, in particular.

Fifth, close cooperation between industry, universities, and Gov-
ernment labs in this is important. That is one way of improving
this knowledge transfer.

Last, we need to realize that we are in long-term competition. It
requires new relationships, a constant focus on investment and cul-
tural and attitudinal change in our thinking and in our institu-
tions.

Thank you very much.

Senator SarBaNES. Thank you very much for a very thoughtful
statement and presentation.

[The prepared statement of Mr. Bloch, together with attached
charts, follows:]
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PREPARED STATEMENT OF ERICH BLOCH

GOOD MORNING. I APPRECIATE THE OPPORTUNITY TO TESTIFY ON
THE IMPORTANCE OF SCIENCE AND TECHNOLOGY TO THE NATION'S ECONOMIC
COMPETITIVENESS.

SCIENCE AND TECHNOLOGY ARE INSEPARABLE TODAY FROM THE
BROADER ECONOMIC PROBLEMS FACING OUR NATION. THE FUNDAMENTAL
QUESTION IS NOT WHAT SCIENTISTS AND ENGINEERS WANT OR NEED, BUT
RATHER HOW MUCH SCIENCE AND ENGINEERING THE NATION NEEDS IN ORDER
TO ASSURE ITS ECONOMIC HEALTH, ITS MILITARY STRENGTH, AND ITS
SOCIAL WELL-BEING.

SCIENCE AND TECHNOLOGY ARE CENTRALLY INVOLVED IN THE
ECONOMIC DECISIONS WE MAKE. THAT MIGHT NOT HAVE BEEN TRUE TWENTY
YEARS AGO, AND CERTAINLY IT WOULD NOT HAVE BEEN TRUE FORTY YEARS
AGO. FEDERAL SUPPORT OF SCIENCE WAS LIMITED THEN, AND THE
CONNECTION WITH ECONOMIC HEALTH WAS TOO TENUOUS FOR SCIENCE TO BE
CONSIDERED SERIOUSLY WHEN MAJOR ECONOMIC DECISIONS WERE MADE.

BUT THAT IS NO LONGER TRUE. THE FEDERAL GOVERNMENT NOW
SPENDS IN EXCESS OF $60 BILLION A YEAR FOR R AND D, WHICH
INCLUDES EVERYTHING FROM BASIC RESEARCH IN SUPER-CONDUCTIVITY TO
THE DEVELOPMENT OF NEW WEAPONS SYSTEMS.

A PART OF THAT TOTAL --ABOUT 12% -- IS DEVOTED TO BASIC
RESEARCH IN SCIENCE AND ENGINEERING. BUT THIS IS ESPECIALLY
IMPORTANT IN TERMS OF LONG-RANGE IMPACT, BECAUSE THIS RESEARCH,
TOGETHER WITH RELATED TECHNICAL EDUCATION PROGRAMS, IS OUR
INVESTMENT IN THE FUTURE.
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IT IS IMPORTANT THAT WE SEE THESE PROGRAMS AS INVESTMENT
RATHER THAN CONSUMPTION. SCIENCE AND ENGINEERING RESEARCH AND
EDUCATION ARE CRITICAL INVESTMENTS IN OUR ECONOMIC FUTURE -- AS
MUCH SO AS FACTORY EQUIPMENT OR OTHER CAPITAL GOODS. FAR FROM
CUTTING BACK IN TIMES OF TIGHT BUDGETS, STEADY INVESTMENT IN GOOD
TIMES AND BAD IS AN ECONOMIC NECESSITY.

MY REMARKS THIS MORNING STRESS THIS THEME OF INVESTMENT --
IN OUR RESEARCH PROGRAMS, IN OUR SCHOOLS AND UNIVERSITIES, ABOVE
ALL IN OUR PEOPLE.

FOR PEOPLE ARE THE ULTIMATE RESOURCE -- THE MORE SO IN A
WORLD IN WHICH IDEAS AND TECHNOLOGIES MOVE EASILY FROM ONE PLACE
TO ANOTHER, AND NEW TECHNOLOGIES MAKE "NATURAL RESOURCES" LESS
IMPORTANT.

BUT FIRST LET ME SAY SOMETHING TO PUT THESE REMARKS IN THE
CONTEXT OF ECONOMIC COMPETITIVENESS.

ECONOMIC COMPETITIVENESS:

IN THE PAST TWO YEARS THE NEED FOR COMPETITIVENESS HAS
BECOME CONVENTIONAL WISDOM. AS SUCH, THERE IS A DANGER THAT
COMPETITIVENESS WILL GO FROM TODAY'S GOOD IDEA TO YESTERDAY'S
SLOGAN SO QUICKLY THAT IT MAY NOT HAVE TIME TO HAVE MUCH EFFECT.

IT WOULD BE A SERIOUS MISTAKE TO LET THAT HAPPEN. TO
MAINTAIN OUR STANDARDS OF LIVING, WE SIMPLY HAVE TO PRODUCE MORE,
AND DO IT MORE EFFICIENTLY. AND THERE ARE NO QUICK FIXES. WE
MUST TAKE A LONG TERM VIEW AND BE PREPARED FOR A TOUGH JOB.

IN PART OUR COMPETITIVENESS PROBLEM IS DUE TO THE SHIFT FROM
A NATIONAL ECONOMY TO AN INTERNATIONAL ONE.

WE SOMETIMES FAIL TO APPRECIATE THIS, BECAUSE UNTIL THE LAST
FEW DECADES OUR ECONOMY WAS LARGELY ISOLATED FROM THE REST OF THE
WORLD. OUR COMPANIES SOLD THEIR GOODS HERE, AND WERE NOT VERY '
CONCERNED WITH EXPORTING.

NOR WERE IMPORTS A SERIOUS CONCERN. U.S. TECHNOLOGY IN THE
DECADES AFTER WORLD WAR II WAS THE BEST THERE WAS IN NEARLY ALL
FIELDS. TECHNOLOGICAL INNOVATION -- THE SOURCE OF NEARLY HALF OF
OUR PRODUCTIVITY INCREASES -- KEPT US AHEAD.
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BUT TODAY THE WORLD ECONOMY IS THOROUGHLY INTEGRATED, AND
OUR PRODUCTS MUST COMPETE DIRECTLY WITH THOSE FROM MANY OTHER
COUNTRIES.

. THIS TRANSFORMATION IS DUE IN PART TO THE INDUSTRIAL
RESURGENCE OF EUROPE AND JAPAN AFTER WORLD WAR II, IN PART TO THE
SPREAD OF INDUSTRIALISM TO LESS DEVELOPED COUNTRIES, AND IN PART
TO COMMUNICATION AND TRANSPORTATION TECHNOLOGIES THAT MAKE WORLD-
WIDE INDUSTRIAL INTEGRATION POSSIBLE.

