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his section offers several perspectives on the effects that globaliza-

tion and technological innovation have had on R&D budgets. By
1999, the global economy had broken through a period of malaise, due
in large part to the sustained strength of the United States’ economy.
Credit for this growth has been given to the expansion of the service
industry and the extraordinary innovations of the computing and high-
technology sectors. The rapid growth, coupled with forecasts of long-term
budget surpluses, has provided policymakers with the freedom to increase
R&D spending and promote new initiatives in science and technology.

In Chapter 2, Barry Bosworth, senior fellow at the Brookings Institute,
discusses the sources of the economic expansion. He credits the expan-
sion to a recovery in the level of U.S. business investment and an in-
creasing rate of consumption. This level of consumption is fed by glo-
bal investment, in part because the “U.S. is the cheapest place in the
world to buy anything.” Bosworth finds that this vigorous growth has
led to long-term forecasts of budget surpluses in the U.S., which is in-
fluencing budgets on the local, state and federal levels, and affecting
available funding for private-sector R&D. He concludes with a warn-
ing that not everything is as rosy as it appears. The expansion is unfor-
tunately not benefiting all sectors of society, and income disparities still
remain. “There is a surplus of people with limited education, and there
is a shortage of people with high levels of education™ at a time when
education is becoming a greater factor in determining the distribution
of wealth in our society.

Neal Lane outlines the Clinton Administration’s FY 2000 budget for
R&D in Chapter 3, and highlights specific ways in which increases in
the budget for R&D will impact the path that the science and technol-
ogy community follows in the new century. These proposals include
increases in funding for the 21st Century Research Fund and increasing
R&D funding for all agencies. Lane also outlines Vice President Gore’s
“New Compact” between the scientific community and government.
The Vice President’s Compact proposes the creation of the Information
Technology for the 21st Century (1T2) initiative, which would promote
research into advanced information technology (IT), and address soci-
etal problems arising from the increased prevalence of IT. The Com-
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pact would additionally “address the needs of the science and technol-
ogy workforce of the 21st century,” and also provide guidance on is-
sues raised by biomedical research.

Robert Shapiro, under secretary for economic affairs at the U.S De-
partment of Commerce, focuses on the relationships between technol-
ogy, trade, and the global economy in Chapter 4. He lists global un-
evenness in growth, and worldwide “disinflation,” as key factors that
influence a government’s policy regarding the interactions between tech-
nology and economic growth. American businesses are becoming in-
creasingly focused on information technologies, which he says, “have
accounted for more than one-third of U.S. growth over the last five
years.” According to Shapiro, “Technological advances affect trade as
well as growth.” In a global system, borders are permeable, and tech-
nological advantages will eventually minimize a country’s comparative
advantage. Additionally, he finds that technological innovation has in-
fluenced R&D budgets globally, with all of the major industrial coun-
tries sharing comparable ratios of R&D to gross domestic product.

In Chapter 5, Donald Dalton and Manuel Serapio, Jr., provide an-
other view from the U.S. Department of Commerce. In an excerpt from
their Commerce Department study, they show the “magnitude, nature,
and scope” of R&D spending by foreign-owned companies in the United
States. They provide their key findings concerning foreign investment
in the United States, and in U.S. R&D investments abroad. They find
that foreign R&D in the U.S. had tripled in a single decade to $19.7
billion in 1997. Their report also states that although industrial R&D
has become increasingly globalized, the U.S. “retains a clear techno-
logical advantage in most sectors.”

The section concludes with Chapter 6, which Kenneth Flamm of the
Lyndon B. Johnson School of Public Affairs at the University of Texas
begins with the following question: ““Are new rules for high-technology
trade needed?”” In attempting to answer this question, Flamm looks to
the current rules regarding trade as defined by the General Agreement
on Tariffs and Trade (GATT). He finds that GATT has fallen short in
the areas of antitrust, antidumping, and intellectual property, primarily
because the agreement pre-dates the birth of the modern high-tech
economy. A new system of international rules is needed, and he sug-
gests that governments look first towards redefining the rules for subsi-
dies and the roles of governments in strategic trade policy and R&D
funding. He concludes by conceding that there is no clear solution, and
suggests that an answer may be “to negotiate reciprocal access to na-
tional technology programs.”



2 Outlook for the
National Economy

Barry Bosworth

I want to discuss the background of our current economic situation
because it has an enormous influence on the federal budget, on state and
local government budgets, and on the private sector in terms of the fund-
ing that is available for research and development. One of the biggest
lessons we are learning about our economy is that we presently operate
in a global system rather than a national system. To understand what
is happening in this country and the role it plays, we have to look at the
United States within a global context.

We are in the midst of an extraordinarily strong economic recovery
here in the United States, which has been going on for about a decade.
I think it is almost insured that this will be the longest economic expan-
sion that the United States has in its recorded history. It is a period of
very strong growth driven primarily on the demand side.

There are two reasons that the U.S. economy is so strong. First of
all, business investment has recovered from the startlingly low levels of
the early 1990s, when it had collapsed in the recession of 1990 and 1991.
In 1990, private investment in the United States was down to just a cou-
ple percent of GDP. Since that time there has been a steady, eight-year
recovery—we are nearly back to some of the historical peaks. Much of
the present expansion of the U.S. economy has been investment-led.

The second—and probably even more dramatic—aspect of the U.S.
economy is that we are in the midst of another consumption binge. This
country has an incredible desire to consume. In fact, the private sav-
ings rate in the United States collapsed during the 1990s. It has not,
however, hurt anything for purposes of American investing. You might
ask how investment can increase while savings—which you would think

Barry Bosworth is a senior fellow in the Economic Studies Program at the
Brookings Institution. This article is based on remarks delivered at the 24th
Annual AAAS Colloquium on Science and Technology Policy, held April 14—
16, 1999, in Washington, DC.
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would be needed to finance investment—decrease. The answer is that
there is another part of the story. The United States finances our invest-
ment by borrowing abroad, and we run a very large current account
deficit with the rest of the world. At present, the United States is the
major market for much of the global economy: it has been the primary
engine of growth. Region after region in the 1990s has faltered seri-
ously in growth prospects—most recently Asia—but the U.S. market
continues to expand.

What keeps all of those economies going right now? It is the willing-
ness of American consumers to go out and spend money. American spend-
ing gives these countries opportunities to sell goods here in the United
States—and to our credit, we keep our borders open, despite complaints
from some other countries about United States trade restrictions.

The U.S. is the cheapest place in the world to buy anything. We have
the lowest barriers against imported goods and trade of any country in
the world, which is reflected in the fact that prices are so low. Many
Japanese goods are cheaper in the United States than they are in Japan,
and the same is true for European products—because we have an ex-
traordinarily open economy in the midst of a very strong economic boom
and a willingness to let the rest of the world participate in that.

We benefit from that participation because we could not afford our
consumption binge if we had to produce it all ourselves. The United
States is basically at full employment; everybody is working. We do not
have the capacity to produce all the goods and services that we are con-
suming at the present time, so the fact that there happens to be excess
capacity in the rest of the world has been good for us.

There are a variety of reasons that demand is so strong here in the
United States. Normally | would dismiss one that is frequently cited—
the stock market. Historically, the stock market has gone up and down,
and nothing happens to the economy. The stock market is just not that
important—maost people who invest in the stock market expect it to fluctu-
ate, and fluctuations in stock market prices are discounted in terms of what
it does to their wealth and what it does to their consumption.

