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TECHNOLOGY AND ECONOMIC PERFORMANCE

THURSDAY, SEPTEMBER 12,1991

CONGRESS OF THE UNrrED STATES,
JoINT EcoNoNc COMMrffEE,

Washington, DC.

The Committee met, pursuant to notice, at 9:25 am., in room 2318,
Rayburn House Office Building, Honorable Lee H. Hamilton (vice
chairman of the Committee) presiding.

Present: Representatives Hamilton and Armey, and Senator Bingaman.
Also present: Dorothy Robyn and Mark Forman, professional staff

members.

OPENING STATEMENT OF REPRESENTATIVE LEE H. HAMILTON,
VICE CHAIRMAN

REPRESENTATIVE HAMILTON. The Joint Economic Committee hearing will
begin.

The purpose of today's hearing is to discuss the report by the Carnegie
Commission on Science, Technology and Govemment entitled "Technology
and Economic Performance: Organizing the Executive Branch for a
Stronger National Technology Base."

The link between technology and economic performance is strong.
Major productivity increases since World War II can be traced to scientific
breakthroughs and new technology, such as semiconductors, advanced
materials, and genetic engineering.

Economists tell us that technological change has been responsible for
as much as two-thirds of productivity growth since the Depression.
Moreover, the new growth industries are knowledge-based and depend on
the continuous generation of new scientific and technological insights.

The Federal Government has played and will continue to play an
important role in promoting science and technology, but a vigorous debate
is occurring around the question of just what that role should entail and
whether existing Federal institutions and missions remain adequate.

We are fortunate to have with us today three experts on the subject
Admiral Bobby Inman chaired the Carnegie Commission Task Force

on Science, Technology and Economic Performance that prepared the
report we'll be discussing today. His government experience includes 10
years as Director of the National Security Agency and Deputy Director
of Central Intelligence. Admiral Inman helped to launch this country's first



electronics consortium, MCC, in Austin, Texas, and has chaired the Federal
Reserve Bank of Dallas.

Lewis Branscomb has also served on the Carnegie Commission Task
Force. He was Chief Scientist and Vice President of IBM from 1972 until
1986, and before that Director of the National Bureau of Standards, now
the National Institute of Standards and Technology. Currently, Dr.
Branscomb is on the faculty of the John F. Kennedy School of Government
at Harvard University.

Murray Weidenbaum is a member of the economics faculty of
Washington University in St. Louis and directs the University's Center for
the Study of American Business. He was President Reagan's first chairman
of the Council of Economic Advisers. He previously served as Assistant
Secretary of Treasury for Economic Policy and corporate economist for
Boeing Company.

Gentlemen, we are very pleased to have all of you with us. I'll ask my
colleague, Congressman Armey, if he has any statement.

OPENING STATEMENT OF REPRESENTATIVE ARMEY

REPRESENTATIVE ARM Y. Thank you, Mr. Chairman.
Let me, first of all, Mr. Hamilton, express my appreciation for your

holding these hearings. I intend to stay, I hope, until they are through, and
I do have a formal opening statement that I would like to put in the record.

But in lieu of that and in my interest with getting right on with the
witnesses, just let me say that I approach this subject, as I do so many,
by first going back and checking Adam Smith's, "The Wealth of Nations,"
where he wrote about the question of entrusting the allocation of scarce
capital resources to a government entity, and he said, if I might paraphrase,
"nowhere would it be more dangerous than in the hands of those that have
had folly and presumption enough to think themselves fit to exercise it."

So, this is where I'm coming from. I always go back to the economic
book of genesis, which may be one of the four or five books in the field
that ever needed to have been written.

Thank you.
[Written opening statement of Representative Anney follows:]



WRITTEN OPENING STATEMENT OF REPRESENTATIVE ARMEY

Mr. Chairman, I am glad that we have such distinguished witnesses here today to discuss
National Technology Policy. This is an area that has seen charged debate for much of the past
decade. Current Congressional proposals incorporate more than $1 billion in spending to establish
this variant of industrial policy.

I believe that the American economy possesses the qualities ncessary tD be the wold's
economic leader. Recent data show that our nation's economy still outperforms Japan, Germany,
and all other competitors. We continue to outpace all other countries in both volume and rates of
growth of exports. At the same time, the growth in our imports from other industrialized
countries has been steadily declining for six of the last seven years.

Yet, it is also clear that there is still more room for economic growth. It seems to me that
this must come from the commercial marketplace if there is to be a sustainable impmvement in
America's standani of living.

We have tremendous evidence that the free-market works. After experiencing feeble
economic perfarmance in the late 1970s and early 1980s, American manufacturers shifted from
focusing on cning cost to iiproving quality. American manufacwring now has improved its
productivity to a level that is thre times higher than sevice sectors. Manufacured exports have
been growing at a 15% annual rate for five years. The key to the comeback of American
manufacturing, according to the National Association of Manufacturers, was the return to
fundamentals - "innovation, investment, productivity, aggressive selling, customer service, and
unrelenting attention to cost and quality."

Manufacturers talk of government's ill-conceived Initiatives that miss the mar of what's
needed to keep the economy performing well. They would rather see investment tax iicentives and
relief from burdensome regulations.

The evidence of industry's ability to help itself is irrefutable, but there is little evidence of
the government's ability to help industry. In the free market, the role of inovation, quality, and
price are indisputable compames must rscpond to market needs or find a new line of work I am
hard pressed to come-up with examples of where a political body could help industries better than
these mechaisms of the marketplace. In particular, I fear giving billions of taxpayers' hard-
earned dollars to a group of govemment officials who would not have free market mechanisms to
ensure that the money would be spent wisely. Instead, those industries with the most PAC money
and strongest lobbies might get most of the money. Billions may go to the oldest American
companies, without helping the economy. Or worse, it may be used to enable older companies to
compete against new companies, thereby stifling the inherent growth forces of our competitive
economy. I can't help but wonder if the Apple computer corporation migbt not have been
squashed by the Carnegie Foundation's proposal, had it been in effect in the early 1980's?

There have been several technology policy initiatives over the past 6 years, none of which
has been as effective as private efforts. While the Carnegie Commission's report attempts to
resolve problems affecting the effectiveness of current efforts, many questions remain. Firs, what
are the likely benefits of its r m ato? Industries' problem is how to transition emerging
technologies into useful products, while cutting costs and improving quality. The report's
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recommendations do not address industries' difficulties in these areas. Second, what are the likely
costs of implementg thereport's recommendations - how many staff years would be needed and
what would the administrative costs be? For each taxpayer dollar spent on rescarch, how much
would go to the administrative overhead recommended by this proposal? The authors have not
considered what portion of federal R&D dolIS would be consumed by their approach, nor have
they comoared costs of alternative approaches against likely benefits. Third. what criteria could be
used for determining how to implement a national technology policy that would eoable decision
makers to determine commercially-useful projects? Fourth, how would this approach ke
government funded commercial R&D from competing directly against corporateM
How would it make sue that the government doeS not give an unfair advantage to one company
by tuning over the govemient research to a compny who will use it to compete against other
American companies that have been funding their R&D? Would this not lead to a rapid drop in
private R&D? Who owns the property right to that technology?

I look forward to hearing answers to such questions during today's hearing.



REPRESENTATIVE HAMILToN. That's a pretty harsh condemnation of all
the other economists, Congressman Amey.

[Laughter.]
We'll begin with your observations. Let's just proceed across the table.

Admiral Inman, we'll begin with you and take you in order, and then we'll
turn to questions.

PREPARED STATEMENT OF ADMIRAL B.R. INMAN, CHAIRMAN,
CARNEGIE COMMISSION TASK FORCE ON SCIENCE,

TECHNOLOGY AND ECONOMIC PERFORMANCE, SCIENCE
APPLICATIONS INTERNATIONAL CORPORATION

ADMIRAL INMAN. Thank you, Mr. Chairman. It's an honor to be with
you this morning for the presentation.

In keeping with the past custom before these Committees, with your
permission, I will submit a formal statement for the record, and in the
interest of time, I will try to accelerate through my remarks.

You will see in the published report a distinguished and hard-working
panel that had very differing views on who worked hard. It was not easy
to get the consensus that we have in this report.

I would point out that the formal document lists the membership of the
Council and also the Advisory Council. The Advisory Council did not take
part in the process and did not formally review and approve the document.
Particularly for the congressional members who are part of that Council,
I am not committing them to having already signed on to approve the
entire document.

Let me tell you what this report does not cover. It is not a prescription
for what industry needs to do to be competitive in the international market-
place, and we all recognized from the beginning that ultimately industry
has to provide the performance that let's us be successful. But government
does create the environment in which that competition takes place, and
government has played a role in this element for most of the history of
the republic.

Our report deals only with issues of science and technology. In our
discussions, we recognize that to be competitive you have to deal with the
cost of capital, a skilled and motivated work force, a strong base of science
and technology, and factors where industry alone must lead, such as in
quality, innovation, productivity and safety, and safety of the individuals
and environment.

We zeroed in on how government deals with the issues of science and
technology, both from a point of view of investing and in creating the
climate in which industry performs.

After much debate, this panel reached a consensus, in the climate in
which we now find the country, proposing to create new institutions and
organizations was simply not feasible because of a lack of support. So, our
focus was on how we took the existing structures and tried to make them



more effective at accomplishing what are already long-established
government roles.

I don't need to remind this body that a government role in science and
technology was established by a Republican Administration in the 1860s
and recognized not only the importance of science, but also began a
process of focusing on technology specifically in those days to support
agriculture.

I would highlight four specific areas in the report. There are a great
many recommendations, but four I believe stand out in importance.

The first is the need to create a single, national technology base. We
really had that coming out of World War H, and we drew on that great
base that had been developed for the conduct of war to help expand an
economy.

But over the last 30 years, we have steadily put in place, by law,
regulation and practice procedures for defense procurement that have
steadily led us to a unique defense technology base, a process that makes
it extraordinarily difficult to draw on for the best commercial practice.

So, one of the major thrusts comes from recognizing that 30 years ago
defense led in the creation of many of the advanced technologies in this
country. Today, in most of those that are important to us, commercial
practice leads defense.

So, a major underlying thrust is to move toward a process that thinks
in terms of the need for a single technology base, and the importance of
defense being able to draw much more easily and hopefully much less
expensively on a broad commercial base.

The second and third work in parallel. The first of those is to look
carefully at the already established role for the National Institute of
Standards and Technology, growing out of the long National Bureau of
Standards' experience of working with commercial industry, but to
specifically enhance their efforts in focusing on generic technologies that
can be of direct use in the commercial sector.

The third will likely be controversial, but it is to accept the reality that
the Defense Advance Research Projects Agency is a premiere institution
in dealing with dual-use technologies. It also is an institution that is already
geared to work broadly with other agencies and with industry. The proposal
is that it become the National Advance Research Projects Agency.

Let me underline the specific requirement that NARPA must have a
government customer, prospective customer for its research. They would
not undertake research activity if only commercial use were foreseen. But
we would broaden its charter to permit the transfer of money and
responsibility to undertake technology projects to serve other branches of
the government beyond defense, while recognizing that defense remains
its primary customer.

The fourth area deals with daily decisionmaking in address issues of
science and technology. We note and support the legislation that makes
the Science Adviser and the Office of Science Technology Policy the
central focus in the Executive Branch for the development of policies
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related to science and technologies. We acknowledge the role of the
Council of Economic Advisers in appraising the issues that are coming for
decision, and particularly the role of the Office of Management and Budget
in ensuring the funding of those areas before policy decisions that have
been made.

A focus of this report is on reconceptualizing the role of the National
Security Council to think more broadly, going forward of this country's
national security, beyond matters of simply diplomacy, anms control, the
size and deployment of our defense forces, and to get a process in dealing
with these issues of science and technology where the policies that are
being proposed by the other organizations are brought on a daily basis for
consideration by the President.

There are many other elements of the report that I hope we'll have a
chance to explore with you in the question phase.

Thank you.
REPREsENTAIVE HAMII'ON. Thank you, Admiral Inman.
[The prepared statement of Admiral Inman, together with an attachment

and the Carnegie Commission report, follows:]



PREPARED STATEMENT OF ADMIRAL INMAN

Introduction

My colleague, Dr. Lewis Branscomb, and I are pleased to present to you the

report of the Carnegie Commission on Science, Technology, and Government

entitled Technology and Economic Perfomance: Organizing the Executive

Branch for a Stronger National Technology Base. The report was prepared

by a task force that I chaired, and was approved by the Commission in June

of this year.

The Commission was established by Carnegie Corporation of New York in

1988 as a bi-partisan group of scientists with government background and

non-scientists with an interest in science and technology. Its mandate is to

recommend ways to improve the organization and decision-making processes

of government so that it can respond to the changes brought about by science

and technology. The Commission has addressed a number of technology-

impacted areas such as defense, economic development, the environment,

education and even the courts. We do not deal explicitly with what

government policy should be in these areas, although organization and policy

are often intertwined. Our dual concern throughout is to help the nation

exploit the dramatic potential of science and technology while avoiding their

unintended consequences.



The names of the members of the Commission, its distinguished advisory

council, and of the Task Force are found in your copies of the report. The

Commission has a special committee dealing with science, technology and

Congress, chaired by Dr. John Brademas, which has its own bi-parUsan

congressional advisory committee. That 44-member committee includes

Senators Btngin.. Gore and Kmmedy and Representatiws Handl1t'i,

Schear and Fish fran this ComLttee.

In my remarks, I will review the report briefly, giving special emphasis to

the implications for our national security - because of what I believe to be

the extremely close connections between national and economic security. Dr.

Branscomb, who was Director of the National Bureau of Standards and later

Vice-President and Chief Scientist of IBM, will elaborate on the recommen-

dations regarding the support of commercial technology by the Department

of Commerce and the need to develop mechanisms for diffusion of new

technologies in the interest of improved economic performance.

I. Relationshig between technology and economic performance.

The report begins by noting that economic growth requires sustained growth

in productivity, and that a major contributor to productivity is the develop-

ment and diffusion of technology. America needs to be a technological

leader in many fields, and a competitor in all. (Of course. there are other

important contributors to economic growth, including particularly capital

investment and a skilled and motivated work force.)

Primary responsibility for developing and diffusing commercial technology

lies with industry. However, there is an important role for government. The

report focusses on that role, and more particularly on organization and



decision-making in the Executive branch related to enhancing American

technological leadership.

II. Chanres in u.S. technological leadershio as it deals with the economy

and national security.

The Commission sees three major changes in America's technological

position since the 1960's:

Eiz, American commercial technological leadership has eroded in many

areas. The recent report of the private Council on Competitiveness, Gaining

New Ground:Technology Priorities for America's Future, gives the best

concise description of this erosion, industry by industry. The U.S. faces

particular problems, for example, in process technology and its application-

the technology of manufacturing and production. In the past, the U.S.

comforted itself with the belief that while it was losing market share and

trade balance in low tech goods, its position at the high tech end of the

spectrum remained reasonably secure. It failed to recognize that continuing

technological change was important to the low tech sector of commodity-like

manufactured products-such as memory chips, and that revenues from the

high end of the technology spectrum might not be sufficient to support the

rate of innovation necessary to stay ahead.

Second, there has been a change in the technological leadership position of

the Defense Department. In technology areas that were relevant to the

military in the 1950's and the 1960's, defense technology led commercial

technology. Today, in technologies that are important in both commercial

and defense areas, such as computers and communication, the Department of

Defence is a follower and not a leader.



Third, the commercial technology base has become more and more.

inaccessible to the military technology base, in part because of complex

military accounting and procurement policies, and in part. because of the

rapid growth of commercial technology. In effect, the United States now has

two technology bases, one tied to defense industry and the other tied to

commercial industry.

These changes add up to a significant relative. decline in our technical

position. This occurs at the same time that the end of the Cold War is

bringing reduced defense budgets.

The Commission notes that both economic and military security will depend

on commercially driven-technology in the future, and stresses the importance

of moving toward a single national technology base. The need for new

technology policies and programs -will place important demands on the

government's ability to devise, evaluate, and oversee technology programs.

M. The Federal role in advancing technology to improve economic

performance

There are three justifications for federal support of advances in

technology. Eirg, there are a number of explicit government missions-

health, defense, basic science, agriculture, and space-that include, indeed

require, investments in technology research and development. Seond,

government has played a major and critical role in the past in supporting

"infant" technologies, such as nuclear power, aircraft, and communication

and weather satellites, until they reached a size to be competitive. Einally,

in those areas of commercial technology where the company performing the

development cannot capture the full benefit from investing in technology



research, the private sector is likely to "under invest" from a societal

standpoint. Thus, the Commission agrees with the Administration that the

government should provide development support for "pre-competitive and

generic* technology.

iv. An imoroved Federal executive oranization for developing and

imolementing technology policy.

The world is changing rapidly and our national priorities will also change in

ways that we cannot now predict. To deal with these changes may require

major organizational changes in the long run, and the Commission report

recommends a number of important initial steps:

With respect to policy development on technology, the Commission focused

on the Executive Office of the President, within which many offices and

councils now look at different pieces of the problem. The report recom-

mends:

-that the Office of Science and Technology Policy be designated as

the focal point for identifying and formulating technology policy

issues, and for providing analytic support for program development

and evaluation. We also feel that the proposed Critical Technologies

Institute, if its mandate is more broadly defined, could perform some

of the long-range analytic backup.

-The report further recommends that the National Security Council

take the lead within the Executive Office in coordinating and

integrating the various policy perspectives on those matters that link

national security, economic performance, and technological strength.



With respect to policy implementation, the Commission wants to link
government and industry more closely, and sees a particular need in so-called
"dual-use" technologies to connect defense and commercial technologies.

Our major recommendations here include:

-transforming the Defence Advanced Research Projects Agency into
a National Advanced Research Projects Agency, still in the Depart-
ment of Defense. The new NARPA would focus more heavily on
dual-use technology, and reach out to commercial organizations that
have traditionally not worked with Defense. Of course NARPA will,

like DARPA, continue to support purely military technologies and
high-risk, long range technologies which could have substantial
military promise. We also suggest that NARPA support advanced

technologies that are primarily aimed at the missions of other federal

departments and agencies, but only when other agencies request and
pay for that support.

-giving central responsibility to the National Institute for Standards

and Technology (NIST) in the Department of Commerce for the

support of pre-competitive and generic technology not within the

missions of other departments and agencies. NIST has a long history

of interaction with industry, and is particularly well placed to work
on developing mechanisms for diffusing technology. Dr. Branscomb
will elaborate on the NIST role.

-developing mechanisms for departments and agencies that support

technology, such as NASA, the Department of Energy, the National

Science Foundation and the National Institutes of Health, to fund and



diffuse pre-competitive and generic technologies that fall under their

purview.

There are many other recommendations which you can see in the report.

The Task Force did not address some important institutions and problems.

For example, Congress has played a major role in defining the government

role in linking technology and economic performance, in the Trade Bills and

in the Defense Appropriations acts, for example. Suggestions for improving

the way that Congress deals with issues of science and technology have been

left to the committee chaired by Dr. Brademas that I mentioned earlier. The

States have also begun to forge important links with industry, and the

Commission is examining the role of the states through a separate task force

headed by former Governor Richard Celeste. Improved science and math

education may be the most important long range step America can take to

improve its economy. Dr. Branscomb chairs the Commission Task Force on

Science Education, and its report will be coming out on September 16.

V. .g0.Cl

The end of the Cold War and the relative decline in our technical position

call for new technology policies and programs that will meet the need of the

next century. In the future, both economic and military security will depend

on commercially driven technology. The United States now has two

technology bases, a defense technology base and a commercial technology

base. The nation must move toward a single national technology base. This

will place important demands on the government's ability to devise, evaluate,

and oversee technology programs.
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If these first-step recommendations and others in the report are implemented,
the Carnegie Commission believes that the federal government will have a
much stronger capability to devise and implement technology programs that
will serve American defence and commercial industry, as well as the analytic
capacity to review and improve those programs in a volatile, exciting and
very promising post-Cold War era. America will be on its way to regaining
technological leadership.

Thank you for the chance to appear before the Committee. Dr. Branscomb
and I would be glad to answer any questions you may have.
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The Carnegie Commission on Science, Technology, and

Government was created in April 1988 by Carnegie Corporation

of New York. It is committed to helping government institutions

respond to the unprecedented advances in science and technology

that are transforming the world. The Commission analyzes and

assesses the factors that shape the relationship between science,

technology, and government and is seeking ways to make this

relationship more effective.
The Commission sponsors studies, conducts seminars, and

establishes task forces to focus on specific issues. Through its

reports, the Commission works to see that ideas for better use of

science and technology in government are presented in a timely

and intelligible manner.

Additional copies of this report may be obtained from the

Commission's headquarters.
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EXECUTIVE SUMMARY

Improved national economic performance requires sustained growth

in productivity. The development and diffusion of new technology and its

underlying science have been a major source of such growth.

Historically, the federal government has contributed to technological

growth in many ways, indirectly through economic policies, and directly as

part of traditional governmental interests in defense, space, health, science,

and agriculture. Military research and development in particular created a

defense industry technology base which in certain fields both led and

assisted commercial technology development. In the two decades that

i mmediately followed World War II, American commercial technology was

the strongest in the world.

Three major changes have occurred in recent years. First, American

commercial manufacturing leadership has eroded in many sectors-par-

ticularly the automotive, electronic, and semiconductor industries-at the

same time that growth in the world technology base and the globalization

of industrial activities have increased international economic interdepen-

dence. Second, in Fast-moving dual-use fields (those with both commercial

and defense applications), the Department o f Defense has gone from being

a technological leader to a forllower, as commercial demands for increasingly

complex components determine research and development priorities.

Third, the commercial technology base has become more and mote inac-

cessible to the military technology base in pant because of complex military

accounting and procurement policies and in part because commercial

research and development have grown much more rapidly.

Primary responsibility for the advance and use of commercial tech-

nology rests with private indusstty. There is. however, an important federal

role in supporting " generic" technology, i.e.. technology that can contrib-

ute to a broad spectrum of uses. The Department of Defense and other

federal agencies shou ld have programs that enable their technology devel-

opments to serve commercial industry as well. In particular, the Depart-

menit of Defense should replace military with dual military-industrial stan-

dards which will be guided primarily by industrial needs wherever commer-

cial applications dominate the market.

Although in the long term there might be major organizational

changes required to supportr generic technology, the Task Force believes

that any approach that does emerge will be evolutionary and require care-

fu evaluation and monitoring. The Task Force recommends, as a start:
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that the National Instritute ofStandards and Technology (NIST) in
the Department ofCommerce have a central responsibility for sup-
porting generic and pre-competitive research and development
(R&D) not within the misions or R&D prognms ofother depart-
ments and agencies. The recently started Advanced Technology
Program could, in time, become an important vehicle for such
support, although it is now funded at a very low level ($35
million). NIST should also have a key role in promoting diffu-
sion of technology to the commercial sector.

that the Defense Advanced Research Projects Agency (DARPA) be
transformed into a National Advanced Research Projects Agency
(NARPA), to provide stronger linkages between modern military
needs and high-technology commercial indutry NARPA must
retain its responsibility to the military services while helping to
create a national, rather than solely a defense, technology base.
In addition to its role in support of military technologies that
affect more than one service, it should support (a) dual-use
technologies, (b) long-range, high-risk, and generic technologies
with potentially high payoff, and (c) advanced technologies
leading to products designed to meet the mission objectives of
non-defense government agencies when requested and sup-
ported by those agencies.

that other departments and agencies that support technology such
as the National Aeronautics and Space Administration (NASA),
the Department ofEnergV the National Science Foundation, and
the National Instisures ofHealh, develop mechanisms fir funding
and dsfuringpre-competitive, generic technologies that fall under
their purview.

There is need for a structure in the White House and Executive
Office of the President that can develop and review federal programs and
initiatives for advancing and diffusing technology, and can assure consistent
and timely policy and program decisions. Many agencies and policy coun-
cils are now involved in these decisions. The Task Force recommends:

* that the Office ofScience and Technology Policy (OSTP) exercise
lead responsibility in the Ewrcutive Offce ofthe Arsident for iden-
tifying, formulating and evaluating policy issues related to the
national technology base for consideration by other appropriate
Executive Offce council and offices. OSTP should strengthen
its internal analytical capabilities, and fully use the legislative
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authority granted to the recently mandated Critical Technolo-

gies Institute to enable it to perform technology policy research

and analysis. In analyzing and formulating technology policy

issues bearing on economic performance, OSTP should work

jointly with the Council of Economic Advisers.

that the National Security Council include in its purview broad

issues ofscience and technology policy related to strengthening the

national technology base, rflecting the substantial overlap between

military and commerial technology and the rising interdependence

ofeconomic strength and national security

The Task Force makes additional recommendations to OSTP, to the

Department of Defense, the Department of Commerce, and the other

departments and agencies aimed at strengthening and broadening their

interactions with the private sector, and suggests that a Presidential direc-

tive be issued to implement the recommendations.



INTRODUCTION

The assumptions upon which our economic decisions have been
made in the past are changing.

The only permanent source of improved economic performance is
the sustained growth of productivity, and advances in the development and
use of technology and its underlying science have been a major source of
such growth.' That is the fundamental connection between science, tech-
nology, and economic performance.

The new economic context has been discussed in a variety of
reports analyzing U.S. competitiveneaa-a world economy transformed by
developments in science and technology, the rapid rise in technology-based
productivity of U.S. trading partners, globalization of high-tech industry,
and a relative decline in the performance of American companies. Most of
these trends have been evident since the early 1960s, when the U.S. share
of world exports began its decline.

If the care and feeding of this vital connection could be consigned
safely to normal commercial processes, our task would be easy. But both
theory and experience tell us that the private sector is likely to underinvest
in science and technology from the standpoint of returns to society.

The changing defense context is more recent and more radical. The
relaxation of East-West tensions and the corresponding long-term reduc-
tion in defense expenditures (with its impact on the defense technology
base) are forcing a restructuring of our military establishment.' The U.S.

1. See. for c-ampie. Tb Ecsemavic Repe neftre Preide., 1990. or Date W. Jorgenson ert a.,

Pr'aeiity.edEos..i Greoish(Cambridge: Harvard University Press. 1987).

2. Technology will be even more important in the future as competition for natural resources

increases. and environmental protection and sustainable development become a higher priority.

3. See, for example. the reportsof the Council on Competitiveness. e.g., Pirkig Up abe Pne: The
Commerriel Chaillnge o America. lnesaris and Gaining New Gradt Techsolgy Prioities for
Ameeries Fisrr (Washington, D.C.: The Council on Competitiveness. 1988 and 1991). An-

other report is MIT Commission on Industrial Productivity. Made in America: Regaising she

Prodarive, Edge (Cambridge: MIT Prss. 1989). Several related reports have discussed the

defense technology base and the defense industrial base. including Deer,,rac is Deay( Wash-

ington. D.C.: Center for Strategic and lrernational Studies. May 1989); Holding tbe Edge

(Washington. D.C.: Congress of the United States, Office ofTechnoloyAssessment. OTA-ISC-

420. April 1989)i snd National Academy of Engineering. TechniralDimensines offleerrrasital

Comperisienae(Wshington. D.C.: National Academy Press. 1988).

4. New ThiskingendAmeites Deftns Tebsol.(New York: CarnegieCommission n Science.

Technology. and Government. August 1990). pp. I1-12.



is shifting from a bipolar strategy to a new approach based on the need to

respond to regional conflicts. These changes are long-term in nature. and

their implications for government policies and decision-making structures

are profound. This is particularly true as government and the private sector

grapple with the challenges confronting our nation's continued economic

pre-em ilence.
In the past, U.S. defense research expenditures were large scale and

defense technology was more advanced than most commercial technology.

Government investments in the defense technology base helped build the

commercial technology base almost inadvertently. But U.S. defense tech-

nology expenditures are now a much smaller fraction of total global expen-

ditures, and defense-supported technology lags rather than leads the mar-

ketplace in many areas.

' In the future, both economic and military security will depend on

commerciallydriven technology,' and the government must work deliber-

ately to advance civilian as well as military capacity in order to create a true

national technology base. Separate enclaves serve neither the commercial

economy nor national security.
Technology innovation, development, commercialization, and distri-

bution are fundamental to our economic performance, and industry has

the primary responsibility for their effective management. Government

policies and programs. however, play a crucial role in promoting that

process and require a coherent dcision-making structure at the highest

levels of government. The organization of the 'Executive Branch to invent,

propose, and carry out sound federal technology policy is the major focus

of the Task Force and this report.
What we propose is not an industrial policy. Our proposals are

designed to favor a vital national capability-the creation and application

of new technology. The whole technical complex is involved in this pro-

cess, including basic research, technology development, and the embodi-

ment of technology in the design and production of commercially usable

products.
6

.. 5. The critical technologv las ts in appendix A subst ant ially overlap. They are from (a) Leeri.

Tchnoelettfl A SartvfechnitalandEemcOpperea,tia 
(Washington. D.C.: U.S. Depart.

ment of Commerce. Technology Adminisiratiofl. Spring 1990). and (h) The DePaiarteent of

Daforrat Craiial Technelegi Plan (Washington, D.C.: Department of Defense. Inay 1989).

6. Incipient technologies, such as nuclear energy and space communicaton, coald never have

gotten started at all in apurely private m~arket unless ahey had been helped ,a ,each a certai n scale

or getr acertain distance down the leaning curve" before they could hope so compare wish

existing technologies



Successful technology policies by themselves will not ensure eco-
nomic success. Many variables. including trade policies. cost of capital,
investment in production capabilities, industrial structure and manage-
ment, education and work-force skills will continue to affect economic
performance. But thegovernment should have the organizational capability
to create and maintain a climate conducive to investment and risk-taking.
The President's offcial statement on U.S. Technology Policy makes that
point:

. . A nations technology policy is based on the broad principles that
govern the allocation of its technological resources. Competitive mar-
ket forces determine, for the most part. an optimal allocation of U.S.
technological resources. Government can nonetheless play an impor-
tant role by supplementing and complementing those forces ... .The
principal role of the Federal Government will be to provide an envi-
ronment conducive to long-term economic vitality, and not to allow
special interests to divers attention or resources from this goal.

7. Executive Office of the Preside. U.S. Take .l.g Iiq (Washington, D.C.: Office of
Science and Technology Policy. September 26. 1990): See appendis B.
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PART I
TECHNOLOGY POLICY

AND THE CHANGING PARADIGMS

The government's ability to formulate and execute effective policies

which support the development of the national technology base will be of

central importance in dealing with the challenges ahead. Distinctions be-

tween the defense technology base and the civilian techrtology base have

blurred, and their effective Integration will provide an additional source of

technological strength for government and industry.'