BUT THE MOST IMPORTANT REASON FOR THE TRANSFORMATION 1S THE
SHIFT TO AN INFORMATION AND KNOWLEDGE BASED ECONOMY. ACCESS TO
NATURAL RESOURCES AND LOW-COST LABOR ARE NOT AS IMPORTANT AS THEY
ONCE WERE.

IN THIS NEW INFORMATION-BASED GLOBAL ECONOMY, THE NEW BASIC
INDUSTRIES ARE COMPUTERS, SEMI-CONDUCTORS, BIOTECHNOLOGY, AND
THOSE THAT CREATE NEW MATERIALS FOR SPECIFIC TASKS. THE OLD KEY
INDUSTRIES BASED ON NATURAL RESOURCES -- STEEL, COAL, AND OIL --
ARE RELATIVELY LESS IMPORTANT TODAY.

OUR MAJOR COMPETITITORS UNDERSTAND THIS. THEY HAVE SHARPLY
INCREASED THEIR INVESTMENTS IN SCIENCE AND TECHNOLOGY AND IN THE
NEW KEY INDUSTRIES.

o} AS A PERCENTAGE OF GNP, JAPAN NOW SUPPORTS AS MUCH
BASIC RESEARCH IN SCIENCE AND ENGINEERING AS WE DO.

o] EUROPE HAS DEVELOPED A WIDE ARRAY OF PROGRAMS IN
INFORMATION SCIENCE, TELECOMMUNICATIONS, ROBOTICS, AND MATERIALS.

A HIGHLY VISIBLE EXAMPLE OF THIS COMPETITION IS THE RACE FOR
HIGH TEMPERATURE SUPER-CONDUCTIVITY. WHAT BEGAN IN SWITZERLAND
HAS ALREADY LED TO MAJOR ADVANCES FROM JAPAN, THE UNITED STATES,
CHINA, AND SEVERAL OTHER COUNTRIES.

THIS RAPID SPREAD OF IDEAS MEANS THAT NO NATION CAN REMAIN
COMPETITIVE WITHOUT INVESTING IN NEW KNOWLEDGE AND TRANLATING IT
QUICKLY INTO NEW PRODUCTS AND TECHNOLOGIES.
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R _AND D INVESTMENT:

YOUR LETTER OF INVITATION INDICATED THAT THE CENTRAL PURPOSE OF
THESE HEARINGS WOULD BE TO REVIEW THE STATE OF R AND D IN THE
UNITED STATES. IT IS CLEAR THAT:

o] WE HAVE THE STRONGEST AND MOST CREATIVE RESEARCH SYSTEM
IN THE WORLD, WHICH HAS GIVEN US AN UNPRECEDENTED EXPLOSION OF
KNOWLEDGE.

o U.S. RESEARCHERS LEAD IN MANY OF THE NEW
MULTIDISCIPLINARY FIELDS SUCH AS BIOTECHNOLOGY, MATERIALS
RESEARCH, AND COMPUTER AND INFORMATION SCIENCES.

(o) OUR UNIVERSITIES -- WHICH UNIQUELY COMBINE RESEARCH AND
EDUCATION -- ARE THE BEST IN THE WORLD. THAT THEY ATTRACT
STUDENTS FROM ALL OVER THE WORLD, AND INVESTMENT FROM FOREIGN
COMPANIES, IS NO SURPRISE. IN THE COMPETITIVE EDUCATIONAL
MARKET, THEY DELIVER THE BEST PRODUCT.

ON THE OTHER HAND, LONG TERM FUNDING TRENDS TELL US THAT WE
MAY NOT HAVE BEEN INVESTING ENOUGH IN UNIVERSITY BASIC SCIENCE
AND ENGINEERING RESEARCH AND EDUCATION:

0 WE HAVE GIVEN UP THE COMMANDING LEAD WE HAD OVER OUR
MAJOR INDUSTRIALIZED TRADING PARTNERS IN THE FRACTION OF GNP
DEVOTED TO R AND D. (FIG. 1) AT 1.9% OF GNP, OUR CIVILIAN R AND
D SPENDING IS LESS THAN THAT OF JAPAN AND WEST GERMANY.

o BASIC RESEARCH AS A PERCENTAGE OF TOTAL FEDERAL R&D HAS
BEEN DROPPING. (FIG. 2) ONE REASON IS THAT DEFENSE NOW TAKES A
LARGER SHARE OF FEDERAL R AND D THAN IN THE PAST -- MORE THAN 70%
OF THE TOTAL -- AND DOD SPENDS LESS THAN 3% OF ITS R AND D BUDGET
ON UNIVERSITY RESEARCH. (FIG. 3)

o) AS A RESULT, THE UNIVERSITY SHARE OF FEDERAL R AND D
SUPPORT HAS BEEN DROPPING SINCE THE PEAK IN 1979. (FIG. 4) THIS
HAS PUT THE UNIVERSITIES IN DIFFICULTY, SINCE NEW RESEARCH
OPPORTUNITIES MEAN NEW DEMANDS FOR PEOPLE, EQUIPMENT, AND
FACILITIES. 1IN BOTH UNIVERSITIES AND INDUSTRY, SCIENTISTS MUST
HAVE THE LASTEST EQUIPMENT IF THEY ARE TO TAKE ADVANTAGE OF
RESEARCH OPPORTUNITIES.

FORTUNATELY, WE HAVE BEGUN TO REVERSE SOME OF THESE TRENDS
IN THE LAST SIX YEARS. TOTAL FEDERAL SUPPORT FOR R AND D HAS
RISEN 50% IN CONSTANT DOLLARS SINCE 1980. (FIG. 5)

OVERALL, THE NATIONAL POLICY ENVIRONMENT FOR RESEARCH HAS
IMPROVED SUBSTANTIALLY. THERE IS MORE WILLINGNESS ON THE PART OF
UNIVERSITIES AND INDUSTRY TO COOPERATE.

WE ARE SEEING MANY STATES GETTING INVOLVED IN RESEARCH
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SUPPORT IN NEW WAYS. THERE IS MUCH MORE UNDERSTANDING OF THE
NEED FOR BETTER EDUCATION, MORE SUPPORT FOR UNIVERSITY BASIC
RESEARCH, AND PROGRAMS INVOLVING INDUSTRY.