I think that is still true. The impact of changes in stock market wealth
on consumption is about half that of other types of wealth changes. But
this stock market binge has been so huge that it has created enormous
amounts of paper wealth—and many Americans are beginning to spend
that wealth. That behavior can explain that the household savings rate
in the United States is now zero, meaning that the average American
household consumes everything earned in the form of money.
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How could one possibly do that? It is financed by wealth—capital
gains from the sale of stock wealth. There has not been a particularly
large increase in debt in this expansion—we do not see people borrow-
ing incredibly large amounts of money. But every time the interest rates
go down, people rush out to refinance their mortgages. There is also
an emerging tradition among Americans: When you refinance the mort-
gage, take out another ten percent and use it to pay off your credit cards
SO you can start over again. That has been important as interest rates
and inflation have declined.

But the real key to a sustained expansion of the U.S. has been a con-
tinued low rate of inflation. We no longer have a regularity of business
cycles in the United States, mainly because the production of goods is
just not that important any more. The old durable good or inventory
cycles are largely gone. We now have a primarily service-producing
economy.

Instead, business cycles are largely a reflection of changes in govern-
ment policy, which typically result from changes in inflation. The rea-
son this expansion has been so long and drawn out is that despite an
incredible decline in unemployment here in the United States, there has
been absolutely no evidence of inflation. That is a major surprise to U.S.
economists studying inflation behavior. We thought that a tightening of
labor markets would give rise to pressures for nominal wage increases.

Unemployment is now down to 4.5 percent, where we once thought
the level of full employment was six percent. And there is still no evi-
dence of accelerating inflation. That is probably the biggest puzzle of
the economic expansion. In such a tight labor market, why have Amer-
ican workers not pressed for wage increases?

One possible reason is that Americans feel more subject to global
competition and are more uncertain about what is going on—therefore,
they are reluctant to push for wage increases because they are more afraid
of losing their jobs. There also has been a lot of deregulation in the
sectors of the economy that were dominated by strong worker groups—
the transportation industry and the communications industry often led
the way in past inflation cycles. Those are very open, competitive sec-
tors in which it is difficult for workers to push up wages.

In general, there has been a decline in unions, which used to play a
role in the process. Most Americans seem to have decided that instead
of joining a union, it is a much better to threaten to join a union. Then
you get everything you want. So now union membership in the United
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States is at an extremely low level, and therefore not an important force
in wage determination.

The trouble with such explanations is that they have been going on
now for several decades, starting in the late 1970s and early 1980s. Yet
in 1988-89, when unemployment in the United States declined about
5.5 percent, inflation took off. And the Federal Reserve, trying to curb
that inflation, put the United States back into a recession. Why is it that
when unemployment crossed six percent in 1995 and then stayed be-
low that every year, it did not go down? What has happened since 1989?
That is much harder to explain.

Part of the explanation may be that labor markets are not as tight as
they seem. Years ago, women typically had relatively high rates of un-
employment compared to men—with a relatively loose attachment to
the workforce—and they tended to experience higher unemployment
rates. That is no longer true. If they lose a job, women are just as ag-
gressive as finding another one, and their unemployment rate is now
actually below that of men in the same age groups. So there has been a
shift in the composition of unemployment. However, if you focus on
male unemployment rates rather than the overall unemployment rate,
the market is not quite as tight as it would appear to be.

There also has been some improvement in productivity in the last few
years, so we were able to offset some of those wage increases in the last
three years by increasing American productivity. That is very encour-
aging for the future—maybe we are beginning to realize some benefits
of all those computers we all bought.

Another reason that inflation remains low may be luck: a fortunate
set of external circumstances. Take, for example, the 1970s. We had
many shocks to the economy that tended to be inflationary, such as the
driving up of oil and agricultural prices. In contrast, the shocks of the
1990s have had favorable effects on inflation.

In 1995, oil prices collapsed, providing real income gains to workers
without the need for large wage increases. More recently, the Asian fi-
nancial crisis contributed to low prices for other commodities and elec-
tronic parts.

Given this very strong economy, the United States is now forecasting
a budget surplus, which we have not had since 1969. Most of the bud-
get surplus is actually a surplus in the social security accounts, and it is
occurring because all the baby boomers are working now and they are
pumping a lot of tax revenues into the social security fund. That will
continue for about another 15 years.
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But there is also a large improvement in the other parts of the bud-
get. How did that happen? The President and Congress did not agree
to a tax increase and they did not agree to an expenditure cut. Part of
the surprise is on the expenditure side—Medicare is increasing less than
we expected it to. But the major surplus is on the revenue side. In ef-
fect, money has been pouring into the treasury, and we cannot fully fig-
ure out where it is coming from. One thing we do know is that it is in
the personal income tax—not in social security tax payments or com-
ponent taxes.

How can we possibly be getting that much money? One explanation
is that the national income accounts of the Commerce Department are
way off target, and the economy is growing a lot faster than we think it
is. | believe we can largely discount that explanation, because if that
were true, one would expect to see a surge in the employment taxes, as
well as income taxes.

The other two explanations are that a large proportion of the income
gains in the 1990s have gone to people at the very top of the income
distribution, and they pay higher marginal tax rates than people at the
bottom; and there has been a large increase in income from realized
capital gains, which are not reported in the national accounts. That
appears to be happening with consumption—people are spending some
of their capital gains, so some part of the tax increase is coming from
capital gains.

The reason we do not know for sure is because the information about
individual returns comes from IRS records, and IRS is still processing
1996 tax returns. We know the total tax payment, but we cannot yet
allocate it among individuals to figure out who paid. A little bit later
this year we will begin to get information that will resolve some of the
debate about the origins of the surplus. If you thought it was due to the
redistribution of income, then I guess you would maybe argue that it
might go on for some period of time yet, because | do not think the re-
distribution of income will reverse. But if it is due to capital gains, the
budget surplus may turn out to be a little ephemeral.

In conclusion, |1 do not want to leave you with the impression that
everything is great. There are problems in the changing income distri-
bution: the failure of the expansion to benefit all groups throughout the
income distribution. Between 1979 and 1996—in the midst of this long
economic expansion and after adjusting for inflation—the income of men
in the bottom 80 percent of the distribution declined. The only men who
are experiencing income gains are at the top of that distribution.
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For women, the picture is more positive—but that statement should
be tempered with the fact that women started out earning only about
65 percent of what men did, and now they are up to about 75 percent.
Even for women, the distribution of the gains is extremely skewed. They
are much larger at the top of the distribution than they are at the bot-
tom of the distribution. Finally, more than in the past, “likes” are mar-
rying “likes” in the United States, meaning that men at the bottom of
the distribution are marrying women at the bottom of the distribution,
and men at the top of the distribution are marrying women at the top
of the distribution. Thus, if you look at family incomes in the United
States, there is a dramatic pulling apart of the income distribution.

I think the major reason for this is that because of technological chang-
es, education is worth more in our society. There is a surplus of people
with limited education, and there is a shortage of people with high lev-
els of education. As a result, the price of unskilled labor is being driven
down while the price of skilled labor is being driven up. That has some
very serious social consequences for our country that we should be con-
cerned about, and it is a big challenge to public policy.

The educational system plays a very important function in this whole
process. We all should take pride, for example, in how well the Amer-
ican college and graduate system works—but no American should be
proud of how well the American high school system works. We spend
an amazing amount of money on people who go to college—but think
about the 50 percent of Americans who stop at a high school diploma.
We do not do anything for them, and the data are beginning to reflect
some of the consequences of having ignored high schools for so long.



3 Ushering in a New
Century of Progress
Through Discovery

Neal Lane

In my remarks to this colloquium in May 1998, | spoke about the glo-
bal imperative to make the fruits of science and engineering research
available to all people, and | quoted Einstein’s admonition: “From dis-
cord, find harmony. In the middle of difficulty lies opportunity.” Per-
sonally, 1 have found these to be words to live by during my transition
from National Science Foundation (NSF) to the Office of Science and
Technology Policy over the past year. | like it when a speech has a take-
away message, even if I’'m the only one who takes it away!