EcONOMIclTECHNOLOGICAL PERFORMANCE

The erosion of U.S. technological dominance has received wide-

spread attention. A recent report by the Department of Commerce, for

example, states that the U.S. is losing ground to Japan in all but two of

twelve key technologies.' The Computer Systems Policy Project, sponsored

by the nation's largest computer manufacturers, has concluded that, if

current trends continue, we will face serious problems in sixteen critical

information processing technologies.
0
o

Other indicators of lagging performance in leading technologies rela-

tive to those of other nations have been widely reported-for example, a

decreasing percentage of U.S. patents issued to U.S. citizens, declining

market shares and trade balances, and less frequent citations of U.S.

research in professional literature." The U.S. also faces particular problems

in process technology and its application--the technology of manufactur-

8. By technology base. we refer toboh kpublic technological knowledge capable of being shaeed

and used by a large technical community and proprietary sechnological knowledge embedded in

specific organizations.

9. Emerging Techologies. A S-ea of Technicaland Economic Opportmis (Washington, D.C.:

U.S. Department of Commerce, Technology Administration, Spring 1990).

10. Perspeerives: Success Factor in Critical Technologiers(Computer Systems Policy Project. 1735

New York Avenue. NW. Suite 500. Washington, D.C. 20006; July 1990)

"1. Detailed statistics are available fnom several sources and. foe the purposes of btevity. are not

repeated in this teport. See, foe example. the publications of she Council on Concp-tiieness.

prticularly Gaining New Grosnd. Match 199 1. The Scance and Engineering ladicators reports

of the National Science Board also provide great detail in these areas.
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ing and production. U.S. firms have been notably slow in adapting pro-
duction lines to new technologies, and where they have adapted they have
done so conservatively.

The ultimate result of this erosion can be seen in the poor competi-
tive position of particular U.S. industries dependent on those key technolo-
gies in which the decline has been most significant and of longest duration.
Consider two examples: Fifteen years ago U.S. companies made 95 percent
of the telephones and 80 percent of the television sets for U.S. homes.
Today, U.S. companies make 25 percent of the telephones and 10 percent
of the television sets sold here." The Department of Commerce recently
documented the shift in the U.S. telecommunications industry from a
$1.1 billion trade surplus in 1978 to a $2.6 billion deficit in 1988, and
concluded that the U.S. has lost the low end of the global telecommunica-
rions market.'

3

Perhaps the most widely cited example of U.S. technological erosion
is the U.S. semiconductor industry. Semiconductors are vitally important
since they represent the basic technology for most modem electronic pro-
cesses and products. In 1970, the Japanese had none of the world market
share in dynamic random access memories (D-RAMs), a particular type of
semiconductor device; by 1988, the Japanese share of the vendor market-
place had reached 80 percent. The 1989 report of the National Advisory
Committee on Semiconductors extensively documents this and other dis-
turbing trends in U.S. technological capability in semiconductor-related
areas.

In addition to consumer electronics and computer memory chips,
Japanese firms have made great inroads in autos and machine tools. Ger-
man firms have built market share in many lines of industrial machinery.
The loss of U.S. industrial leadership is not, however, uniform across all
industries. In some important sectors such as chemicals, pharmaceuticals,
aircraft and aircraft engines, U.S. firms continue to compete very effec-
tively," although even here U.S. market share is eroding.

12. Abelson, Philip H., 'Federal Policies in Transition," Scise,. 242:4886 (December 13,
1988). p.1621. The Task Force concern is not primarily about ownership ofspecific orpora-

tions, but rather how much of the value added is produced in the United States. ManyAmertican

firms have overseas plants. and many foreign firms hove American planvs.

13. U.S. Teleommasionis i a Global Market (Washington. D.C.: U.S. Department of

Commerce. Techoology Administration, August 1990).

14. A Straqire ledarry as Risk (The National Advisory Committee on Semiconductors. 1555

Wilson Blvd.. Suirr 500, Arlington, VA 22209; November 1989). p.
9

.

IS. The recent Council on Competitiveness report. Gaiing New Grand: Tebbole Priorint

forAmusics Farer (footnote 2) describes in depth the situation in various industries.

50-882 - 92 - 2



Dominating the low end of the market provides Japanese firms with
the high cash flow necessary to enable them to attack the high end success-
fully, and this is the "trickle-up" strategy they have followed in automo-
biles, machine tools, consumer electronics, personal computers, microwave
ovens, and countless other areas. They have also used their mass produc-
tion markets to build up a demand-driven world market share in manufac-
turing capital goods. Much of this involves ingenious design, but not
much in the way of radical technological innovation.

MILITARY/STRATEGIC POSTURE

Scientists and engineers were mobilized in World War II, and the
United States emerged from that war as the dominant international
power-politically, economically, and technically. The Department of
Defense strongly supported the advance of military technology after the
war, and some of that technology spun off into the civilian economy. The
size and scope of defense technology investments still have a powerful im-
pact on commercial technology, but the defense technology base is increas-
ingly dependent on developments in the commercial sector.

The importance of economic considerations in national security
policy is reflected in the 1990 White House statement on "National Secu-
rity Strategy of the United States":"

America's national power continues to rest on the strength and resil-

ience of our economy. To retain a position of international leadership,

we need not only skilled diplomacy and strong military foices, but also

a dynamic economic base with competitive agricultural and manufac-

turing sectors, an innovative research establishment, solid infrastruc-

sure, secure supplies of energy, and vibrant fnancial and service indus-

tes.

Traditionally, the national security of the United States has been
viewed in terms of its military capability. Since the end of World War II,
the United States has maintained an effective deterrent to war, focused pri-
marily on the threat from the Soviet Union and the possibility of confron-
tation in Europe.

With the advent of profound changes in the Soviet Union, the U.S.
military is undergoing a comprehensive reassessment of its strategy. In the
Face of Congressional criticism that the U.S. defense establishment lacks a

16. Natil..Security State. Lyofshe Uited Starts (The White Hose., Mach 1990), p.21.



long-range strategic vision, the Pentagon is engaged in a major effort to
define an effective strategy for a dramatically changing world. Despite the
rather substantial scale of the Gulf war, all indicators are that the future will
require a substantial reduction and re-deployment of forces, increased reli-
ance on rapid reaction forces, and increased emphasis on reserves for sup-
port functions.

The Carnegie Commission report, New Thinking and American De-
fense Technolog emphasizes the importance of technology to this emerging
defense strategy:"

... Technology is an important insurance policy against an uncertain
strategic future. It will help to preserve future options to meet a pos-
sible renewal of the Warsaw Pact threat, as well as the varied and
changing but pressing demands of regional conflicts, proliferation of

military technology to unstable nations, terrorism, and drugs. Pre-
serving, and indeed broadening, the defense technology base in the
face of a reduction in overall defense spending is thus an example of
the "new thinking" required by the dramatic turn in world events.

Throughout the 1950s and 1960s, a major source of U.S. techno-
logical advance was the support of research and development by the
Department of Defense (DoD). In 1960, DoD funded half of all U.S.
R&D, and the U.S. accounted for two-thirds of all the R&D in North
America and Western Europe combined.'" Thirty years later, DoD sup-
ports just one-third of U.S. R&D, and the U.S. share of the total has
dropped off to one-half. In fast-moving dual-use fields (those with both
commercial and defense applications) like microelectronics, DoD has gone
from being a technological leader to a follower, as commercial demands for
increasingly complex components determine research and development
priorities."

At present, military technology, even in firms that do substantial
commercial business, is essentially segregated from commercial technology.
In effect the United States has two technology bases, a defense technology
base and a commercial technology base. This separation could be afforded
when the United States led the world in both commercial and military

17. New ThinkingandAmerican Defense Technologo pp. 10-11.

18. John Alic, Lewis M. Branscorb. Harvey Brooks, Ashton B. Carter and Gerald Epstein.
Beyond Spinaff Military and Commercial Technologies ina Changing World, to be published by the
Harvard Business School Press, Winter 1991-92. The title is provisional.

19. See New Tbinkinggend American Defense TechnoloL particularly pp. 11-13.



technology. However, overall defense budgets will decline in the future,
and the defense technology base will have to draw more easily from the
commercial sector for national security needs. This will require the nation
in the long run to have a single technology base that will serve both mili-
tary and commercial needs-a national technology base

Moving toward a national technology base will be necessary as well
for advancing the technological component of economic performance.
Defense support of technology will continue to be very substantial, and-
particularly in so-called "dual-use" fields-can contribute substantially to
the growth of the economy.

Thus, two challenges face our national technology policy: to ensure
a sufficient level and quality of effort in technology generation, and to ap-
ply technology more effectively in support of our national security and
economic health.

20. Ibid.. pp. 24-27.



PART II
THE ROLE OF GOVERNMENT
IN TECHNOLOGY POLICY AND PROGRAMS

Government can do many things to create and maintain an environ-
ment within which industry based in the United States can achieve success
in the marketplace for goods and services. For example, it can:

* promote fiscal and monetary policies that encourage innovation
and make capital readily available for technological develop-
ment and its embodiment in productivity improvement.

* maintain a legal system that protects intellectual property and
adapts to changes in the nature of intellectual assets, with an
equitable allocation of rights as an incentive for meaningful
investment.

* support a trade policy that ensures an open multilateral trading
system.

* maintain a regulatory climate that stimulates innovation while
promoting common benefits such as a clean environment, a
stable financial system, and sound business practices.

Working with state and local governments, the federal government
can help to insure:

* that the current and future work force attain a level of skill and
motivation equal to or better than that of any other nation.

* that the country has in place a physical and technological infra-
structure-roads, communications (including new technologies
such as fiber optics), available energy and water, a capacity for
investment, police and fire protection-that preserves its status
as a cost-effective, efficient, and secure place to do business.



A HISTORY OF GOVERNMENT-INDUSTRY TEAMWORK

In addition to these actions, of course, the federal government has

had a historic role in supporting research and technological development
underpinning economic performance. For example, over the last century,

the government has invested in research and development in many areas
that advancegovernment missions in cooperation with the private sector:

. Agriculture - where the investment in agricultural research
and extension work has multiplied crop yields and productivity.

. Health - where the National Institutes of Health and other
federal agencies have greatly increased our understanding and
capacity for control of disease.

. Space - where our concern over Sputnik made possible a revo-

lution in communications and opened up new vistas for deeper

understanding of the planetary environment and the universe.

. Defense - where government and industry teamwork has es-

tablished U.S. international leadership, particularly in aircraft
and computing.

. Energy - where research on peaceful use of nuclear energy led
to the development of civilian reactors.

. Basic science - where it is generally agreed the U.S. still leads

the world, albeit with a declining margin.

* Graduate training - where government support has helped
most of today's scientists and engineers to obtain doctoral
degrees.

While this record is remarkable, it would be serendipitous if the

aggregate of individual agency missions covered the full range of base tech-

nologies required for a modern competitive industrial society. Indeed, this

is not the case. Some policy broader than simply the support of federal

missions must drive our national technology investments. Furthermore,
with the singular exception of agriculture, government is paying inadequate

attention to the diffusion of government-generated technology to the

people and firms that can make best use of it in the economy.



ORGANIZING FOR A STRONG NATIONAL TECHNOLOGY BASE

The country is strongly committed to economic advance through a
market economy, one that is not directed top-down from government but
rather relies on decentralized initiatives and competition within the private
sector. However, there is much to be done by both the government and
private industry, separately and in cooperation, to build and draw on the
national technology base."

The government needs an effective mechanism or process by which
it can decide when it is appropriate to support or aid technological develop-
ment and when that support should come exclusively from the private sec-
tor. For example, the Bush Administration believes that it is appropriate
for the federal government to support "pre-competitive, generic technol-
ogy."" What does this statement mean in operational terms? W'sat are the
criteria for deciding which technologies to emphasize? Which departments
and agencies should undertake technology support? Where is the proper
boundary line between government action and private initiative? Should
government support be contingent upon the rapid dissemination of results
to accelerate adoption? If so, how can incentives for private development
investments be maintained? There must be a government decision-making
structure to address these questions and then to get beyond rhetoric to
build effective programs. The government must also have an assessment
and evaluation capability regarding the national technology base and the
ability of firms to contribute to and draw on that base.

This report centers on government's role in ensuring a strong na-
tional technology base-specifically on changes in government organization
and decision making that ire needed to improve its contributions to eco-
nomic performance. These changes should take place within an overall
strategy that takes full account of the global nature of modern industrial

21. See New Thinking andAmerican Defense Technology and appendix B.

22. The Federal Register suggests the following definitions for these terms: Generic Technology-
A concept. component, or process, or the further investigation of scientific phenomena. that has
the potential to be applied so a broad range ofproducts or processes across many industries; Pre-
competitive Technology-Research and development activities Up to the stage where technical
uncertainties are sufficiently identified to permit assessment of commercial potential and prior
to development ofapplication-specific commercial protorypes (Federal Register. Vol. 55 No. 65.
April 4. 1990). p. 12505.



technology." The following mechanisms are needed in the Executive

Branch to develop and implement effective government technology poli-

cies:

* a structure for formulating, developing, reviewing, and evaluat-

ing federal programs and initiatives.for technology, and for

oversight and review of key programs.

. analytical support for that structure that is competent in both

economics and technology and can assess likely long-term de-

velopments as well as respond to issues of the moment.

* a top-level decision-making process that will use the analyses

effectively in reaching sound and timely policy and program

decisions.

. mechanisms for assuring funding allocations to implement key

science and technology programs approved by the Congress.

* effective execution, management and coordination of key

programs by the appropriate departments or agencies.

23. Another task force of the Commission is dealing with improving science education, which

many members believe is one of the most critical problems affecting economic performance. For

this reason, this report does nor deal with that issue.



PART III
FEDERAL EXECUTIVE ORGANIZATION

FOR TECHNOLOGY

Decisions about federal policies involving technology and the
economy are currently made in various offices and policy councils within
the Executive Office of the President, depending on the issue. This divi-
sion of responsibility may be appropriate for dealing with many specific
questions related to technology or economic performance, but an improved
mechanism for consistent policy formulation, implementation, review, and
oversight is essential. There is need for a place in the Executive Office that
has a comprehensive understanding of what is happening in the economy,
especially in relation to technology development and diffusion, and some
means to insure that policy initiatives and instruments of implementation
do not act in conflict with each other.

OSTP AND THE SCIENCE ADVISER

The key official of the Executive Branch with regard to overall tech-
nology policy is the Assistant to the President for Science and Technology
(the President's Science Adviser). The Science Adviser also serves as the
director of the Office of Science and Technology Policy (OSTP), which was
established within the Executive Office of the President by the National
Science and Technology Policy, Organization, and Priorities Act of 1976 to:

* advise the President of scientific and technological consider-
ations involved in areas of national concern;

* evaluate the scale, quality, and effectiveness of the federal
science and technology effort;

* advise the President on technological aspects of federal budgets
and assist the Office of Management and Budget (OMB) with
an annual review and analysis of proposed funding for research
and development (R&D); and

* assist in providing leadership and coordination of federal R&D

programs.
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OSTP staff work with the director to discharge these responsibilities.

They review agency programs, attend budget review sessions at OMB, and

help the director on issues on which he advises the President. The Associ-

ate Director for Industrial Technology takes primary responsibility within

the office for issues dealing with technology policy, represents OSTP on

the Committee on Industry and Technology of the Federal Coordinating
Council for Science, Engineering and Technology (FCCSET), and oversees

the preparation of the critical technologies report mandated by Congress.

He also oversaw preparation of the report, U.S. Technology Policy"

OTHER EXECUTIVE OFFICE ORGANIZATIONS

Several offices and policy councils in the Executive Office of the

President, in addition to OSTR address issues related to technology policy.

The Council of Economic Advisors (CEA) advises the President on

all matters of economic policy. The importance of technology and the

government's role has been discussed in its annual reports. The chairman

of CEA is a member of the Economic Policy Council, the Council on

Competitiveness, and the Council on Foreign Investment in the United

States.
The Office of Management and Budget has the primary budget

decision-making role where agency programs are concerned or where orga-

nizational changes or legislation are called for. Its director is a member of

the Economic and Domestic Policv Councils. OMB is also responsible for

promoting interagency operational coordination as well as overall govern-

ment procurement policy.
The U.S. Trade Representative is a central figure in the decision-

making process on international trade matters.
The White House Office, and particularly the Chief of Staff, plays a

key role in technology policy when Presidential decisions are called for.

The Chief of Staff and the Assistant to the President for Economic and

Domestic Policy are also involved on many issues before they reach the

President.
The principal mechanism for analyzing policy issues for Presidential

decisions that involve multiple agencies is the Cabinet-level council in the

Executive Office. Five councils now deal with issues involving technology

and economic performance:

24. Executive Office of the President. U. S. Tecbelogy Pliy (Washington, D.C.: Office of

Science and Technology Policy. September 26. 1990). See appendix B.
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National Security Council (NSC): The NSC staff is directed by the
Assistant to the President for National Security Affairs, and its meetings are
chaired by the President. The Vice President and Secretaries of State and
Defense are among its members. The Chairman of the Joint Chiefs of
Staff and the Director of Central Intelligence are statutory advisers. Within
the policy council structure, NSC is the First among equals. The Assistant
briefs the President daily. Its staff of about 100 brings together materials
and policy positions from the key departments and agencies involved, and
it has a formal process for implementing its decisions through the same
agencies. NSC has been involved in issues involving technology required
to meet national security needs and international technology transfer. It
has tended to operate at the policy rather than the program level.

Economic Policy Council (EPC) and Domestic Policy Council
(DPC): These interagency councils are chaired by the President but have
chairmen pro rem, the Secretary of the Treasury in the case of EPC," and
the Attorney General for DPC. EPC is the primary focus for economic
policy and trade issues. It has been the major council dealing with
interagency issues involving technology and the economy. DPC is con-
cerned with interagency questions in which economic and international
concerns are not considered primary. These councils have very small staffi,
and their work is accomplished by using interagency working groups to de-
velop options for review by council members. A.joint EPC/DPC
interagency group on science and technology has been established under
the Science Adviser, but it has not been active so far.

Council on Competitiveness: The President's Council on Competi-
tiveness is chaired by the Vice President." It establishes interagency work-
ing groups, and its reports are presented to the President. The Council has
focused on five issues: biotechnology, protection of property rights, prod-
uct liability, regulatory relief, and the federal drug approval process.

25. The members of EPC are: President (Chair); Secretary of theTreasury (Chair. p remt.); Vice
President; Secretary of State; Secretary of Agriculture; Secretary of Commerce; Secretary of
Labor; Secretary of Transportation; Director. Office of Management and Budget; U.S. Trade
Representative; Chairman. Council of Economic Advisers; Chief of Staff to the President;
Director, Office of Science and Technology Policy.

26. The members of DPC are: President (Chair); Attorney General (Chair. pro sem); Vice
President; Secretary of Education; Secretary of Interior; Secretary ofHealth and Human Services;
Director. Office of Management and Budget; Chief of Staff to the President; Director of the
Office of Science and Technology Policy; Secretary of Housing and Urban Development;
Secretary of Energy; Administrator, Environmental Protection Agency.

27. The members of the Council on Competitiveness are: Vice President (Chair); Attorney
General; Secretary of theTreasury, Secretary ofCommerce; Director, Office ofManagement and
Budget; Chairman, Council of Economic Advisers; Chief of Staff to the President.
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Federal Coordinating Council for Science, Engineering and Tech-

nology (FCCSET): Chaired by the director of OSTP, FCCSET member-

ship includes department and agency heads or chief technical officials from

departments and agencies involved with technical issues." FCCSET's pri-

mary function is to recommend policies to promote more effective plan-

ning and administration of federal scientific, engineering, and technological

programs affecting more than one federal agency. FCCSET, which often

meets at Cabinet level, works through interagency working groups, often

with the participation of a representative from OMB. Its reports are dealt

with through the normal budget process, although OMB gives special con-

sideration to interagency programs developed through FCCSET. It has

established a Committee on Industry and Technology chaired by an

Undersecretary of Commerce.
Other Executive Office councils consider special aspects of technol-

ogy policy, such as the National Space Council and the Council on Envi-

ronmental Quality. The President's Council of Advisers on Science and

Technology (PCAST) provides an important means by which the President

can obtain advice on science and technology (S&T) issues from sources

outside of government.
The large number of organizations involved in the Executive Office

make it difficult to have consistent mechanisms for identifying, formulat-

ing and reviewing technology policies and programs. If, in the future, the

nation is to have a single national technology base, such mechanisms need

to be developed.

28. The members of FCCSET are: Assistant to the President for Science and Technology and

Director. Office of Science and Technology Policy (Chair); Secretary of the Interior; Secretary of

Agriculture. Secretary of Health and Human Services; Secretary of Energy; Secretary of Educa-

tion; Administramor.Environmental Protection Agency; Administrator. National Aeronautics and

Space Administration: Assistant to the President for National Security Affairs; Director, National

Science Foundation. Under Secretary for Economic Affairs. Department of State; Deputy

Secretary of Defense. Secretary. Department of Commerce: Under Secretary, Department of

Housing and Urban Development; Deputy Secretary. Department of Transportation: Deputy

Secretary. Department of Veterans Affairs: Director. Office of Management and Budger.
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PART IV
DEVELOPING AND IMPLEMENTING

TECHNOLOGY POLICY

The focus of this report is the organization of the Executive Branch

to address technology policy. The report addresses several key questions:

* How should policy issues be identified and formulated?

* Where should analytical support for policy options and re-

sponses reside?

* How well does the decision-making process deal with these is-

sues and options?

* How are decisions executed and funded?

* How is the implementation of policies monitored and evalu-
ated?

IDENTIFYING, FORMULATING, AND EVALUATING POLICY ISSUES

Some office within the Executive Office of the President should have

responsibility for dealing with the technological dimension of economic

performance: developing and responding to new ideas; interacting with the

nongovernmental community; and making sound and cost-effective tech-

nological judgments. The office should formulate as well as collate ideas

and facilitate their consideration. Most importantly, it should be a central

focal point for identifying policy issues involving more than one depart-

ment or agency for consideration by the appropriate body in the Executive

Office.

THE TASK FORCE RECOMMENDS that the Office of

Science and Technology Policy retain and exercise lead responsibil-

ity within the Executive Office for identifying, formulating, and
evaluating policy issues related to the technological aspects of eco-

nomic performance.



FCCSET and PCAST provide a broad view of pressing science and
technology issues and a means to develop and monitor government-wide
approaches to technology policy. PCAST, whose membership should con-
tinue to include social as well as natural scientists, has met on a number of
occasions with the President and senior White House staff. Senior policy
makers are increasingly active in the meetings of FCCSET. Its committees
now include staff from the Office of Management and Budget (OMB), and
its reports are accepted broadly within and outside the government.

The Task Force believes that OSTP and FCCSET must play central
roles within the government in technology policy and program oversight
and evaluation. While operational oversight should be the responsibility of
each specific mission agency, policy oversight should be the responsibility of
OSTP and FCCSET. Special emphasis should be given to agency activi-
ties and national technical capabilities that contribute to economic perfor-
mance, including technology transfer and diffusion to and within the
commercial sector. Information gained in the oversight process should feed
into the policy research and analysis mechanisms proposed below, with
OSTP and FCCSET playing the central role. OSTP also has an important
role in monitoring agency performance. As new programs are developed,
their evaluation will be a critical responsibility.

The Task Force is convinced of the vital importance of establishing
productive relationships with the widest possible range of industrial and
scientificlengineering organizations. The National Academies complex and
particularly the recently established Manufacturing Forum can provide a

THE TASK FORCE RECOMMENDS FURTHER that
the two organizations chaired by the Science Adviser continue to
play central roles in technology policy and program oversight and
evaluation:

* the Federal Coordinating Council for Science, Engineer-
ing and Technology, by reviewing new program propos-
als and monitoring interagency policies and programs.

* the President's Council of Advisers on Science and Tech-
nology, by tapping the ideas, experience and independent
views of an outstanding group of scientists, engineers,
social scientists, and technologists drawn from universi-
ties and the private sector.



rich sounding board. Scientific, trade, and professional associations are
useful resources in particular areas. OSTP is a critical link, and should be
clearly charged to work with PCAST in initiating and coordinating a
broad-based outreach program aimed at creating a wide network of
resources.

ANALYTICAL SUPPORT FOR TECHNOLOGY POLICY DEVELOPMENT

The Task Force concludes that existing analytical support for tech-
nology decision making is inadequate. Decision making embracing eco-
nomic, trade, regulatory, and technology policies would benefit from
enhanced analytic capabilities. Some of the analytical work should be long-
term.

The following questions illustrate the kinds of issues requiring analy-
sis by OSTP or other Executive Office agencies:

* How do particular economic, fiscal and regulatory policies in-
fluence technological innovation and related investment and
risk taking?

* What criteria should guide federal investment in pre-competi-
tive, generic technologies and federal involvement in promoting
cooperation with and among private organizations?

* How well do the various methods of coupling government-
sponsored R&D with potential commercial technology work?
Where are the shortcomings and successes (e.g., technology
transfer from national laboratories, the Defense Advanced Re-
search Projects Agency's technology insertion program,
SEMATECH)? What are successful models of technology
transfer and diffusion?

* How effective are the many state initiatives in technological
development for economic growth, and.what mechanisms
should be used to promote their interaction with the federal
government?

* What do the European and Japanese technology support pro-
grams actually involve, and in what ways are they successful or
unsuccessful? Would corresponding approaches fit in our dif-
ferent cultural context?



THE TASK FORCE RECOMMENDS that OSTP
increase its capability for technology policy analysis through a
dedicated in-house analytical staff backed by adequate resources.

Impartial evaluation of new and proposed government programs
will be a major part of the analysis.

The National Science and Technology Policy, Organization, and

Priorities Act of 1976 calls on OSTP to "initiate studies and analyses,
including systems analyses and technology assessments, of alternatives

available for the resolution of critical and emerging national and interna-

tional problems, and insofar as possible, determine and compare probable

costs, benefits, and impacts of such alternatives."
The difficulties encountered by OSTP in the past in executing its

congressional mandate were documented in a 1989 report of the House

Committee on Science, Space, and Technology:"

The view that OSTP has been unable to execute the broad S&T

policy and coordination responsibilities outlined in Public Law 94-282

has been more prevalent in recent years. In particular, the perception

exists that OSTP has failed to provide the needed long-range planning
required to develop a coherent national R&D effort and that coordi-

nation between federal agencies, in most cases, is suboptimal....
These deficiencies may be attributed to the decrease in permanent
staff that has occurred in OSTP in recent years.

Since that comment was written, the OSTP budget was increased
from $1.6 million in FY 1989 to $2.8 million in FY 1990 and $3.6 mil-

lion for FY 1991. The FY 1989 staffing level of twelve was increased to an

authorized level of thirty-nine in FY 1990 and to forty-three in FY 1991,
about half of whom are professionals. Given the broad range of analyses

needed, the staff will probably have to increase further, and given the re-

cent large increase in federal pay scales, the budget will probably have to
increase as well.

Outside dedicated analytical institutions such as the Rand Corpora-
tion, the Institute for Defense Analyses, and the Urban Institute have been

used successfully in other areas of government, particularly defense and

29. Sesing Priorities in Science and Ternology. Report of the Committee on Science, Space. and

Technology of the U.S. House of Representatives, 101st Congress, Ist Session, HR 101-310
(Washington. D.C.: U.S. Government Printing Office. 1989). p. 

9
.



intelligence, where deep technical knowledge and independent technical
judgment are required. If proper relationships are established, such an or-
ganization can also assure continuity and institutional memory through
changing political administrations.

A possible step in this direction was taken in 1990 with the creation
of the Critical Technologies Institute (CTI). CTI was created in the
Defense authorization bill as a Federally Funded Research and Develop-
ment Center (FFRDC) to provide research and analytic support to OSTP.
Oversight is provided by a twenty-one-member board of trustees, chaired
by the director of OSTP and including the Secretaries of Defense, Energy,
Health and Human Services, and Commerce, the administrator of NASA,
and the director of the National Science Foundation (or their designees).
The board also includes four other members of FCCSET and ten members
from industry and universities.

CTI's first year's budget of $5 million (which can be spent over two
years) is to be used for an assessment of critical technologies and related
national objectives. If this latter part of its mandate is broadly defined, the
institute's reports could be very valuable not only to OSTP, but to the Ex-
ecutive Office as a whole. However, its initial funds come from the De-
partment of Defense and there is no assurance that funds will be appropri-
ated in future years. After this initial period, the bulk of the funding
should come from the OSTP budget.

The Administration requested recision of the appropriation for CTI
on July 23, 1991, and has opposed additional funding in the OSTP bud-
get, on the grounds that such an office was unnecessary. The Task Force
believes that the broader part of the CTI mandate concerning assessment
of "related national objectives" can be an important task consistent with
Administration goals.

While this potential new resource for OSTP and the Executive Office
could greatly increase the government's analytic capability, contracted-for
analytic capability is by its nature coupled less closely to the other parts of
the Executive Office of the President than in-house capability. Both are
needed.

THE TASK FORCE RECOMMENDS that OSTP estab-
lish the recently mandated Critical Technologies Institute so that it
can perform technology policy research and analysis responsive to
Executive Office requirements. This external capability must
complement and not supplant enhanced in-house resources for
OSTP.
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EXECUTIVE DECISION MAKING FOR TECHNOLOGY POLICY

There is a pressing need to increase the level of Presidential attention

to science and technology issues bearing on economic performance. The

Executive Office of the President is the locus for top-level policy decisions

involving technology and the economy. Decisions about these policies are

made in a large number of individual White House and Executive Office

agencies and policy councils (See Part Ill, above). An effective mechanism

is needed for assuring consistent policy oversight and decision making. An

area of particular importance is the need for integration of the defense and

commercial technology bases.
There is no organizational mechanism at the Presidential level cur-

rently addressing the critical policy linkage between the defense technology

base and the commercial technology base. The National Security Council

(NSC) is the only council with a sufficiently high stature and a sufficiently

broad mandate to bridge the other councils and to consider issues of tech-

nology and economic performance within a common framework for Presi-

dential decision making. Specifically:

. NSC has the broadest scope and capabilities of any policy coun-

cil and is regularly chaired by the President;

. the Assistant to the President for National Security Affairs has

daily access to the President; and

* NSC has the most highly developed staff and decision-making

process among the White House councils.

THE TASK FORCE RECOMMENDS that the role of the

National Security Council include concern with broad issues of

science and technology policy related to the strengthening of the

national technology base. This approach is based on the view that

economic performance is critically important to national security

and that technological vitality is of central importance to the

economy.
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This recommended expansion of the role of NSC is consistent with
the original charter included in the National Security Act of 1947, which
stated that the National Security Council should:

... advise the President with respect to the integration of domestic.
foreign, and military policies relating to the national security so as to
enable the military services and the other departments and agencies of
the government to cooperate more effectively in matters involving the
national security, and

... consider policies on matters of common interest to the depart-
ments and agencies of government concerned with the national secu-
rity, and. . make recommendations to the President in connection
therewith.

In offering this approach, the Task Force recognizes that NSC has
not traditionally concerned itself with economic or technology policy is-
sues, and that certain economic and policy issues fall within the purview of
other policy councils. Furthermore, the march of events around the world
inevitably results in NSC giving priority attention to relatively short-term
questions.