AT THE FEDERAL LEVEL THERE IS MUCH MORE EMPHASIS ON
COOPERATIVE PROGRAMS. NSF'S NEW ENGINEERING RESEARCH CENTERS AND
SCIENCE AND TECHNOLOGY CENTERS ARE PROTOTYPES.

THESE CENTERS ARE LOCATED ON UNIVERSITY CAMPUSES, ARE
MULTIDISCIPLINARY, AND HAVE STRONG INDUSTRY INVOLVEMENT. THEY
WILL WORK ON BASIC RESEARCH PROBLEMS THAT ARE IMPORTANT TO
SCIENCE, BUT ALSO RELEVANT TO INDUSTRIAL TECHNOLOGY. '

THE MULTI-DISCIPLINARY EMPHASIS IN THESE CENTERS IS
IMPORTANT. MUCH IMPORTANT WORK REQUIRES TRAINING AND EXPERIENCE
IN MORE THAN ONE DISCIPLINE. IT MAY BE NO COINCIDENCE THAT
SUPER-CONDUCTIVITY WAS DISCOVERED IN A LABORATORY WHERE MULTI-
DISCIPLINARY WORK WAS THE RULE RATHER THAN THE EXCEPTION.

LET ME JUST ADD THAT THE RESPONSE FROM THE RESEARCH
COMMUNITY HAS BEEN STRONGLY POSITIVE. WE HAVE RECEIVED MORE THAN
800 LETTERS OF INTENT TO SUBMIT PROPOSALS, REPRESENTING ALL
DISCIPLINES, A BROAD RANGE OF INSTITUTIONS, HEAVY PARTICIPATION
FROM INDUSTRY, AND ALL GEOGRAPHIC REGIONS AND NEARLY EVERY STATE.

IN THIS SITUATION -- WITH MORE THAN $2 BILLION DOLLARS
EXPECTED TO BE REQUESTED FOR THE FIRST YEAR OF OPERATIONS -- OUR
PROBLEM WILL BE TO SELECT THE VERY BEST FROM AMONG A LARGE NUMBER
OF DESERVING PROJECTS.

HUMAN RESOURCES:

NOW LET ME RETURN MORE EXPLICITLY TO THE HUMAN RESOURCES
QUESTIONS THAT WERE RAISED IN YOUR LETTER OF INVITATION.

PEOPLE CREATE THE KNOWLEDGE THAT MAKES TECHNOLOGICAL
INNOVATION POSSIBLE. THEY RUN OUR INDUSTRIES. THEY ARE THE
MENTORS AND TEACHERS OF NEW GENERATIONS OF SCIENTISTS. THEY ARE
LEADERS AND DECISION MAKERS IN OUR MODERN TECHNOLOGICAL SOCIETY.

AWARENESS OF THE IMPORTANCE OF PEOPLE TO ECONOMIC
COMPETITIVENESS IS REFLECTED IN OTHER NATIONS' INVESTMENT IN
HUMAN CAPITAL.

o} JAPAN HAS DOUBLED ITS TECHNICAL WORKFORCE IN THE LAST
TWO, DECADES. (FIG. 6) IT PRODUCES ABOUT AS MANY ENGINEERS
ANNUALLY AS WE DO, WITH HALF OUR POPULATION.

o} IN THE UNITED STATES, SCIENTIFIC AND TECHNICAL
EMPLOYMENT HAS GROWN THREE TIMES FASTER THAN REAL GNP AND TOTAL
PROFESSIONAL EMPLOYMENT. (FIG. 7)



17

CLEARLY SCIENTISTS AND ENGINEERS ARE IN DEMAND, AND THE
DEMAND WILL RISE AS OUR MODERN KNOWLEDGE-BASED ECONOMY DEVELOPS.

IT IN NOT CLEAR, HOWEVER, THAT WE WILL BE ABLE TO MEET THAT
DEMAND.

o} THE NUMBER OF 22-YEAR-OLDS HAS BEEN DROPPING STEADILY
AND WILL CONTINUE TO DO SO. (FIG. 8) THAT MEANS THAT UNLESS A
GREATER PROPORTION OF THE UNDERGRADUATE POPULATION 1S ATTRACTED
TO THE SCIENCE AND ENGINEERING FIELDS, THE NUMBER OF SCIENCE AND
ENGINEERING DEGREES WILL DECLINE IN THE FUTURE.

HAVING FEWER YOUNG PEOPLE MAKES IT EVEN MORE IMPORTANT TO
ATTRACT WOMEN AND MINORITIES TO SCIENCE AND ENGINEERING. N
MINORITIES ARE ESPECIALLY IMPORTANT, SINCE THEY ARE AN INCREASING
FRACTION OF QUR COLLEGE-AGE POPULATION. HISTORICALLY, HOWEVER,
THESE GROUPS HAVE HAD LOW RATES OF PARTICIPATION IN THE NATURAL
SCIENCE AND ENGINEERING DISCIPLINES.

ANOTHER SERIOUS PROBLEM IS THAT MORE THAN HALF OF OUR NEW
PHD'S IN ENGINEERING, AND INCREASING NUMBERS IN MATHEMATICS AND
OTHER FIELDS, ARE NOW FOREIGN NATIONALS. (FIG. 9)

OVERALL, FOREIGN STUDENTS ACCOUNT FOR NEARLY 85% OF THE
RECENT GROWTH OF GRADUATE EDUCATION IN THE UNITED STATES. WITH
FEWER AMERICANS CHOOSING SCIENCE OR ENGINEERING CAREERS, WE ARE
INCREASINGLY DEPENDENT ON FOREIGN NATIONALS IN SOME OF THE MOST
IMPORTANT SPECIALTIES.

WE ARE FORTUNATE TO HAVE THEM. MANY FOREIGN GRADUATES OF
OUR UNIVERSITIES REMAIN TO CONTRIBUTE TO OUR ECONOMY AND TO
RESEARCH AND EDUCATION. BUT IT IS BAD POLICY TO BE DEPENDENT ON
A RESOURCE WE CANNOT CONTROL.

AS OPPORTUNITIES OVERSEAS INCREASE, WE MAY FIND THAT THE
NUMBER OF FOREIGN STUDENTS COMING TO OUR UNIVERSITIES DECLINES,
AND MORE OF THOSE WHO DO COME MAY RETURN TO THEIR OWN COUNTRIES.

TURNING THESE TRENDS AROUND WILL BE A LARGE UNDERTAKING.
THE DEMOGRAPHIC TRENDS ARE FIXED, AND ATTRACTION RATES TEND TO BE
STABLE OVER TIME. MUCH BETTER SCIENCE AND MATHEMATICS IN THE
SCHOOLS -- GOOD ENOUGH TO ATTRACT THE BEST STUDENTS -- WILL BE
NEEDED.