This year, 1 would like to comment on some of the remarkable les-
sons | have learned in the White House about research and development
(R&D) budgets. But I would also like to continue exploring the oppor-
tunities presented by the new millennium to unite the pursuit of world-
class research with the pursuit of societal needs.

As we draw ever closer to the next millennium, I’m sure many of you
have noticed the recent news stories offering various rankings of histor-
ic events. One such story reported on the results of a survey of leading
journalists voting for the *“*biggest news stories™ of the past 100 years.
It was no surprise to those of us in the science and technology commu-
nity that more than one-third of the top 100 stories concerned break-
throughs in science and technology. In fact, three of the top four were
clearly science and technology news: the number one story was the
United States’ use of atomic bombs at the end of World War Il; the num-
ber two story, astronaut Neil Armstrong’s first steps on the moon in

Neal Lane is the assistant to the President for science and technology and
director of the White House Office of Science and Technology Policy. This
article is based on remarks delivered at the 24th Annual AAAS Colloquium on
Science and Technology Policy, held April 14-16, 1999 in Washington, DC.
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1969; and the number four story was the flight of Wilbur and Orville
Wright’s powered airplane in 1903. In these examples, science and tech-
nology made headlines because they shaped—significantly and tangibly
shaped—the daily lives of people all across the globe.

The decisions we make—in the Administration, in Congress, in the
science and technology community—about future investments in science
and technology will influence the headlines of the 21st century in ways
both predictable and serendipitous. More importantly, they will affect
the lives of our children, our grandchildren, and all of those who fol-
low. Our political leaders’ vision of where science and technology can
take us is vital, then, to the success of the nation. President Clinton and
Vice President Gore have used their time in office to promote a compel-
ling vision of the future of science and technology. Many of you may
have heard the President’s address in 1998, at the AAAS sesquicenten-
nial meeting, in which he presented the following view:

Your bicentennial meeting can convene in a world where climatic
disruption has been halted; where wars on cancer and AIDS have long
since been won; where humanity is safe from the destructive force of
chemical and biological weapons, wielded by rogue states or conscience-
less terrorists and drug runners; where our noble career of science is
pursued and then advanced by children of every race and background;
and where the benefits of science are broadly shared in countries both
rich and poor.

That is what | pray it will be like 50 years from now, when my suc-
cessors stand here before your successors and assess how well we did
with our time.

In each budget cycle, this Administration has made steady improve-
ments in the science and technology investment portfolio to move us
closer to the President’s vision. This year is no exception. After this
review of the FY 2000 budget, | want to open a dialogue with you—
indeed, with the whole science and technology community—about how
we can effect more than incremental change in the prospects for science
and technology, and therefore for society as a whole in the 21st century.

I think you all know that this has been a tough year to put a budget
together, but there are some notable high points. First among them is
the fact that the President led us from a $290 billion deficit in 1993 to
surpluses as far into the future as the eye can see. The Administration
successfully combined fiscal restraint with continued investments in the
future, including investments in technology.
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21st Century Research Fund

The FY 2000 budget includes $38 billion for the 21st Century Re-
search Fund. That’s a three percent increase over FY 1999. The Re-
search Fund provides a way to focus on balance, budget stability, and
appropriate growth in the highest-priority research programs. This year,
the Research Fund includes Department of Defense basic and applied
research programs (6.1 and 6.2)—further evidence of the Administra-
tion’s commitment to effective integration of the nation’s university-based
research portfolio. The Research Fund also helps ensure that research
areas that cut across several agencies can flourish in the competitive
budget environment. Let me mention a prominent example: informa-
tion technology research.

Information Technology

This year’s budget proposes a bold new initiative: Information Tech-
nology for the 21st Century (IT2). The initiative corresponds to an in-
crement of $366 million, a 28 percent increase in overall spending on
information technology research, bringing the total to about $1.8 bil-
lion in FY 2000. No one knows better than you the value of informa-
tion technology in our national economy or the value of information
technology to progress in science and engineering. Information tech-
nology now accounts for one-third of U.S. economic growth. Informa-
tion technology offers the greatest return on investment of R&D dollars,
producing not only more jobs, but also jobs that are more desirable
because they pay more and can drive local economies.

Information technology also gave us the confidence to move from
nuclear testing to science-based stockpile stewardship, through the De-
partment of Energy’s Accelerated Strategic Capacity Initiative (ASCI).
And the new initiative will help move those hard-won advances into
critical civilian uses, such as climate-change modeling and other appli-
cations. This initiative is what Thomas Jefferson would have described,
if Gerald Holton is to be believed, as a research program by which sci-
ence serves both the search for truth and the interest of society. | will
return to Jefferson’s views on science later in my remarks.
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IT2 has three central goals:

« to carry out basic research to advance information technology;

» to use the most advanced information technology—for example,
computer simulation—to enhance research across all areas of
science and engineering and hasten the pace of discovery;

« toaddress the legal, ethical, economic and workforce questions that
information technology raises.

The IT2 initiative is a team effort involving the White House and sev-
eral federal agencies, and it’s a high priority with the President and with
the Vice President. IT2 will help contribute to advances in other cross-
cutting areas, including, for example, the environment and national
security.

Budget Summary

In summary, R&D fared well in the FY 2000 request. Non-defense
discretionary spending was, essentially, flat compared to FY 1999, but
non-defense R&D was up three percent. Among all the non-defense
discretionary accounts, only education fared better.

I know that some of you are concerned with the National Institutes
of Health (NIH) funding level, but it is important to remember that the
$320 million increase in FY 2000 maintains the rate of growth the Pres-
ident set out in the FY 1999 budget request. And R&D spending is up
at NSF, USDA, Commerce, Interior, and Transportation. Importantly,
R&D is up at Education to support large-scale, interdisciplinary research
in three key areas: school readiness for learning reading and mathemat-
ics; K=3 learning in reading and mathematics; and education of pre-K-
12 teachers in mathematics, reading, and science.

The Clinton-Gore Administration has a solid six-year record in sci-
ence and technology funding:

e Civilian R&D has increased seven years in a row. At almost $40
billion—a 31 percent rise since 1993—it now constitutes 51 per-
cent of the federal R&D budget, fulfilling a Clinton-Gore campaign
pledge.
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e The FY 2000 budget boosts funding for basic research by 4.2 per-
cent over FY 1999. The total is up 36 percent since 1993.

e R&D support to universities is up by two percent in FY 2000—a
$353 million increase. That’s up 33 percent since 1993.

< Finally, the President’s budget presents a balanced R&D portfo-
lio, which recognizes the interdependence of all fields of science and
engineering.

This last point is extremely important. The President’s request reflects
his appreciation that diverse fields of research are intricately connect-
ed, with each breakthrough stimulating a chain reaction of advances in
seemingly unrelated fields. The Senate budget resolution, which pro-
vides only for increases at NIH, stands in stark contrast to the President’s
vision for science and technology. Certainly, increases for NIH are im-
portant—but it is essential that we also see increases in the budgets of
NSF and the science and technology programs in all the agencies. We
want to work cooperatively in a bipartisan fashion with Congress to
support R&D. But it is crucial that the support be comprehensive to
ensure continued vitality and leadership across the broad frontiers of
science so that we don’t miss the next breakthroughs—in whatever field
they may occur.

As leaders in the science community, you have strong voices that are
heard and heeded. | urge you to speak out to all those involved in bud-
get decisions—not only in the U.S. Capitol, but also back home in your
own state capitals and across your regions. We hope you will join us in
a concentrated effort now to sustain a balanced, comprehensive national
science and technology enterprise.

In these years when two millennia converge, it is important to keep
our perspective even as we engage in perennial political brushfires. We
are plotting a course not just for the near-term future of the federal bud-
get, but ultimately for the long-term future of our planet and its people.