Several members of the Task Force also question whether NSC has
the staff capability and outlook to permit this kind of reconceptualization
of its mission. Clearly, the current structure of NSC would need to be re-
vised, and financial and staff allocations would be required to strengthen
substantially the council's economic and technological orientation and
capability. NSC membership would have to continue to be augmented on
occasion by the Secretary of Commerce, the Secretary of the Treasury, the
United States Trade Representative, the chairman of the Council of Eco-
nomic Advisers (CEA), or/and the Science Adviser.

The mechanisms already developed by the National Security Coun-
cil and its staf, including ways to get decisions made and to follow up on
them, lead to a consistency in approach and implementation in national se-
curity matters that is needed in the area of national economic performance.
While there may be other mechanisms for the Executive Office to develop
this consistency, the broadening of NSC seems the most straightforward.

Even without a reconceptualization, or as a step in that direction,
NSC's mandate should be understood to include technology policy issues
of immediate national security relevance. These issues include:

maintaining an adequate technology base for military needs in
the face of major defense budget cutbacks;
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* controlling the international export of vital technology, while

forging productive research partnerships with other govern-

ments and empowering U.S. firms to compete effectively in

world markets;

* establishing national security requirements for the domestic

technology base; and

* encouraging the integration of the defense technology base and

the civilian technology base.

In suggesting a broader role for NSC, the Task Force stresses that it

is not intended to displace related functions of the other Executive Office

policy councils, such as the Economic Policy Council, the Domestic Policy

Council, and the Council of Economic Advisers.
When NSC deals with issues of technology and the economy, the

director of OSTP and the chairman of CEA should be involved as a matter

of course. To the extent that the implemented recommendations of this

report are successful, a number of the day-to-day activities of NSC will be

focused on the use of science and technology to enhance economic perfor-

mance and military strength."
Since the role of CEA is to be the President's economic analysis staff,

it cannot stand apart from the work of NSC. However, the purview of

CEA goes well beyond that task. It covers advising the President on mat-

ters of fiscal and monetary policy, exchange rates, and regulation, among

many others.
The staff of CEA should be available along with OSTP to provide

backup for NSC, even if that means some enlargement of CEA. (It should

be kept in mind, however, that the relatively small size of CEA may be an

important element in its ability to maintain high intellectual standards.)

30. The increasingly intimate inter relationship between the economic and social performance of

American society and its national security and global influence is the subject of a recent article

by Robert Hormais in Foreign Affairs. Dr Hormars writes. "To succeed the United States will

require not only vision but also more investment. more savings, more emphasis on education and

more ambbious goals for research. development. and health care. It will require stronger. more

purposeful economic leadership at all levels." See Robert D. Hormats. "The Roots of American

Power. Foreign Aff irs 70. no. 3 (Summer 19911. pp. 132-149.



THE TASK FORCE RECOMMENDS:

* that the National Security Council serve as a mechanism
for coordinating and integrating the various policy per-
spectives of councils and offices in the Executive Office
of the President on those matters that link national secu-
rity, economic performance, and technological strength;
and

* that OSTP be given responsibility for analyzing and for-
mulating technology policy issues jointly with the Coun-
cil of Economic Advisers for consideration by other
appropriate Executive Office councils and offices.

FUNDING TECHNOLOGY INVESTMENT DECISIONS

Decisions regarding the use of technology to improve national eco-
nomic performance take a variety of forms. While decisions regarding
regulatory, trade, and tax policy might not require specific appropriations,
decisions involving government support of technological advances or infra-
structure do require funding. Timely and adequate funding is critical. The
Task Force concurs with the procedure proposed in the "Federal Science
and Technology Budget Priorities":"

We believe that the President's Science and Technology Adviser. work-
ing closely with the director and professional staff of OMB. is best
suited to coordinate both phases of the proposed S&T budget prior-
ity process....

Early in the budget cycle, the President should provide the agencies
and departments with specific guidance on his S&T priorities in cross-
cutting areas and on major S&T initiatives.

Agency budget submissions should be developed, analyzed, and ad-
justed in terms of this initial guidance and the questions posed in the
preceding discussion of the framework.

31. National Academy of Sciences. National Academy of Engineering. Institute of Medicine.
Federal Science and Technology Budge Priorities: New Perpeeties, and Procedures (Washington.
D.C.: National Academy Press. 1988). p.1

2
.
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Within this framework, the Science Adviser and OMB act in a

capacir of"certifying" that budget submissions reflect the Administration's

technology priorities.

THE TASK FORCE RECOMMENDS:

. that OMB and OSTP interact closely throughout the

fiscal year to ensure that department programs are tech-

nically strong and meet the criteria for support set by the

President. The FCCSET mechanism should review for

gaps or overlaps in support.

* that departments and agencies with technical missions

(such as NASA, the Department of Energy, and the Na-

tional Institutes of Health) develop mechanisms for

funding generic and pre-competitive commercial tech-

nology under their purview. They should also act as

catalysts to convene industry groups and to supply seed

money for ad hoc initiatives.

* that the Department of Defense (DoD), especially

through the Defense Advanced Research Projects Agency

(DARPA), continue to support critical defense technolo-

gies. However, because of the importance of the com-

mercial sector to DoD, this support should include

specific mechanisms for incorporating commercial tech-

nology in military systems and shared development of

dual-use technologies for use in both commercial and

military markets.

* that the Department of Commerce, through the Na-

tional Institute of Standards and Technology (NIST), be

funded to support generic technologies that apply to a

number of industries and firms through the Advanced

Technology Program."

. that funding for the National Science Foundation pro-

grams of research and education in both science and en-

gineering be considered a vital part of the overall federal

program to assure a strong national engineering base.

32. Se- pp 36-41,m a discussion of the rol, and chrter of DARPA and NIST.



IMPLEMENTING TECHNOLOGY POLICIES

Sound technology policy decisions. based upon thoughtful and care-
ful analytic input, are only a first step. The responsibility for implementa-
tion must rest in the Executive departments and agencies.

Particular departments and agencies (for example. NASA, National
Institutes of Health (NIH), and the Departments of Defense. Commerce.
Agriculture, and Transportation) have responsibilities for supporting re-
search and development within assigned mission areas." Within DoD, the
Defense Advanced Research Projects Agency (DARPA) supports high-risk
military technology complementary to or beyond the individual service
missions. The Department ofCommerce. through the Advanced Technol-
ogy Program (ATP), supports pre-competitive technology that will enter
the industrial base. The National Science Foundation has principal
responsibility for research in the basic sciences and engineering, primarily
in universities. In each case, the existing organizations contribute to the
national technology base, but their missions need to be augmented or
clarified to make a more effective contribution.

THE TASK FORCE RECOMMENDS:

that the role of departments and agencies with R&D
missions (DoD, USDA, DoE. NIH, NSF, NASA, etc.)
be clarified with regard to the generation and diffusion
of commercially relevant technologies.

a that a Presidential directive be issued defining the re-
sponsibilities of the federal government and the roles of
Executive agencies for developing generic and pre-comp-
etitive R&D benefiting U.S. economic performance.
The directive should be based on Presidential statements
on technology policy and the 1990 annual report of the
Council of Economic Advisers which endorse federal
support of pre-competitive. generic technology.

33. The Steelman Report of 1947 led to the policy that agencies should support basic research
that was relevant to their missions. It did not recommend that the agencies should support
relevant technology development. SeeJohn R. Steelman. ScienceandPublic Policy: A Repert o the
President (Washington. D.C.: The Presidents Scientific Research Board. 1947). President
Eisenhower issued an executive order establishing the principle that every agency making
substantial use of S&T resources should proportionally reinvest in the source of that knowl-
edge-basic science.



No national consensus has yet emerged on whether there should be
a central agency with the mission of supporting technology advancement
benefiting economic performance, much less how such an agency might be
organized. Some have proposed a major organizational change such as
restructuring the Department of Commerce into a Department of Interna-
tional Trade and Industy, or creating a new R&D agency with a commer-
cial focus-a "Civilian Advanced Research Projects Agency."

The Task Force believes that any approach which does emerge is likely
to be evolutionary, which will require careful evaluation and monitoring.
As a start, the Task Force has focused on (a) reinforcing a key role for the
National InstituteofStandards and Technology (NIST) in the Department
of Commerce, and (b) enlarging the role of the Defense Advanced Research
Projects Agency.

The Department of Commerce and NIST

The Technology Administration in the Department of Commerce
coordinates the department's technology activities with the goal of enhanc-
ing U.S. competitiveness. It is headed by the Undersecretary for Technol-
ogy. Its Office of Technology Policy has responsibility for developing policy
initiatives on particular domestic and international issues, such as Japan/

U.S. cooperation on intelligent manufacturing systems, identifying means
of eliminating barriers to technology commercialization, and promoting
technology transfer. The administration also supervises the National Tech-
nical Information Service, and NIST Major responsibilities in the area of
technology support were given to the department in the Trade Act of 1988.
Among them were the Advanced Technology Program (ATP), the Manu-
facturing Technology Centers, and industrial extension activities. These
programs are managed by NIST

ATP enables NIST to begin to play a strong role in the development
of generic technologies with commercial promise-filling in the technology
gaps in agency missions and executing special commercial technology
projects. It can also perform a key role in helping to catalyze scientific and
technological cooperation among companies.

As envisioned by the Task Force, ATP would emphasize pre-
competitive, generic commercial technologies applicable over a range of
industries. NIST would be expected to maintain a close relationship to
commercial industry and to understand the commercialization process. It
would seek to catalyze and stimulate R&D cooperation and joint ventures
between and among firms. NIST's predecessor, the National Bureau of
Standards, already had close connections with some industries through
industrial experts serving on advisory panels as well as collaborative projects
and "guest workers" from corporate laboratories.



NIST's in-house program includes materials characterization, test
method development, the invention of new tools and scientific instru-
ments, and a broad range of scientific and technical information services of
industrial importance. The ATP program offers an opportunity to expand
the scale of this work, and to develop mechanisms for coupling to user in-
terests.

. Manufacturing technology deserves special emphasis. Commercial
industry's primary competitive problems include the cost and quality of its
product and the speed with which a firm can react to market information.
This is a task of incremental advance, centered on the production process.
Building on the broad range of NIST experience. ATP should invest in
research that supports process characterization and realization, and in the
automation required to reduce cost and increase quality. The development
of tools, techniques, and generic design information has been a character-
istic of successful federal programs in aviation (through NASA and its pre-
decessor, the National Advisory Committee on Aeronautics). This is also
the focus of SEMATECH, the joint industry-government program to de-
velop the semiconductor industry, and the same route taken by the Minis-
try of International Trade and Industry (MITI) in Japan.

An important feature of the NIST program will be to maximize the
diffusion of the benefits to end users, especially those small- to mid-size
firms that often are unable to perform up to the existing state of the art.-
It would not be inappropriate for NIST to spend as much as half its devel-
opment funds to insure the successful diffusion of results from the other
half.

Unlike DARPA, NIST has not had much experience in contracting
for external R&D projects. It will have to develop criteria for the choice of
programs and direction, and these will change over time. Furthermore,
mechanisms will have to be developed for coordination of the ATP pro-
gram with programs in the other agencies. The FCCSET Committee on
Technology and Industry could be an important forum for such exchange
of information and advice.

The biennial list of critical-technologies, prepared for the President
by a panel of individuals from government and industry selected by OSTP,
could be a useful guide to the program as it develops its priorities and
criteria for choice.

34. Erosion of the technology base may be even worse in small and intermediate supplier firms
that provide components and subsystems to the large manufacturers. and their position relative
to their foreign counterparts may be much weaker than that of the large multinational firms that
receive the most policy attention both on the commercial and militarv sides. These firms. often
defined by their technical specializations. are she least well connected to the U.S. science and
technology system. with the exception ofa few regional high-tech clusters mainly in biosechnol-
ogyand microelectronics.



Over the longer term, if ATP and other external programs grow, the

Technology Administration will have to develop mechanisms to enable

NIST to both manage important technology programs and continue to be

a major national laboratory serving the nation's industries. This may have

to include new organizational arrangements within DoC.

NIST should also play an important role in increasing the ability of

DoD to use commercial technology. One of the major barriers to such use

stems from a rigid insistence on military specifications ("milspecs"). In

some semiconductor purchases, for example, because of the need for sup-

pliers to meet milspecs, defense buyers pay up to ten times as much as

commercial buyers for equivalent parts. As quality continues to improve in

U.S. manufacturing, the need for military specifications designed to insure

reliability should decline. NIST should take the lead in cooperating with

DoD in establishing standards that would be functionally applicable both

to industrial and defense applications.
5

THE TASK FORCE RECOMMENDS:

. that NIST have a key role in government policies for

promoting technology diffusion to the commercial

sector.

* that NIST be recognized as having a central responsibil-

ity for supporting generic and pre-competitive R&D that

has potential commercial application over a range of

industries and does not fall within the missions or R&D

programs of other departments and agencies (including

the proposed National Advanced Research Projects

Agency). The Advanced Technology Program, although

very small at present, has the potential to grow into this

role.

* that NIST and DoD jointly develop standards that are

functionally applicable both to defense and commercial

industry.

35. See New Thinking and A meric Defense Tchnolog pp. 26-27.



A National Advanced Research Projects Agency

The mission of DoD's Defense Advanced Research Projects Agency
is to "develop revolutionary technologies that can make a significant impact
on the future of the United States defense posture, and ensure that those
technologies effectively enter the appropriate forces and supporting indus-
trial base."-' DARPA operates with a budget of approximately $1.46
billion and approximately 160 full-time staff.

THE TASK FORCE RECOMMENDS:

* that DARPA be transformed into the National Advanced
Research Projects Agency (NARPA). The precise form
and timing of subsequent changes within NARPA
should reflect experience with the new organizational
arrangement and the need to maintain the momentum
of its R&D program and close ties with the military ser-
vices.

* that the charter of NARPA, building on present DARPA
responsibilities, should include direct support of

* dual-use technologies;

* long-range, high-risk, and generic technologies with
potentially high payof, and

* advanced technology leading to products that would
be used to meet the mission objectives of non-defense
agencies, when requested by them.

The proposed restructuring of DARPA to provide stronger linkage to
the technology developed by high-tech commercial industry is not
intended to dilute the historic scope of DARPA and its predecessor the
Advanced Research Projects Agency. The renamed agency, NARPA, would
continue to be in the Department of Defense, and would continue to in-
vest in technologies of great potential military importance viewed from a
longer-term perspective than the services will or should take. Many of

36. Testimony of DARPA director Craig I. Fields before the Commintee on Science. Space, and
Technology of the U.S. House of Representarives. March I. 1990.



NARPA's projects will doubtless continue to draw on firms specializing in

defense work. Some, like the Stealth fighter developments in the 1980s,

may be highly classified or even "black" programs. No relationship with

the commercial sector can be expected with these latter programs.

An increasing fraction of the work supported by NARPA, but not

all, will be dual-use technology, that is, those technologies that are useful in

both the defense and commercial markets. The number of technologies

vital to defense that are also the focus of heavy private investment will

grow. For example, command, control, communications, and intelligence

activities will be of increasing importance; these are areas in which the pri-

vate sector often leads defense firms in the technical sophistication of prod-

ucts in the field. NARPA should help move the nation toward the creation

of a national technology base. As we approach this goal, defense will ben-

efit by getting timely and low-cost access to commercial technology, and

commercial companies will benefit by the increase in research and develop-

ment funds available to them for defense purposes.
Collaboration with commercial firms will change how NARPA

works. With the likely contraction of defense R&D budgets, along with a

substantially smaller defense establishment, NARPA will find it necessary

to seek collaboration with commercial industry. This implies changes in

NARPA's mode of operation and its criteria for project selection: In order

to attract the collaboration of industry, there will have to be some give-and-

take. NARPA will not be able to control all decisions about management or

about technical goals. The cooperative agreement may prove a more appro-

priate tool than the contract for much of this work.
NARPA will continue to invest in qualitatively new capabilities.

However, the type of work funded will probably not change that much

from what DARPA is currently funding. Most DARPA technologies are

aimed at exploring the feasibility of new concepts that bring qualitatively

new function to defense capability. Thus, the projects often involve rela-

tively new science and are addressed at the level of prototypes to test tech-

nical feasibility. Relatively few DARPA projects are concerned with incre-

mental improvements for existing weapons systems-to make them

cheaper, extend their accuracy, or to provide interfaces to other sub-

systems. This is the role for the service design and acquisition organiza-

tions.
NARPA's charter must include an emphasis on both product and

process technologies." Furthermore, a deep knowledge of, and close work

37. The Task Force had extensive discussions on the definitions of process technology. Though

no final definition was reached, process technology, as used here, is intended to mean to improve

productivity, efficiency or output, increase yield, andlor lower cost. Process technology might

include such areas as manufacturing, engineering design, software design, and office productiv-

ity. There is a close relationship between product and process technology, and the Task Force--

does not believe the distinction is clear enough to serve as a means of defining a research mission.



ing relationship with, industry will be vital to NARPA's success. NARPA
should stimulate cooperative ventures with, and within, industry, and de-
velop techniques for the commercial diffusion of the technologies it gener-
ates. However, NARPA should not have a role in developing products for
the commercial marketplace and should develop criteria for closing off
funding when the technology is ready and able to be commercialized.

NARPA should approach advanced technology projects that may be
requested by non-defense agencies just as DARPA currently approaches
projects for the military services. The new mechanism by which OSTP
develops a list of critical technologies (using input from DoD and DoC)
could be a useful way to establish priorities. The Task Force recommends
that the President's Science Adviser review dual-use and non-military
projects of NARPA. This is in line with the recommendation contained in
the Carnegie Commission's New Thinking report that the Assistant to the
President for S&T "review and recommend new modalities for the transfer
of defense technology to commercial applications and for the timely use of
commercially developed technology in defense systems.""

The Task Force further believes that the funding for NARPA projects
of interest to non-defense departments and agencies should come from
those departments. Clearly, DoD would retain the major stake in NARPA
and be the major source of funds. However, where non-military depart-
ments and agencies have technology needs which they believe DARPA
could address effectively, they should assist it by defraying the cost of re-
search.

The Task Force emphasizes that the proposed NARPA would not
supplant the R&D activities of defense or non-defense departments and
agencies. Just as the individual services currently maintain their own R&D
efforts, often working in cooperation with DARPA, the non-defense agen-
cies would continue to maintain R&D programs required to perform their
missions. If NARPA shows that it can manage technology programs effi-
ciently, these agencies can choose to fund certain NARPA projects as part
of their program.

The Department of Defense

The Task Force has two additional recommendations affecting DoD,
in addition to the recommendations regarding the further development of
DARPAs role. First, the Department of Defense is still a major consumer
of science and technology, funding more than one-seventh of the R&D
performed in the industrialized world. One-third of all American scientists

38. New ThiskingadAmenrce. Defenst Technol4 p.25.



and engineers outside of-biomedical fields work on defense projects. DoD

"withdraws" from the high technology pool, and will continue to withdraw

substantially in the future. It should therefore continue to make "deposits"

into that pool through support of basic and applied research. It will be

necessary to increase the percentage of the research, development, test and

evaluation (RDT&E) budget allocated to basic and applied research if

deposits are to be brought closer into balance with withdrawals.

Second, the Department of Defense reimburses contractors over-

head expenses for independent research and development (IR&D). The

IR&D program should be used to encourage companies to align their

defense and commercial technology efforts to the mutual benefit of both.

Present DoD regulations and practices for cost recovery tend to discourage

diffusion of dual-use technologies into commercial industry.

In these recommendations, the Task Force reflects its endorsement of

proposals contained in the Carnegie Commission's New Thinking report.39

THE TASK FORCE RECOMMENDS:

. that, in view of the substantially increased reliance by

DoD on the commercial sector for procurement of

R&D-intensive products and as a major consumer of

science and technology, DoD resupply the national tech-

nology base from which it draws, by increasing the

proportion of the RDT&E budget that goes to basic and

applied research.

. that DoD reimbursement policies for independent

research and development should be interpreted to cover

commercial as well as defense research expenditures, par-

ticularly where dual-use technologies or technologies

identified in a national critical technology plan are

involved.

Foreign Technology Assessment

Increased awareness of the contribution of R&D and technological

innovation to economic growth has led U.S. trading partners to devise

39. See New ThinkingandAmerican Defense Tchnologp Pp. 19 and 25.
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policies and programs aimed at the support of domestic technology-inten-
sive companies and industries. Direct government intervention in Japan
and in European countries has led to pressures for similar support policies
and practices in the U.S.-both individually and through the European
Community.

It is difficult to gauge the effectiveness of such programs, and they
may not work in the American culture. To the extent government inter-
ventions are effective, we can gain from that experience. To the extent the
interventions are trade distorting, we need to resist them bilaterally and in
intergovernmental forums.

THE TASK FORCE RECOMMENDS that the Depart-
ment of Commerce monitor and assess the policies and practices
of foreign countries and the European Community in promoting
R&D and technological innovation for commercial purposes, and
provide those assessments to OSTP and FCCSET for subsequent
referral to a White House/Executive Office policy council, where
policy response is indicated.

OTHER ISSUES

There are several other issues that the Task Force considered in its
discussions. Vhile these issues are beyond the scope of the report, they
deserve mention and more detailed consideration in related or subsequent
studies by the Carnegie Commission.

The Role of Congress .

It is impossible to discuss the organization and decision-making
aspects of national technology strategies without addressing the role of
Congress. For example, Congress has. taken the lead in establishing the
ATP program in the Department of Commerce, in requiring OSTP to
establish a list of critical technologies, and in establishing the Critical Tech-
nologies Institute. Congress's Office of Technology Assessment has written
useful analyses of technological issues. Although the Task Force discussed
aspects of congressional organization, it defers to the Commission's Com-
mittee on Science, Technology, and Congress to assess the mechanisms by
which Congress decides on technology policies and programs.
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The National Laboratories

The Task Force discussed the role of the national laboratories in the

Departments of Defense and Energy in technology transfer and diffusion.

The challenges and impediments in this area have been the subject of many

reports, and the Task Force believes that brief mention in this document

cannot do the subject justice. The Task Force does note, however, that the

national laboratories, including contractor-operated laboratories, should be

utilized more systematically as a source of R&D and S&T personnel for the

benefit of the commercial sector. Industry personnel need to be involved

early enough in the development process to influence the evolution of the

technology and acquire a sense of "ownership." There may also be areas of

pre-competitive, generic technology, such as improving manufacturing

productivity or reliability, where the laboratories could contribute. This

would be consistent with recent congressional actions amending the

Stevenson-Wydler Act to emphasize the importance of technology transfer

to industry.

State and Local Initiatives

State and local governments have made large investments in support

of industrial development, primarily in R&D-intensive companies. Their

programs and support mechanisms offer a test bed for the development of

federal programs-and policies promoting civilian technologies. In its

discussions, the Task Force noted its concern about the adequacy of efforts

by the Department of Commerce to fulfill its congressionally mandated

responsibility to collect and assess information on state and local initiatives

in the promotion of productivity, technology, and innovation. These

assessments are important to OSTP and the FCCSET Committee on Tech-

nology and Industry as they consider the design and support of federal

civilian technology programs.4.

40. The Commission has established a Task Force on Sciene. Technology and the States to

review these issues in depth.
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CONCLUSION

The effectiveness with which the nation as a whole acts in develop-
ing and promoting technology-based economic growth is an important
factor in the future well-being of the country. As the lead actor in the
national interest, the federal government has an inescapable role to play.

In the 1989 edition of its annual assessment of Soviet military power
(the first in the wake of changing East-West relations), the Department of
Defense states:"

If the United States proves unable to compete effectively in areas of
advanced technologies, it would incur the most severe economic and
security consequences: markets would be lost, the U.S. industrial base
would erode, and the United States would become increasingly depen-
dent upon offshore technologies for its defense at the same time as its
economic health weakens.

Of course, even high market share in areas of the most advanced
technology with limited markets may not be enough. During the 1960s
and most of the 1970s the U.S. comforted itself with the belief that while
it was losing market share and trade balance in low-tech goods, its position
at the highest-tech end of the spectrum remained secure. It failed to recog-
nize that continuing technological change was important to the low-tech
sector of commodity-like manufactured products, and that revenues from
the "high end" of the technological spectrum might not be sufficient to
support the rate of innovation necessary to stay ahead. The much greater
mobility of technical know-how and capital that exists today leaves a much
narrower window for recovery of innovation costs before a new product is
superseded in the world market. Unless the U.S. can continue to enjoy the
revenue for the larger low-tech end of the market it may lack the resources
to sustain the required pace of innovation at the high-tech end.

Ultimately, the willingness of the Administration to move from the
organizational status quo in the area of technology policy depends upon (a)
its assessment of the seriousness of the domestic situation and the interna-
tional threat, and (b) its view of the extent to which government technol-
ogy policies will really make a difference in U.S. economic performance.

41. United States Department of Defense, Soviet Military Powsr (Washington. D.C.: Depart-
ment of Defense. 1981), p.

139
.
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At present, there is no high-level mechanism for assessing the nature
and seriousness of the problems and developing policy options to address
them in cooperation with the private sector. The federal government must
recognize that an international competition for technological-industrial
leadership is now under way, and effective technological transfusions take
a very long time.



APPENDIX A
COMPARISON BETWEEN MILITARY AND
CIVILIAN CRITICAL TECHNOLOGIES LISTS

DEPARTMENT OF DEFENSE

CRITICAL TECHNOLOGIES REPORT"
2

composite materials

machine intelligence and robotics

software productivity

data fusion

simulation and modeling

computational fluid dynamics

parallel computer architecture

signal processing

photonics

semiconductor materials
and microelectronic circuits

biotechnology materials
and processes

superconductivity

passive sensors

sensitive radars

signature control

air-breathing propulsion

pulsed power

weapon system environment

hypervelocity projectiles

high energy density materials

DEPARTMENT OF COMMERCE

EMERGING TECHNOLOGIES.3

advanced materials

artificial intelligence

high-performance computing

digital imaging technology

optoelectronics

advanced semiconductor devices

biotechnology

medical devices and diagnostics

flexible computer-integrated
manufacturing

superconductors

sensor technology

42. DepartmenfDefrns CriticalTechnologies Plan (Washington, D.C.: Department ofDefense.
May 1989).

43. Emerging Technologies A Survey ofTechnicalandEconomic Opportunities (Washington, D.C.:
U.S. Dept. of Commerce. Spring 1990).



APPENDIX B
EXCERPT FROM U.S. TECHNOLOGY POLICY"

A nation's technology policy is based on the broad principles that

govern the allocation of its technological resources. Competitive market
forces determine, for the most part, an optimal allocation of U.S. techno-

logical resources. Government can nonetheless play an important role by

supplementing and complementing those forces. Technology policy is not
something that, once set in place, remains immutable. Broad principles
exist, but effective technology policy requires sufficient flexibility to permit

response to changing national and international situations. We are in an

era marked by increased international economic interdependency and
increasingly stronger technological capabilities in other industrial nations.
These factors pose competitive challenges for U.S. firms as well as oppor-
tunities. In formulating a national technology policy, consideration must
be given to a nation's traditions, its strengths and weaknesses, and the in-

ternational environment in which it exists.
In almost all respects, the U.S. science and technology base remains

the world's strongest. The Nation's research universities and the ability of

its people to innovate remain the envy of the world. Nonetheless, indus-

trial competitiveness depends on many factors besides technology. Our

strengths in technology and innovation have not prevented an erosion in
market shares of U.S. companies in many industries. As new products

mature, the advantage quickly shifts from the innovator to the efficient

producer. We have also seen the importance of high rates of capital invest-
ment for the industrial competitiveness of Japan, Europe, and the Pacific
Rim countries.

The competitive challenges American firms face are multifaceted and

complex. There will be no facile, short-term solutions. We, in this Ad-
ministration, believe it is essential that we recognize and use the strengths

of our economic system more effectively to help U.S. firms remain com-

petitive. In order to do so, all elements of our society must recognize that
while we possess many strengths and assets, problems do exist, and that we
can mobilize our resources and solve them. At the same time, we need to

refrain from actions that might distort our basic system of free enterprise
- the Nation's ultimate strength.

44. Executive Office of the Prsdet US. Tehol~ Policy (Washingion. D.C.: Office of

Science and Technology Policy. September 26. 1990). pp. 1-6 (out of B3 pages).



In order to build on its strengths. U.S. society needs to focus on en-
suring:

* a quality workforce that is educated, trained, and flexible in
adapting to technological and competitive change;

* a financial environment that is conducive to longer-rerm invest-
ment in technology;

* the translation of technology into timely, cost competitive, high
quality manufactured products;

* an efficient technological infrastructure, especially in the trans-
fer of information; and

* a legal and regulatory environment that provides stability for
innovation and does not contain unnecessary barriers to private
investments in R&D and domestic production.

In addition, the Federal Government, industry, and academia need
to take advantage of opportunities for:

* technology transfer and research cooperation, particularly
involving small and mid-sized companies;

* building upon state and regional technology initiatives; and

* mutually beneficial international cooperation in science and
technology.

With its proven human resources and successful tradition of manu-
facturing, U.S. industry can assert the leadership required to meet the
competitive challenges and to capitalize on its opportunities. The principal
role of the Federal Government will be to provide an environment condu-
cive to long-term economic vitality, and not allow special interests to divert
attention or resources from this goal.

The following sections provide more detail on the Administration's
goals and strategy to implement its technology policy, and then highlight
some of the steps that it has already taken to improve the economic and
technological competitiveness of U.S. industry.
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GOAL OF TECHNOLOGY POLICY

The goal of U.S. technology policy is to make the best use of tech-
nology in achieving the national goals of improved quality of life for all
Americans, continued economic growth, and national security.

STRATEGY TO IMPLEMENT U.S. TECHNOLOGY POLICY

The goal of U.S. technology policy is to be achieved by maintaining
a strong science and technology base, a healthy economic environment
conducive to innovation and diffusion of new technologies, and by devel-
oping mutually beneficial international science and technology relation-
ships. Implementation of the policy must recognize that all parts of the
economy - the Federal Government, state and local governments, indus-
try, and academia - have roles to play. The education system provides the
essential flow of well-trained, innovative manpower. Researchers in
academia, the Federal laboratories, and industry all contribute to the
science and technology base. Industry makes the investments necessary to
turn this knowledge base into commercial products and processes. Federal,
state, and local governments support research both directly when they fund
specific R&D projects, and indirectly through tax and other incentives for
private sector R&D investment. The Federal Government also sets the
overall macroeconomic and legal environment in which industry's decisions
about product and process development and commercialization take place.

In that context, the Administration's strategy to implement U.S.
technology policy includes the following major elements:

Role of the Private Sector

While the government plays a critical role in establishing an
economic environment to encourage innovation, the private sector has the
principal role in identifying and utilizing technologies for commercial
products and processes. In particular, the private sector has the responsibil-
iry to:

* conduct research and development to advance industry-related
knowledge and technology;

* identify and aggressively pursue potential commercial applica-
tions for technologies developed by its own laboratories as well
as by universities, Federal laboratories, and foreign sources;



. increase quality, output, and productivity by undertaking
necessary investments in physical capital;

* improve the skills and abilities of its workforce to meet its

specific needs; and

* participate cooperatively in improving the quality of U.S.
education.