MANUFACTURING

A SCARCITY OF TECHNICAL PERSONNEL COULD REINFORCE ANOTHER
WORRISOME TREND IN OUR ECONOMY: A DECLINE IN EMPHASIS ON
MANUFACTURING.

JAPAN HAS TAKEN A LEAD IN MANUFACTURING BY ADOPTING A
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SYSTEMS APPROACH THAT INVOLVES THE WHOLE ENTERPRISE. THEY
REALIZED FAR MORE QUICKLY THAN WE THAT MODERN MANUFACTURING
REQUIRES ATTENTION TO MUCH MORE THAN HARDWARE AND TOOLS. QUALITY
AND INVENTORY CONTROL, AND THE EDUCATION AND PARTICIPATION OF
ENGINEERS, WORKERS, AND MANAGERS IN DECISIONS ARE AT LEAST AS
IMPORTANT.

DESPITE COMMENTS TO THE CONTRARY, MANUFACTURING IS
IMPORTANT: BETWEEN 1965 AND 1985, THE DOLLAR VALUE OF
MANUFACTURING WORLDWIDE INCREASED 125%. IN EUROPE, THE INCREASE
WAS 80%; IN JAPAN, IT WAS 600%. BUT IN THE US, IT WAS ONLY 50%.

IN 1965 THE EEC COUNTRIES' MANUFACTURING TOTALLED ONLY ABOUT
A THIRD OF THE U.S. LEVEL. TODAY THEY EXCEED THE U.S.

WE HAVE BEEN TOO WILLING TO WRITE OFF THIS SECTOR. BOTH
INDUSTRY AND ACADEMIA CAN SHARE THE BLAME FOR THIS:

(o} INDUSTRY ALLOWED MANUFACTURING TO BECOME A BACKWATER.
THE BEST PEOPLE WENT TO PRODUCT ENGINEERING OR RESEARCH.

(o] AND IN THE UNIVERSITIES BRIGHT YOUNG ENGINEERS REALIZED
THAT THE WAY TO TENURE DID NOT LEAD THROUGH MANUFACTURING
RESEARCH. THE SUBJECT SIMPLY DROPPED OUT OF SIGHT -- AND OUT OF
THE CURRICULUM -- AT ALL BUT A VERY FEW SCHOOLS.
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AN AMERICAN BRAIN DRAIN?

EDUCATIONAL PROBLEMS AND A DECLINE IN MANUFACTURING COULD
REINFORCE EACH OTHER TO PRODUCE A "BRAIN DRAIN:" NOT A LITERAL
EMIGRATION OF PROFESSIONALS, BUT RATHER A PROGRESSIVE
DETERIORATION OF OUR TECHNICAL SKILL BASE.

INADEQUATE EDUCATIONAL SYSTEMS MAKE IT HARDER FOR OUR
INDUSTRIES TO COMPETE. IF OUR LEADING INDUSTRIES THEN FALL
BEHIND, OUR BEST PEOPLE WILL NO LONGER BE ATTRACTED TO CRITICAL
TECHNICAL AREAS. THE ECONOMIC PAYOFF WILL NO LONGER BE THERE.
WE WILL FAIL TO DEVELOP NEW SKILLS OR EVEN TO MAINTAIN THOSE WE
HAVE.

THE SEMICONDUCTOR INDUSTRY IS A GOOD CASE IN POINT. AS WE
LOSE OUR LEADERSHIP POSITION TO JAPAN, THE ATTRACTION OF THE
FIELD WILL DECLINE; BOTH STUDENTS AND VENTURE CAPITAL WILL MOVE
TO OTHER AREAS. 1IN THE PROCESS THE NATION WILL LOSE THE
LEADERSHIP OF A CRITICAL INDUSTRY.

WE HAVE SEEN THIS HAPPEN BEFORE -- FOR SOMEWHAT DIFFERENT
REASONS -- IN NUCLEAR ENGINEERING. HOW MANY BRIGHT STUDENTS
TODAY ARE LIKELY TO TRAIN FOR CAREERS IN REACTOR DESIGN OR
OPERATION? ARE WE WILLING TO DEPEND ON FOREIGN SOURCES FOR THESE
SKILLS?

SUMMARY

MR. CHAIRMAN, LET ME SUMMARIZE BY RETURNING TO THE KEY POINTS
RAISED IN YOUR LETTER:

FIRST: RESEARCH AND EDUCATION IN SCIENCE AND ENGINEERING IN
THE UNITED STATES ARE CRITICALLY IMPORTANT TO ECONOMIC
COMPETITIVENESS. OUR INFRASTRUCTURE FOR BASIC RESEARCH AND
EDUCATION -- CHIEFLY OUR UNIVERSITY SYSTEM —- IS HEALTHY AND
PRODUCTIVE, BUT ALSO UNDER INCREASING STRAIN.

SECOND: WE MUST MAKE CONTINUING STEADY INVESTMENT -~ IN GOOD
TIMES AND BAD -- IN RESEARCH AND EDUCATION. THIS REQUIRES THE
RIGHT BALANCE OF FEDERAL PROGRAMS:

BETWEEN CIVILIAN AND MILITARY,

BETWEEN BASIC AND APPLIED PROGRAMS,

BETWEEN SCIENCE AND ENGINEERING,

© O ©o o

AND BETWEEN SUPPORT FOR INDIVIDUALS AND SUPPORT FOR
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CENTERS.

THiIRD: PEOPLE ARE THE BASIC RESOURCE:

o} OUR EDUCATIONAL SYSTEM NEEDS A MAJOR OVERHAUL AT ALL
LEVELS -- PRIMARY, SECONDARY, AND UNDERGRADUATE -- IN SCIENCE,
MATHEMATICS, AND ENGINEERING.

0 WE MUST ATTRACT MORE STUDENTS, AND ESPECIALLY MORE
WOMEN AND MINORITIES, TO SCIENCE AND ENGINEERING.

o WE MUST DEMONSTRATE TO YOUNG PEOPLE -- ESPECIALLY TO
THE BRIGHTEST OF THEM -- THAT THE REWARDS FOR CAREERS IN SCIENCE
AND ENGINEERING ARE REALLY THERE. THAT REQUIRES A THRIVING
MANUFACTURING INDUSTRY, ACTIVELY CHALLENGING TECHNOGICAL
FRONTIERS.