We might take a lesson from an old budget debate among the faculty
at an Oxford college. The dons were debating what to do with all of
their college’s money. Most seemed to agree that buying land would be
the best use for the money, since, as one faculty member observed, ‘““for
the past thousand years, land has proven to be a very wise investment
for the college.” At this point, the college’s whiskered old patriarch stood
and said, “True, but the past thousand years have been atypical.”
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The past 50 years have been exceptional times for science and tech-
nology. But will they prove to be atypical, or will we successfully forge
a new post-Cold-War partnership between science and society that se-
cures benefits for all parties?

The Vice President has called on us—the scientific community—to
look for new opportunities in the new millennium. He has called for
the development of a “New Compact™ between our scientific commu-
nity and our government—one based on rigorous support for fundamen-
tal science, and also a shared responsibility to shape our breakthroughs
into a powerful force for progress. He spelled out three prerequisites
for a New Compact.

First, as we continue to probe the most fundamental questions of
nature, we must do more to ensure the best use of science and technol-
ogy to sustain our prosperity, create jobs, and grow the economy for the
21st century. To illustrate this need, he unveiled the IT2 initiative and
announced the Administration’s plan to request a renewal of the R&D
tax credit.

Second, the Vice President said we must “make sure that we not only
generate the fruits of discovery, but also share them.” That means work-
ing to ensure that more of our people have access to technology and to
rewarding careers in science and technology, and also that we give our
students the best education available in the world.

We put top priority on addressing the needs of the science and tech-
nology workforce of the 21st century. The National Science and Tech-
nology Council (NSTC) will soon recommend actions to revamp the roles
community colleges play in preparing our technical workforce and the
ways in which graduate students are supported in our research univer-
sities. We are also committed to strong policies that encourage interna-
tional scientific exchange. Researchers from other countries enliven
academia and industry and help keep this country strong. Time maga-
zine recently featured scientists who number among the great minds of
this century, noting that behind each great idea, great discovery, and great
invention is one extraordinary human mind. We intend to create an
environment in which those minds can work their wonders for the long-
term benefit of this nation.

Finally, the Vice President urged us to do more to make sure our new-
est technology helps advance our oldest and most cherished values. One
example of our ongoing effort in this area is the work of the National
Bioethics Advisory Commission, which is providing crucial guidance on
the complex issues raised by biomedical research. 1T2 also emphasizes
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technology and values, with its allocation of $15 million to examine the
social and economic effects of the information revolution.

Science and technology community leaders have also recognized the
need to refocus our efforts. For example, a new study by economists
Michael Porter of Harvard Business School and Scott Stern of MIT,
published last month by the Council on Competitiveness, warns that the
United States is failing to invest in the fundamentals—basic research and
advanced degrees in physical sciences and engineering. It suggests that
we are eating our seed corn while other countries are increasing their
stores for the future.

In a recent opinion column, representatives of Genentech, Netscape,
and TechNet—a bipartisan organization—echoed the same concern that
the once-reliable flow of federal funds into basic research is now in
doubt. To help reverse this trend, the authors advocate doubling feder-
al appropriations for basic research over the next ten years and enact-
ing a permanent R&D tax credit for corporations.

The National Academy of Sciences has also entered this debate with
its recent report on capitalizing on investments in science and technolo-
gy, The Pervasive Role of Science, Technology, and Health in Foreign
Policy: Imperatives for the Department of State. The report asserts that
there is a consensus that the context for U.S. science and technology pol-
icies has changed fundamentally, and that the framework that brought
success in the past needs to be rethought for the future.

Congress, too, has expressed concern about the future of science and
technology. The Frist-Rockefeller bill and Vern Ehlers’ report for the
Science Committee, Unlocking Our Future: Toward a New National
Science Policy, try to point us in new directions. During my recent ap-
propriations hearings, Senator Barbara Mikulski (D-MD) urged me to
do more to communicate the rationale for broad federal investments in
science and technology to her congressional colleagues.

In many ways, all of this ferment of opinion is encouraging—for if
we agree strongly enough that the outlook for R&D funding is threat-
ened, perhaps we can find common cause for unifying and concentrat-
ing our efforts to answer the threat. There is some urgency to this task
associated with one of the Clinton Administration’s proudest accomplish-
ments: we have a surplus in the federal budget—not just for this fiscal
year, but for as far ahead as we can see. The figures being quoted are as
high as $2.8 trillion over the next decade. Yes, the President is commit-
ted to fixing Social Security and Medicare. Still, that leaves possibly
hundreds of billions of dollars to make decisions about.
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Many constituencies, armed with thorough documentation for their
funding needs, will have their eyes on the surplus. We must be ready.
One thing is certain—only political support for R&D ensures adequate
attention in the final budget. And political support flows toward in-
vestments with real payoffs for real people who speak loudly, in unison—
or at least in close harmony.

We have extremely compelling arguments at our command. The
immense payoffs from long-term basic and applied research funding are
evident throughout our economy—from laser surgery, to global position-
ing technology, to the microchip in your coffee maker. The contribu-
tions of science and technology are so woven into the fabric of our lives
that it is easy to forget the effort that made them possible. Let us help
people remember.

We already know the public believes in the value of science and tech-
nology, and especially R&D funding. According to the NSF’s Science
and Engineering Indicators 1998, a solid 80 percent of American adults
agree that the federal government should support basic scientific research
that advances the frontiers of knowledge, even when it does not pro-
vide any immediate benefits. Even more encouraging, this percentage
has remained relatively constant throughout the last decade. The real
guestion today is how we can translate this strong public confidence in
our enterprise into a similar confidence among the federal budget deci-
sion-makers—who are elected by a public that strongly supports science.

We must pass along our own excitement to everyone who does not
already sense it. The President’s Committee of Advisors on Science and
Technology (PCAST) is documenting the contributions of S&T to our
daily lives. The NSTC will produce a document that describes the role
of science and technology’s contributions to the federal agencies’ mis-
sions. | will be working closely with PCAST and the agencies in the
NSTC over the coming months to help shape proposals to address the
Vice President’s call for a “New Compact.” We will be reaching out to
individuals and organizations like AAAS to get broad community input.

The *“Cold War,” the *“*Space Race,” and the “Cure for Cancer” have
been almost unassailable rationales for increased investment in science
and technology. We revved up spending in this Administration with the
“Engine for Economic Growth.” Are there other ways to characterize
a broad investment portfolio that can compete with other important
discretionary programs when push comes to shove? | was thinking re-
cently how appropriate it is that the year 2000—in the midst of the cur-
rent revolution in science and technology—uwill not only mark the turn
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of a century and of a new millennium, but will also mark the 200th
anniversary of Thomas Jefferson’s election as President of the United
States. | have a feeling that President Jefferson—who was passionate
about science—would be proud of what we are accomplishing today,
both scientifically and politically.

Jefferson knew that science investment could be risky, but could also
have enormous payoffs. That knowledge guided his decision to com-
mission Lewis and Clark to explore the vast Louisiana Purchase. Ex-
cept for the tall tales and legends of a few mountain men and trappers,
Americans at that time had no clear knowledge of what kinds of lands
and waters lay west of the Mississippi. But Jefferson did know that it
was essential to investigate this huge tract—not just in the sense of tak-
ing an inventory of goods, but also in the fundamental spirit of scientif-
ic inquiry. The expedition he commissioned, of course, did pay off. As
surely as Lewis and Clark dramatically increased our knowledge of the
geography, the geology, and the peoples of the Western United States,
that new knowledge opened the Western United States to economic ex-
pansion that still drives this nation forward.