Government policies can help establish a favorable environment for

private industry to conduct these activities, but cannot substitute for

aggressive private sector action.

Government Incentives for the Private Sector

* Create an environment conducive to technological competitive-
ness by ensuring that technology policy concerns are factored
into the formulation of related policies (e.g. fiscal, monetary,

trade, environmental, etc.) with the overall objective of enhanc-
ing U.S. economic growth.

* Encourage private technology-related investment through Fed-

eral monetary and fiscal policies. For example, reducing the

capital gains tax differential and making permanent as well as

enhancing the tax credit for research and experimentation will

provide incentives for added investment. Incentives can also be

provided through appropriate tax policies.

. Provide an appropriate legal environment at the Federal level

that removes unnecessary obstacles to innovation. Reducing
the uncertainties about antitrust enforcement related to inter-

firm cooperation in research and technology development
encourages the pooling of limited resources and a rapid diffu-

sion of results while still protecting against anticompetitive

practices. Reducing the antitrust uncertainties about joint
production ventures will also enable firms to cooperate in the

development and introduction of new products.

* Revise Federal procurement regulations and practices to permit

greater integration of government and commercial production

at the factory level, as well as encourage greater innovation and

efficiency in development and production. Also encourage the
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use of commercial products, to the extent feasible, for defense,
space, and other government applications.

. Improve opportunities for companies to commercialize tech-
nologies and computer software developed during the perfor-
mance of government contracts by allowing the contractors to

* retain rights in technical data and by protecting their trade
secrets.

* Provide a stable regulatory environment in order to decrease
risk for private investment.

. Seek greater harmonization of regulations and standards for
products and processes with our major trading partners.

. Encourage increased U.S. participation in multi-lateral interna-
tional standardization efforts through the standards activities of
the National Institute of Standards and Technology.

* Seek better international protection of intellectual property to
allow more benefits to be recovered from R&D investments.

Education and Training

* Revitalize education at all levels including not only the training
of scientists, engineers, and the technical workforce, but also
educating our population to be sufficiently literate in science
and technology to deal with the social issues arising from rapid
scientific and technical change. Achieving such a goal will
require a broad-based approach involving business, academia,
and educational organizations, as well as Federal, state, and local
governments.

* Develop a framework for Federal interagency coordination and
collaboration in mathematics, science, engineering, and technol-
ogy education. The goal is to define an effective and appropri-
ate role for the Federal government in support of the states,
localities, and universities as they improve science and technol-
ogy education to build human capital in the U.S.



* Encourage continuing education and training, recognizing that,
particularly in scientific and technological fields, education
must be a lifelong activity.

Federal R&D Responsibilities

* Increase Federal investment in support of basic research. Pri-
vate industry does not invest heavily in basic research because
the payoffs are so unpredictable and diffuse that individual
firms cannot be confident of fully recovering their investments.
However, the long-term potential benefits of this research are
so large that society cannot afford not to make the investment.
especially in university research, which, in addition to new
knowledge, also produces trained scientists and engineers of the
future.

* Participate with the private sector in pre-competitive research
on generic, enabling technologies that have the potential to
contribute to a broad range of government and commercial
applications. In many cases these technologies have evolved
from government-funded basic research, but technical uncer-
tainties are not sufficiently reduced to permit assessment of full
commercial potential. In pre-competitive research, which
occurs prior to the development of application-specific com-
mercial piototypes, research results can be shared among poten-
tial competitors without reducing the financial incentives for
individual firms to develop and market commercial products
and processes based upon the results.

* Continue the Federal Government's development of products
and processes for which it is the sole or major consumer, such
as national defense, provided that no commercially available
products can be substituted. The government, in such cases,
must rely principally on the private sector to undertake the de-
velopment process. Revise current Federal procurement regula-
tions to strengthen the abilities of companies involved in devel-
oping and demonstrating these products to use the same re-
search results and technologies for commercial purposes.
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. Maintain a strong Defense technology base to provide options
for future weapons systems development and to help avoid
technological surprises by potential adversaries. Special empha-
sis needs to be placed on shortening the time required for trans-
ferring R&D results to production and on using commercial
products.

* Streamline Federal decision-making structures and mechanisms
to eliminate unnecessary and cumbersome regulations and
practices that inhibit industrial competitiveness.

. Encourage international cooperation in science and technology,
where mutually beneficial, and inform U.S. researchers of

opportunities to participate in R&D initiatives outside the U.S.

Transfer of Federally Funded Technology

" Improve the transfer of Federal laboratories' R&D results to the
private sector. Where appropriate, these laboratories should
give greater consideration to potential commercial applications
in the planning and conduct of R&D, and these efforts should
be guided by input from potential users. To achieve this goal,
there must be a closer working relationship among these labo-
ratories, industry, and universities. Defense-related laboratories
can make major contributions while still providing adequate
safeguards for classified information.

* Promote increased industry-Federal laboratory-university
collaboration, including personnel exchanges, to help convert
Federally-supported R&D into new technologies that the
private sector can then turn into commercial products and
processes.

* Promote and encourage access by U.S. industry to Federal
laboratories within the guidelines established by the Federal
Technology Transfer Act of 1986 (P.L. 99-502), other existing
legislation, and Executive Order 12591.

* Expedite the diffusion of the results of Federally-conducted
R&D to industry, including licensing of inventions and
removal of barriers to commercialization of Federally developed
computer software.
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Encourage direct laboratory-industry interaction within broad,
flexible Federal guidelines, since effective technology transfer
occurs at the operational level.

Federal-State Activities

Recognize the importance of decentralization, and encourage states
to develop programs that take into account the individual characteristics of
each state. Federal programs in such areas as education, training, the
national infrastructure, and regional generic technology centers, should
build upon state initiatives.
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REPRESENTATIVE HAMLTON. Mr. Branscomb, please proceed.

PREPARED STATEMENT OF LEWIS BRANSCOMB, MEMBER,
CARNEGIE COMISSION TASK FORCE, KENNEDY SCHOOL OF

GOVERNMENT, HARVARD UNIVERSITY

MR BRANSCOMB. Thank you, Mr. Chairman.
Economists are the first to say that if we want a healthy economy the

government has to help create a sound economic environment within which
the private sector competes. The same principle applies to technology
policy.

The goal of technology policy ought to be to make the United States
the place where people want to invest, where workers are skilled and have
interesting and productive jobs. In short, we need a policy that I would
call "capability enhancing."

There is an emerging consensus for such a policy. I don't believe the
divisive debates about industrial policy any longer need to be a big
constraint, and I would point to two examples.

One is the document that the White House sent forward to the Congress
on September 26, 1990, just about a year ago, which told us what the U.S.
technology policy should be from the Administration point of view. I
believe the first page and a third of that document is an eloquent
conservative but also realistic statement about the kind of policy we need,
not one in which the government decides what technology to generate, but
one which the academics would call a "diffusion-oriented" policy aimed
at effective access and utilization to technology.

Second, I would refer to a document that was handed out to the press
a couple of weeks ago, a letter to Senator Bingaman from Jerry Jasinowski,
the President of the NAM, who quotes in that letter the long-standing
policy of the NAM. I put that in my formal testimony because I don't
believe that any thoughtful individual who has looked at modem
technology policy would differ from it. I think it's an excellent statement
and entirely consistent with the document I just referred to.

Now, there are three elements of a technology policy for the country
today and tomorrow.

The first is to understand what our defense technology policy should
be. The second is to understand what the policies of the government should
be with respect to the role of civil agencies in their concem for industrial
technology performance. The third are policies for managing these policies,
namely, how should the Executive Office of the President deal with these
issues.

With respect to defense, it's important to emphasize that our report does
not mission the Defense Department to fix the civil economy. Anybody
who has studied the problems of competitiveness in American industry will
understand that the defense industry is not a prototype for how commercial
industry should compete. The defense industry meets an entirely different
kind of market environment than the commercial industry meets. But the



defense community must be able to engage more effectively with dual-use
technology, and thee are two reasons.

The first, as Admiral Inman has already pointed out, is that in many
areas industrial technology leads that which the Defense Department finds
within its defense contractor community. Even in IBM the defense
contracting division looks to IBM's commercial divisions for their
microelectronic technology to a large degree.

Second, the Defense Department is going to have to learn how to work
with commercial industry in order to get access to that commercial
technology. We all know that if you want to collaborate with someone and
you want to share skills, you need a partnership arrangement So, Defense
is going to have to be a partner with the private, commercial sector and
not call the tune on a top-down basis, as it can with its own contractors.

The areas of technology most critical to commercial competitiveness
tend to be what we call downstream technologies; namely, those concerned
with production, quality, cost and rapidity of response to market signals.
These areas are also important to defense because they determine the cost
and speed of response of the industry to defense needs. So, defense is at
stake in this area, and it needs both to learn and also to ensure that its
contractors have these kind of capabilities.

That's what leads me to believe that the NARPA concept is sound. It
is a concept in which defense appropriations are spent only for defense
purposes, but the program is run in a way that is realistic about the nature
of the world economy.

If there are other agencies of the government that have a congressionally
chartered mission to develop new areas of technology of commercial
interest, then we envision that funds might be transferred from a civil
agency to NARPA to carry out such a project, taking advantage of
DARPA's skill at managing such projects.

Second, is the question of the civil agencies. NIST the old NBS, which
I ran for several years, has 90 years of experience with the kind of
technical knowledge that is most useful on a day-to-day basis for enhancing
industrial productivity. The Congress and the President have given NIST
three new missions in this area, including the Advanced Technology
Program, as perhaps is appropriate for a learning phase. It's going to be
a while before those new activities have real impact

My colleagues and I at Harvard have a book that will appear early in
the spring or late in the winter called, "Beyond Spinoff - Military and
Commercial Technology in a Changing World." In that book we identify
four areas of underinvestment in commercially relevant technology by the
government. In three of these, we believe that there is an unambiguously
clear economic justification for public investment.

First, is the "path-breaking" technology for which DARPA has probably
the best track record, where clearly the risks are high, commercial
opportunity long delayed, and where the issues are primarily technical. This
is the path through which new science becomes new industry. Industry
clearly underinvests because appropriability is low.



Second, is what we call "infrastructural" technology. In Washington,
I believe, it is more often called "generic" technology, which is often
boring and practical, having to do with the base of technical knowledge
that a sophisticated modem industrial finn requires to be efficient. This
is what NIST is good at. The problem is that in the past NIST has confined
such work to in-house activity in its own laboratories.

Examples of infrastructural technology are the characterization of
materials, the development of accurate test methods, specification for
technology processes, and measurement technology. These are the grist
of industrial, productivity. Until the Congress set up the Advanced
Technology Program, there was not a means for engaging universities and
industry directly in this kind of work to supplement what NIST does in-
house.

The third category, we call "strategic." This is the area where one gets
closest to going.beyond conventional economic reasoning. This area is
where the Nation decides that there is an industry whose health is critical
to the Nation's well-being as a whole. The industry has come to the
government to ask for a relationship; industry is willing to put its money
where its mouth is and is looking for a partnership with government. In
this case, the technical risk is probably relatively modest The business risk
is obviously substantial because the health of an industry is at stake.

My personal view is that Sematech is such an example. I think it is a
justified example, but you want to be sure all the other policies are in place
that are necessary to make sure that the success of the enterprise is highly
likely.

The fourth category is perhaps the most important of all. It has to do
with how the government works with the private sector to ensure the
effective diffusion and application of existing knowledge. Here, I would
cite, as one example that the Congress and the Administration both seem
to favor, the National Research and Education Network (NREN), which
Senator Gore and others have been very involved in.

NREN can pay off by aggregating a market for commercial information
services for allowing people to collaborate more efficiently than they could
otherwise do.

Now, let me emphasize that I believe that the economists have correctly
identified the criteria that should be applied to justify public investments
in technology, and they are basically two.

First, the externalities from the technology--the social returns from the
widespread diffusion of this technical knowledge-should be well in excess
of the cost. That tells you that it's a good investment, but how do you tell
that it's a good public investment? The answer is, if the appropriability
to those who invest in the technology is low, then they will underinvest.
I believe that is the case for many of the things we're talking about

These are the attributes of what is called a public good. We all
understand that basic science is a public good; there is really no debate
about that among liberals and conservatives.



What we need to do is to ask ourselves, in light of modem science and
engineering, how do we decide what technical knowledge is a public good
today? I would insist from my experience in industry that there are large
areas in the world of technology where in fact the technology is a public
good. I would cite the two examples that I just gave, infrastructural or
generic technologies that are widely shared and efficiency generating; and
the path-breaking technologies that are close to science, have high risk,
have huge potential paybacks to the country, but are long delayed. Third,
the investment in the national infrastructure, clearly a community
investment and not something individuals can do.

Now, finally, let me say that there is a great deal of discussion in
Washington about lists of critical technologies. I think these lists are
important because they tell us where as a nation we may want to go. What
they don't do is tell you what to do when you get there. For example,
biotechnology is a critical technology in the Nation's future, given all the
projections of economic growth in this field. What aspects of biotechnology
should the government invest in, and what part should the private sector
do?

That's what brings me back to these criteria behind which I believe
there is a growing consensus. We should not damn all government efforts
simply because we haven't thought precisely enough about the nature of
technical knowledge and the government's role in it. We should define
technology policies on the basis of experience in industry and government
that is stable and going to be effective.

My view is that this report provides a road map for some early steps
that the country can take to move us down this road. It does not describe
where in fact the institutional structure might be 10 or 20 years from now.

Thank you.
REPRESENTATIVE HAMILTON. Thank you very much, Mr. Branscomb.
[The prepared statement of Mr. Branscomb follows:]



PREPARED STATEMENT OF MR. BRANSCOMB

It is a privilege to join Admiral Inman for this discussion of the technological roots of

American economic competitiveness and what Americans should do to insure a bright future

for our country in an increasingly competitive global economy. Admiral Inman has

summarized the key points in the Carnegie Commission's report.' I would like to expand

on some parts of the Commission report and on the subject of technology policy for the U.S.

Our report focuses on how the Executive Branch of government might address the

technological dimensions of competitiveness through improved organization and decision

making, taking the existing structures and capabilities of the agencies into account as a guide

to next steps. Some critics might think this effort is premature: some think we must first

resolve a, national debate over the dangers and virtues of industrial policy.

The emerging consensus behind a capability-enhancing technology policy.

There are still large differences of opinion about the government's role in macro-economic

policy, which, like technology policy, is also a critical element of competitiveness strategy.

I believe, however, that few advocates of centrally planned industrial policy remain, and a

very broad consensus already exists to define what government should and should not do

in science and technology.

Let me cite as evidence of that consensus the technology policy sent by the White House

to Congress on Sept. 26, 1990. This document represents an important shift in emphasis

a focus on federal missions and basic science to insuring that U.S. workers and managers

have effective access to the best and most appropriate technology, and can use it quickly and

economically. The new emphasis is on technological infrastructure, education, skills

enhancement, and technology diffusion. The policy recognizes that under certain



circumstances technological knowledge as well as basic research can be a "public good," to

use the economist's language. When such knowledge has wide ranging applicability, low

appropriability to the investor but high generic value, it is likely to be rapidly shared in the

economy. Such knowledge is thus characterized as *generic and pre-competitive".

President Bush and Secretary Mosbacher have repeatedly recognized the appropriateness

of federal investments in pre-competitive, generic R&D.

Spokesmen for private industry are on the same track. Perhaps it is no surprise that the

Council on Competitiveness, a private, non-profit body composed primary of top executives

from high-tech industry have made this case very strongly. Even more impressive is the

policy of the National Association of Manufacturers. That association is not known as a

shrinking violet when it comes to protecting the private sector's freedom from government

control. Its president, Jerry J. Jasinowski, described the association's policy in a letter to

Senator Bingaman supporting the Advanced Manufacturing Technology and National

Critical Technologies Acts of 1991 as follows:

Federally funded R&D more relevant and useful to mecting the competitive needs of the nation should

be considered on its merits, nt on the basis of ideolog....Goneric manufacturing R&D efforts, focused

on base-building technologics and processes rather than speciflc products should be promoted. ..Thc

federal government should also assist - not control - state and local governments in their efforts to

promote local technology development. ...Government and industry should expand their support for

manufacturing-rclated research activities as welL In short, the best and latest R&D must he applied to

manufacturing to make and keep US. industry the most productive, cost-effective, and market-

responsive in the worlds

'One might better say "non-competitive," or better still "non-proprietary" since its value
may apply to downstream engineering activities such as quality control or field service as
well as upstream before proprietary products are developed. The key feature of non-
competitive or non-proprietary technologies is that firms are generally willing to share or

publish them.



As I have described in a recent paper, these ideas form the basis for what I call a

"capability-enhancing" technology policy for America. Increasingly they are supported at

least in principle by the administration and in the Congress -- Such a policy is designed for

a global economy, for its focus is not so much on foreign vs. U.S. ownership of firms but

rather on how to make the U.S. the best place in the world for good working conditions and

competitive, environmentally sensitive industry.

What we need to be debating now is how, not whether, federal and state governments and

the private sector will respond to the extraordinary changes that have swept the world in the

last decade, even in the last few weeks. Democratic free enterprise has never been held in

higher regard in the world than today. The Soviet Union has made the case against

centrally planned economies better than any American opponent of "industrial policy" could.

Most Americans do not see government as the first or most important too] in turning around

our economy. But few would deny that government exerts great influence over the nation's

technological capability. The nature of that influence is poorly understood by most people.

"New thinking"' in technology policy must address restructuring government policy and

institutions so that they more effectively support both private and public needs.

There are three places to start: defense, the civil technology agencies, and the Executive

Officc of the President.

Defense technology policy

On the defense side, the U.S. has begun a transition of enormous importance for the nation.

Although still very important. defense technology will continue its decline as a primary

Lewis M. Branscomb 'Toward a U.S. Technology Policy," Issues in Science and
Technology, Volume VII, No. 4, Summer 1991. ThIs paper is submitted to the Committee
for possible inclusion in the record of the hearing.

The world's newest oxymoron.



source of stimulation of the nation's technology base. Technological infrastructure will rise

in importance as a source of industrial vitality. While defense and commercial products may

continue to diverge from one another, the supporting technologies will more and more

become "dual use."

Increasingly dependent on technology developed commercially, the Defense Department will

need to change its acquisition policies in order to gain access to the commercial technology

base. It will also have to put more emphasis on "downstream" technologies concerned with

low cost, high reliability production in the interest of keeping its own costs down and

because these technologies are key to commercial competitiveness. These facts tell us three

things:

* We should not expect defense agencies to take primary responsibility for the job of

helping commercial industry become more competitive; defense will have to focus on staying

modern flexible, and economicaL

*Defense agencies will have to pay more attention to dual use technologies, both because

defense technology now lags commercial technologies in many militarily critical areas and

because it is through partnerships in dual use technology that defense has the best chance

to gain access to leading commercial technologies.

* More emphasis must be given, both by defense agencies and in support of commercial

industry productivity, to process technology and manufacturing systems to bring these areas

of technology in balance with upstream" emphasis on product-oriented R&D. This

* The changing relationship of military and commercial technology and Its implications
for technology policy in the U.S. are explored in considerable depth in a book now in press:
J. Alic, LM. Branscomb, H. Brooks, A. Carter, and G. Epstein, Beyond Spinoft Militay and
Commerckd Technologies in a Chwi%*g World, Boston: Harvard Business School Press, in
press, 1992. See lewis M. Branscomb, "The Case for a Dual-Use National Technology
Policy," Aspen Quarter. VoL 2, No. 3, Summer 1990, pp 33-52.



emphasis is well expressed in pending legislation sponsored by many members of this

committee.'

This led the Commission's task force to conclude that DARPA's demonstrated capability

to develop pathbreaking dual use technologies will be even more needed in the future. But

the correct rationale must support that mission, a rationale that puts defense needs first in

DARPA's budget, but sees those needs in terms of a national technology base, not a defense

industry "ghetto." An important indirect effect of that policy will be that even as DARPA

becomes a smaller fraction of the nation's technical effort, and focuses on long-term defense

needs, its positive contribution to the national technology base. can grow.

Civilian technology policy

Thus with defense influence in the nation's economy decreasing,' the government must

learn how its civilian agencies can play more constructive roles. The so-called mission-

oriented agencies, such as NASA and the Department of Energy (DoE), contribute in

specified areas of technology. But in the past they have tended to follow the pattern of

defense agencies, focusing their investments in massive federal projects for which they have

operational responsibility. Except in their supporting research role, which has always been

very important to the economy, they have not attempted to go much beyond technology

transfer programs in helping industry improve its process technologies, increase productivity,

and accelerate commercialization.

The National Institute for Standards and Technology (NIST)b has a unique track record in

It is striking that already the U.S. spends twice as much on health care as it does on

defense -- both technologically intensive sectors of the economy. Biotechnology growth is

expected to outpace defense industry growth for a good many years.

b Located in the Department of commerce, NIST was formerly the National Bureau of

Standards. I was an NBS technical staff member from 1951 to 1969 and Director from 1969

to 1972.



of 90 years of service to commercial industry, emphasizing non-proprietary ("pre-

competitive") generic technologies of particular importance to manufacturing productivity

and economic efficiency. NIST has developed test methods and helped the private sector

use them in consensus industrial standards, which are basic for quality controL NIST

researchers are experts on characterization of processes and materials, so essential to

automated production. NIST support for the national system of measurement and its

international compatibility speed up technical progress and reduce costly errors and poor
quality.

These activities have enjoyed participation by guest workers from private industry for many

decades. However, because NIST (NBS) budgets have always been severely constrained,

almost all' of NISPs work was conducted in-house until recently. With growing

recognition in the Administration and the Congress that the nation's competitiveness

problems are severe and must be addressed in partnership with the private sector, important

steps have been taken to make it possible to expand the scale industrially-vital generic

research and accelerate its diffusion to industry. The first step was the passage of the 1989

Omnibus Trade and Competitiveness Act, which authorized NIST to cost-share research

work with industry.8 The Advanced Technology Program is still in its early learning phase,

still defining what it means by "generic, pre-competitive technology. 9

Criteria for federal Investments in industrially-relevant technology.

My colleagues and I at Harvard have given considerable thought to the criteria that should

govern federal investments in technology to support the national industrial base.'o Current

federal policy focuses on mission-relevant R&D plus basic research and relies on indirect

incentives to encourage commercialization. This policy results under-investment in four

categories of technology.

* An except was the Precision Measurements grants program initiated when I was
Director of NBS ten years ago.



The first is pathbreaking technology, usually arising from new science, in which the technical

risks are very high, and the prospect of commercial returns are remote in time but

potentially large in magnitude. Industrial lasers, computers, genetic engineering have all led

to new industries after a decade or two of government-funded research and development.

This kind of federal investment was the hallmark of defense research in the 1960's, when

the commercial impact was high because high-tech industry was still immature and the U.S.

faced little foreign competition in high technology. DARPA has been particularly effective

in making pathbreaking technology investments, many of which have had dual usage,

stimulating both new military capabilities and new commercial industries as well. The

Carnegie Commission report recognizes this fact and notes that DARPA's experience in this

area could be made available to civil agencies, which would be expected to underwrite the

costs so they would not detract from military capability. This is the rationale for evolving

DARPA to NARPA, the National Advanced Projects Agency, as an early step that would

take advantage of management efficiency and dual use synergy.

The second is infrastrzuctral or generic technologies - where technical risk and business

risks are usually moderate and underinvestment arises more from low appropriability than

from high risk. NISTs in-house research program, described above, is the best example of

such research. But it is also important to remember that much dual use technology created

by defense expenditures is also of this kind. The primary defense-commercial synergy in

sub-sonic aircraft, for example, arises from common tools and materials, such as design

automation technology, from flight simulation and high-strength, low-weight composites.

Much, perhaps most, such infrastructural technology was financed from defense procurement

and commercial sales, rather than from defense R&D. The ATP program in Commerce

purports to support generic technology, but many of the initial projects look more like

pathbrcaking, DARPA-style projects than generic technology. Nevertheless, among

government agencics, NIST's technical capability and knowledge of commercial industry

provides the best model for managing a program of investment in infrastructural

technologies.



The third category of underinvestment is the most politically sensitive: strategic technolory

investments. In this case a determination is made that technological support to a specific,

vital sector of industry is in the national interest. The best current example is SEMATECH,

a consortium of microelectronics firms which, with DARPA-industry cost-sharing, is

attempting to insure that the U. S. microelectronics manufacturing tool industry is able to

remain competitive with Japanese firms as technical requirements become increasingly

severe. In such cases technical risk should be contained; business risk is clearly high.

Strategic technology programs come closest to industrial policy of the four categories, for

two reasons: a specific sector of industry is identified as intended beneficiary and other

provisions of law, trade, or economic policy may be necessary to ensure that the entire effort

succeeds. As a result such projects will be the exception, not the rule.

The fourth area of under-investment is perhaps most serious of all: investment in the

diffusion and application of bath new and existing knowledge. Here education, school-to-

work transition, worker training are especially important.' So too is industrial extension,

particularly to help smaller and middle-sized firms use technology to improve manufacturing

quality and costs. Expanded science and technology information services, including the

evaluation and dissemination of technical knowledge to enhance access and usability should

also be encouraged. Both the Administration and the Congress are pursuing investments

in knowledge infrastructure" such as the NREN computer network, which, like the

INTERNET on which NREN is based, will enhance the accessibility of technical

information services, thereby aggregating a national market, and encourage cross-sectoral

collaboration as well.

Executive Office of the President

' The federal role in reform of pre-college math and science education is dealt with in
another Carnegie Commission report to be released on Monday, Sept. 16, 1991. See In the
National Interest: The Federal Government in the Reform of K-12 Math and Science
Education, New York: Carnegie Commission on Science, Technology, and Government,
Sept. 1991.



The policy evolution envisioned in this testimony, and in the Carnegie Commission report,

will, like all "new thinking" in political affairs, take time. During the period of evolution use

must be made of existing institutions and established patterns of policy. One of the most

enduring such patterns is the notion that technology investments made for defense purposes

are well understood and accepted, while new civilian agency programs like ATP are feeling

their way. New institutions, like the Commerce Technology Administration and the new

name and mission for NIST, start from very modest budgets, and must earn the confidence

of the Congress, the business community, and the public. Much of the content of the U.S.

high tech agenda deals with dual use technology.

For all these reasons It makes good sense to consider equipping the NSC with the capability

to take explicit account of the health of the technology base of commercial industry at the

same time it concerns itself with defense technology. Increasingly, trade and technology

relations will become coupled to defense security relations, as the participation of Japan in

the Gulf War partnership illustrates. Economic and military dimensions of national security

are sure to become less and less easily distinguishable.

The Office ,of Science and Technology Policy clearly has the most specific responsibility for

technology policy. But that responsibility cannot be isolated in one White House staff, as

already noted. From a national security perspective, the President is likely to look primarily

to the NSC. From a trade and growth perspective, technology policy is a part of economic

policy, where the CEA has special oversight and the Economic Policy Council provides a

policy forum. The Presidents Assistant for Science and Technology can be especially

helpful in pulling all these threads together, which only the President can do. Every

multinational, high-tech corporation has a Chief Technical Officer who helps the CEO pull

address the technological dependencies of all his business goals. The President of the

United States needs the same capability, and his authority and interest must provide his aids

with their authority. For this reason in particular, we urge that the Assistant for Science and

Technology be the focal point for technology policy, but he or she needs to be able to work

through and with the other key organs of the Executive office.



In conclusion, let me say that I am quite optimistic about the future directions for U.S.

technology policy. There is a growing consensus on its importance and its general outlines.

There are many issues of policy and of implementation to be addressed, not the least of

which involves resource allocation in a time of very tight budgets. But this committee can

play a very important role in bringing about the needed changes.
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REPRESENTATIVE HAMILTON. Mr. Weidenbaum, please proceed.

PREPARED STATEMENT OF MURRAY WEIDENBAUM,
CENTER FOR THE STUDY OF AMERICAN BUSINESS,

WASHINGTON UNIVERSITY

MR. WEIDENBAUM. Thank you, Mr. Chalirman.
It's a great pleasure to be back before the Joint Economic Committee.
Technological progress is a prime driving force in the global economy,

and that makes this hearing so appropriate. But the report of Carnegie
Commission is very disappointing.

A distinguished group, the Commission contains many old friends and
former colleagues. Its report makes some good points. However, it is
fundamentally wrong in urging a larger role for government where the
public sector has little capability, and ignoring the responsibilities uniquely
the role of government.

I have prepared a report with a very different orientation and submit
it for your consideration. I'll summarize very briefly.

The United States does not have a competitiveness problem. Allegations
to the contrary don't justify a new federal role in technology. We face a
continuing competitiveness challenge. I don't mean to quibble.

American-produced goods and services are more than holding their own
in world markets. Our merchandise exports rose 74 percent between 1980
and 1990. The U.S. does have a large, declining trade deficit. Merchandise
imports rose more rapidly than exports in the past decade. In large
measure, this reflects the fact that we're a high consuming, low-saving
society. That's an important concern to economic policymakers, but it
transcends the issue of competitiveness in technology.

Surely, our steady trade surplus in high-tech products belies the need
for special government help for commercial technology. Like many other
areas, such as education and retirement benefits, federal priorities in science
and technology are arrived at indirectly by adding up the parts of
departmental budgets that go for R&D. A change in overall budget
priorities can result in an inadvertent reduction in federal support of science
and technology. A shift from defense with a high R&D content to
entitlements with no R&D means a reduction in federal spending for R&D.

Nevertheless, there is no need for a master plan of federal R&D. NASA
shouldn't expand just because someone in the White House is anxious to
support technology. But we shouldn't ignore the adverse effects of large
defense cuts on R&D, especially on basic research where private firms
underinvest for good reason. The Commission, however, is misguided in
urging DOD to spend more on basic research. Off-setting increases should
go to civilian agencies, such as NSF.

By the way, I've never met an advocate of socialism in the Federal
Government. It's just that there are a lot of people that want to add a
teeny-weeny bit of government to help the business system work better.
Over the years, as a result, numerous wasteful sudsidies have been



enacted-shipping subsidies, credit subsidies, syn-fuel subsidies. The
Commission's proposals for government support of commercially relevant
technology fall in this category. Government has no capacity for choosing
new technology.

One question is easy to answer. How would the government decide
which industries and projects to support? The government favors
politically powerful older companies that have invested substantially in a
Washington presence and whose employees fear for their jobs. New firms
may be economically strong, but they're politically weak. They lack an
extended record of political contributions or a large group of agitated
employee/voters. The result is an uneven contest favoring old-line business
and old technology over the new.

Bill Proxmire, an active member of this Committee for years, was fond
of saying, "Money will go where the political power is. Anyone who thinks
government funds will be allocated to firms according to merit has not
lived in Washington very long."