FOURTH: 0 STAY AHEAD WE MUST GENERATE NEW IDEAS CONTINUOUSﬁY
AND CONVERT THEM QUICKLY TO NEW PRODUCTS AND PROCESSES.

FIFTH: WE, NEED CLOSER COOPERATION BETWEEN THE UNIVERSITIES AND
INDUSTRY, OF THE SORT THAT NSF 1S SEEKING TO ENCOURAGE THROUGH
OUR SCIENCE AND TECHNOLOGY CENTERS PROGRAMS. THIS WILL MAKE
BETTER USE OF OUR HUMAN AND FINANCIAL RESOURCES, AND ALSO HELP
TRANSFER NEW KNOWLEDGE SMOOTHLY FROM RESEARCH LABS TO
MANUFACTURING.

FINALLY, WE MUST UNDERSTAND THAT WE ARE IN A LONG TERM
COMPETITION THAT REQUIRES NEW WAYS OF THINKING.

THE RESEARCH COMMUNITY MUST REALIZE THAT FEDERAL SUPPORT IS
NOT AN ENTITLEMENT, BUT MUST BE JUSTIFIED BY ITS CONTRIBUTIONS TO
NATIONAL GOALS, AND ESPECIALLY TO ECONOMIC COMPETITIVENESS.

PERHAPS THE HARDEST THING IS TO REALIZE THAT SOLVING OUR
PROBLEMS WILL REQUIRE MANY DIFFERENT ACTIVITIES, SUSTAINED FOR A
LONG PERIOD. NO ONE THING WE DO WILL HAVE A DRAMATIC OR SHORT
TERM EFFECT. ONLY A PATIENT EFFORT, LOOKING TO PAYOFF OVER
DECADES RATHER THAN YEARS, WILL SUFFICE.

THAT CONCLUDES MY PREPARED REMARKS, MR. CHAIRMAN. I WILL BE
PLEASED TO RESPOND TO YOUR QUESTIONS.
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R&D EXPENDITURES AS A PERCENT OF GNP
FOR SELECTED COUNTRIES: 1965, 1975, AND 1985
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BASIC RESEARCH
AS A PERCENT OF TOTAL R&D
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FEDERAL OBLIGATIONS FOR R&D AT UNIVERSITIES AND
COLLEGES AS A PERCENTAGE OF ALL FEDERAL R&D
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Senator SARBANES. Mr. Bloch, I would like to take just a moment
to focus on the charts that you have attached to your prepared
statement to the committee. Perhaps if you could just go through
them and underscore their significance as you see it in relation to
the presentation you made, 1 think it would be helpful. They are
very graphic illustrations of some of these basic points.

Mr. BrocH. I would be glad to do that. Let me turn to the first
chart. That is R&D expenditures as a percent of GNP for selected
countries. You see three timeframes: 1965, 1975, and 1985.

You see that in 1965 we were ahead of the other countries that
are shown here: France, United Kingdom, West Germany, and
Japan. In 1975 we were equal, essentially. Then, in 1985 Japan ex-
ceeds us by a few tenths of a percentage point.

So, the point is that other countries have caught up with us in
the investment as measured by this parameter. Obviously we can
ask how good the parameter is, and that is a good question. I think
it is significant, however, and it is one way of judging different
countries.

We need to realize that we live, obviously, in different systems.

Representative SCHEUER. Are these R&D expenditures for both
military and civilian?

Mr. BrocH. Yes.

Representative SCHEUER. How would you evaluate the impact of
SDI, if it goes ahead, on the meaning of these charts? For example,
as I understand it, SDI last year absorbed 84 or 85 percent of the
increase in total R&D expenditures both civilian and military.

Now, if that trend continues, although the United States may be
more or less equal to—what is the one just to the left—just to West
Germany and only slightly behind Japan, from the point of view of
our civilian economy, if an increasing percentage of our R&D is de-
voted to SDI—and as I said, I think about 85 percent of the in-
crease in R&D both civilian and military went to SDI—wouldn’t
the reality be a great deal worse than your chart shows for the
United States in terms of the strength and vitality and robustness
of the American economy?

Mr. BrocH. Let me make a general comment first. You have a
chart which really underlays the chart that I just discussed by ex-
cluding defense R&D spending in all of the three countries. There
is not much to exclude in Japan and West Germany, by the way,
but quite a bit to exclude in the United States. And you see that on
civilian R&D as a percentage of GNP we are well below the ex-
penditure of Japan and West Germany.

Let me make a comment. It is very true that 30 and 40 years
ago, in the 1950’s, defense led the civilian sector in significant new
technology. I give you two examples: computers and semiconduc-
tors. The fallout from the defense sector into the civilian sector was
very significant. As a consequence there is a whole semiconductor
industry and a whole computer industry that really spun off from
the investment in defense.

Today, that is no longer the case. Today, in many areas it is the
civilian sector that leads the defense sector in many of the materi-
als areas, in computers and semiconductors. Biotechnology—just
think about that particular field.
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So, the fallout from the defense sector into the civilian sector is
no longer as pronounced as it was at one time, and that is a very
important point.

enator SARBANES. That is an extremely important point, be-
cause it is sometimes asserted to us when we are focusing on this
R&D discrepancy that is up there on that chart in the nondefense
area as one of the significant factors for the difficulty we are
having in the economic competitiveness area. It is asserted that
you get this spinoff or fallout from the defense R&D over into the
civilian sector.

I have been exploring this with various major companies who do
both defense and nondefense work, and the consistent response I
have received from those who are in both fields is that they do not
get much of a carryover from their defense R&D into civilian pur-
poses now.

And, of course, you have the other problem of companies that do
primarily defense R&D only who have really no vehicle for that
transfer. I am talking now about companies that do both so that
they at least have an internal vehicle for the transfer, if in fact it
is relevant. They find that generally speaking it is not that rele-
vant. Then you separately have the problem of defense contractors
almost purely who have no handy vehicle for the transfer even if it
was there to be done.

Mr. BrocH. That was really the point I was making. We always
talk about fallout from defense into the civilian sector. We should
talk about fallout from the civilian sector into the defense sector. I
think today that is much more prevalent than it was 30 years ago.

Let me make a second point, however. I wouldn’t have any prob-
lem with investing in defense R&D if defense would spend a bigger
portion of their R&D budget on basic research and on education.
They are not doing that. If you look at how much defense is spend-
ing on basic research, it is about 3 percent. If you had looked 10
years ago or thereabouts, you would find it would have been a
much higher percentage. So, they have been dropping. If they
would spend more on basic research—as they should because they
are depending on the output of basic research—they are depending
on the output of our schools for students, engineers, and scientists
in order to do what they need to do—then I would not have much
of a problem with it.