And so, almost 200 years later, we find ourselves at another impor-
tant crossroads of policy development, when similar levels of vision and
courage are needed. | believe the Administration has an impressive
record and an exciting vision for the future. And I look forward to
working with you to translate this vision into a well-defined agenda and
“compact” for the new century.






4 The Global Context for
Technology and Trade

Robert J. Shapiro

The global context for technology and trade is a very broad topic. It
involves understanding current global economic conditions, of which
there are two features that particularly affect technology and trade: the
current unevenness of economic growth around the world and the emer-
gence of sustained worldwide disinflation.

We also need to address the role that technology plays in growth and
the present state of American technology industries. Finally, there is the
matter of the government’s role in technology.

In economic strength the United States is currently the world’s outlier.
Last year our growth rate of 3.9 percent was the strongest in the OECD.
By contrast, Western Europe grew 2.7 percent, Latin America 2.1 per-
cent, and Asia contracted at a rate of 1.9 percent.

Total world gross domestic product (GDP) grew 1.6 percent last year.
That is about half the decade’s average. And we contributed half of
world GDP last year, because while the world was growing very slowly,
we were growing very fast. In fact, America’s GDP has grown faster
than the G-7 average every year since 1992, or throughout the current
Administration. Compared to the 1970s and the 1980s, this is really
quite extraordinary, and indeed could signify new trends on both sides
of the comparison.

As the person who oversees the Census Bureau and the Bureau of
Economic Analysis, | am not allowed to forecast. | am not allowed
because if | get it right, people might think the books were cooked, and
if | get it wrong, then | might look like I do not know what | am doing.
So | do not forecast. But according to most private forecasters, this
unusual global economic unevenness will continue this year. Right now

Robert J. Shapiro is the under secretary for economic affairs at the U.S. De-
partment of Commerce. This article is based on remarks delivered at the 24th
Annual AAAS Colloquium on Science and Technology Policy, held April 14—
16, 1999, in Washington, DC.
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the consensus forecast sees the United States growing by 3.3 percent or
more in 1999, while world GDP ekes out about 1.6 percent growth again.

The encouraging news is that there are some signs that Asia is begin-
ning to recover. The private consensus forecast for the region is 0.4
percent growth this year and 1.6 in 2000, compared to the decline of
last year. South Korea is leading the turnaround. It grew at an annual
rate of two to three percent in the fourth quarter of last year, and other
tigers are also showing improvement. Before we breathe more easily,
however, Japan is still in a deep recession, even as its financial markets
improve, and China may still be slowing as well.

The consensus forecast for Latin America is not encouraging. Led
by Brazil’s recession, the region, particularly South America, is clearly
slowing. But Mexico, our third largest trading partner, is doing well,
and the forecasts for 2000—at least for Latin America—are still solid.

The worry is Europe. Germany’s GDP declined in the fourth quar-
ter; its exports slumped. But the European Central Bank has cut inter-
est rates, and the consensus forecast sees Germany rebounding, and all
of Europe growing 1.9 percent this year and 2.4 in 2000. So even in
this rebound, this pattern of not only absolute American economic
strength, but also of relative economic strength is expected to continue.

This uneven pattern of world growth can have at least a modest stim-
ulative effect on technology. For example, the recession in Asia reflects
in part an excess of export-led investment in the 1980s and the 1990s,
which has produced excess manufacturing capacity. When Asia comes
out of its recession, businesses there will likely focus less on expanding
their capacity and more on productivity and profits, which means more
focus on technology. Such a global tendency towards greater technolo-
gy investment would be reinforced by another feature of the current
economy, which is the steady decline in inflation.

Consumer prices in all developed countries rose only 1.9 percent last
year. They are expected to rise 1.3 percent this year. These rates are
very low, but the trend is not new. In fact, inflation has been falling
worldwide for about 15 years. There are many factors at work here,
including weak demand for commaodities worldwide, especially outside
the United States, and until recently the sharp decline in oil price. But
most of the factors in global disinflation are not tied to the current busi-
ness cycle, but rather are structural, such as the huge built-up over-
capacity in many Asian manufacturing sectors. Trade liberalization and
deregulation around the world have also placed downward pressure on
global prices.
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The globalization of capital markets has brought a new kind of com-
petition among currencies, since international investors will pull their
funds out of any currency in which they lose confidence. This has pro-
duced a sustained bias toward tighter fiscal and monetary policies around
the world to reassure international investors, thus holding down prices
worldwide. We see this in Europe, where this bias toward tighter fiscal
policy has been written into law in the Maastricht Treaty. We see it in
the United States in a debate over the budget surplus, in which there is
virtually no discussion of spending the surplus.

But technology also plays a direct role in the current structural disin-
flation because technological innovation has reduced the real cost of
certain crucial goods, especially information systems, telecommunica-
tions, and transportation. U.S. personal computer prices, for example,
measured on a real basis, fell 13 percent in the fourth quarter of 1998
alone. And the strong productivity gains—driven in part by technology—
also keep inflation low, even when labor markets are very tight.

I think it also works the other way; that is, disinflation can play a
role in advancing technology. That is because disinflation reduces the
ability of firms to raise their prices, and that tends to shift the focus of
business strategy to cutting costs—which often means substituting capital
for labor—and the focus of business investment to increasing productivity.

It has been said that we have been in, in part, an investment-led eco-
nomic expansion. One of the most extraordinary facets of the recent
record in business investment is that measured in real terms, 45 percent
of the growth in business fixed investment over the last five years has
been in information technologies—that is, American business is becom-
ing highly intensive in information technologies.

Apart from these dynamics, | think technology has played a critical
part in the current strong growth in the United States. By one estimate,
information technologies—which account for about ten percent of
GDP—nhave accounted for more than one-third of U.S. growth over the
last five years. But this is not new. Many economists—Robert Solow,
Edward Denison, Michael Boskin, and most recently, the Council of Eco-
nomic Advisors—have estimated that economic innovation, broadly con-
ceived, can account for 40-to-50 percent of all U.S. growth over the last
century.

Now, by “innovation, conceived broadly” | mean the development
of not only new products, processes, and materials, but also new ways
of financing, marketing, and distributing goods, and new ways of orga-
nizing the workplace and running a business.
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Technology is not the only factor in growth, and in many cases it needs
to be embodied in capital. So capital still counts for growth too. It needs
to be operated by highly skilled workers, so education counts as well.
So innovation and technology are clearly not the only factors, and they
can not be fully separated from the other major factors in growth.
Nevertheless, conceived broadly, it probably is the single most impor-
tant factor.

How this happens is a matter of some debate. In the late 19th centu-
ry, Alfred Marshall articulated the terms of neoclassical economics by
emphasizing continuity. Applying calculus to economic matters for the
first time, he could explain economic development as a matter of con-
tinuous incremental change. By contrast, Joseph Schumpeter, in his 1939
classic work, argued that economies are marked by gradual continuous
change for long periods, punctuated by short bursts of explosive activ-
ity or discontinuous leaps in technology.

Is the current period better described by Marshall or Schumpeter? Is
the semiconductor, computer, and communications revolution improv-
ing the productivity of labor and capital in a distinctly new way—cre-
ating a long period of rapid non-inflationary growth, the new economy
paradigm—or is this, as some believe, a “bubble.com” economy, chang-
ing but only marginally and slowly, with a big bubble at the top?

Without embracing the new paradigm view of the economy, this is
clearly not a bubble economy. Our economic fundamentals are very,
very strong because competition is strong in the United States, and be-
cause the economic policies of the current Administration have been
sound.