The U.S.-Japanese semiconductor agreement illustrates the danger. The
agreement helped some firms but hurt our computer industry. The results
were typical of special interest legislation benefitting some sector at the
expense of the national interest.

Recall, in the early 1980s, the U.S. industry outsold the Japanese. The
Japanese responded by investing more than the Americans. By the mid-
1980s, they began to outsell U.S. firms. Today, American companies are
asking for a handout That's an unjustified reward for poor business
judgment, a terrible precedent for other companies to follow. Our answer
should be, "Sorry, fellows, welfare is for poor people." -

There is a modest role for government in supporting technology, issuing
patents and setting technical standards. But under our private enterprise
system, private firms decide where to invest and what risks to take.
Government should facilitate the flow of technology by creating a favorable
economic climate, and that role needs to be improved.

The obstacles the government has erected should be reduced. After all,
what good would it do for the Federal Government to support high-tech
enterprises if at the same time government erects statutory and
administrative road blocks to the use of new technology?

The hysterical reaction to the use of the protein BST in increasing milk
production is not unique to biotechnology. Witness the spectacle of
consumer advocates vehemently opposing the innovation because it would
reduce the price of milk, and State Legislatures caving into this nonsense.

Also the U.S. boasts a world class pharmaceutical industry. The
government response: FDA and congressional committees are cracking
down on the industry. How will giving FDA unprecedented police powers
accelerate the use of technology? Because regulatory agencies grandfather
existing products, the main burden of expanding regulation falls on new
undertakings and new technology. The most useful federal action to
promoting technology is to eliminate these government barriers.

Cn 0o n- A,



In my paper I also describe needed revisions in antitrust laws and
administration, in patents, and in tax incentives in lieu -of expenditure
subsidies.

Another question the Committee asked is, what should be the role of
the Defense Department in promoting commercial competitiveness? The
answer is zero. The Pentagon should reduce the obstacles to its
procurement of state-of-the-art products available in commercial markets.

The Commission urges DOD to subsidize civilian R&D because it's
an important user. There is no limit to that line of reasoning. The military,
market basket ranges from missiles to mittens, from ground support
equipment to golf balls. The specialization of labor still holds. That's why
DARPA works well, most of the time. But. DARPA shouldn't become
NARPA with a diffuse mission extending to all the technology sponsored
by civilian agencies.

Lou Branscomb has warned that defense R&D tends to be too slow,
too centralized, and too micromanaged to be transferred successfully to
the private sector. As an alumnus of the defense industry, I agree. Another
federal effort to force-feed the process would be wasteful..

Moreover, using the military budget to support civilian technology will
politicize the process. Go no further than the Corps of Engineers for an
illustration. The Corps' military functions are first rate. Its civilian dam
building is embroiled in local politics. Some urge the Commerce
Department to invest more heavily in a technology base. But having a
federal civilian bureaucracy determining which areas of technology to
support is only marginally better than having the Pentagon do it.

The Carnegie Commission proposals don't deal with the fundamental
conditions that encourage investment in civilian technology-lower costs
of capital and expanding economic opportunity. In fact, the increase in
budget deficits resulting from their proposals would make it more difficult
to achieve those conditions.

According to a high-level former Commerce Department official,
"business executives only want the government involved in high-risk, long-
term, expensive high-tech research projects." But inevitably the political
process will decide which lucky few are "high risk," "long term" and "high
tech." Politically weak, new companies by default would not be "high
tech," or "high risk," or "long term."

My favorite recommendation to congressional Committees considering
proposed new federal spending is still, "Don't just stand there, undo
something."

Thank you very much.
[The prepared statement of Mr. Weidenbaum, together with an

attachment, follows:]



PREPARED STATEMENT OF MR. WEIDENBAUM

Technological progress is a prime driving force in the global economy, which

makes this hearing so appropriate.

But, the report of the Carnegie Commission on Science, Technology, and

Government, which is a major focus of this hearing, is very disappointing. A

distinguished group, the Commission contains many old friends and former colleagues.

Its report raises important questions and makes some good points. However, it is

fundamentally wrong in urging a larger role for government where the public sector has

little capability and in ignoring the responsibilities that belong to government.

I have prepared a report with a different orientation and submit it for your

consideration. I'll summarize briefly.

Competitiveness

The United States does not have a competitiveness problem. Allegations to the

contrary do not justify a new federal role in technology. We do face a continuing

competitiveness challenge. I don't mean to quibble. American-produced goods and

services are more than holding their own in world markets. Our merchandise exports

rose 74 percent over the ten years 1980 to 1990.

Note: Murray Weidenbaum is Director of the Center for the Study of American
Business at Washington University in St. Louis. The views expressed are personal.
This statement draws on his forthcoming book, Small Wars, Big Defense (Oxford
University Press).



The United States does have a large, but declining, trade deficit. Merchandise

imports rose more rapidly than exports in the past decade. Inlarge measure, this

reflects the fact that we are a high-consuming, low-saving society. This is an important

concern to economic policymakers, but it transcends the issue of competitiveness and

technology.

Surely our steady trade.surplus in high-tech products belies the need for special

government help for commercial technology.

Existing Policy Toward Science and Technology

Like many other areas such as education and retirement benefits, federal

priorities on science and technology are arrived at indirectly - by adding up the parts

of department budgets that go for research and development (R&D). A change in

overall budget priorities can result in an inadvertent reduction in federal support of

science and technology. A shift from defense (with a high R&D content) to

entitlements (with no R&D) means a reduction in federal spending for R&D.

Nevertheless, there is no need for a 'master plan* of federal R&D; NASA

should not expand just because someone in the White House is anxious to support

technology. But we should not ignore the adverse effects of large defense cuts on

R&D, especially on basic research, where private firms underinvest for good reason.

The Commission is misguided in urging DOD to spend more on basic research.

Offsetting increases should go to civilian agencies such as NSF.

Proposed Support for Commercial
Science and Technology

I have never met an advocate of socialism in the federal government. However,

quite a few people want to add a *teeny weeny" bit of government intervention to help

the business system work better. Over the years, numerous wasteful subsidies have

been enacted - shipping subsidies, credit subsidies, synthetic-fuel subsidies. The



Commission's proposals for government support of commercially relevant technology

fall in this category. Government has no capacity for choosing new technology.

One question is easy to answer: how would the government decide which

industries and projects to support? Government favors politically powerful, older

companies which have invested substantially in a Washington presence - and whose

employees fear for their jobs.

New firms may be economically strong, but they are politically weak. They

lack an extended record of political contributions or a large group of agitated

employees/voters. The result is an uneven contest that favors old-line business and old

technology over the new.

Former Senator William Proxmire, an active member of this committee for

many years, was fond of saying, "Money will go where the political power is. Anyone

who thinks Government funds will be allocated to firms according to merit has not

lived in Washington very long."

The U.S.-Japanese semiconductor agreement illustrates the danger. The

agreement helped some firms, but hurt our computer industry. The results were typical

of special-interest legislation, benefitting some sector at the expense of the national

interest.

Recall that in the early 1980s, the U.S. semiconductor industry outsold the

Japanese. The Japanese responded by investing more than the Americans. By the

middle 1980s, they began to outsell U.S. firms. Today, American companies are

asking for a handout. That is an unjustified reward for poor business judgment, a

terrible precedent for other companies to follow. Our answer should be clear: "Sorry

fellows, welfare is for poor people."



The Boundary Between Government and
Private Initiative

There is a modest role for government in supporting technology - issuing

patents and setting technical standards. Under our private enterprise system, private

firms decide where to invest and what risks to take.

Government should facilitate the flow of technology by creating a favorable

economic climate. That role needs to be improved. The obstacles that government has

erected should be reduced. What good would it do for the federal govemment to

support high-tech enterprises, if at the same time government erects statutory and

administrative roadblocks to the use of new technology? The hysterical reaction to the

use of the protein BST in increasing milk production is not unique. Witness the

spectacle of "consumer advocates' vehemently opposing the innovation because it

would reduce the price of milk - and state legislatures caving in to this nonsense.

The United States boasts a world-class pharmaceutical industry. The

government's response? FDA and congressional committees are *cracking down" on

the industry. How will giving FDA unprecedented police powers accelerate the use of

technology?

Because regulatory agencies often 'grandfather" existing products, the main

burden of expanding regulation falls on new undertakings and new technology. The

most useful federal action to promote technology is to eliminate some of these

governmental barriers.

The Role of Defense and Other Agencies

What should be the role of the Defense Department in promoting commercial

competitiveness? The answer is zero. The Pentagon should reduce the obstacles to its

procurement of state-of-the-art products available in commercial markets.

Some urge DOD to subsidize civilian technology because it is an important

user. There is no limit to that line of reasoning. The military marketbasket ranges



from missiles to mittens, from ground support equipment to golf balls. Specialization

of labor still holds, which is why the Defense Advanced Research Projects Agency

(DARPA) works well - most of the time. DARPA should not become NARPA (the

National Advanced Research Projects Agency), with a diffuse mission extending to all

technology.

Lewis Branscomb of Harvard warns that defense R&D tends to be too slow, too

centralized, and too micro-managed to be transferred successfully to the private sector.

As an alumnus of the defense industry, I agree. Another federal effort to force-feed

the process is wasteful.

Moreover, using the military budget to support civilian technology will

politicize the process. Go no further than the Corps of Engineers for an illustration.

The Corps' military functions are first rate. Its civilian dam building, in contrast, is

embroiled in local politics.

Some urge the Commerce Department to invest more heavily in a technology

base. A federal civilian bureaucracy determining which areas of technology to support

is only marginally better than having the Pentagon do it.

The Carnegie Commission proposals do not deal with the fundamental

conditions that encourage investment in civilian technology - lower cost of capital and

expanding economic opportunity. The increase in budget deficits resulting from the

Commission's proposals would make it more difficult to achieve those conditions.

According to a former Commerce Department official, business executives only

.want the government involved in high-risk, long-term, expensive, high-technology

research projects. But inevitably the political process will decide which lucky few are

"high-risk, long-term,* and "high-tech." Politically weak companies by default would

not be "high-tech" or "high-risk" or "long-term.

My favorite recommendation to congressional committees considering proposed

new federal spending is still, *Don't just stand there, undo something."
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Technology and Economic Performance:
A Different View of the Federal Role

by Murray Weidenbaum

The pace of technological progress is a prime driving force in our increasingly global

economy; government policy on technology needs to be reconsidered in that light. The United

States is heavily reliant on the fruits of science and technology to provide its basic strength,

both military and economic. Over the years, this nation has maintained its strong military

posture, not by having the largest armed force, but by relying on the most technically

sophisticated, up-to-date arsenal of weapons and equipment, and the technically trained people

to operate them.

, Similarly, high-tech companies maintain a favorable balance of trade, while the low-

tech companies have suffered most severely from foreign competition (see Figure 1). R&D-

intensive industries also experience greater increases in productivity than the other sectors of

the economy. Clearly, advances in technology are a key to the continuation of both the

military and the economic power of the United States.

What is not so apparent is the proper course for governmental policy toward

technology, especially its use in the private sector. This report addresses the key issues that

have to be faced in deciding that important federal role in fostering the development and use of

technology. The sections that follow cover national competitiveness, existing science and

technology policy, proposed support for commercially relevant technology, the proper

boundary between government and private initiative, and the future role of the Department of

Defense and other federal agencies.'

Murray Weidenbaum is Mallinckrodt Distinguished University Professor and Director of the
Center for the Study of American Business at Washington University in St. Louis. This report
draws heavily on his forthcoming book, Small Wars, Big Defense (Oxford University Press).
The author is indebted to Kenneth Chilton, Arthur Denzau, and Bruce Petersen for helpful
comments on earlier drafts of this paper and to Harvey James for research assistance.
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Trade Balances in Advanced Technology
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National Competitiveness

R&D Trends

An important aspect of aggregate economic policy is to maintain an environment

conducive for financing and performing commercially oriented technology. To judge by the

numerical results, that necessary environment has been created in recent years, although not

necessarily at the optimum level. In the two decades prior to 1980, the federal government

was the number one funding source for R&D in the nation. In the 1980s, however, the private

sector outspent the public sector on R&D (see Table 1).

The implication of this shift from public to private sponsorship of R&D deserves more

attention than it has received. First of all, it is noteworthy that the private sector has risen to

dominance even though a rapid expansion in Defense Department funding of R&D occurred

during much of the same period. Secondly, the change in relative importance of private versus

public funding means that commercial needs, rather than government programs, now dictate

the greater part of the work of American scientists and engineers. Although we cannot

pinpoint the precise results, an enhanced flow of new products and improved production

processes should occur in the private sector of the American economy during this decade as a

result.

Trade Trends

In any event, the proponents of direct federal support for commercially relevant

technology point to the large U.S. trade deficit as an indicator of a lack of national

competitiveness. It is easy to show that the United States has lost its "supremacy" in the

global economy in the four decades since the end of World War II. In 1950, the United States

generated approximately 40 percent of the world's gross product and 17 percent of world

trade. In the past few years, in striking contrast, the U.S. share of gross product has dropped

to about one-fourth of the global total and its trade to about 14 percent.2



Table I

Federal Versus Industry Financing of R&D
(in billions of dollars)

(1) (2) (3)
Federal Private (1)-(2)

Decade Government Industry Difference

1961-70 129.0 72.7 +56.3

1971-80 203.8 183.3 +20.5

1981-90 518.8 569.7 -50.9

Source: U.S. National Science Foundation.

Historical analysis explains that shift quite readily. In 1950, the economies of Western

Europe and Japan were still recovering from the devastation of World War 11. Under those

circumstances, the American economic giant had little difficulty dominating many world

markets, particularly its own. Such a powerful position was bound to be transitory, however,

as the economic competitors regained their traditional strength, with very substantial help from

both the U.S. government and its citizens. In fact, by 1960, the U.S. share of world trade

already had declined to 13 percent, approximately the current ratio.

It is intriguing to note that the Soviet Union did not take as benign an attitude as the

United States in the postwar period. It shackled the economies of defeated nations within the

sphere of its control. 'Te subsequent poor economic performance of all of the Eastern bloc

economies is hardly a tribute to that approach.

As James Schlesinger has noted, perhaps the United States should have done better in

the period since World War I, "but we have not done all that badly." 3 The United States

remains the leading economic, political, and military power in the world. A recent survey of

Japanese views reported that "the United States is still a vital nation with unchallenged military



power, the world's largest economy, an affluent lifestyle, and natural abundance that leaves

resource-poor Japan in awe."*

The notion that the United States is in decline is simply inaccurate, in any absolute

sense. The United States is not becoming poorer, and its economy is not weak or feeble. In

1990, U.S. farms, mines, factories, and offices produced $5.5 trillion of goods and services -

a record high and double that of second-place Japan. At best (or worst) the proponents of the

decline hypothesis are forced to rely on relative comparisons.

This upbeat conclusion is not just the result of Americans patting themselves on their

backs. Similar, and more strongly worded, sentiments were voiced by the managing director

of Credit Europden:

Since the early eighties, after a decade of relative decline, the United States has
clearly regained its rank as the leading economic and political superpower in
the free world. Neither the erratic movements in the dollar exchange rate, nor
the huge U.S. balance of payments deficit and foreign debt can reverse that
judgment which is shared by a great majority of Europeans.5

The Competitiveness Challenge

The United States does not have a competitiveness problem, but faces a continuing

competitiveness challenge. This distinction is not a quibble. American-produced goods and

services are more than holding their own in world markets. Our merchandise exports rose

from $224 billion in 1980 to $390 billion in 1990, a 74 percent increase over the decade.

Inevitably, not every company is doing that well - while other enterprises are

reporting results much above average. The political noise level is uneven among the two

groups. The poor performers have every incentive to come to Washington in search of

government help. The stronger companies, in contrast, are too busy designing, producing, and

marketing their products to lobby for federal aid.

The United States does have a large, albeit declining, trade deficit. Merchandise

imports rose over the past decade at a more rapid rate than exports, approximately doubling

from $250 billion in 1980 to $498 billion in 1990. In large measure, this reflects the fact that



the United States is a high-consuming, low-saving society. This is an important concern to

economic policymakers, but it transcends the issue of competitiveness and technology.

The triple-digit federal deficits have exerted a powerful, and negative, effect on the

trade balance of the United States. For any nation, if domestic saving is inadequate to financt

both capital formation and government borrowing, an inflow of foreign funds will result. The

foreign funds are earned, in turn, by exporting more than trading partners are importing.

Those U.S. budget deficits cannot be blamed on foreigners; they definitely have a made-in-

America label. 6

To some degree, the high exchange rate value of the dollar in international trade in the

early 1980s made imports especially cheap (and our exports relatively expensive). However,

since the peak reached in early 1985, the value of the dollar has declined substantially, albeit

irregularly. This change helps dampen our imports as well as encourage our exports, thus

reducing the trade deficit.

Some of the change in the U.S. trade position is cyclical. Our imports tend to decline

with recession here, while our exports depend heavily on economic conditions overseas. Thus,

a portion of the recent reduction in the overall trade deficit may be temporary. A renewal of

economic growth in this country should exert an upward pressure on imports while economic

weakness overseas may dampen exports.

In any event, American industry continues to be challenged, in domestic as well as in

foreign markets, by a growing variety of European and Asian companies. Some of these

foreign competitors are benefitting from the diffusion of technology across the global economy.

This is especially true in Asian-rim nations, such as Thailand and Malaysia, which are joining

the ranks of rapidly developing nations. In other cases, the economic consolidation of the

European Community is beginning to develop economies of scale and other efficiencies

resulting from the elimination of numerous national barriers to commerce.

In this global economy, American firms cannot rest on their oars. U.S. companies

must continue to develop a competitive advantage through constant improvement of products



and manufacturing processes - which means in large part applying the results of science and

technology. Nevertheless, the steady U.S. trade surplus in high-tech products belies the need

for special government help because of a supposed lack of technological competitiveness (see

Figure 2).7

Existing Science and Technology Policy

Given the great variety of missions assigned to federal agencies, it is difficult to

identify precisely the nature of federal policy toward science and technology. In effect, that

policy must be inferred by the expenditures and other actions of many different parts of the

federal government.

For example, several major departments of the federal government are large financial

supporters of research and development, notably the Departments of Defense, Energy, and

Health and Human Services. Altogether, federal departments and agencies financed $69 billion

of R&D in 1990, almost one-half of all of the R&D performed in the United States.

However, the President does not present an overall budget for R&D nor does Congress

enact one. As in many other areas, such as education and retirement benefits, analysts must

discover science and technology priorities indirectly - by adding up the many parts of

departmental budgets that are devoted to research and development.

In effect, therefore, a change in overall budget priorities can result in an inadvertent

expansion - or reduction - in federal support for science and technology. 8 A shift from

defense (with a very high R&D content) to entitlements (with no R&D component) will

invariably mean a decrease in federal financing of R&D. As can be seen in Table 2, there is

great variation in the R&D-intensity of federal agencies.

However, it is difficult to identify any significant benefit from changing the way that

the Executive Branch and the Congress traditionally budget mission-oriented R&D. The

Department of Defense and the requisite defense committees of the Congress are in the best
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Figure 2

U.S. Exports and Imports of
Advanced Technology Products
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Table 2

Federal Agency R & D and Total Outlays-in 1988

R&D Total R&D
Outlays Outlays Percentage

Department or Agency (in billions) of Total

Above-average R&D Ratios

National Science Foundation $1.5 St.9 78.9%
NASA 4.8 . 9.1 52.7
Energy Department 5.1 10.5 48.6
Commerce Department .4 2.5 16.0
Defense Department (military) 36.5 299.6 12.2
Interior Department .4 5.4 8.2
Environmental Protection Agency .4 4.9 7.4

Below-average R&D Ratios

Agriculture Department 1.0 50.7 2.0
Health and Human Services Department 7.1 375.1 1.9
Transportation Department .3 26.3 1.1
Veterans Affairs Department .2 27.6 .7
Agency for International Development .1 5.2 .2
All other .7 237.1 ,3

Total: Federal Government $58.5 $1055.9 5.5%

Source: Compiled from data prepared by the U.S. National Science Foundation and the Office
of Management and Budget.

position to determine how much and what kind of R&D is needed to carry out the national

defense mission. Ditto for the Departments of Agriculture, Transportation, etc. There is no

need for a "master plan' of total federal R&D. NASA should not expand its activities just

because some official in the White House is anxious to support technology.

But, as a practical matter, neither Congress nor the Executive Branch should blithely

ignore the adverse effects the major defense cutbacks that are underway will have on the size

and composition of R&D performed in the United States. Basic research merits special

attention because of a limiting characteristic: the organization doing the work cannot prevent



others from benefitting from the results; indeed, public policy encourages the widest use of this

type of "public good." Thus, business firms tend to underinvest in this category of R&D. The

desirable response is not to grant the Defense Department a special budget for basic research,

but to provide offsetting increases to such civilian-oriented agencies as the National Science

Foundation.

Proposed Support for Commercially
Relevant Technology

There are few, if any, advocates of socialism in the federal government. However,

people often want to add a "teeny weeny" bit of government guidance to help the business

system work better. Over the years, numerous government subsidies have been enacted.9

Most of these interventions in the private sector - farm subsidies, shipping subsidies, credit

subsidies, synthetic-fuel subsidies - have been shown to be wasteful or outright

counterproductive. Despite their surface attractiveness, proposals for direct government

support of commercially relevant technology fall into this category. Government has

demonstrated no capacity for choosing among promising new technologies. Witness the space

shuttle still seeking to define its mission or the financially hemorrhaging superconducting super

collider.

Past experience with government trying to force technological innovation is not

comforting. The billions of dollars that the federal government wasted in the abortive attempt

to develop a commercial synthetic-fuels industry was part of a vain effort to reduce our

dependence on imported energy.' 0 Unfortunately, it is only the latest example of the basic

failure of "industrial policy" efforts that extend back to the days of the Reconstruction Finance

Corporation scandals in the 1950s.I1

Thus, it is easy to answer the question: "How would the government decide which

industries, technologies, and projects to support?" On the basis of experience, government

will favor politically powerful firms, which usually means older, labor-intensive companies.

Over the years, these firms have invested substantial amounts of resources in improving their



presence in Washington. Moreover, these firms are the *squeaky wheels," suffering the most

from competitive forces.

New and growing firms may be economically strong, but they usually are politically

weak. They possess reither a record of extended financial contributions to political candidates

nor a detailed knowledge of lobbying techniques nor a large group of agitated

employees/voters. le result is a very uneven contest that favors old-line businesses over new

enterprises, and old technology over new. Former Senator William Proxmire was fond of

saying, "Money will go where the political power is. Anyone who thinks government funds

will be allocated to firms according to merit has not lived or served in Washington very long.*

To be fair, it should be noted that every business going to Washington for financial

help detests and resents the term 'subsidy.' Their executives always describe what they seek

as an investment in future economic growth or some such worthy pursuit. Each supplicant

industry fervently believes in competition, especially on the part of its suppliers. But when

other companies attempt to sell similar products at lower prices or better products at the same

price, that is "unfair competition' or 'predatory pricing* or, worse yet, *foreigners capturing

our markets.' Thus, supposedly government needs to respond.

The U.S.-Japanese semiconductor agreement illustrates the danger that such rhetoric

creates. The agreement surely helped some firms, but at the expense of the U.S. computer

manufacturing industry. The results are typical of special-interest legislation, benefitting some

industry or company or region, but at the expense of the national interest.

As recently as the early 1980s, the U.S. semiconductor industry outsold Japanese

firms. Japanese companies responded by investing more heavily than their American

counterparts - at a time when U.S. firms could have afforded to stay ahead of the foreign

competition. Not surprisingly, by the middle 1980s, Japanese semiconductor producers began

to outsell U.S. firms. 2 Today, the American companies are asking for a generous handout

from the taxpayer. That would be an unjustified reward for poor business judgment. It also



would be a terrible precedent that other companies would be encouraged to follow. The

answer should be clear: "Sorry fellows, welfare is for poor people."

A more fundamental response to the advocates of direct federal support for

commercially oriented science and technology is that such outlays would be unfair to the many

other companies that pay the taxes to finance these-subsidies and who would see the money go

to their competitors. Nevertheless, it is necessary to respond to the concern that society as a

whole may underinvest in applied research and development because of various imperfections

in the market economy. For example, potential entrepreneurs and financiers of new high-tech

ventures may lack adequate information about the opportunities in and returns from such

investments. Indeed, studies show that the overall returns on applied research and

development are quite high in relation to traditional economic activity.' 3

Under the circumstances, government action to lower the private sector's decision-

making threshold on R&D would be useful, provided it would be done in a manner that

preserves the entrepreneurial nature of the individual firm's decision making (this would not be

the case with large-scale direct subsidies).

An alternative to expenditure subsidies is available and it would be more equitable and

more effective: the federal government should provide generalized tax incentives for private-

sector investment, including such activities as R&D. There are several attractions of this

approach. It would be available to all private companies that pay U.S. income taxes. Those

private companies receiving the incentive would choose the projects they wish to undertake.

Finally and most relevant, the private firms doing the R&D would continue to bear most of the

financial risk; the government's share would be much smaller.

A reduction in the corporate income tax would be a fundamental change. Such action

would lower the cost of capital to American business and thereby lengthen the time horizon for

economically attractive investments in R&D and capital equipment.

Alternatively, the existing R&D tax credit could be improved. Researchers in this

field continue to debate the benefits and costs of the existing R&D tax credit.14 There is one



aspect, however, that is not controversial: the reluctance of Congress to enact this provision

on a permanent basis sharply reduces its effectiveness. Grudgingly extending the credit a year

or two at a time makes it much less likely that companies will take account of this incentive in

their decision making on long-range commitments to R&D, such as building expensive new

laboratories.

The Proper Boundary between Government
and Private Initiative

Much of the pressure for more federal subsidies of private business, including its use

of science and technology, comes from citing the example of Japan. Japan's Ministry of

International Trade and Industry (MITI) is often heralded as a fine example of successful

business-government cooperation, but the details are not as convincing. MITI tried to keep

Mazda and Honda out of the auto business because it badly underestimated the growth of

Japan's export market. Then there was MII's textile fiasco. MITI bought and scrapped

180,000 looms to finance the textile cartel that it set up. At the same time, however, 160,000

illegal looms came into production. In fact, more textile companies were operating in Japan

after MITI's efforts than before.15

On a more positive note, the Japanese response since 1987 to the rising yen in world

currency markets is very revealing. On their own, Japanese companies took quick and tough

actions to restore their global competitiveness. Within weeks, or at most months, of the

change in the external financial environment, many of them adopted vigorous campaigns to

improve productivity. Efforts to upgrade quality were made. Some manufacturing operations

were quickly moved to lower-cost locations and, in some cases, senior executives reduced their

own salaries. MITI was not particularly involved at all.

In any event, U.S. policy should be based on U.S. institutions and experience. Thus,

there is a modest role for government in connection with commercially oriented technology,

such as operating a patent office and setting technical standards. Basically, under our private



enterprise form of economy, the private sector makes the decisions as to where to invest, what

risks to take, and what technologies to spur and which to discard.

Government can - and should - facilitate the flow of technology from the laboratory

to the commercial marketplace by creating a favorable economic climate. That role can'stand

considerable improvement.

To start with, government should reduce the numerous government-erected obstacles

which discourage private firms from investing in risky long-term ventures. As is well known,

a basic way of reducing the cost of long-term investments is to lower the cost of capital (which

over the years has been higher in the United States than in Japan). The most direct way for the

federal government to do that is to reduce the extent to which the Treasury competes for the

limited supply of private saving via deficit financing.

The task here is more than a simple-minded reduction in budget deficits. Some

approaches - such as tax increases which reduce the funds available for private investment -

would do more harm than good. In contrast, bringing down the deficit by curtailing the

governments consumption-oriented outlays would be a real plus.

Moreover, numerous regulatory restrictions inhibit the growth of corporate R&D.

After all, what good would it do for the federal government to pour vast sums into high-tech

enterprises if at the same time federal, state, and local governments erect statutory and

administrative roadblocks to the application of new technology?

The fact is that the deregulating trend of the late 1970s and early 1980s has been

replaced by a major expansion of government regulation of business.16 Consider America's

world-class pharmaceutical industry, which generates a substantial excess of exports over

imports. Congressional committees are responding to that positive situation by "cracking

down* on the industry via proposed new legislation that would grant the U.S. Food and Drug

Administration police powers unprecedented for a regulatory agency.' 7 Any effect on the flow

of new technology resulting from this "crackdown" is bound to be negative, especially since

the committees seem oblivious to such impacts of their actions.



It is intriguing to note that, in a large number of cases - chemicals, pharmaceuticals,

and biotechnology - the potential supply of venture capital appears to be quite adequate. The

major constraints on commercializing the advances in technology arise from government

actions). 8 The hysterical.reaction to the use of the protein BST in increasing the production of

milk is. unfortunately, not a unique experience. Witness the spectacle of "consumer

advocates" vehemently opposing the move because it would reduce the price of milk - and

state legislatures following their lead by preventing the use of this advance in biotechnology.

Because many regulatory agencies exempt existing facilities, products, and processes

from their directives, the main burden of rapidly expanding regulation falls on new enterprises,

new undertakings, and new technology. The concern over the proper federal role in promoting

new technology should extend to at least reducing if not eliminating many of those new

burdens.

lere is a modest direct role for government in supporting commercially oriented

technology and, here too, some reforms would be desirable. 19 For example, a simpler and

more effective patent system would encourage the creation and diffusion of technology. Such a

change would ensure that smaller inventors are not overwhelmed by the cost of obtaining

patents and defending them against legal challenges. Also, larger firms would be encouraged

to seek patents rather than protecting their new products and processes by maintaining secrecy.

In addition, revisions in the antitrust laws are needed to avoid impeding the formation

of joint ventures to develop new technology. Often, the capital requirements to develop what

is termed "generic" or "pre-competitive" technology are beyond the financial capability of a

single firm. Waiving or amending the antitrust statutes would be a far more sensible approach

than urging the federal government to provide the necessary financial support.

The Future Role of Defense
and Other Federal Agencies

The question has been raised as to the role of the Department of Defense in promoting

commercial competitiveness. lIe direct role, properly, should be zero. A potential indirect



role might be quite constructive, both for the military and civilian sectors: it is for the

Pentagon and the Congress to reduce the obstacles to military procurement of state-of-the-art

products available in commercial markets. 20

Some historical perspective on developments in military R&D and its relation to the

civilian sector is necessary. For much of the period since the end of World War II, the

scientific and technological efforts of the U.S. military establishment have set the pace for the

American economy. The Department of Defense has been a major financier of R&D as well as

the largest purchaser and developer of new scientific applications. In the absence of an explicit

federal technology policy in the 1950s and the 1960s, the practices of the Pentagon became, to

a very large extent, the de facto U.S. technology policy.

Past spinoffs from military technology constitute an impressive group - computers, jet

airliners, composite miaterials, communications equipment, and scientific instruments. For

decades, many companies primarily oriented to civilian markets benefitted from commercial

use of "spin offs" from high-powered defense research and development.