I am saying within the defense R&D budget the balance isn’t
right either, the balance between basic research and development
and between what they are investing in in universities and in edu-
cation. If that could be adjusted more toward the 5, 6, T percent
level, then I think you would see much more fallout from that in-
vestment into our civilian sector or into our total society.

So, my problem really with the defense R&D budget is for it to
be in balance within the R&D budget and within the Federal R&D
budgets, imbalance between basic research and the other areas of
research must be corrected.

The next chart that you have in front of you is a chart entitled
“Basic Research as a Percent of Total R&D.” And you see essen-
tially this particular problem. In the 1980’s, despite the fact that
there was a very heavy investment in Federal R&D during that
time, basic research has not increased proportionately. For in-
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stance, if you look at the National Science Foundation, we had a 60
percent cumulative increase over this same period, but because of
i;he (?eavy shift into defense R&D, basic research took this particu-
ar drop.

If one considers the national R&D expenditures that include the
private sector—that that one has stayed relatively flat. So there is
some contribution from the private sector into basic research.

The third chart——

Representative ScHEUER. What would you consider an appropri-
ate percentage of total research?

Mr. BrocH. Congressman Scheuer, you are asking difficult ques-
tions today.

Representative ScHEUER. What should we be shooting for?

Mr. BrocH. Let me tell you, I don’t think there is an appropriate
number. But I will make two points. First of all, at a point in time
where we have all of these problems—economic competitiveness,
where we know that we are depending on new knowledge, where
we know that we are falling behind in human resources—at least
this line should stay flat as a minimum. It shouldn’t go down.
Should it go up? We can have an argument on that. But at least it
shouldn’t go down. That would be my lower limit on answering
your question.

I don’t think there is an appropriate number. I think you com-
pare yourself to your competitors. That is one way of finding the
truth. The other one is you look at the problems that you have and
you ask yourself is your expenditure and is your investment ad-
dressing the problem or isn’t it? And obviously, when you see this
dropoff, then you know you are not addressing the problem that we
all agree we have. So, I would answer it that way. I know you
wanted a number, but I don’t think there is such a number.

The next chart is really the shift between defense and nonde-
fense Federal R&D funds. And you see how that one has increased
over the last 10 years.

Senator SARBANES. That is very dramatic. Could we just stop on
that for a moment?

Mr. BrocH. Sure.

Senator SARBANES. I see you have extended the trend line to the
left. So, I take it, over a sustained period of time it was at about a
50-50 split.

Mr. BrocHh. 50-50. Right.

Senator SARBANES. And in recent years we have had a very
marked shift, so we now have a 2.57 ratio of defense to nondefense
Federal R&D funds.

Mr. BrocH. Right. That was the 70 percent that you mentioned
before. And again, underneath this shift is what my concern is as
to what is the right investment. But underneath that is essentially
the imbalance between basic research and the rest of R&D.

Senator SARBANES. You have a shift from nondefense to defense;
and within defense you have a shift away from basic research,
which compounds the problem.

Mr. BrocH. That’s right. That is exactly right. I don’t think, for
instance, that it would make any difference if the National Science
Foundation or if the Department of Defense would invest in basic
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research. The results might be the same. I think we can do it
better, by the way, but that is a self-serving kind of a comment.

Senator SARBANES. You are entitled to self-serving comments.

Mr. BrocH. Thank you, Mr. Chairman. [Laughter.] The next
chart you see is similar to one that I showed you before, but this
one is Federal obligations for R&D in universities and colleges as a
percent of the Federal R&D budget. And you see the same trend.
Since 1980 this has gone down. Even so, again on an absolute-dollar
basis, the increases have been very significant in this area.

The next chart shows Federal R&D in basic research expendi-
tures in constant 1987 dollars. You see the increase in the total
Federal budget, and you also see basic research essentially staying
more or less flat or having a much lower slope of increase, in con-
stant 1987 dollars. The same point really that I made before is il-
lustrated.

The next series of charts really has to do with human resources:
R&D scientists and engineers per 10,000 of labor force in the vari-
ous countries over, again, three timeframes: 1965, 1975, and 1984.
And you see in 1965 we had a predominant advantage in that
regard. Our technical labor force as a percent of the total labor
force was much higher than any of the other countries that we are
showing here.

By 1975, you see them in catchup, and in 1984 you see Japan
almost equalling us on this very important parameter. These are
scientists and engineers, in the Iabor force, be they in Government
or be they in the private sector.

So, you see them catching up and you see the result of more in-
vestment in Japan and some of the other countries in R&D in
these very important areas. That is really what this chart reflects.

Representative SCHEUER. May I ask a question?

Mr. BrocH. Sure.

Representative ScHEUER. If it is true that Japan is training twice
the number of scientists and engineers that we are training, with
half the population, why isn’t Japan way ahead of us in scientists
and engineers per 10,000 labor force?

Mr. BrocH. Watch out. That is not quite correct. Japan is gener-
ating twice the number of engineers, not the number of scientists
and engineers. OK. I think that is the problem. And by the way,
there are also great differences between engineering fields. So, it is
a factor of two that really only applies. to engineering. But there
gght be more behind this one than meets the eye, 1 just don’t

ow.

The next one that you are shown is called “Average Annual
Growth, Science and Engineering Employment and Other Manpow-
er and Economic Variables.” This is in the United States for two
timeframes. The light area is 1976 to 1980, and then the heavy,
shaded area, 1980 to 1986. And really, if you look about halfway
down, total scientists and engineers—these are growth figures;
these are not absolute figures—you see that in both timeframes the
growth here has exceeded U.S. employment goals. And you see it is
a reflection here of a more technical kind of an industrial environ-
ment and more need for scientists and engineers in our labor force.

The point I wanted to make is there is no reason to believe that
this will not be the case in the future. It would meet other things if
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it were going in the other direction, therefore we need to be con-
cerned about whether we can supply this work force, not only the
numbers but also the quality of that work force.

Both the quality and the quantity is important, and one cannot
make predictions on how many scientists and engineers are
needed; one always could be wrong. But the indication here is es-
sentially what the trend is, and we need to be aware of that par-
ticular trend. Again, there is no single number that you can focus
on, but I think that you can focus on the trend and try to under-
stand what is going on.

The next one is the estimate of 22-year-olds in the population.
That has been written about and talked about for a long time. We
are in the middle of a drop in the number of 22-year-olds, and it is
interesting that if you go back historically and ask yourself what
percent of the 22-year-olds are pursuing science and engineering
careers, that number hasn’t changed very much over time. It has
stayed fairly constant. So, trying to influence that number would
be a difficult task.