But whatever the precise pattern of economic change in the current
era, the global contexts and technology have clearly been key factors.
Technological advances affect trade as well as growth. There is no doubt,
for example, that the spread of standards created by information tech-
nologies promote investment and trade by intensifying the linkages
among companies and countries around the world. Technology also
affects the patterns of world trade. By importing technology, countries
can go from exporting trinkets to exporting computers in one genera-
tion. Technology also enables highly advanced countries like ours to
become very highly specialized, and to establish new economies of scale.
So instead of using comparative advantage to export particular prod-
ucts, countries like ours increasingly produce only certain parts, highly
sophisticated parts of a particular product, and then trade it for other
components.
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So technology has increased the vertical specialization in trade. This
is not new. This has happened at various points in economic develop-
ment for 200 years. At this moment, a country’s comparative advantage
may turn out to be only in one (or a few) aspects of economic activity—
for example, in research and development (R&D), or in the assembly
of a product, or in its marketing, or in business management. And fall-
ing tariffs—or increasing openness—to foreign direct investment push-
es world production and world trade in the same direction. This could
be a plus certainly for R&D in this country and for the business man-
agement sector.

But always remember, in a global system, the advantage conferred by
any technology on a company and its country is short-lived, regardless
of the patent or copyright protection applied to a particular application
of an idea. The idea itself cannot be owned.

Moreover, since 1980, all the major industrial countries have spent
large sums of money generating new ideas for products and processes,
and the major countries now have roughly comparable degrees of R&D
intensity, that is, ratios of R&D to their GDP.

Differences among countries in this ratio have narrowed to decimal
points. In 1996, for example, it was 2.5 percent in the United States,
compared to 2.7 percent in Japan, 2.3 percent in Germany and, inci-
dentally, 2.6 percent in Korea. This is not a phenomenon limited to the
most advanced economies.

There is also evidence that the diffusion of ideas in technology is nar-
rowing differences in countries’ labor productivity, especially between
Europe and the United States. Put another way, on balance, the tech-
nological achievements of one country or of companies in one country,
benefit others. Certainly foreign innovations have benefited us by pro-
viding growing foreign markets for our goods and new technological
knowledge for our producers. This is a global technological system. And
as more sources of potentially relevant knowledge emerge around the
globe, American companies have reached out to tap into new research
from foreign universities and foreign competitors.

This is clear in the evidence of the increasing use by American firms
of international research partnerships, especially in high technology ar-
eas. In 1986, there were 400 such partnerships in the three core areas
of information technology, biotechnology, and new materials. Over the
next decade in information technology and biotechnology alone, U.S.
companies formed nearly 3,600 cross-national technology alliances.
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One result is that over the last ten years, U.S. firms’ investment in
overseas R&D increased half again as rapidly as their investment in
domestic R&D. Another result is that R&D investment by U.S. com-
panies overseas is now roughly equal to R&D spending in the United
States by the affiliates of foreign countries. This is a very permeable
system.

This globalization of technology, research, and ideas has clearly been
very healthy for the United States. We are the world’s leading producer
of high technology goods, accounting for one-third of all world produc-
tion. In the 1990s, we regained world market share in high technology
areas where we had lost world market share in the 1980s, and we con-
tinue to enjoy a trade surplus in technology products, which is impor-
tant given that U.S. exports have accounted for a significant share of
U.S. growth in the 1990s.

We are also a net exporter of technological know-how. We know that
because the royalties and fees from patents received from overseas by
U.S. firms are nearly three times the level of those paid by U.S. firms to
foreigners.

Since technology is crucial to growth and the global system, the last
issue is what government can or should do about it. Now, competition
is the single most important driver of all forms of economic innovation.
This is true whether the competition is among Japanese oligopolists vying
to make the smallest camcorder or small software designers facing off
against Microsoft. In the past there has been a lot of evidence, especial-
ly in Europe and Japan, of government planning to promote technolog-
ical development. Our competitive system has clearly served us better.
This is not to say that the government has no role to play. Government
is crucial in supporting R&D and broad-based education. It is also
important in spreading the knowledge of technological advances, and
in refereeing the competition itself.

And technology in a global context constantly raises new questions
for government. For example, how do we best maintain competition in
the face of technological innovations that create industry standards like
Windows? We have been in the midst of a major merger and acquisi-
tion wave recently, and much of that has to do with buying and selling
technology advancements and new technology standards. Sooner or later
we will face a related issue, when foreign-owned technologies begin to
set global standards—which our industry and consumers will want or
have to use. Will we be open to foreign standards, as we expect the world
today to accept the standards set by our technology companies?
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It matters because openness to new ideas, new technologies, new ways
of doing business, and new ways of conducting public life has been our
best answer to the challenges posed by the global economy. Openness
is one of the basic conditions for technological progress, and it will al-
ways be vital to American success.






5  Globalizing
Industrial Research
and Development

Donald H. Dalton and Manuel G. Serapio, Jr.

Executive Summary

Research and development (R&D) spending in the United States by
foreign-owned companies is now more than $17 billion, substantially
higher than in 1990. This report, an expanded and updated version of
our earlier study, sheds important light on the magnitude, nature, and
scope of this investment (see Dalton and Serapio 1995). It also explores
the major factors influencing the location decisions of foreign R&D
facilities in the United States. This information is important in increas-
ing our understanding of the dynamics of R&D as well as the flow of
high-value-added jobs.

In a complementary trend to increased foreign R&D investment in
the United States, U.S. companies have substantially increased their R&D
spending abroad, more than tripling it between 1986 and 1997. Rela-
tive to domestic spending, R&D performed in other countries represents
nearly 11 percent of the total, up from 5 percent a decade ago. The over-
all globalization of the R&D enterprise is illustrated clearly by the ac-
tions of both U.S. and foreign firms.

Donald H. Dalton is in the Office of Business and Industrial Analysis, Eco-
nomics and Statistics Administration, U.S. Department of Commerce and
Manuel G. Serapio, Jr. is assistant professor of Management and International
Business of the Graduate School of Business and Administration at the Uni-
versity of Colorado at Denver. Reprinted from Globalizing Industrial Research
and Development, Donald H. Dalton and Manuel G. Serapio, Jr., The U.S.
Department of Commerce, Office of Technology Policy. Washington, DC:
Office of Technology Policy, pp. 7-9, 53-54, September 1999.
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Investment motivations for U.S. R&D abroad and for foreign R&D
in the United States are strikingly similar. These motivations range from
assisting the parent company to meet host country customer needs and
monitor technological developments, to allowing the firms to take ad-
vantage of specialized skills in the host country. U.S. and foreign com-
panies primarily conduct applied research abroad. The pharmaceutical
and biotechnology industries also carry out large-scale basic research in
offshore locations.

Foreign R&D Investments in the United States: Key Findings

* R&D expenditures by foreign-owned companies in the United
States tripled from $6.5 billion in 1987 to $19.7 billion in 1997,
and accounted for nearly 15 percent of total company-funded
R&D.* R&D spending by foreign-owned companies in the Unit-
ed States increased at a faster pace than domestic R&D spending
in the past 15 years, but domestic R&D spending began to out-
pace foreign R&D growth since 1996.

* Foreign companies accelerated the establishment and acquisition
of R&D facilities in the United States in the 1990s. At the end of
1998, foreign companies owned 715 facilities designated as R&D
centers in the United States. These facilities are owned by 375 for-
eign parent companies.

* The 251 Japanese R&D facilities in the United States outnumber
the U.S. R&D facilities in other countries. Germany has the sec-
ond largest number of facilities (107), followed by the United King-
dom (103) and France (44). The number of U.S. R&D facilities
owned by Korean parent companies has more than doubled, from
about a dozen in 1992 to 32 in 1998.

* At the end of 1997, foreign-owned companies conducting R&D
in the United States employed more than 115,700 R&D workers.

*Figures for 1997 are the most recent available as of September 1999
for foreign R&D expenditures in the United States and U.S. R&D
expenditures abroad.
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Switzerland and Germany rank first in R&D expenditures by for-
eign companies in the United States, with $3.3 billion in 1997, fol-
lowed by Japan ($3.2 billion) and the United Kingdom ($3.1
billion).