Indeed, for much of the period since the end of World War II, a major attraction of

defense work was the ability of commercial firms to keep abreast of the latest developments in

military science and technology. The Raytheon Corporation adapted radar technology to

develop the microwave oven (first called the "Radarange"). Boeing drew on its military

aircraft design work on the B-47 and KC-135 in developing the 707 commercial airliner,

although the 707 and the KC-135 were both descended from a common company-sponsored

prototype (the "dash 80").

Over the past decade, the relationship between military and civilian R&D has changed

very substantially. The roles of the public and private sectors often have been reversed in the

military sphere itself. If a technology has both civilian and military use, the more advanced

nodels are more likely now to be seen in Radio Shack than in military systems.

Dr. William Perry, former Undersecretary of Defense, cites the example of

semiconductors, where the differences between defense and commercial technologies are not
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very great. Extremely detailed military specifications have isolated defense production,

dividing the U.S. industrial base between defense and commercial uses. Perry believes that,

due to the rigidity of military specifications and requirements, chips made for the Defense

Department are 10 times more expensive and nearly two generations behind their commercial

counterparts. 21

Many currently deployed defense systems use technologies dating to the 1970s or

earlier. The existing acquisition process, which often requires as much as 20 years to move a

major weapon system from R&D to deployment, increases costs and limits technological

innovation. This drawn out development process also reduces the return on contractor-

financed investments in defense R&D and thus reduces the incentives for such undertakings.22

The B-2 Stealth bomber and the Seawolf submarine both have computer chips in key

components that are merely run-of-the-mill, rather than the latest state-of-the-art. The design

of electronic parts in these weapons had to be frozen years ago in order to meet the

requirements of the lengthy military production cycle. But, since then, the civilian computer

industry has continued to innovate at a rapid pace.

Increasingly, the ability of the armed services to develop advanced weaponry depends

on how well they and their contractors can *spin on" civilian advances to military products.

Military research in electronics, for example, is now so exotic and slow that it offers little

commercial use. The tables have turned. DOD has become a net user of civilian research.23

Many barriers impede the transfer of advanced technology from the civilian economy

to the military establishment. The military acquisition process has become increasingly

cumbersome, costly, and onerous. To prevent their civilian-oriented divisions from becoming

"contaminated" by the military's bureaucratic approach, many companies selling to the armed

services go out of their way to insulate their military work.

Thus, fiber optics companies doing business with the Department of Defense have set

up special divisions to do so. In that way, the military's special accounting, auditing, and

personnel requirements do not apply to the rest of the company. In the case of computer

50-882 - 92 - 5



software, the Department of Defense has set up a standard for weapons, committing itself to

use of software written in its Ada computer language whenever possible. As a consequence,

the software industry increasingly is being divided into separate civilian and military sectors

and innovations in one sector are not quickly transferred to the other.

Some regulatory changes can help. Because American technology is increasingly

oriented to civilian needs, federal acquisition regulations should be modified to encourage, or

at least permit, the defense establishment to economize on its spending by drawing more on

commercial product developments. That, of course, is much easier said than done.

The people in the Pentagon who make a career out of writing military specifications

can be expected to object to any attempt to buy more off-the-shelf commercial products,

whether they provide the DOD with superior technology or not. Such a shift in government

purchasing on a large scale would put many regulation writers and acquisition reviewers out of

work.

Also, "Buy American" provisions of the federal procurement laws inhibit purchasing

from the open market. Officials responsible for acquisition must carefully check whether any

one of the numerous components of a product contains a single forbidden foreign element.

Other obstacles to buying more off-the-shelf commercial products include the rules on steering

a certain percentage of procurement to small, handicapped, and minority firms and the onerous

"do-it-by-the-numbers" provisions of the Competition in Contracting Act.

Some suggestions for utilizing the results of civilian R&D in military activities would

go much further than merely liberalizing procurement procedures. When they view the

absolute size of the military budget (even after the currently contemplated reductions), many

people who are concerned with the lagging international competitiveness of American industry

see a new source of financing for their proposals. That is, they would have the Department of

Defense directly finance civilian technology.

Some who urge the Department of Defense to subsidize civilian science and technology

use as a justification the fact that the armed services are important users of society's pool of



scientific and technical knowledge. 24 But there is no limit to that line of reasoning, given the

large military purchases of items ranging from missiles to mittens, from ground support

equipment to golf balls.

Lewis Branscomb, Director of the Science Technology and Public Policy Program at

Harvard, warns, moreover, that defense R&D tends to be too slow, too centralized, and too

micro-managed to be transferred successfully to the private sector. Defense researchers tend to

be too far removed from the product development process of private industry and from

commercial markets to have much impact.25

These concerns have led to proposals to expanding the role of the Defense Advanced

Research Projects Agency (DARPA) as a convenient way of bypassing traditional military

procurement procedures. Little known and small in size by Washington, D.C., standards,

DARPA awards contracts totalling over S1 billion each year to over 300 corporations and

universities to conduct high-risk research. Over the past 30 years, DARPA-funded projects

have led to the development and commercialization of computer time-sharing, advanced

aeronautics, new types of software and new telecommunications procedures.

DARPA already is financing private sector R&D in a variety of areas -

superconductivity, advanced semiconductors, high-definition television (HDTV), and very

sophisticated types of integrated circuits. While DARPA justifies its sponsorship of these

projects because of their expected relevance to military missions, many of the technologies

being developed are expected to help American industries compete in commercial markets.

About one-half of DARPA's budget is currently allocated to such dual-use technologies that

have both civilian and military applications.26

However, DARPA has experienced its share of flops. After spending $200 million, it

closed the books on an experimental helicopter-airplane. Another project that fell short was a

scheme to use artificial intelligence to guide a combat vehicle over rough terrain. 27

Some compare DARPA with the Japanese Ministry of International Trade and Industry

(MrII). Unlike DARPA, MITI is a cabinet-level agency charged with the broader mission of



enhancing the nation's international competitiveness. Expanding the role of DARPA to include

all of the civilian technology that other federal departments and agencies are willing to

sponsor, as is now being urged, would dilute DARPA's mission and weaken its focus. To a

significant degree, DARPA has succeeded by virtue of its ability to bypass much of the

Pentagon bureaucracy. If it gets much larger, it likely would lose that special characteristic.

A more fundamental objection to using the military budget to support private sector

technology is that it will politicize the process. Giving the Department of Defense - rather

than the marketplace - the authority to choose which technologies and which firms to receive

its funds provides opportunity and incentive for exerting political pressures. History tells us

that such opportunities will not go unused for long.

We need to go no further than the Army Corps of Engineers for an illustration of this

concern. The Corps' military functions are first rate. Its civilian dam building, in contrast, is

embroiled in politics and generates numerous projects with little economic justification. The

Corps' sorry record of generating 'pork" for powerful legislators is hardly a precedent to

justify expanding the promotional role of the Department of Defense in the civilian economy.

Rather than having the Defense Department serve as an agency of industrial policy,

some analysts have urged that the role be given to a strengthened Department of Commerce to

invest more heavily in the development of the nation's technology base. Indeed, in late 1988,

Congress converted the staid old National Bureau of Standards into the National Institute of

Standards and Technology (NIST). The expanded agency is gearing up to hand out $10

million in seed money to the private sector to develop high-tech proposals in areas ranging

from fire prevention to HDTV. Current proposals being considered in Congress would raise

NIST's subsidy kitty to $250 million a year by 1992. That approach - where a federal

civilian agency determines which new areas of commercial technology will be subsidized by

government - is only marginally better than giving the role to the Pentagon.

However, none of these proposals for greater federal financing of civilian technology

deals with the fundamental conditions that encourage investments in civilian technology -



such as lower cost of capital and expanding economic opportunities. To the contrary, the

increase in budget deficits - and in Treasury borrowing in financial markets - resulting from

these ambitious spending plans would make it more difficult to achieve those favorable

conditions.

The justification for receiving government handouts are, on occasion, quite ingenious.

According to a former Commerce Department official, business executives do not advocate an

industrial policy; *they want the government involved in high-risk, long-term, expensive, high-

technology research projects."28 Or, in the words of one academic supporter, "The

government should not give handouts, but it should help strategically placed industries at

strategic times." 29 But inevitably the political process would decide which "high-risk, long-

term,* "strategic" industries and projects are to be selected. The lucky few chosen would, by

definition, meet those subjective requirements. Politically weak companies by default would

not be "strategic" or "high-risk" or "long-term.* The results would be indistinguishable from

a federal spending program formally labeled "industrial policy."

Conclusion

There are many important tasks that only government can perform, ranging from

ensuring the national security to providing a system of justice. But one thing that democratic

political systems cannot do well at all is to make critical choices between particular firms and

competing technologies.

A far more satisfying answer to the desire to generate a higher level of technological

effort in the private sector than government subsidy is to reduce the existing obstacles facing

high-tech firms in the American economy. Many of the barriers to commercializing

technology, it turns out, have been erected by governmental policies in the tax, regulatory, and

antitrust areas. It is foolish to attempt to offset those negative effects through another round of

federal spending.
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Governmental policymakers must learn to refrain from jumping every time a

constituency asks for help. The current pressure to "do more" for the promotion of technology

.is not an exceptional case. The most cursory examination of past and current large-scale

efforts of the federal government to promote the use of civilian science and technology does
not inspire confidence in the ability of federal agencies to choose among alternative

technologies and their uses.

Identifying new shortcomings in the private sector does not automatically justify

another round of governmental intervention in the economy. The well-publicized "market

failure" may be overshadowed by even larger "government failure." Perhaps the best response

to government officials who want to solve problems in the market economy is to reply,

"Physician, heal thyself."
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REPRESENTATIVE HAMILwON. Well, thank you, Mr. Weidenbaum.
We've got a good start here this morning with these excellent

statements, setting out fairly clearly some of the issues we want to discuss
with you, and we'll begin with questions by Senator Bingaman.

SENATOR BINGAMAN. Thank you, Mr. Chairman.
Mr. Weidenbaum, I think you very eloquently stated the usual response

that I've heard from some of this Administration to most of what is
proposed in this area. No. 1, there is no problem; No. 2, if there is a
problem, the government shouldn't have any part in fixing it; and, No. 3,
even if the government should have a part, the Defense Department
shouldn't participate. Those seem to be the three main arguments, as I
understand it. Is that an accurate statement of your position?

MR. WEIDENBAUM. Not quite, Senator, because there is another part of
it. The government is part of the problem. An important role for
government is to reduce those obstacles that government itself has put in
the way of development and use of new technology.

SENATOR BINGAMAN. You think that whatever problems we face in being
competitive in new technologies is because the government has been in
the way. Is that what you're saying?

MR. WEIDENBAUM. Yes, and I cite biotechnology as a prime example.
SENATOR BINGAMAN. Am I wrong in thinking that biotechnology is an

area where we continue to lead the world, because we spend about $8
billion a year in NIH research and development?

M. WEIDENBAUM. That has certainly helped. I haven't knocked it But
why haven't we commercialized more of the biotechnology? There you
have to look at the legislative process in state governments and the
regulatory process of the Federal Government.

SENATOR BINGAMAN. So, you're saying that even though we lead the
world in biotechnology, as a result of federal expenditure, the failure of
U.S. pharmaceutical companies and others to commercialize that technology
is because of government obstacles. Is that what you're saying?

MR. WEDENBAUM. It certainly is true in the case of BST, which I cite
in my paper. The Feds giveth and the Feds taketh away.

SENATOR BINGAMAN. Well, I don't know enough about the details of
BST; but it would strike me that biotechnology is one area where we lead
precisely because of the Federal Government expenditure and support for
basic research and development, historically. We have done much better
in biotechnology than in most of the areas that are being discussed in these
various reports.

The same in aerospace. Your point here is that the Department of
Defense's role in supporting commercial technology should be zero. You
say, 'The role of the Defense Department in promoting commercial
competitiveness should be zero." How do you explain the historical
involvement of the Department of Defense in support for the aerospace
industry?



MR. WEENBAUM. As an old Boeing man, I'll be delighted to do that
It was the Air Force of course that financed the key work on the B-47,
on the B-52, on the KC-135, but not on the 707 and it's follow-on
derivatives-com mercial derivatives. It's Boeing that put up the money
for the 707, 727, 737, 747, and 757.

SENATOR BINGAMAN. So, you don't think that the success of the U.S.
commercial aerospace industry is largely, or at least in some significant
part, a result of the fact that our Defense Department has put tens and
hundreds of billions of dollars into both support for R&D and procurement
The Department of Defense has been the customer that has allowed a great
deal of this R&D to occur over many decades, it would seem to me. Is
that wrong?

MR. WEIDENBAUM. It's not wrong, but there is an important distinction,
frankly, that is missing. The DOD did all that, not to support commercial
technology, but solely to meet the needs of the national security. I think
that's appropriate. That's absolutely right. And commercial companies saw
the commercial fallout from the defense R&D, and the commercial
companies put in their own capital to get the commercial fallout That's
the private enterprise system at work.

SENATOR BINGAMAN. But it strikes me that it's not quite the private
enterprise system. I mean we're saying that because of Federal Government
investment in aerospace-related R&D we have been able to succeed, or
at least that's a significant reason why we have been able to succeed, in
the sale of-Boeing accounts for a great deal of what we sell--high-tech
products. You cite the fact that we have a good trade relationship on high-
tech products. A lot of that is aerospace.

MR. WEIDENBAUM. Yes, sir.
SENATOR BINGAMAN. And a lot of that is a result of the Department of

Defense expenditures. Is it a coincidence that when you go through the
U.S. industrial makeup in agriculture, we do very well. The Federal
Government invests very heavily. In aerospace we do very well. The
Federal Government invests very heavily. In biotechnology we do very
well. The Federal Government invests very heavily. There are other areas
where we are not doing so well, and the Federal Government invests very
little, and my concern is that it seems to me there may be some logical
conelation between the extent of the Federal Government's involvement
in some of these things and how well we do in the commercial sector.

MR. WEIDENBAUM. I would add a related point. If the Senator is
convinced that the Federal Government should do more to encourage
civilian technology, then the question comes, "how should the government
go about doing that?" Federal expenditure subsidies just are one alternative.

An examination of what are the barriers to more private spending on
technology will surface the regulatory problems, the antitrust and patent
problems that are neglected.



SENATOR BINGAMAN. I think the point that I understood Admiral Inman
to make was that they explicitly set out not to address all issues in the
competitiveness spectrum but to focus on technology.

How do you respond to the conclusions of the Council on Competitive-
ness Report that Admiral Inman was involved in very heavily called,
"Gaining New Ground." Have you reviewed that? They go through and
identify a series of high-tech areas in which they feel that the U.S. is
lagging our foreign competitors, and when you read that report you do not
reach the same conclusion that you have here, which is that there is no
competitiveness problem. Have you reviewed that report, and how do you
respond to it?

MR. WEIDENBAUM. Not being a member of the Administration, I haven't
received the report. I would be delighted to comment on it

SENATOR BINGAMAN. No, it's a private group. The Council on
Competitiveness is a private-sector group.

ADMIRAL INMAN. Industry developed. No government involvement at
all.

SENATOR BINGAMAN. Right I think.George Fisher of Motorola is now
the President of the Council. You haven't seen that report?

MR. WEIDENBAUM. I don't recall seeing it, no, sir.
SENATOR BINGAMAN. Let me ask on this more specific question about

broadening DARPA's function. We've had a proposal here in the
Congress- probably several proposals for several years now-to do just
that; to either set up a civilian DARPA or to change the rule or mission
of DARPA; to try to have them take on a bigger chunk of the responsibili-
ty for federal support for generic technology.

I think politically that has proven very difficult to sell. The Administra-
tion and the Department of Defense strongly oppose it Some allege that
this is where Craig Fields ran into difficulties, although that's subject to
dispute, I guess, depending on who you talk to. Does it make more sense
to take one of the existing agencies, in this case, DARPA, and say, OK,
we're going to give them that job rather than trying to do that through
OSTP, or trying to establish some other entity? I guess that's a basic
question you folks grappled with and reached a conclusion on.

Admiral Inman, maybe you could elaborate on it
ADMIRAL INMAN. Senator Bingaman, if one could start with a blank sheet

of paper and create any entity you wanted without regard to the size of
government, there probably would have been a majority that would have
said create some civilian-advanced research projects agency.

As we went through the discussion of the realities, our sense was of
a broad public perception that the role of government should be shrinking
and not growing. In that climate, trying to create an entirely new
organization and give it some charge, and particularly when it didn't have
a clear sense of who its customers were, was simply not likely to be a
successful effort. Therefore, we should look at the institutions that already
exist that have demonstrated capability, and say can you make changes



that get additional benefit for the private sector and for government without
a significant addition of people or new organizations. And that's how we
came to NARPA. The bulk of the opposition at Defense, as I sense it,
represents a fear that this is simply a cloak for diverting defense research
funds in other areas.

If one looks at the past record, the country still does lead in some
technological areas, and in others we're losing or have lost. One of those
where, we lead strongly is in the information-management area.

DARPA's investments at Sanford, at Carnegie Mellon, and at MIT were
fundamental to creating this country's ability to lead in the commercial
marketplace. So, this program focused precisely on understanding that
process and expanding it.

I would like 30 minutes to respond to my good friend, Dr. Weiden-
baum. I think he read a different report than we wrote. There is no master
R&D plan. There is just a fundamental issue about expansion of defense-
funded basic research. That doesn't go to industry. The bulk of the basic
research funding goes to universities and always has. It broadens that base,
and that's why we're interested in it.

So, the image that this is the large industries once again trying to come
to the federal trough, I think, is just a great distortion of this effort. It is
saying government exists, government has a role, government already
funds, and government is very inefficient and ineffective in much of that,
and can you make some changes that offer the prospect of substantially
greater effectiveness from the dollars you're now spending and from the
organizations that exist. The image that this is an effort to break the budget
just is a total 'misreading of the effort.

SENATOR BINGAMAN. Yes, Mr. Branscomb.
MR. BRANsCOMB. I think it's important to appreciate that one of the

changes sweeping the world is that governments have a lot less control
over the technological capabilities in their nations than they had before,
as a result of interdependence and with the enormous growth of the private,
high-tech industry around the world.

Our report doesn't advocate a larger role for government. It advocates
a smarter role in a declining context. The government's role is declining
as a percentage of national R&D. Since 1960 government R&D has grown
in real terms substantially. But it has grown two and a half times less
rapidly than private-sector R&D.

Private-sector R&D is growing around the world, including in Japan
and Gennany, where there is very little defense R&D. Yet, the government
still is the source of half the R&D in this country. It's over $60 billion a
year.

.So, the question, in my opinion, is how does the government do this
in a smart way to get more bang for its buck?

The second point is that our suggestions for an altered role for DARPA
have much more to do with military effectiveness than they have to do
with indirect consequences to the economy.



The Defense Department, in its own interest, is going to have to find
a way to get better access to commercial technology. It will have to do
that in a partnership role rather than in a command economy role, which
they are accustomed to with their defense contractors. There will be a
substantial benefit, but the benefit comes not from picking commercial
products to develop. The benefit comes from this country not having to
pay for two economies, which it's doing today, and instead paying for one,
namely, a single technological capability in a highly diversified industry
that serves primarily commercial markets and, by the way, also meets the
needs of our government.

Now, I'll grant you that it's very hard to make the case for a NARPA
without slipping over into the notion that this is a surrogate civil agency,
which has a charter to develop any technology it likes.

I'm opposed to the government picking technologies and investing in
any part of the technology. The notion of a technology includes both the
idea of technical knowledge and also the facilities, the institutions and the
capability to deliver the technology that will create goods. If a technology
can't create goods, it isn't a technology. So, there are large parts of every
technology that should be the exclusive domain of private industry.

But having said that, it doesn't follow that there is nothing in
technology that is a public good. That to me simply says that we have to
be much more precise in our understanding of the nature of the technical
world of today.

I notice that my friend, Mr. Weidenbaum, has a very selective
confidence in government capacity. He advocates the government should
create a good economic policy to provide an environment for the private
sector. He is very strongly not in favor of the government doing the same
thing for the technical environment in which the private sector operates.

I claim the government doesn't do either very well. I have a lot of
complaints to make about our macroeconomic policy, but this is not the
time and place to do it.

But I believe that we have to be less simplistic as we try to define the
government's technical role. And just to give a plug to legislation now
under consideration, Senator Bingaman has proposed some important ideas
for how the Defense Department's interest in manufacturing capability wil
serve the interests of our Defense Department and indirectly have a benefit
to the country.

SENATOR BINGAMAN. Mr. Chairman, I don't want to go on here and keep
you from asking questions.

REPRESENTATIVE HAMILTON. Well, we'll rotate.
SENATOR BINGAMAN. Fine.
REPRESENTAVE HAMILTON. We'll go to Congressman Armey, and then

to me, and then back to you.
Congressman Armey, please proceed.
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REPRESENTATIVE ARMEY. Thank you, Mr. Chairman.
Mr. Weidenbaum, let me begin with you and just say I thank you for

your testimony, and if I may be presumptuous, Adam Smith thanks you
as well.

MR. WEDENBAUM. Thank you, sir.
REPRESENTATIVE ARMEY. This is a very interesting proposal. As I

understand, what you propose is a NARPA, an extension of the concept
of DARPA to the nondefense sector of the economy for the purpose of
conducting fundamental basic science and technological research, which
would thereby be available as a public good to either public or private uses.

Mr. Inman, is that a correct understanding?
ADMIRAL INMAN. There would have to be a government customer. We

would not encourage NARPA to undertake any research where they only
foresaw commercial use of the product. That belongs to the private sector.

REPRESENTATIVE ARMEY. Of course, you understand that the Federal
Government in particular is a very undiscriminating purchasing agent for
the American people, and they will damn near buy anything.

ADMIRAL INMAN. Congressman Armey, if you look back again at history,
what you find is that in the time of great success,- both in funding our
defense needs much less expensively and boosting the economy, the largest
investor in research was the Department of Defense. That research,
conducted largely through the Office of Naval Research and its
counterparts, was done with great confidence in the clear understanding
that when you invest in technology at the outset you frequently don't know
what product may emerge from it.

REPRESENTATIVE ARMEY. Well, I appreciate that, but I hope you
appreciate that for all of the vagaries of its diversions of thought and
energy the Defense Department still is probably the most well-focused
purchasing organization within this framework of the Federal Government.
That is to say, they do have a clearly well-defined and quite often quite
technologically well-defined set of objectives that they're trying to
accomplish.

I'm taking myself, as it were, back to choice theory relating to Armey's
axiom No. 1, that the market is rational and the government is dumb, and
the fundamental reason that the government is dumb is that the government
so often doesn't know what it's trying to achieve, whereas private people
in the private sector do.

The Defense Department, to a greater extent than most government
agencies, has a clear and often, as I said, technologically well-defined idea
of what it is trying to achieve.

ADMIRAL INMAN. It has a good concept technologically of what it's
trying to achieve, but it now has a procurement process that, in my view,
is a disaster. It was infinitely better in the 1950s than it is now.

REPRESENTATIVE ARMEY. I couldn't agree with you more. This also takes
me then to the discipline of psychology where the psychologist defines
crazy as doing more of the same thing and expecting different results.



[Laughter.]
REPRESENTATVE ARMEY. And I think what you're suggesting is that after

World War II and for some time after it our Defense Department had an
enormously successful record of leading in the cutting edge of technology
and providing the spinoff effects for the rest of the economy.

As the politicians, more and more for political reasons, fixed the defense
procurement process to their satisfaction, we've fouled it up to the point
where we have made the defense industry a lagging sector in this area, and
I think this largely comes down to the whole concept of project selection.

The French, for example, have been pioneers in the whole area of
project analysis, using the fundamental concepts of discounted present
value. That gets to be very difficult to do in an area where the benefits
defined are so ambiguous, and so one wonders.

Let me give you an example. Armey's axiom is that sooner or later
every elected officials will be made a jackass by politics. I always fear that
the superconducting supercollider may be my turn, since I'm from Texas
and I worry about that daily.

Now, here we're talking about a relatively massive investment of federal
funds in the area of science and technology, the benefits of which are a
dream for our children and grandchildren's future. Of course, being an old
academic, naturally I believe that I might find some truth or some
allegiance to truth in the academic community if only I go to my friends
in the natural sciences.

Well, immediately I'm told by the biologists and the chemists that this
is a waste of the taxpayers' money. You ought to be spending that on
biological or chemical research. I say ah-ha, vested interests, conflict of
interests and these scientists are chasing ambulances. So, I then go to the
physics department, and I find that even in the physics department I get
conflicting testimony. I go to the engineering schools, and I get conflicting
testimony.

And, quite frankly, what I find is a direct correlation between the
endorsement of the science and the need for the science, and the viability
of the science and the future payoff of the science, and the exact research
specialization of the physicist or the engineer. Them that's going to get
part of the cash in the process in the future are all for it, and them that
ain't are all ag'in it

Now, the only thing that I have learned that I feel is a substantial lesson
in this process of trying to determine if a superconducting supercolider is
a good investment, is that scientists ae just as capable of chasing
ambulances as lawyers. That's the only firm lesson I've gotten out of the
process.

Now, I'm told well, remember, it's going to be under the guidance of
the Department of Energy. It is my belief that the Department of Energy
has purchased more white elephants per dollar of budget in its existenc
than the military has, and the most notable and almost comical example,
of course, is the coal gasification plant in Butte, North Dakota, which still
amazes me.



The plant was built in an environment that was so hostile that when
they found that it was economically and technologically unfeasible they
couldn't even afforl to mothball it because of the harsh winters. Only a
government agency could be so foolish.

Now, we know why the coal gasification plant is in Butte, North
Dakota, and Quinton Burdick can tell you in even more specific tenms. In
a latter day-in the last year or two-it would have been in West Virginia,
but it didn't make it. I'm sure there may be an effort made to move it to
West Virginia, which takes us then to an observation Mr. Weidenbaum
made. When money is spent for whatever purpose by politicians, the
money goes where the power goes. We all know that, "A Nation In Ruins,"
by virtue of the good work of Pat Choate, who said-what I pointed out
to him in 1964 while we were graduate students-that if the Nation
neglected its infrastructure it fails.

Now, you know, even us Stiglerites would acknowledge that there is
at least some basis to justify govemment investment in public infrastructure
and highways and roads, and yet we fouled that up. Here, we have a
highway bill that we can't fund-$11 billion of which is clearly defined
by anybody who has got any definitive basis for doing so as pork---that
is, demonstration projects that have never gone through the authorizing
committee and were put in by the Appropriations Committee. Forty percent
of the $11 billion is in four congressional districts, and it doesn't take a
great deal of imagination to guess which four congressional districts these
are. These are the districts in which you have a congressman with a power
position relative to the allocation of that money.

Now, what I fear in this process, and the reason I go on this diatribe,
and understand if you will, is I fundamentally distrust government. I don't
look for individual aberrance. I think we are by and large true and
honorable men doing our duty as we see it. But Amey's axiom is even
sane people will act insane within an insane institution, and government
is inherently an insane institution. So, I see systemic aberrance and not
individual aberrance, and I want to be very clear on that.

But if we should establish such an organization, would we not in fact
have the allocation of very scarce research and development funds in
compliance with political success criteria rather than technology, scientific,
or even commercial success?

ADMIRAL INMAN. Congressman Armey, we have not had that for
DARPA in the past. It's one of the smaller ones that has been accepted.
So, I don't understand the logic that says the change to NARPA, where
you're still limiting it to government funding, is going to open this to the
political leadership.

REPRESENTATIVE ARMEY. Well, the reason that you've had a fairly good
track record in DARPA, as opposed to the rest of the government-for
example, the Department of Agriculture, which is just a horrible damn
experience-is because DARPA, one, relates to a legitimate, necessary
mission of the Federal Government, where there can be a well-focused,
well-defined set of objectives, a challenge to meet and so forth; and, two,



it still lies, by and large, to a greater extent than most of the agencies of
the Federal Government, under the jurisdiction of the Executive Branch
where accountability is coupled with authority.

I mean, for example, the Agriculture Department by example is just
fundamentally run by the House and Senate Agriculture Committees and
there is no accountability, except that which falls by default to the
President. Congress, of course, is very little concerned about the extent to
which the President lives with the vagaries of accountability for their
actions.

But the President and the Pentagon and the American people have
managed to maintain some executive control over the Defense Department.
They are certainly intruded against by Congress with their parochial
interests, and my favorite example being a Member of Congress who voted
for the submarine built in his district, but voted against the weapons on
the submarine that weren't built in his district, and intended apparently to
ram the enemy with that submarine.

So, I think what I worry about, as Thomas Sole says, it is not faith but
evidence that tells us that in this business of allocating scarce resources
among competing ends there will be a rational, productive job done of it
by the market But in the business of allocating scarce resources among
competing ends, the government will fundamentally err, because there will
be a confusion with respect to the very fundamental question of what are
we trying to achieve here and on whose behalf are we trying to achieve
it.

And I would fear that as you took DARPA and made it NARPA and
let the politicians, even more explicitly and with a sense of greater
presumptuousness, believe they have got their hands now on the levers of
allocation of scarce resources-the science and engineering research-that
we would end up with very parochially attractive things, which, frankly,
from all the fears of my lifetime, I fear may be all in the world. The
superconducting supercolider was.

I always kid that when I used to think it was a middle linebacker for
the Cowboys I was ready to vote for it in a minute. But I don't think you
can give me, or find anybody that can give me, a consensus of opinion
and so forth that can be convincing and uncontestable about, is the
superconducting supercolider a legitimate, necessary and highly predictably
productive expenditure of the taxpayers' money.

ADMIRAL INMAN. Congressman Armey, I live in Texas and I vote there,
and I'm happy I'm not here to defend the SCSC issue. You're addressing
a set of fears that I can't discount at all and wouldn't even try.

We're driven by an entirely different set of fears, that if we don't make
changes, Defense ultimately is going to pay vastly more to try to access
the state-of-the-art technologies we need.

If you watched on your television daily, the Gulf War command,
control, and precision weapons were the key difference. But the state-of-
the-art effort in much of that now isn't in the defense research, but it's out
in the commercial research. And unless we create a climate where we are



encouraging the linkage that assures that access and not repeating the
investment for it, we fear our defense is going to be twice as expensive
and much less effective over the long run. So, it's an issue of creating a
better balance.

I have to tell you that I have been alarmed at actions I have seen in the
last several years of earmarking large science projects for specific
geographic locations. It, in my mind, walks away from 40 years or longer
of looking carefully at peer review and even accepting biases among those
peers of what they think is important.

The move away from that to earmark large investments for specific
geographic locations is a worry to me about where it may go. I don't
believe this Carnegie task force opened a door for an expansion of that.
In fact, we have tried to reasonably, subtly put some brakes on that
approach by what we tried to put in place in the way the policies are
developed. They may not be successful, but it's a try in that direction.

MR. WEIDENBAUM. I find it hard to see how you put brakes on the
process by giving, what is now a Defense Department R&D agency,
DARPA, a new charter that would enable it to do any technology research
that is financed by any federal civilian agency.