Senator SARBANES. So, your previous chart shows that the need
for scientists and engineers is increasing.

Mr. BrocH. Right.

Senator SARBANES. And this chart shows that the potential popu-
lation from which to draw scientists and engineers is decreasmg

Mr. BrocH. Right.

Senator SARBANES. So, unless we can somehow significantly raise
the percent who choose to move into science and engineering, we are
going to face a major gap.

Mr. BrocH. Right. That's the point.

The other point I want to make is we have some underrepresent-
ed groups, and I made that point in my statement before—women
and mlnorltles, in partlcular—from which we need to attract more
into science and engineering. The representation of women in sci-
ence and engineering has increased over the last 10 or 12 years sig-
nificantly, but it seems to be leveling off.

In the minorities area, we have not made very much progress, to
be very frank about it. Even though we have focused on that area,
we need to focus more on it.

Another source, obviously, of input into this talent pool is our
foreign citizens, and the last chart talks to that particular point. It
shows you how over the last 20 years, since 1965 to 1985, especially
in engineering, we have been depending on Ph.D. candidates and
Ph.D. students from foreign countries to supply our own need and
our own replacements, not just ours but theirs, obviously.

But a large number or a large percentage of the people stayed
here, and my concern is that that might shift as industries develop
in other countries and their capabilities develop, and people might
no longer stay here to the same degree that they did before.

That essentially is the content of the charts.

Senator SARBANES. Thank you very much, sir.

I have a vote. I have one question, and then I will turn it over to
Congressman Scheuer.

You said earlier that we weren’t very good in transferring the
knowledge from basic research into applied research, as I under-
stand it, or into products. And you subsequently said that it was a
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cultural and an_attitude problem. I wonder if you could develop
that a little bit. Why aren’t we doing well?

Mr. BrocH. I don’t know the answer to that, but let me try to
describe the situation. And, by the way, let me say that I have ob-
served that even within a single company, the relationship between
the research division, or the research laboratory, and the product
development laboratory is not a cooperative one; even within a
company, there is a hesitancy to accept input from the outside.

The Japanese have no problems reading everybody’s books and
everybody’s papers and learning from them, and asking questions,
and so forth, apparently.

But we have a tremendous problem in that regard. That is one
thing. The second one has to do with the speed at which you move
into new areas and develop new products.

Senator SARBANES. Could I go back to your first point?

Mr. BLocH. Sure.

NSe{})ator SARBANES. Is it an attitude that comes from having been

0. 17

Does any historical research show that in an earlier time in
American history, when we were not No. 1, a different attitude pre-
vailed with respect to willingness to learn from others, in being
open to absorb everything? We had such dominance in the post-
World War II period, is it that kind of an attitude?

Mr. Broch. I am pretty sure that is a big part of it. The other
part of it is that people didn’t feel that they had a competitive
pressure; that competitive pressure was from inside the country; it
was not from the outside.

And that is a little bit different. Now, it shouldn’t be probably,
but it is. That has something to do with it.

The third one has to do with the fact that probably there were
enough resources available to redo many things. You didn’t have to
take the output from another group and use it yourself; you could
develop it yourself.

That has something to do with it. And the urgency of it has
something to do with it. And I think all of these things combined
lead to what I call the cultural problem.

Senator SARBANES. Thank you very much.

Congressman Scheuer.

Representative ScHEUER. Mr. Bloch, your testimony has been ex-
tremely thoughtful and helpful, and I appreciate it very much.

When you talk about doctoral degrees awarded to foreign citi-
zens, are you talking about foreign students who have come here
and who have received their green card and are working under a
student visa and intend to make the United States their home?

Or are you talking about foreign students, for example, a country
like China, where the overwhelming percentage of them are ex-
pected to come back? There may be a little attrition around the
edges, but from the point of view of our society, they are lost to us
once they graduate.

Which is it?

Mr. BrocH. I was talking about both of them. And I mentioned
the point that, today—especially in engineering—about 60 percent
of that student body stays here more or less permanently. You
never know whether it is permanent completely or not.
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So I have talked about both, essentially.

Representative SCHEUER. What you have here for 1980 to 1985,
the last column on the right, in engineering, half of our engineer-
ing students are foreign.

Mr. BrocH. Careful, these are doctoral degrees. These are not un-
dergraduate engineers. The picture is completely different at the
undergraduate level.

Representative ScHEUER. Would it be more or less?

Mr. BrocH. It would be fewer foreign students.

Representative SCHEUER. As a percentage.

Mr. BrocH. Right.

Representative ScHEUER. Of the doctoral students, half of them
are foreign and half of them are going to stay. So, in effect, we will
have the benefit of 75 percent of the doctoral students in engineer-
ing for our society.

Mr. BrocH. Yes, that is correct.

Representative SCHEUER. Looking at the face of our universities,
our schools of engineering—Harvard, MIT, Cal-Tech, Carnegie
Tech, and so forth—it is an increasingly Asian face, wouldn’t you
say? A growing percentage of Asians in that——

Mr. BrocH. There is a growing percentage of Asians in both the
graduate student population as well as in the faculty.

Representative SCHEUER. Now, to me, that would be a fascinating
subject. It would be a very welcome phenomenon, as far as I am
concerned, if most of them would stay here and be part of our soci-
ety.

On the undergraduate level with its increasingly Asian face of
our student body, what is the prospect or what are the statistics on
the number of those students who have come from Taiwan or
mainland China or South Korea, or whatever? And who are going
to make America their home, who would be part of our pool of sci-
entific talent in the years to come, as a percentage?

Mr. BLocH. What is the percentage in the total population? In
the total engineering population?

Representative SCHEUER. In the undergraduates, what percent-
age of the undergraduates who are forming the undergraduate stu-
dents in science, math and engineering?

What percentage of them will continue to be in our pool of scien-
tific talent of all kinds?

Mr. BrocH. I don’t know the numbers, but let me say one thing.
If you look at the undergraduate population, you see a different
kind of a situation. Foreign students are not that prevalent.

Representative SCHEUER. Are not that prevalent?

Mr. BrocH. That’s right. Now, it's true that Asian students that
are born in the United States—Hispanic students, obviously,
are——

Representative SCHEUER. They are not foreign.