The largest recent impact on R&D spending by foreign companies in
the United States resulted from several major acquisitions by foreign
firms of U.S. pharmaceutical and biotechnology companies with
large R&D budgets.

Industries with the largest number of foreign facilities in the Unit-
ed States are drug and biotechnology (116), chemical and rubber
(115), computer software (54), automotive (54), and medical de-
vice and instrumentation (53). Japanese firms have the largest num-
ber of R&D facilities in the automotive and electronics industries.

Foreign R&D facilities in the United States are heavily concentrated
in certain areas, such as Silicon Valley and greater Los Angeles (CA),
Detroit (Ml), Princeton (NJ), Research Triangle Park (NC), and
Boston (MA).

The most frequently cited reasons for investing are (1) to assist par-
ent companies in meeting U.S. customer needs; (2) to keep abreast
of technological developments in the United States; (3) to employ
U.S. scientists and engineers; and (4) to cooperate with other U.S.
R&D laboratories.

R&D Investments Abroad: Key Findings

U.S. companies have increased their R&D spending abroad from
$5.2 billion in 1987 to $14.1 billion in 1997, and represent nearly
11 percent of R&D performed in the United States. More than half
of U.S. R&D expenditures abroad are accounted for by five coun-
tries: Germany, United Kingdom, Canada, France, and Japan.

In recent years, R&D spending by U.S. affiliates in newly indus-
trializing or developing countries, including Singapore, Brazil,
China, and Mexico, has increased.
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* Several major studies show that, while the amount of U.S. R&D
abroad has increased, leading-edge R&D on a company’s core tech-
nology almost inevitably is still performed at home. Nearly 90
percent of R&D expenditures by U.S. companies still is spent at
their facilities in the United States.

* In 1997, most of the expenditures on U.S. R&D abroad were con-
centrated in drugs, automotive, computers, and electronic components.

* The drug industry showed the most global R&D, with a ratio of
30 percent of U.S. R&D abroad to 49 percent of R&D performed
by foreign companies in the United States. The U.S. auto industry
performs nearly 25 percent of R&D in Europe to develop cars and
diesel engines for the European market, but the foreign share of
U.S. R&D is only 5 percent.

* Of the 186 U.S. R&D facilities abroad listed, Europe contains 88
facilities, followed by Japan with 45 and Canada with 26.

Conclusion

Foreign R&D activities in the United States began to increase signif-
icantly in the mid-1980s and continued that increase during the 1990s.
Their rapid growth raised questions about why, where, and in what sec-
tors the investment was occurring. It also led to questions about the
potential impact on U.S. competitiveness. Similarly, growth in U.S. R&D
abroad led to questions about the possible displacement of domestic U.S.
research and how U.S. R&D performed abroad would support innovation.

This study provides a comprehensive review of the extent of that
growth and a basis for answering some of the questions raised. It is still
difficult, however, to determine the real long-term effect of these activ-
ities on competitiveness and employment. The U.S. experience during
the 1990s does appear to imply that the overall effect has been rea-
sonably positive.

There are economic benefits from foreign-owned R&D activities in
the United States. One area of consensus is that foreign R&D spending
within the United States increases employment opportunities for U.S.
scientists and engineers. University researchers have welcomed foreign
funding of academic research and equipment purchases. In addition, a
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study by Jaffe, Trajtenberg, and Henderson (1993) documented local
R&D spillovers in new products and processes from foreign investment
to U.S. companies in the same industry and to spinoff companies. A study
by Coe and Helpman (1993) suggests that international R&D may lead
to increased economic growth.

Recent studies have not found much evidence of a negative impact
on U.S. competitiveness. A survey by Kuemmerle (1996) concludes, “It
would be precipitous, however, to assume that foreign firms investing
in local R&D facilities are free riders. Foreign firms also create spillovers
for the local environment because R&D sites provide employment and
learning opportunities for local researchers.” The National Academy of
Engineering (Reid and Schriesheim 1996) study on foreign R&D also
emphasizes the local benefits of R&D, regardless of nationality.

Some empirical research by Patel and Pavitt (1991) also shows little
evidence of displaced research. It finds that large multinational compa-
nies file most of their patents in the home country. The results from
patent data are supported by the expenditure data on U.S. firms’ R&D.
These data show that U.S. companies spend 90 percent of R&D expen-
ditures at their facilities in the United States. U.S. companies also told
the authors that they are benefiting more and more from access to knowl-
edge produced abroad that their foreign facilities afford them.

The Council on Competitiveness (1998) has concluded that the glo-
balization of R&D investment does create new challenges for the Unit-
ed States. If the challenge for the United States in the next century comes
not from low-cost producers but from low-cost innovators, then the
United States must make a strong, sustained commitment to investment
in science and technology, develop the means to rapidly integrate new
knowledge and technologies into products, and gain access to growing
global sources of innovation. Vernon (1997) argues that policy makers
will now have to take into account the increasing presence of foreign-owned
R&D in the United States and strategic alliances by U.S. industry.

The data presented in this report support that conclusion. While there
has been additional research on this issue since the authors’ 1993 bench-
mark study, much more research needs to be undertaken. It is clear that
industrial R&D has become increasingly globalized, with significantly
more foreign R&D in the United States and U.S. R&D abroad. Moti-
vations for both are remarkably similar, with access to foreign—espe-
cially human—resources and knowledge becoming increasingly
important. Patent and other indicators show that a capacity for world-
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class research is increasing around the world, and that foreign countries,
including some smaller countries, increasingly have high-impact patents.
The United States is the creator and repository of much of the world’s
industrial R&D. It retains a clear technological advantage in most sec-
tors. Foreign corporations still come to the United States to establish
R&D facilities because of the size of the U.S. market and, just as impor-
tant, because it pays to benchmark yourself against the world’s best sci-
ence and technology. The real question is how to continue to tap the
incredible dynamism of global R&D so that U.S. companies can remain
the leaders in building new industries and creating high-wage jobs.



6  Are New Global Rules
Needed for High-Tech?

Kenneth S. Flamm

The topic of globalization is one that sends chills down my spine be-
cause of the broad expanse of potential approaches. So | have narrowed
the focus to ask and try to answer this question: Are new rules for high-
technology trade needed? Within this question are four other questions:

* Why should we be concerned about high-technology trade?
* Why should we be concerned about trade rules?

* Why are current trade rules a problem or, to put it another way,
are there problems with current trade rules that are affecting high-
technology goods?

* Finally, if we have problems what should we do about them?

First, why should we be concerned about high-technology trade? The
most obvious answer is that it is important. High-technology made up
about ten percent of U.S. manufacturing in 1980. By 1995, it made up
about 15 percent of U.S. manufacturing. Over the course of 15 years it
increased by roughly 50 percent. And this is not just a U.S. phenome-
non. If you take all the countries you can easily get statistics for, lump
them together, and look at it on a global basis you come up with rough-
ly the same rate of increase. In 1980, high-technology made up about
7.6 percent of global production. By 1995 that had grown to about 12
percent. We see about a 50 percent growth as a share of world output.

Kenneth S. Flamm is the Dean Rusk chair of international affairs, at the Lyndon
B. Johnson School of Public Affairs, University of Texas-Austin. This article
is based on remarks delivered at the 24th Annual AAAS Colloquium on Sci-
ence and Technology Policy, held April 14-16, 1999, in Washington, DC.
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In 1980, high-tech products, calculated with respect to either imports
or exports, were about nine percent of world trade. In 1995, 15 years
later, it doubled to about 18 percent. Clearly, it is growing about twice
as fast as trade in manufactures in general.