REPREsENTATVE ARMEY. Mr. Chairman, let me just end with two
observations and a quick response from you. I think there may be two
better alternatives.

Would it perhaps be better if the government made less of a taxation
intrusion against the earnings of a business, and I don't want to say tax
concession because that concedes that the govemment has a right to screw
up business with their tax laws. So, less of a tax intrusion against the
revenues of the business that would allow them to use more of their
earnings for research and development. It's called a tax concession.

I was intrigued by your idea, and I think Mr. Branscomb suggested it,
that perhaps we could have a consortium of business enterprises that got
together in an agreement to do joint research. My guess is that if you have
a good many firms to get together and pool their resources and put together
a partnership arrangement that you would probably end up having the
government bring antitrust legislation against them.

ADMIRAL INMAN. Congressman Anney, I had the pleasure of creating
the first of those in this country and running it for 4 years, and, in fact,
locating it in Austin, Texas.

REPRESENTATIVE ARMEY. I understand that, but is it devoid of govern-
ment-

ADMIRAL INMAN. And in fact, once we had it created, we were able to
persuade the Congress to give us antitrust relief with the National
Cooperative Research Act of 1984. So, I strongly endorse that as an
approach, and I do think much could be done with the tax code to help.
That's a different issue that is not being dealt with.

The experience I had in a totally private-sector funded R&D
environment was that we still couldn't get a great many of the companies



that provides funds to focus on accelerating their use of the technology
that was being created. Even if you did everything we've recommended
in this report, there still is no guarantee that the U.S. industry is going to
change and compete at the international marketplace in all these areas
effectively. That's a great frustration I have after 9 years now in the private
sector of how we find our way to compete.

MR. WEIDENBAUM. But that has been the experience time and time again.
Private companies are very reluctant to take on the R&D results generated
by consortia, by government agencies, and they are much more prone to
utilize, to commercialize the R&D in their own laboratories, which gets
you back to promoting private R&D by reducing regulatory obstacles and
providing some incentives.

MR. BRANscoMB. Mr. Weidenbaum, you simply have to be more precise
in your understanding of what constitutes R&D. R is research and D is
development, and it covers a huge spectrum of things.

I was responsible for the technology strategy of a company that spends
$4 billion of private money on R&D. There was no federal money
involved in that, and I can tell you that the company I worked for did not
want to lose any of its proprietary assets on its internally developed
products with which it competes around the world.

I can also tell you that we spent $200 million a year in a research
laboratory whose primary purpose was to find out what's going on outside
the company, get access to it and learn from it.

The Chief Executive Officer of the company I used to work for will
tell you, because he has been in Washington doing that, that the fate of
our computer industry really does depend on the technical knowledge
environment. That company does not want the government to tell it what
products to develop, and in no way does it want the government to
subsidize its commercial-product development. But you have to be a little
more sophisticated about the nature of technology.

We've changed a letter in DARPA's acronym, maybe mostly to get
attention to our suggestion. But the fact of the matter is that unless DARPA
has a charter to explore dual-use technology, it's going to go down the
tubes with the rest of the Defense Department into a defense ghetto. We'll
go back to having arsenals, and we will have a poorly defended country.
Or, alternatively, DARPA and the rest of the Defense Department is going
to have to realize that the United States now lives in a world of technology,
most of which is private, a large part of which is not even located in the
United States. Defense is going to have to use it.

So, the question is how do you equip this agency to access commercial
technology in the interests of the U.S. Defense Department. I know people
will seize on this suggestion and say, oh, this is a way of lifting up the
edge of the tent so that every camel in America can run underneath.

Yes, that is a big hazard. If we accomplish anything this morning, it
should be to recognize that this issue has got to be debated wide open. If
it is debated wide open, then I believe that people will begin to understand
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that there are right and wrong answers and that there is a way to sort the
problem out.

I tried to deal with those in a fairly short paper that I wrote this summer
called, 'Toward A U.S. Technology Policy," which I would hope you
would include in the record.

REPRESENTATIVE Aamiy. Without objection, we'll be glad to include it.
MR. BRANscoMB. Thank you, and it deals with these questions.
Let me finally say, on the issue of pork barreling government programs

and depriving government managers of the opportunity to manage things
the way they ought to be, the Congress could make one huge contribution
to avoiding that by appropriate legislation that restrains itself.

Thank you.
[A paper written by Mr. Branscomb follows:]



LEWIS M. BRANSCOMB

Toward a U.S.
Technology Policy

A more activist
approach is needed.

to secure the
After forty years of federal nejus
mobilization of the nation's tech- Renu
nology to compete with its enemies
in the Eastern bloc, the U.S. gov- the Wh
ernment is concerned about the is st
ability of American industry to
compete technologically with its
friends in the West. The shift from
military to commercial demands on the nation's scien-
tific and technological base has generated a national
policy debate, which has so far focused on two ques-
tions: whether federal agencies should invest directly
in commercially relevant science and technology; and,
if so. what kind of projects should be funded by which
agencies.

On one side are laissez-faire conservatives and
neoclassical economists, who would limit federal
R&D activities to academic basic research and the
pursuit of federal agency missions (such as defense,
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Sscience, space, and atomic energy), while

kably, relying on market forces to stimu-
late commercial investments in

SHouse science and technology. This point

ring, of view is usually attributed to the
president's chief of staff, John H.
Sununu; his economic advisor,
Michael J. Boskin; and his budget

director, Richard G. Darman. Their desire to restrict
the role of government in favor of reliance on market
forces has led to several noteworthy policy outcomes:
the demise of a Department of Commerce initiative in
high-definition television, intended to revive the
U.S. consumer electronics industry, limited federal in-
vestment in the commercial technology base through
the Defense Advanced Research Projects Agency
(DARPA); and curtailment of the highly visible role of
former DARPA director Craig Fields in advocating
such investments before Congress.

On the other side are some semiconductor-in-
dustry executives, labor advocates, and liberal eco-
nomic interventionists, particularly in the Congress,
who have criticized the administration's caution. Al-
though very few of these people would admit that
they are calling for an "industrial policy," they have
urged the government to match the managed trade and
strategic technology interventions of other nations.
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Senator John Glenn favors a "civilian DARPA" to
invest in R&D areas identified as key to the revitali-
zation of strategic industries. The National Semicon-
ductor Commission has called for vieorous federal
action to reverse the U.S. microelectronics indus-
try's loss of market share. Its first report even asked
that the federal government provide capital under
favorable terms to finance the industry's revival, al-
though this idea has been set aside.

The search for a political and economic middle
ground between a laissez-faire economic policy and a
full-blown industrial policy made little progress until
quite recently. A new approach, which appears to have
the makings of a consensus. urges the development of
a U.S. 'technology policy," in which the federal
govemment helps develop and provide access to the
technical knowledge on which the competitiveness of
commercial enterprises depends. Among the advo-
cates of an explicit technology policy are science and
technology policy scholars,civilian high-tech industry
executives (including members of the private Council
on Competitiveness), some microeconomists, and sev-
eral influential technology advocates within the Bush
administration, including Aisistant tothe Presidentfor
Science and Technology D. Allan Bromley, Depart-
ment of Commerce Undersecretary for Technology
Robert White, and former National Science Founda-
tion director Erich Bloch.

Breaking new ground
Bromley. speaking for the administration, made him-
self the leader of this middle-ground approach by
sending to the Congress last September a formal docu-
ment entitled "The U.S. Technology Policy."
Washington wags said that the most important thing
about this little-publicized report was its title page. But
a team headed by James Ling, staffed from Bromley's
Office of Science and Technology Policy (OSTP) and
Darman's Office of Management and Budget (OMB),
spent 14 months crafting the policy and gaining its ac-
ceptance. Building a consensus in the White House for
any document with the words "technology policy" in
the title was no small achievement.

The body of Bromley's technology policy report
sketches the current menu of federal technology ac-
tivities and their budgetary allotments for fiscal year
1991. In this description of reality one sees a continua-
tion of policies the U.S. has followed since World War

II, whereby the federal govemment funds high levels
of basic scientitic research along with ambitious na-
tional engineering projects intended to maintain the
nation's superpower status in matters technological.
Examples include the space station, the Strategic
Defense Initiative, the superconducting supercollider,
and the Human Genome Project. This "mission-
oriented" strategy, similar to that pursued by Britain
and France, takes a supply-side approach to the
development of new technology; it assumes that the
innovations generated by new projects will eventually
trickle down to other sectors.

The conceptual part of the White House technol-
ogy policy, however. breaks important new ground. It
prepares the way for a shift to a demand-side strategy
that would help U.S. enterprises find. adapt, and put to
use the best technology available. The report reaffirms
the administration's intention to "participate with the
private sector in precompetitive research on generic,
enabling technologies that have the potential to con-
tribute to ... commercial applications."

In particular, the document calls fora threefold in-
crease in funding in FY 91 for the fledgling Advanced
Technology Program (sponsored by the National In-
stitute of Standards and Technology within the De-
partment of Commerce), established in 1988 to invest
directly in commercial technology that will enhance
industrial competitiveness. The policy also commits
the administration to investments in an "efficient tech-
nological infrastructure. especially in the transfer of
information." For instance, it contains a request for
S92 million to upgrade and rationalize the Intemet, a
collection of over 2000 computer networks, into a Na-
tional Research and Education Network serving
schools, universities. govemment, and industry.

The strong emphasis on technology absorption
also represents a departure from past dependence on
"trickle down" of technology from federal missions to
commercial firms-often called "spinoff." The new
policy suggests the establishment of cooperative re-
search projects to enable small and mid-sized com-
panies to build on state and regional technology initia-
tives. And it calls for improved public education in
math and science as well as worker retraining. so that
the work force can keep pace with technological
change.

The document provides no details on how these
new objectives should be carriedout, how the agencies
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involved will acquire the com-
petence to manage them. or how
funds are to be allocated. More- A good
over, the budgets involved repre- strateg
sent only a small share of science-
and technology-related funding, much e
most of which is still devoted to imported
large, mission-driven projects. m
Nonetheless. OSTP has accom- as it
plished a significant first step in home
gaining clearance through a skep-
tical White House for a policy that
gives the Congress and the nation
a more direct approach to enhanc-
ing and applying U.S. science and technology
capabilities.

The technology policy put forth by OSTP would
move the U.S. policy in the direction of strategies fol-
lowed by Germany, Switzerland, and Sweden, which
emphasize bringing the benefits of new technology
more quickly and broadly to their manufacturing
firms. Policy tools include school-to-work transition
programs, apprenticeship programs, and collaboration
between firms and govemment research institutes.

Japan also stresses technological infrastructure to
support its industry's competitiveness. Professor
Fumio Kodama. research director of the National In-
stitute of Science and Technology Policy of Japan,
claims that the Japanese government has followed a
technology policy rather than an industrial policy. Its
strategy, he says, "promoted developments first in as-
sembly technology, then in component technology,
and finally in materials-a sort of 'needs-pull' ap-
proach that started with downstream products and then
worked back upstream to develop whatever was
necessary for their production."

Although scholars describe these kinds of policies
as "diffusion-oriented," the term "capability-enhanc-
ing" is perhaps more descriptive. They are not so much
distributive in their objectives as they are aimed at
enhanced power to absorb and employ technologies
productively. Capability-enhancing policies are
designed to prepare workers for an increasingly
sophisticated work environment and develop their
problem-solving abilities, to accelerate the commer-
cialization of innovative ideas, to increase the produc-
tivity and lower the cost of industrial production, and
to increase the capacity of all firms. large and small, to
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use technology to improve their
competitiveness. The net effect of a

IfuSIOl capability-enhancing policy is to

e'ives as diffuse economic benefits and in-
crease competition not by "picking

hasiS to winners" but by increasing innova-

nowledge tive capacity.

es to Attention downstream
Bromley has thus taken two steps

'rOWn. forward in framing the debate
about the nation's scientific and
technical future. He has helped es-
tablish the legitimacy of technol-

ogy policy as the correct focus of debate, stopping
short of industrial policy. This first step makes possible
the second: a discussion of the balance to be struck be-
tween creating and using technology.

Bromley recognizes that the science policy, sup-
ported by conservatives and liberals alike, is important
but insufficient to ensure the economy's competitive-
ness. His success in substituting a policy based on in-
vestment in technology for one that emphasizes in-
vestment only in R&D is a more significant change
than many people realize. Although laypeople may be
under the impression that technology is simply the
natural consequence of scientific activities, there is
much more to creating technology than R&D. In fact,
only 30 to 35 percent of the scientists and engineers
in industry are engaged in R&D. The rest are engaged
in "downstream" activities: refining process tech-
nologies, creating production systems, and improving
existing technology through field experience.

With rare exceptions these "downstream" ac-
tivities in technology are not the province of Ph.D.s
and professors. (A most interesting exception is chem-
ical engineering, the only academic field of engineer-
ing or science in which students understand that they
are being trained to develop processes and design
production facilities. Significantly, the U.S. chemical
industry is highly competitive with those of both Ja-
pan and Germany.) Production processes and other
downstream technologies must be mastered by hun-
dreds of thousands of engineers and by millions of
skilled workers.

Most of these people work in small to mid-sized
firms for which design and production technology is a
critical competitive factor. But such firms cannot af-

ISSUES N SCIENCE ANDTECHNOLOGY



TECHNOLOGY POLICY

ford to do research as it is known in universities, na-
tional laboratories, and the biggest companies. They
develop their technology through evolutionary en-
gineering on the.factory floor, and through relation-
ships with their customers and suppliers. How well
these firms find, adapt, and use technology determines
how long they will be in business, at least under
American ownership.

Very little federally sponsored R&D touches these
firms directly. They are at the ends of the paths through
which research-generated technology diffuses to the
private sector. The torrent unleashed by federal
military and space activities is a tiny trickle by the time
it reaches the majority of U.S. firms. Govemment policy
must give more emphasis to helping them use tech-
nology to better effect, and less emphasis to the trickle-
down policies of federal "mission-driven" R&D.

The next steps
Although demand-side technology policy has a long
and honored history in agriculture-new tools and
techniques brought to farmers by agricultural exten-
sion agents made U.S. agriculture the most productive
in the world-its record in commercial manufacturing
has been very spotty. Contemporary political accom-
modation to the idea of "technology policy" began
with President Reagan's acceptance of the 1988 Trade
and Competitiveness Act, whose technology policies
were designed by Senator Emest Hollings of South
Carolina and widely supported by both Republicans
and Democrats in the Congress.

The act established a new Technology Adminis-
tration in the Department of Commerce and gave a
new name-the National Institute for Standards and
Technology-and a new mission to the venerable Na-
tional Bureau of Standards. NIST's new mission in-
cludes three programs, all viewed with some suspicion
by economic conservatives: the Advanced Technol-
ogy Program to finance "precompetitive generic" re-
search in commercial firms; an experimental technol-
ogy-extension program to help smaller manufacturers
improve their productivity; and the establishment of
manufacturing technology centers in cooperation with
the states. White House skepticism, however, has
restricted these three NIST programs to less than three
percent of DARPA's R&D budget, despite a generous
congressional authorization. Thus the three Com-
merce programs must be regarded as very tentative ex-

periments in capability-enhancing technology policy.
In 1989, Senator Jeff Bingaman and the Senate

Armed Services Committee began asking first the'
Department of Defense, and more recently OSTP to
identify for the Congress a list of "critical tech-
nologies" deserving of federal investment. Mean-
while. Department of Commerce officials developed
such a list of their own. Actually, the construction of
"critical technology" lists has become a small in-
dustry, for they have also been published by the U.S.
Council on Competitiveness, by the Japanese. and by
the European Community. All of the lists are virtually
identical-suggesting the merits of investing in tech-
nologies otherthan those on everyone else's list. In any
case, a list of technologies alone provides no guidance
on what governments should specifically do about
them.

So what might the next steps be in implementing a
capability-enhancing strategy for the United States?
The Department of Commerce, the defense estab-
lishment, the specialized technology agencies (the
Department of Energy and NASA), the education and
training agencies (the Departments of Education and
Labor, the National Science Foundation, and the Na-
tional Institutes of Health), the White House, and state
governments must all rethink the roles they play in
supporting the development of U.S. scientific and
technological capabilities.

The staning point is a changed attitude toward the
technical achievements ofothers. In comparison with
Japanese companies, Americans suffer extensively
from the "not invented here" syndrome. This short-
coming-the byproduct of a technology strategy fo-
cused on maintaining national prestige-is costly in
both time and dollars. A good diffusion strategy, by
contrast, gives as much emphasis to importing
knowledge and adapting it for use as it does to access-
ing home-grown knowledge. Funding to collect and
evaluate information from abroad and the acquisition
of new technologies through joint projects with the
Japanese and the European Community can help
achieve this goal.

To provide better access to science and technol-
ogy information (STI), the federal government should
capture the benefits from its $70 billion annual R&D
investment by reversing the downward trend in sup-
port for quality control. user adaptation, and dissemi-
nation of R&D results. The OSTP needs to coordinate
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efforts across all the agencies-as
it did twenty years ago through its
Committee on Scientific and Tech- Infias
nical Information-by mandating research
that agencies serve information
users through centers for data as glan
evaluation, compilation, and dis- ahbsemination as well as through com- pd
missioned review papers and the discove
consolidation of technological
knowledge in engineering hand- helps i
books. Tesp

OSTP should also work close-
ly with OMB to reexamine and marke
strengthen the guidelines for agen-
cy science and technology infor-
mation policies, which are embod-
ied in OMB Circular A-130, soon to be reissued. This
document describes the obligations of agencies to dis-
tribute information to the public. With scientific and
engineering professional societies beginning to ex-
periment with electronic joumals, it is essential that
policies that encourage dissemination of reliable infor-
mation be adopted.

The govemment's investment in the National Re-
search and Education Network (NREN)-a central
part of the strategy to develop the nation's information
infrastructure-will make expanded STI services ac-
cessible to thousands of laboratories in universities, in-
dustry, and government. By aggregating a national
market for such services, it can attract investment by
private information vendors as well as justify in-
creased government efforts in STI.

NR.EN will also contribute to building a stronger
industrial base ofdual-use technologies-products
and techniques that meet both civilian and military
needs. Today we support two weakly connected
economies: Defense draws its technology from
government funding, while commercial companies
remain largely dependent on their own investments.
As the defense budget declines, the govemment will
become more dependent on access to an increasingly
sophisticated commercial high-tech industry. This
suggests that commercial and defense programs will
need to share a common technological base. Toward
this end. OSTP and the National Security Council
should work together, as recommended by the Car-
negie Commission, to coordinate the technology
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strategies of military and civil
agencies.

ctural The increased focus on critical
not b dual-use technologies means thatay ntbe R&D projects will have to be

rous as broadly applicable, producing
generic or enabling technologies

G Ing that have the potential for broad

es, but it use in many sectors of industry. A
new class of "public good" tech-(ustries nologies-new tools, test methods,

id to processes, and materials-will
thus emerge. Such infrastructural

ignals. research may not be as glamorous
as pathbreaking discoveries lead-
ing to new industries, but it con-
tributes directly to the capability of

today's laboratories and plants to achieve the lowest-
cost, highest-quality, and quickest response to market
signals. NIST's new Advanced Technology Program
is in the early stages of just such a program of infra-
structural investment.

In addition, federally-funded R&D should begin
tofocus on the "downstream" phases ofthe innovation
cycle. Most govemment agencies, primarily interested
in research to create new capabilities, contribute little
to process or manufacturing technology. But quality of
products can only be ensured if production processes
are themselves innovative and continuously im-
proved. It will be particularly unfortunate if the
Department of Commerce's ATP program emulates
DARPA and other mission agencies and fails to focus
attention on "downstream" technical challenges.

NIST is, however, experimenting with other ways
to enhance "downstream" performance, notably
through provision of industrial extension services to
help smaller companies identify and take advantage of
technological opportunities to improve theirmanufac-
turing performance. These services are offered
through a growing array of state-initiated programs
that promote innovation and productivity growth.
Taken together, the states are spending over a billion
dollars on such programs. But many of them enjoy a
few years of exceptional success, only to die when a
political change in state government accompanies a
recession year, as happened recently in Massachusetts.
The federal government should help stabilize what
is otherwise a very innovative set of state initiatives
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by marching the funds spent on these programs.
The final area where action is needed is certainly.

the most important in the long run: investment in
human resources, which ultimately determine the
capacity both to create and to use technology. Three is-
sues stand out. First, the state of pre-college math and
science education is a national scandal, requiring
major commitments from the Department of Educa-
tion and the National Science Foundation to help tum
things around. In particular, these two agencies need to
develop a mechanism for creating educational innova-
tions and diffusing the best of them throughout the
country. Many have been shown to be successful in ex-
perimental situations, but-as with new technologies
in our factories-the rate of adoption of new ideas in
our schools is very slow. The Carnegie Commission
for Science, Technology, and Govemment is preparing
recommendations for ways these two agencies might
collaborate more effectively to this end.

The second issue is the future of U.S. universities,
which perform a critical role in the creation and dif-
fusion of knowledge. If universities are to promote in-
novation, they must be able to attract American stu-
dents to technical careers. The federal government
should significantly expand student aid, reversing the
trend of recent years, in order to keep tuition within a
tolerable range and ease financial pressures on the
universities. For their part, the universities need to
reform their engineering curricula so that they con-
form with the realities of high-tech design and produc-
tion. The traditional bias toward product research must
be balanced with proper attention to the sophisticated
problems of manufacturing systems.

Finally, the Departments of Education and Labor,
together with the states and private industry, need to
articulate a strategy for preparing young people to
make the transition from school to work. In Germany,
for instance, three-quarters of the non-college-bound
among high school students receive three years of
rigorous apprenticeship, combining one or two days a
week of academic training with work experience
under a "master" trainer. A stiff theoretical and practi-
cal exam then qualifies them for respectable industrial
jobs. U.S. schools need to take more responsibility for
preparing and placing students: at the same time, U.S.
industry needs to take a long-term approach to improv-
ing workers' skills and opportunities.

A capability-enhancing technology policy is not

an alternative to our existing science policy. Far-
sighted public investments in new research and
pathbreaking technology will continue to be impor-
tant, especially with the expected reduction in
defense-related R&D. A more activist technology
policy is, however, necessary to secure the benefits of
scientific discovery, which in turn will sustain public
support for continued research investments.

Japan and Germany have insatiable appetites for
technology; both run deficits in their balance of pay-
ments for intellectual property. The United States and
Britain, on the other hand, enjoy large (although
declining) positive balances in patent licenses and
royalties. The cure for the American and British
problems is not the diversion of science investments to
diffusion, but investments in both. This will energize
the economy not only to demand more science but to
use it more effectively.

Nor can U.S. policy be conducted in isolation from
the rapid globalization of the world economy and the
mobility of technology and capital. We have seen only
a beginning of the trend to acquisitions,joint ventures,
and strategic alliances between firms in different na-
tions. The content of manufactured goods will increas-
ingly contain components of multinational origin. It
will be harder and harder to know what an "American
finm" or a "foreign product" really means. Under these
circumstances, the duty of our government is to focus
its attention on making the United States a most attrac-
tive place for the generation and use of high-quality in-
novative technology. In short, the govermment's role is
to increase the comparative advantage of Americans
and their institutions.

Recommended reading
Henry Ergas, "Does Technology Policy Matter?", in

Bruce Guile and Harvey Brooks, Technology and
Global Industry: Companies and Nations in the
World Economy. Washington, D.C.: National
Academy Press, 1987.

Megan Jones, "Helping States Help Themselves," Is-
sues in Science and Technology 6. no. I (Fall
1989): 56-60.

Robert Reich, "Does Corporate Nationality Matter?",
Issues in Science and Technology 7, no. 2 (Winter
1990-91): 40-45.
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REPRESENTATIVE ARMEY. Mr. Chairman, I must go to another session,
and let me thank you for your generosity.

Let me just say, gentlemen, I hope you will understand that my fear
is that we could create legislation that would allow our government to do
for science and technology what it has done for agriculture and education,
and that is a fear that I can't run away from.

Thank you.
REPRESENTATIVE HAMILTON. Thank you, Congressman Armey.
The Chairman will get a word in here eventually.
[Laughter.]
Senator Bingaman has to go, and I wanted to turn to him for a few

questions.
SENATOR BINGAMAN. I'll just ask one question, Mr. Chairman. I gather

that an underlying premise of this set of recommendations is that we do
have, just as a matter of fact, a convergence of military and civilian
technology development to an extent that has never existed before and that
that change in the way science and technology is performed requires us
to rethink the way we support-

MR. WEIDENBAUM. We. all agree on that.
SENATOR BiNGAMAN. Well, I guess if we all agree on that-that this

convergence is taking place-I wonder if we really have as much
disagreement in practice as seems to be here.

DARPA, today, is the major source of funding at the federal level for
research into advanced materials, research into software development,
research into high-performance computing and electronics of various kinds.
Now, that is all dual-use. There is no question that that's dual-use, and
what you're suggesting, as I understand your report, is that we be a little
more explicit about the fact that that is a legitimate function for DARPA.

You're not suggesting that DARPA should go off and support
technologies that don't have a very real defense application, but you are
suggesting that the fact that they also have a nondefense application should
not be an impediment to DARPA's taking the lead in seeing that this
country stays competitive in those. Is that an accurate statement?

ADMIRAL INMAN. You've got it exactly right.
SENATOR BINGAMAN. But it seems to me that, in practice, we're moving

in that direction, or I hope we're moving in that direction. I'll tell you,
there is the constant sort of ideological argument that takes place around
here that this is not an appropriate government function.

Much of the progress that has allowed us to do things like winning the
Persian Gulf War was a result of DARPA investments in R&D at an early
stage, and I think that if we're going to remain competitive in national
security and if we're going to remain competitive economically, DARPA
has to continue to play a very lead role.

I don't know if, just because of all of the mind fields that exist around
here, whether this is the politically most salable way to go at this. But I



think it's very good food for thought, and I commend you for the report.
I think it's excellent, and I appreciate your testimony.

ADMIRAL INMAN. Thank you.
MR. BRANscoMB. Thank you.
MR. WEDENBAUM. Senator, may I urge you, if you go that direction,

to think in terms of limits, because as long as you open the tent to every
civilian agency that can fund any technology of joint use at a time when
the military market basket covers 90 percent of what is produced in the
civilian economy, you've enabled an agency, if it so desired, to cover
virtually every technological development in the country.

I don't think that's intended by the folks here. But as someone who has
been observing the expansion of government since he served in Harry
Truman's Budget Bureau in the late 1940s, every big government spending
program starts very small.

SENATOR BiNGAMAN. Well, I would suggest to you that the level of
Federal Government support, or the percentage of the federal budget going
to support the technology base has declined significantly over the last few
decades, and we've not doing near as well now as we were in the 1960s,
and I think part of what this report is intending to address is that problem.

We're spending so much money on supercolliders that we don't have
any left over for the kinds of things that will really make a difference in
our ability to compete in the world. You know, when you add the
supercollider and the space station and all the rest of these enormous
construction projects, and they have a scientific bent, but to say that these
are science projects is stretching the truth. They're construction projects
which are being carried out under the guise of science.

So, I think we need to do something along the lines that are proposed
here. As I say, I haven't had a chance to really review all the specifics of
it, but I think it's a very useful contribution.

Thank you, Mr. Chairman.
REPRESENTATIVE HAMILTON. Thank you, Senator Bingaman.
Let me go back to the beginning point here on industrial competitive-

ness. I was struck strongly by your comment, Dr. Weidenbaum, that the
United States does not have a competitiveness problem. Now that just flies
in the face of everything I've been hearing and thinking, and there seems
to be a big gap between you and our other witnesses here on that point.

Rather than turning to you, let me turn to Admiral Inman and Mr.
Branscomb here. How does that statement strike you?

ADMIRAL INMAN. Mr. Chairman, as you know, when I retired in 1982
from my government service, after looking at a lot of options, I elected
to get involved in creating a joint research venture, owned by competing
companies in an industry because of their perception- not a government
perception-that they were beginning to lose their competitive edge with
regard to the Japanese.

As research venture was put in place, it led me to begin to delve deeply
into the issue of the country's success at what is increasingly an



international marketplace. For me, the ultimate goal here is jobs. I listened
to the macroeconomists say how wonderfully the country has benefited
from these cheap products of great quality and that overall the consumers
benefited.

I accept that as valid and set it aside as essentially irrelevant when I
think about my country and the standard of living that I hope my children
and their friends will have.

I look at the period of 1982 to 1988 when we created 8.8 million new
jobs in this country. Well, when you look more carefully, we actually
created 10.4 million new jobs in what we loosely call the service sector,
from investment bankers to fast-food emporiums. We lost 1.2 million jobs
in manufacturing and 400,000 in the extractive industries. Of the 1.6
million jobs lost, the average weekly wage was $444. Of the 10.4 million
created, the average weekly wage was $272.

So, for a great many of our citizens who were working in the 1980s,
their standard of living has declined, and that has been largely obscured
because the economists look at household income, and increasingly indeed
there are two adults working to keep that family income growing.

Well, I am absolutely persuaded that we are not only losing our
competitive edge in many industries-not just a few-but that it directly
translates to jobs for American citizens, and unless we address these
problems, that trend is indeed going to continue.

REPRESENTATIVE HAMILTON. So, we've got a huge competitiveness
problem, and it's defined for you in terms of jobs.

ADMIRAL INMAN. And at least 10 million people already feel it in their
pockets.

MR. WEIDENBAUM. May I respond.
REPRESENTATIVE HAMILTON. Yes, I'll give you time to respond, Dr.

Weidenbaum, but let's go to Dr. Branscomb first, and then we'll go to you.
MR. BRANSCOMB. Let me say that I don't really care whether we call

it a competitiveness problem or a competitiveness challenge. A challenge
is often both a problem and an opportunity, and I think we have a
competitiveness problem and a competitiveness opportunity.

I teach a course on science and technology strategies for competitiveness
at the Kennedy School, and we tried in that course to go through the
macroeconomic tests for what the character of this competitive situation
is. It's a very tricky business, and I will defer to Mr. Weidenbaum on what
trade balances-manufacturing marketing shares and so on-tell you and
what they don't tell you. I really don't think that makes any difference.

The reality is that the United States has a much more sophisticated set
of competitors overseas than it used to have, and a lot of firms haven't
really awakened to that .

A lot of American companies don't think they're in international
competition. Why? Because they don't export their products. But they are
in international competition because their customers see competitive
products from abroad on the market shelf.



Now, how do we tell if we have a competitiveness problem? Well,
from a technological point of view, I would suggest that if you read the
MIT book, Made In America, and look at the documentation of the
problems that certain selected sectors of the American economy have in
product design for manufacturability, in manufacturing cost and quality
and in speed of response to market, that case is documented so well that
there is no way you can not agree that those areas of the industry have a
big problem competing.