Mr. BrocH. They are not foreign. They are increasing. But, if you
look at the foreign undergraduate population, I have not seen any
numbers that make that a very prevalent kind of a ——

Representative SCHEUER. Most of the Asian students who are in
the college or even postgraduate work in science, math and engi-
neering, most of them are American citizens who were born here.
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Mr. BrocH. No. In the graduate areas, it is different. In the grad-
" uate areas, what I showed you here is true.
- Representative SCHEUER. Students studying for their engineering
degrees, undergraduate engineering degrees.

Mr. BrLocs. I think that is very small for the foreign population.

Maybe, 5, 6, 7, 8 percent, something like that, but nowhere near 50
_or anything like that.

Representative SCcHEUER. Very good.

Mr. Bloch, there are some things that Congress can do, and a few
things that we can do well, and a lot of things we can'’t do at all, or
that we can’t do very well even if we try.

In térms of encouraging more students to go into science, math
and engineering and then, when we get them into science, math
and engineering, encourage them to go into basic research. And
then, when they graduate from school with all of their degrees
going into the civilian sector in basic research, that would be the
great desideratum.

Does Government have enough tools which we can aim with pre-
cision at that problem?

Mr. Brocs. I think you have enough tools. I don’t know if they
are being used. Obviously, the big things that Congress can do and
that Congress does is allocating budgets to those areas that need it.

And I would recommend that you double the foundation’s
budget, as an example.

Representative SCHEUER. What else?

Mr. BrocH. That is one thing.

The second thing, which is very important, is consistency. And
what I mean by that, it doesn’t help us to get a 20-percent increase
1 year and then have 3 or 4 years with no increases.

There has to be some kind of a consistency of investment going
on, and that is something that Congress certainly could do. And
that is why we asked for a long-term commitment to the founda-
tion’s budget, a 5-year view, so that we know what we have to deal
with and can deal with, that the students know what they can
depend on, that the researchers know what they can depend on. It
is the on again/off again funding that is very discouraging because
research is not done in a day; research is done over many years.

Education isn’t done in a day. Education is done over 20 years.
So there has to be some consistency. And if Congress wants to do
one thing in particular—be more consistent from year to year—and
give us more of the view of the next 5 years at least and not just a
view of the next 12 months.

By the way, this is 1988 and we still don’t have a budget after 3
months into the fiscal year 1988. This makes it very difficult to
deal with with some of these issues.

Representative ScHEUER. Well, I can tell you that serving on the
Science and Technology Committee as I do in addition to this com-
mittee, I feel for you and I sympathize with you.

You are talking about two discrete problems—one, consistency,
and the other future funding. Looking at the world as it exists.
And as Grover Cleveland said over a century ago, we are faced
with a condition and not a theory. The condition is that Congress is
going to be very reluctant to give up its authority to scrutinize
budgets on an annual basis, and give any institution out there,
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whether it is the Defense Department or anybody else, a 5-year
funding.

Some of us are pushing for a 2-year funding, which would be a
quantum jump forward. So, as a practical reality, I don’t hold out
much hope for your convincing any of those institutions out there
convincing Congress that we should, in effect, let go of the power of
the purse for long periods of time and, in effect, give up a good deal
of our oversight clout.

But, in terms of consistency, one would hope that even though
we hold on to our annual appropriations, which we probably should
shift to a 2-year cycle anyway, but even if we hold more or less to
the current practice, we still ought to be consistent.

We still ought to have long-range goals and they ought to come
out of the hearing process and the appropriations process. And we
should try to stick to them. And we haven’t.

Mr. BrocH. Can I comment on this, Congressman Scheuer?

Representative ScHEUER. Of course.

Mr. BLocH. I understand that. And that would be nice. But, that
is not what I had in mind. I didn't have in mind a 5-year appro-
priation bill for the foundation. It would have helped in 1988 if the
Science and Technology Committee in the House would have ac-
knowledged the 5-year doubling of the National Science Founda-
tion’s budget. In principle that would have helped a great deal.

It is an authorization bill. It is not money. It’s not money in the
bank. It is not a blank check. You could have—you wouldn’t have
given up your oversight at all. Next year is another hearing. And if
you think you made a mistake, you could have adjusted it at that
time.

The Senate authorization committee has done more than the
House Science and Technology Committee in that regard. I was not
focusing on the appropriations process. I was focusing more on the
authorization.

That would have been a signal, just like the President and OMB
gave the signal when it agreed to a 5-year doubling of the founda-
tion’s budget. It doesn’t mean that we’re going to get it. But it is a
better starting point of negotiations and a better starting point of
considerations than if you come in every year and you start from
scratch.

That's what I had in mind.

Representative SCHEUER. Yes, I agree with you.

In terms of specific goals, pinpointing specific goals, like increas-
ing the number of students who go into basic research, would you
recommend that we create a specific incentive program and create
a large number of postdoctoral fellowships, let us say, NSF postdoc-
'tor:‘a),l fellowships for basic research—science, math and engineer-
ing?
Or how else would you encourage the trend toward more basic
research?

Mr. BLocH. Let me make a couple of points.

For instance, the foundation has plans for doubling the number
of graduate fellowships we support. We can only do that if we get
this doubling of the foundation’s budget because these are expen-
sive kinds of programs.
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We have a second goal, namely, to increase the number and size
of grants that we give individual investigators, so that the individ-
ual investigator can support more graduates, fellows and postgrad-
uate fellows than what we can today.

Today, on an average grant, which—it is difficult to talk about
averages because they vary all over the place, but I will do it
anyway—today, an average grant, a principal investigator can sup-
port only about one-tenth of a graduate student. That is not
enough.

If you could increase the grant size, increase the number of
grants, then that would have an effect, a direct effect on both grad-
uate students as well as postgraduates.

I think that is a good vehicle because now you are combining re-
search and human resource generation together. And I think that
is the right way of doing it.

Representative ScHEUER. If we were to do that, should we specify
that those fellowships should be for basic research and in the civil-
ian sector?

Mr. BrocH. No, I don’t think you need to specify that. You know
that the basic research the foundation supports is important to the
civilian sector as well as to the defense sector; because we are talk-
ing about basic physics, basic mathematics, engineering, and so
forth. I don’t think you need to specify.

Representative ScHEUER. If the situation that I outlined briefly
on SDI is accurate, the overwhelming percentage of the basic re-
search going on in this country, like 84 or 85 percent, or at least
the increase in basic research, is 84 or 85 percent SDIL

And it seems to me that—so you have really frozen nonmilitary
research, basic research, at more or less its current level, with vir-
tually all of the increase going to SDI

Mr. BLocH. Coming back to my comment before, if a big portion
of the SDI budget would go to basic research and would go to sup-
port education in universities, that would be all right.

You would add to the 