And I can tell you it's not only true in industries like automobiles,
which people constantly deride as perhapg not being as well managed as
some others, but it's true in the IBM corporation and it's true in our
greatest high-tech companies. They came late to the realization that
manufacturing was as technically a sophisticated problem as new-product
development is, and they're now learning you have to put your smartest
engineers into process work and manufacturing and not closet them in an
R&D ivory tower, and then patiently wait the 10 years it takes for that stuff
to show up in the marketplace.

Now, that doesn't tell you whether the government has something to
do or not, but it sure tells you we have a problem. Now, we don't have
a problem everywhere. I'm a Director of Mobil Corporation, and our oil
industry does just fine and the Japanese can't touch it.

ADMIRAL INMAN. And chemicals do very well.
MR. BRANscoMB. But there really is a job to do if we want to look down

at the details.
REPRESENTATIVE HAMILTON. Well, if I understand Dr. Weidenbaum's

point, and take the semiconductor industry, he says, I think, in his
statement that it's a matter of investment. That's why we slipped because
we didn't invest. The Japanese invested and we didn't.

What's your response to that?
MR. BRANscoMu3. It's quite clear that in the most precipitous part of the

decline of the dynamic RAM market the Japanese invested countercyclic-
ally. It's a very cyclical industry, and the companies tend to introduce new
technology that drives up the costs but increases the production volume
of bytes. They absorb that technology as they go down the learning curve,
and then they introduce another track of technology.

The Japanese invested at a time when it didn't seem to make near-tern
good business sense to do it. As a result of taking a big financial hit early,
they were there with the right technology before the U.S. companies had
the cash to do it.

Now, you can ask, is that because the cost of capital is too high here?
Is it because too large a part of our equity market is dominated by pension
funds that are not interested in the long term and don't even know much
about the companies they invest in? Or is it because the firms themselves
didn't invest in the process technology, didn't have the right technical
strategy, couldn't hire engineers with the right point of view about
manufacturing versus development, needed a stronger knowledge base and



needed more cooperation within the industry? I think the answer is all of
the above.

ADMIRAL INMAN. And the cash-when you've got a lot of cash-it does
permit investment if you wisely do it. Once you get on the downside where
you don't have the cash and you don't have the investment, and
particularly when the equipment manufacturing part of it is aheady
undercapitalized, that's where something like Sematech then comes into
play to try to get the industry back in the game by getting the fundamental
investment in the equipment technology.

REPRESENTATIVE HAMilTON. Does this mean that American business just
made bad judgments?

MR. BRANSCOMB. They were late.
REPRESENTATIVE HAMILTON. They made bad judgments, and now we're

coming along and we're going to reward them for bad judgments; is that
right?

ADMIRAL INMAN. No. What we're saying is that it's so important to the
overall economy that you do an investment for a period of time to try to
get them back into the competitiveness process.

I have a strong desire to see sunset laws in a lot of these, whether it's
quotas for imports or the rest of it.

REPRESENTATIVE HAMILTON. You have confidence that government can
sunset?

ADMIRAL INMAN. It has not been demonstrated that often.
MR. BRANscoM. I don't think it's a we/they issue, Mr. Chairman. I

spent 20 years in the government and 15 years as an executive in a private
company. My view is that we all have a problem. I can remember serving
in the Commerce Department under Secretary Maurice Stans, back in 1972.
He told the Congress that he was a conservative and believed in a limited
role for government, but already in 1972 the decline of U.S. high-tech
market share was of grievous concern to him. He felt the Congress ought
to do something in the technology area, and he was pressing for that.

We have had a long time to try to learn. what it is about our competitors
that enables them to do so well. Many Americans still believe that the
reason the Japanese do so well is because they have some special ideology,
or social homogeneity, or something that explains it It doesn't explain it
all.

The Japanese found a better technological paradigm for running
competitive companies, and we're learning it. The government has a part
to play.

REPRESENTATIVE HAMILTON. Mr. Weidenbaum, I want to give you some
time to respond, but if you'll hold just a moment.

[Chairman confers with staff member.]
REPRESENTATIVE HAMILTON. Excuse me, go ahead.
MR. WEIDENBAUM. By the way, I take it that Admiral Inman's answer

to your question, is the semiconductor industry asking for a bailout, it



seems to be a reluctant yes. But let me get back to his fundamental
measurement of the competitiveness situation.

To put it straightforward, you don't measure competitiveness by inputs,
such as employment, but by output, that is production. If you look at the
manufacturing sector of the United States economy as a share of the GNP,
you have a straight line for the last 30 years. Why? How do you reconcile
that manufacturing is growing as fast as the economy but employment in
manufacturing isn't? Simply because you're getting a much more rapid
rate of productivity increase in manufacturing than in services. In other
words, you can produce more with fewer people. That's precisely how you
enhance your competitiveness, by enhancing your productivity.

If you look at the manufacturing sector properly, the U.S. manufacturing
is holding its own. You know, year after year after year, U.S. production-
physical production-hits a new all time high.

REPRESENTATIVE HAMILTON. Dr. Weidenbaum, let me ask you, do you
support DARPA?

MR. WFIDENBAUM. Yes.
REPRESENTATIVE HAMILTON. You support what they do now as you

understand their function?
MR. WEDENBAUM. Acknowledging, as I do in my prepared statement,

that they make some goofs, too.
REPRESENTATIVE HAMILTON. I understand that, but I mean the concept

of it is OK with you?
MR. WEIDENBAUM. Sure.
REPRESENTATIVE HAMILTON. DARPA, as I understand it, puts money into

all kinds of things-food processing, apparel, optics and many, many other
things-that I'm sure have some defense relationship, but, my goodness,
they have enormous civilian application as well.

MR. WEIDENBAUM. But I feel much more comfortable with optics than
food.

REPRESENTATIVE HAMILTON. And apparel.
MR. WEIDENBAUM. Yes, although I can see very specialized apparel and

food needs.
ADMIRAL NMAN. The troops who had to eat MREs would probably

applaud the DARPA.
[Laughter.]
REPRESENTATIVE HAMILTON. What about this recommendation in the

report that is one of the key sentences: The National Institute of Standards
and Technology in the Department of Commerce have a central responsi-
bility for supporting generic and pre-competitive research and development,
not within the missions of the R&D programs of other departments and
agencies.

Would you agree with that?
MR. WEIDENBAUM. That's too sweeping a statement.
REPRESENTATIVE HAMILTON. What does pre-competitive generic R&D

mean? Maybe I ought to ask them. They're the ones that wrote it



MR. WEDENBAUM. As Mr. Branscomb properly pointed out, R&D is
not a lump. It's a spectrum, basic research, applied research and
development. I have no problem with the government heavily supporting
basic research.

REPRESENTATIVE HAMILION. Well, what's the difference between basic
and generic and pre-competitive?

MR. WEmENBAuM. Those are terms of art
REPRESENTATIVE HAMILTON. Well, they are becoming very important

terms, I mean because they really draw the lines here.
MR. WEDENBAUM. As I read this, pre-competitive technology is the kind

of technological research that companies on their own don't seem to have
sufficient incentive to perform. But I could conjure up circumstances with
a different government policy environment where the companies would
have the incentive to do more of the pre-competitive technology research,
such as a research consortium allowed by waving antitrust provisions, such
as developmental research encouraged by reducing some of those
regulatory barriers.

REPRESENTATIVE HAMILTON. Dr. Branscomb, what do you mean by that
phrase, generic and pre-competitive? What's the difference between that
and basic research?

MR. BRANscoMB. The essential difference is that basic research is
generally thought of as the kind of scientific work that scientists do, driven
largely by their curiosity about the natural world with no serious intent that
it should have some identified practical application, even though everybody
has faith.

REPRESENTATIVE HAMILTON. IBM doesn't sponsor any basic research?
MR. BRANscoMB. It does a little bit
REPRESENTATIVE HAMILTON. It does a little bit, but not much.
MR. BRAscoM. It does a little bit in its corporate laboratory simply

to attract the brightest minds from our universities.
REPRESENTATIVE HAMILTON. But basically not
MR. BRANscoMB. In fact, it's very interesting. In Washington there are

great debates about basic research, applied research and development. I
have never met anybody in industry that ever used the words basic and
applied research. We never did in IBM. IBM invests in research of value
to the company, and it doesn't care whether the motive of the investigator
or the motive of his boss is predominant in choosing the target. The artful
manager will provide people with incentives to think they're doing it for
themselves anyway.

So, the introduction of the notion of pre-competitive, which I think
really means noncompetitive, that is something companies in a consortium
like MCC would think was in their individual as well as collective interests
to do. That's really what pre-competitive means.

Generic means a piece of research of such broad application that it's
unlikely that the investor will capture enough benefit to justify doing it,
and that the aggregate benefits to the economy far exceed the cost.



That attribute is also true of basic research, but generic research includes
a great many things that do not touch the frontiers of science but are
nevertheless very important practical things to do. The best example would
be the characterization of materials.

REPRESENTATIVE HAMILTON. In the sentence I just read, do you see
anything in that sentence that differs from present Administration policy?

MR. BRANSCOMB. Nothing. The President has made six speeches in
which he has advocated that his Administration wil support pre-
competitive, generic research. The Congress has written it into law, and
the Commerce Department is doing it.

REPRESENTATIVE HAMILTON. So, in that respect your report simply states
present policy.

MR. BRANscoMB. That's correct.
REPRESENTATIVE HAMILTON. Now of course there are some differences,

I presume, and let's explore that a minute. What ae the differences in your
report from Administration policy today?

M. BRANscoMB. Let me defer that one to the author.
ADMIRAL INMAN. We have recommended a number of things for the

Office of Science and Technology Policy. The only area there that's not
in keeping with our current policy is our belief that they need an in-house
research capability to really study the proposed policies.

REPRESENTATIVE HAMILTON. Who needs it?
ADMIRAL INMAN. OSTP.
REPRESENTATIVE HAMILTON. OK.
ADMIRAL INMAN. So that's one area where we've gone beyond the

Administration recommendations.
REPRESENTATIVE HAMILTON. That's an organizational issue.
ADMIRAL INMAN. An organizational issue. The second organizational

issue is in how you get decisions made on a daily basis, the role for the
National Security Council. The third area is in fact the organizational
redefinition of DARPA's role.

REPRESENTATIVE HAMILTON. But that's more than just an organizational
change.

ADMIRAL INMAN. It's an organizational change, and it offers the
opportunity for some investment change. It does not specifically call for
investment change, but the worry in the definition here that the
Administration has is that it's going to take money away from defense.
It isn't a Worry that there is a proposal that's going to cause additional
expenditures.

REPRESENTATIVE HAMILTON. And you don't think that's a legitimate
worry.

ADMIRAL INMAN. I don't think it will occur. But their worry is that this
is a process to raid the defense budget for research for other entities.



REPRESENTATIVE HAMLTON. Well, why do you leave this NARPA in
Defense? I mean, look, you're talking about long range, high risk, and
generic technologies with potentially high payoff.

ADMRAL INMAN. Because 80 to 90 percent of its activity will still be
for defense.

REPRESENTATIVE HAMILTON. Well, why should the 10 or 15 percent be
controlled by the Defense Department if it's basically commercial?

ADMIRAL INMAN. Our sense is that Defense doesn't control in this case.
If you look at DARPA's unique role of investing in areas like artificial
intelligence and creating the capacity at Stanford, at Carnegie Mellon, and
at MIT, which have now given this country a commercial lead in those
areas, you could characterize that as a Defense control. But it was really
DARPA seeing far broader potential technology uses that would have
defense application even though they didn't know at the time.

REPRESENTATIVE HAMILTON. Obviously, you think this is an important
part of your recommendation, NARPA. You are expanding beyond
DARPA. You are pushing it into the commercial area. Why should the
Secretary of Defense be controlling that?

ADMIRAL INMAN. What finally brought us to this proposal was not a
concern of how DARPA expanded its empire. It was a totally different
direction. How did we ensure over this rapidly changing world that
DARPA would have access and working relationships with the companies
where state-of-the-art technology is being done, those are not defense
contractors.

REPRESENTATIVE HAMILTON. You know a lot more about this than I do,
but they were very active in developing our computer capabilities, right?

ADMIRAL INMAN. Absolutely.
REPRESENTATIVE HAMILTON. What is the difference in your conception

here of NARPA from the old DARPA, which got into computers?
ADMIRAL NMAN. It simply gives them a legitimate role for what they

have already done.
MR. BRANscoMB. There is a a feature that you invented out of your

experience at NSA, which is worth mentioning, and that is that one of the
characteristics of NARPA is a management structure that explicitly involves
the Secretary of Commerce and the Director of OSTP, as well as the
Secretary of Defense. That's a device that is designed to try to make sure
that from a management environment point of view NARPA looks at its
mission with full recognition of what the technology situation of the
country is, and it can coordinate its activities with things that are done in
NIST and elsewhere.

REPRESENTATIVE HAMILTON. Well, one of the functions of NARPA would
include direct support of advanced technology leading to products that
would be used to meet the mission objectives of nondefense agencies when
requested, right?

ADMIRAL INMAN. When requested and when they brought money.



REPRESENTATIVE HAMILTON. So, that means the Secretary of Defense is
going to make a judgment about a request from the Secretary of Commerce
with regard to competitive technologies of some kind.

ADMIRAL INMAN. Actually, he clearly will consult, and in the structure
we have here, OSTP and OMB are going to be watching it But the
example we used here, and it may not be a good one, Mr. Hamilton, is
my experience as the Director of the National Security Agency, where I
met the needs of the State Department and others. Anybody who had
classified information they needed to protect, I would provide service for.
Overwhelmingly, my customer was the Department of Defense. The
Secretary of Defense is the individual I would tum to daily more or less,
and if I ran into a conflict, I would go there for appeal. But it was the clear
charter to reach beyond just the needs of defense, and to deal with the
needs of other departments and agencies that was more cost effective.

REPRESENTATIVE HAMILTON. Now, how do you deal with the question
Dr. Weidenbaum raises about limits? I mean how do you set the
technology priorities in NARPA? Do you go into that in your report?

ADMIRAL INMAN. We do go into it to some degree, and we try to get
the government to look across all of its areas in setting priorities, which
it has not done in the past That's under what we have to say about the
Science Adviser and the Office of Science and Technology Policy.

Again, there will not be universal excitement about this proposal from
within Defense, because they will see that it gives the opportunity for
others to intrude on the decisionmaking process where it is now totally
within the Department of Defense. So, our view is that that's a price worth
paying to get more efficient use of what you already have existing, as
opposed to going and creating separate organizations.

REPRESENTATIVE HAMILTON. You would see NARPA, Dr. Branscomb,
as going into the-I forget what you call them--path-breaking
technologies.

MR BRANscoMB. Yes. If I were writing the sentence in the report that
refers to NARPA's mission, I wouldn't couple the word path-breaking or
high-risk with the word generic, because my picture of what generic
technology is, is much more like what NIST does in-house, which I don't
regard as high-risk. I regard it as high generic value and high social retum,
or high economic return in industry. People use the word generic in
Washington right now to mean whatever it is the Administration is willing
to do that goes beyond what they were willing to do 5 years ago. I'll grant
you it doesn't mean a lot more than that in the way it's often used.

REPRESENTATIVE HAMILTON. Your view is that there is a consensus
emerging about this technology policy, Dr. Branscomb?

MR. BRANscoMB. Yes, sir.
REPRESENTATIVE HAMILTON. Now, the technology policy is an interesting

new phrase. Where did that come from anyway? I don't follow this as
closely as you folks do. Where did we come up with that one? That's a
way to get away from "iddustrial policy," I guess.



MR. BRANscoMB. Yes, sir, absolutely.
REPRESENTATIVE HAMILTON. Industrial policy is a bad word, isn't it now?
MR. BRANscoMB. Yes.
REPRESENTATIVE HAMILTON. Nobody is for an industrial policy.
ADMIRAL INMAN. It has become theological.
MR. BRANscoM. But clearly an industrial policy has several

components, and we shouldn't be ashamed of talking about an industrial
policy of the United States. We have an industrial policy, and it's largely
laissez-faire, as it should be.

REPRESENTATIVE HAMILTON. Well, you didn't mention it in your report.
MR. BRANscoMB. No, sir. It wasn't a report on industrial policy.
REPRESENTATIVE HAMILIoN. You switched away from it
MR. BRANscohm. This is a report on technology.
ADMIRAL INMAN. I'm guilty, Congressman Hamilton.
REPRESENTATIVE HAMILTON. You keep changing the terms on me all the

time. I mean, I'm still on industrial policy and you fellows are talking
about technology policy, and I don't understand the difference.

ADMIRAL INMAN. I've gone back to your youth, Mr. Chairman. I've gone
back to the roots of looking at a discussion of the legitimate role of the
government in technology policies that I trace all the way back to the
Lincoln Administration, and that I pick up with the development of NASA
and other activities, and found there was strong, repeated bipartisan support
for the value for the country, and suddenly I find the theological debates
about industrial policy. So, I just decreed we wouldn't use the term
"industrial policy."

REPRESENTATIVE HAMILTON. The White House has a paper, don't they,
on technology policy?

MR. BRANscohm. Yes. It's quoted in the back of this report.
REPRESENTATIVE HAMILTON. What does technology policy mean?
MR. BRANscoMB. Technology policies are the policies at the government

level that concern the government's mission, resource allocation, and
operations of technology activities-all technology activities. So,
technology policy in that sense deals with all of technology. It goes beyond
the component of economic policy that is technology. If you're thinking
about the part of the economy that has to do with industry, and there is
more to the economy than industry, it has at least three components. It has
a component of macroeconomic policy; it has a component of technology
and trade policy; and there are other policies as well.

The effort to get the discussion around technology policy, which has
been going on now at least as far back as Jordan Baruch's report for the
Carter Administration, is to distinguish those decisions the government
should make about the stewardship of the Nation's technological well-being
from the decisions the government needs to make in its stewardship of the
country's macroeconomic condition, because there are different federal
roles in different parts of each of these.



I think most of the debate and the reason hearings like this are so
important is because they allow us to try to be a little more precise and
a little more meticulous in sorting out what we mean by these words we
use. So, it's a very important question.

ADMIRAL INMAN. Mr. Chairman, if you will give me one more crack
at it from 9 years in the private sector now.

REPRESENTATIVE HAMILTON. Sure.
ADMIRAL INMAN. If you would ask me what is industrial policy, I would

say it would include cost of capital, a skilled and motivated work force,
a strong base for science and technology and supporting infrastructure,
quality innovation, and safety and productivity.

In this report, we've zeroed in on a small part of it-science and
technology-and looked at the policies there as opposed to dealing with
the broad range of problems, all of which I believe need to be addressed.

REPRESENTATIVE HAMILTON. I'll give you a moment, Dt. Weidenbaum,
but I just want to pursue this consensus thing a little bit. We've got the
White House paper-I guess that's the work of Mr. Bromley-on U.S.
technology policy, but the White House backed away from that, didn't
they?

MR. BRANscoMB. No, they didn't back away from it.
REPRESENTATIVE HAMILTON. Didn't I understand at one point they said

the report does not represent the views of the White House?
MR. BRANscoMB. It was the "Critical Technologies Report."
REPRESENTATIVE HAMILTON. That was a different report.
ADMIRAL INMAN. It got characterized in a national newspaper in a way

that caused them to change what they had-
MR. BRANscoMB. But that report was not a report of the White House

or of the OSTP That report was a report of the Critical Technologies
Panel. If you read it, you will find on the title page the word OSTP.

REPRESENTATIVE HAMILTON. OK. And it is that report the White House
backed away from?

MR. BRANSCoMB. Yes, Sir.
REPRESENTATIVE HAMILTON. And the U.S. technology policy paper,

which Mr. Bromley put out, the White House did not back away from?
MR. BRANscoMi3. No, sir, certainly not.
REPRESENTATIVE HAMILTON. What about this Critical Technologies

Institute? That is something that the White House has opposed, right?
ADMIRAL INMAN. Yes, sir. It was introduced in legislation. We were in

the process of recommending an in-house research capability for OSTP
when that legislation came out. So, we tried to co-opt it since it was
something already authorized, and then we found that the Administration
objected to putting it in place. So, we did yet the fourth rewording of that
part just before the report came out.

REPRESENTATIVE HAMILTON. Why does the White House object to the
Critical Technologies Institute?



ADMIRAL INMAN. I think that they object to Congress mandating adding
an organization or people. It wasn't their idea.

REPRESENTATIVE HAMILTON. That's the core of their objection?
ADMIRAL INMAN. That's the core of the objection.
REPRESENIATIVE HAMILTON. It's not an objection that runs to function?
ADMIRAL INMAN. I'm not sure. I can't really speak for them.
REPRESENTATIVE HAMILTON. All right Well, I understand that. But in

any event, your report endorses the idea of the Critical Technologies
Institute; is that correct?

ADMIRAL INMAN. We endorse the need for an in-house research
capability to support the Office of Science and Technology Policy to get
much more critical examination of proposals.

REPRESENTATIVE HAMILToN. And in-house means what there?
ADMIRAL INMAN. That it belongs to the government and not to go out

and contract for it, and that in this case we were prepared to accept the
proposed Critical Technologies Institute as a quick way to get there.

MR. BRANSCOMB. Which doesn't imply that we think OSTP should
spend a great deal of time making a list of technologies.

REPRESENATIVE HAMILTON. Do you think your report has very broad
support in the American business community?

ADMIRAL INMAN. The parallel report, "Gaining New Ground," has very
broad support.

REPRESENTATIVE HAMILTON. Now that's the private-sector report.
ADMIRAL INMAN. It was the private-sector report that looked at the

technologies, evaluated where we stood and made a number -of
recommendations. This report, which purely talks about how government
functions, has had very little private-sector input.

I have to tell you, Mr. Chairman, that in my experience in these 9 years
I find leadership in the private sector surprisingly ill-informed about
government functions. That's why they go and pay lobbyists to tell them
how to deal with issues before Congress, as opposed to dealing with them
directly, and are inclined to just throw up their hands about whether it can
be improved.

There is a tendency I find, having lived on both sides, to look at the
relationship between industry and government as adversarial rather than
as cooperative, and I find that in government agencies as well as in
leadership in the private sector.

REPRESENTATIVE HAMILTON. I didn't review your membership on this
Committee, but you had a lot of private-sector people, didn't you?

ADMIRAL INMAN. There are a lot of us who have worked in the private
sector, and most of us, I think, have a shared government and private-sector
or academic experience.

REPRESENIATIVE HAMILTON. Dr. Weidenbaum.
MR. WEIDENBAUM. Just a few quick comments. I don't feel obliged to

endorse every action of the Bush Administration, including technology



policy, but I do want to make a distinction between the very substantial
legislative mandate for economic policy in the form of the Employment
Act of 1946, which is also the charter for this distinguished Committee,
and note that there is no real counterpart in technology policy. So, I do
see here an expansion, to use a neutral term, of the role of the government
in the society in the form of this new notion of technology policy.

What I find scary is a fundamental justification reading from the
Carnegie Commission report, and think of the logic. DOD withdraws from
the high technology pool and will continue to withdraw substantially in
the future. It should therefore continue to make deposits into that pool
through support of basic and applied research, etc.

Let me take another stab at that. The DOD withdraws from the pool
of trained and educated manpower and therefore, in the spirit of this report,
the DOD should make deposits into the pool of trained and educated
manpower. The same logic, and now we get the Federal Government via
the DOD into supporting schools and colleges that produce trained
manpower.

What scares me is that once you open this door, there is no limit to the
expansion of the government's role in this major area of the economy.

REPRESENTATIVE HAMILTON. Dr. Branscomb, did you have a comment
there?

MR. BRANscoMB. No, sir.
ADMIRAL INMAN. I do, Mr. Chairman, if I may. We aren't creating

anything new there. We're simply trying to recapture the great leadership
that Dr. Vannevar Bush provided to this country in the 1940s in creating
a process, and we're trying to keep it going. I don't know, I may want to
consider some of the other proposals that Dr. Weidenbaum offers here as
things we ought to examine of other ways to make deposits on the
education issue as well.

REPRESENTATIVE HAMILTON. Let me ask you, the comment we hear so
frequently is that we have marvelous capabilities in research and
technology and breakthroughs and all the rest of it, but that we are not able
to commercialize it quickly. I presume that's what your report is getting
at in a major way. Why is it we haven't been able to commercialize it?
Why do we have all these brains pouring out all this stuff, and then we
haven't been able to convert that quickly?

ADMIRAL INMAN. For so many years it was a domestic economy, and
time was not a particularly urgent factor as long as other U.S. companies
weren't in a rush either. Thirty plus years ago we opened the doors to help
grow an international trading system, and, overall, we have benefitted from
it, but we haven't changed our internal practices. A few companies have.

I had 21 shareholders at MCC. Four of those 21 were fleet-of-foot in
looking at what was happening. They did it in different ways. In one case,
engineers constantly wandered through, looking for things to improve their
products, but only 4 out of 21 really were oriented-from my observa-



tion-toward the need in this new world to be much faster at taking
research to product.

REPRESENTATIVE HAM ION. Are we making progress?
ADMIRAL INMAN. Yes, we're making progress but awfully slowly. But

we are making progress.
MR. BRANscoi. My answer would be that our firms do better at that

today than they did in the 1960s. But what they didn't realize is that Japan
and Germany were inventing a whole new way to do it, using the
engineering that we created but institutionalizing it differently in the
companies. Instead of starting with research and having a science-push
notion of how you would commercialize products, the Japanese have
started with manufacturing as the central activity in the company, and then
have pulled the technology into manufacturing from development and
research. So, they focused much more on design for manufacturability,
much more on automated production, and much more on process
technology.

Our companies are learning to do that, and I think it's moving quickly.
I think some of the U.S. export data in manufacturing look very favorable.
Largely, thanks to the fact that the Japanese and the Germans gave as much
money for our fight in the war, the U.S. had a positive balance of accounts
last quarter. But even without that, we would have had only a $5 billion
trade deficit So, we are making progress.

REPRESENTATIVE HAMILTON. Are we, in your judgment, as a nation
underinvesting in R&D?

MR. BRANscoM. We are certainly underinvesting in the right kind of
R&D. I think probably in fact we're underinvesting in R&D, as a whole,
if you agree with my analysis that a lot of defense R&D, particularly the
D part, has marginal consequences to the economy.

REPRESENTATIVE HAMILTON. All right.
MR. BRANscoMB. We, of course, include the private sector when I say

that, and I think little sized companies, in particular, are underinvesting.
REPRESENTATIVE HAMILTON. Dr. Weidenbaum, do you support the idea

of Sematech?
MR. WEIDENBAUM. If the Congress were considering it today, I would

be very luke warm or negative, but given the fact that the investment has
been made and it's in operation, I would shoot at another target

REPRESENTATIVE HAMILTON. All right. I have a lot of questions, but I
also have another hearing this morning. So, I probably had better move
to that as quickly as I can. I want to give you an opportunity to conclude
with any concluding remarks that you might want to make.

Now, I would like you to address one thing. Dr. Weidenbaum reads
this report and sees it as an expansion of the role of government in science
and technology. That's really your underlying fundamental fear in this
report, correct?

MR. WEIDENBAUM. Yes, sir.



REPRESENTATIVE HAMILTON. Dr. Branscomb, if I recall your testimony
a moment ago, you said it was not an expansion of the role of government,
but indeed government's share was getting less overall, and you didn't see
it as an expansion.

MR. BRANscoM. I see it as a change in the character of the govern-
ment's relationship to commercial technology, which is inevitable because
of the change of events, and I will concede to Mr. Weidenbaum that it
makes the problems politically tougher.

REPRESENTATIVE HAMILTON. And you're a little uneasy about some of
those political decisions being made in this area, as I gather from your
testimony.

MR. BRANscoMB. Absolutely, because this government is our
government, and we have to make it work.

REPRESENTATIVE HAMILTON. OK. Let's have time for any concluding
comments, if you have any. I think we've had a really good discussion
and I appreciate it.

Dr. Weidenbaum, please proceed.
MR. WEIDENBAUM. One point I would underscore is the neglected

opportunity for cranking in the concerns that this panel properly has raised
of promoting private-sector technology into the regulatory decisionmaking
process. And when I say process, I mean especially at the congressional
end in writing the regulatory laws, and also at the other end of
Pennsylvania Avenue in administering the regulatory law, because we're
seeing a rapid expansion of government regulation of business that not only
doesn't take into account the impact on technology, but in good measure
is setting up a whole new series of obstacles to the commercialization of
technology.

REPRESENTATIVE HAMILTON. Admiral Inman.
ADMIRAL INMAN. Mr. Chairman, my disappointment, having great respect

for Dr. Weidenbaum, is that when in spite of a wonderful staff and a lot
of hard work, we have not written a report that can be clearly understood
as to our intent. We set out to create greater efficiency and effectiveness
from an existing government structure, and the thought that this was
somehow a charter to grow the government, I believe, is uniformly
anathema to the view of all of the participants in the study.

We also suffer from, and this is probably directly my fault, needing to
read this report in parallel with "Gaining New Ground." They were both
being produced at the same time, and I chaired both. "Gaining New
Ground" was an effort to get the private sector to focus on their view of
the issues and the needs, and this was a parallel issue to say how do you
retune what government is doing to better and more effectively address
industry's concerns that are laid out in "Gaining New Ground." Perhaps,
in the articulation of it later, we'll be able to get the two to marry together.
Obviously, your hearing is at least a help in starting that process.

Thank you.



MR. BRANscoM. This country finds itself with enormous opportunities
in a rapidly changing woild. I think the big problem we have is trying to
understand the nature of how the relationship of government to the private
sector needs to change. We don't want a MITI in this country. There is
no other country that I know of that provides a prototype or model for the
relationship of government in the private sector that we want here. We
need a uniquely American one.

I think this Committee, and this is a particularly important Committee
to do it, serves this country very well by trying to explore these issues and,
most importantly, trying to get at least one level below the ideological level
of labels and sound bytes that make this debate very difficult to have.

There is a piece of a chapter in the forthcoming book that I mentioned
earlier, "Beyond Spinoff," that describes how hard it is for government to
do a good job of dealing with civilian technology, particularly. It is very
difficult, and the Commerce Department is struggling to learn how. I don't
think we ought to multiply their budget by a factor of 10 every year. I
think they need encouragement, and they will find their way. They need
a sympathetic hearing from both the Congress and the business community,
and I think they're getting it.

I'm quite optimistic about the future, but we have a lot to learn about
new ways of doing things. We're going to have to drop some old labels,
but keep the legitimate ideas that are fundamental to our political and
economic system.

MR. WEENBAUM. May I offer an olive branch. In my forthcoming
book, which my full statement draws upon, I quote-

REPRESENTATIVE HAMILTON. We're going to have to have a lot of
additional hearings if we're going to cover all these new publications
coming out

[Laughter.]
MR. WEIDENBAUM. By all means. I quote admiringly from the writings

of both Admiral Inman and Professor Branscomb.
REPRESENTATIVE HAMION. That's a good note to end on.
Thank you, gentlemen, for your contributions, and we'll conclude.
[Whereupon, at 11:25 a.m., the Committee adjourned, subject to the call

of the Chair.]
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