What we cannot easily talk about, of course, are high-tech services.
It is very difficult to try to measure them. However, one generalization,
which seems obvious, is that the growth rate in services is probably even
greater than in manufacturing. Although, of course, that is debatable.
(Not having numbers puts that conclusion at risk).

Is this a quantitative phenomenon that we have to worry about or is
there something about trade that is critical to high-technology industries?
The answer, of course, is the latter. The reason trade is critical here goes
back to the economic structure of these industries. By definition, a high-
tech industry is an industry that spends a lot relative to other industries
on research and development (R&D). To a first approximation, the
amount you spend on research and development does not vary with the
amount of output you produce making use of that research and devel-
opment. Therefore, the wider your market the more you sell. This makes
your unit of cost lower and you get a higher rate of return on your in-
vestment in technology.

These economies of scale in the use of research and development have
made virtually all high-technology industries unremittingly global in
outlook right back to their beginnings. Consider the semiconductor in-
dustry, for example. Within ten or fifteen years after their invention 50
percent or more of their sales were in global markets. That is no acci-
dent. It is critical to a high-technology industry that you reach out to
the widest possible market.

So high-technology is something to be concerned about and high-tech
trade is something to be concerned about, but what is the problem? What
is wrong with the trade rules? We must begin by asking what exactly
these trade rules are that affect high-technology industry.

First, trade rules govern what we can and cannot do when we go out
to international markets and try to sell our goods to others and consid-
er buying their goods. These rules are a recent innovation. We did not
have a system of trade rules before World War 11. The trade rules of the
General Agreement on Tariffs and Trade (GATT) system, which we take
for granted today, are a post-war innovation. In coming up with the basic
principles for the GATT system after World War Il four fundamental
principles were embedded.
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The first and perhaps most striking was the principle that we should
progressively lower taxes on trade (that is, tariffs). A process of contin-
ual negotiation under the aegis of trade rules has tried to get countries
to agree to irrevocable and negotiated declines in the level of taxes they place
on trade. These negotiations have been largely successful over the years.

Second, countries agreed to eliminate less transparent barriers (other
than taxes) to trade. These include non-tariff barriers and restrictions
like quotas. Countries also agreed to reduce or eliminate distortions like
subsidies to trade and subsidies to individual industries.

The third principle that was embedded in GATT was the idea of most-
favored nation. That is, whatever concessions you make to one country
you have to automatically offer to other countries. You cannot play fa-
vorites and discriminate in the way you deal with countries in trading
with them.

The fourth principle, not to be underestimated, was the idea that when
we have disputes we should have consultation and negotiation rather
than simply taking unilateral action without consultation. These prin-
ciples seem innocuous enough but they have been a great success.

However, rules were not made about some things, or rules were not
enacted. One of those issues is antitrust, which was put off-limits when
GATT was negotiated. There were attempts to put it on the table, but
basically it was decided that it was too difficult a problem and would
be postponed. One of the consequences of this postponement was that
antitrust became one of the loopholes in GATT. Countries had to lower
formal barriers, quotas, and tariffs, but nothing was said about private
barriers to trade. For example, you could tolerate or you could even
encourage private companies to engage in various kinds of anticompet-
itive conduct, which might have the effect of making imports more dif-
ficult. Without pointing fingers it suffices to say that, in certain situations,
it could be argued that that sort of creative exercise did take place and
it was relatively successful. As a result, today we increasingly see anti-
trust on the table.

The second issue not addressed by GATT was the rise of so-called
antidumping policy, which is related to antitrust in terms of its theoret-
ical basis. Without getting into details of what this policy covers, essen-
tially rules on fair-pricing policy were enacted in various countries. Limits
were placed on how you could price your products when selling in in-
ternational markets. This is extremely relevant to high-technology in-
dustries because these industries have a very peculiar cost structure. They
have a cost structure with a lot of R&D before they even start selling a
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product. The R&D is a fixed, sunk cost before they ever get to market.
When you start selling products there will be many times when the eco-
nomically rational thing to do is to price it at your variable cost of pro-
duction. You try to recover your costs over the life cycle, but you do
not necessarily try to recover your full life-cycle cost at every moment
in time. Antidumping issues and arguments about how we should price
these things have repeatedly occurred in the high-tech industry.

Finally, intellectual property rights are obviously important in a high-
technology industry, but this is another issue that was never directly
addressed during the GATT negotiations. Their importance was not clear
back in the late 1940s, when the modern high-tech economy was just
beginning. You would have had to have been very far-sighted to under-
stand that this was going to become a critical issue in international trade.
But it did.

What exactly are the problems with the current rules? I will focus on
the critical issues for high-technology products. My main point is com-
plicated and focuses on the rules for subsidies. There are very few coun-
tries in which the government does not play some role in funding R&D.
At what point do these subsidies start to overlap on the GATT disci-
plines on subsidies to individual industries? There are a lot of points of
intersection. This is something that will be an increasing concern. The
rules that currently govern high-technology products in terms of subsi-
dies are a highly imperfect, compromise solution to a couple of funda-
mental economic problems.

The main economic issue deals with what we call spillovers, or ap-
propriability. The basic idea is this: An inventor producing a new inno-
vation basically creates information. Information is very difficult to
control or capture. In many ways it is often difficult for an inventor,
innovator, or discoverer of a new scientific algorithm, theorem, or what-
ever to build a fence around that concept that prevents others from
making at least partial use of it in some way. When you develop infor-
mation, others can observe what you are doing. Thus there are spillovers
beyond the boundaries of the organization or individual that is doing
the inventing. The consequence from an economic perspective is that in
many situations you have a social rate of return to an invention or in-
vestment that is greater than the private return. Very few things are as
widely accepted within the economics profession as this, although de-
fining this becomes an opportunity for hot and often hostile debate. But
as a general principle most would agree that in cases where social return
exceeds private return some reasonable argument exists for the govern-
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ment to step in and play some role in promoting, subsidizing, or in oth-
er ways stimulating those kinds of investments because the market tends
toward underinvestment (from the social perspective) in these areas. This
argument has absolutely nothing to do with trade.

A second argument that is commonly recognized today (and again it
is a hot argument about its practical import) is that strategic trade pol-
icy can at times be in a nation’s interest. Basically, strategic trade policy
argues that in imperfectly competitive industries where economic prof-
its are being generated it is possible under ideal circumstances for a gov-
ernment to engage in policies that give its own companies, rather than
foreign companies, market power in world markets, which are generat-
ing these monopoly returns. If nothing else, you have to have at least a
temporary monopoly on technology for investment to be worthwhile.
Therefore, you can transfer profits out of the pockets of foreign com-
panies and into your own companies’ pockets.

This argument for taking steps to make sure that your firms succeed
in world high-tech markets does depend on trade. If you were not en-
gaging in international trade this argument would not exist. You would
just be transferring from the pockets of your consumers into the pock-
ets of your corporations. You would see no net gain nationally. But dip-
ping into the pockets of foreign consumers is a different story.

There is a noble motivation: a social return greater than private re-
turn. And there is the ignoble motivation: dipping into the pockets of
foreign consumers and grabbing monopoly profits. That is the ignoble
motive for engaging in an activist government intervention or a tech-
nology policy.

How do the rules deal with this? The obvious social motive for en-
gaging in investment in R&D, which has been recognized since the end
of World War 11, suggests that the government is going to want to inter-
vene. But there is always the possibility of ignoble action for zero-sum
gain, where you are basically transferring from the other guy and you
are not creating necessarily something that benefits all. How do the rules
deal with this? The rules really did not deal with this in a very articu-
late way until 1994, when the latest round of GATT was negotiated. We
now basically deal with it by classifying the problem.

The National Science Foundation and most science and technology
organizations basically define different categories of research and devel-
opment. The standard categories are basic research and applied research.
Basic research typically has been defined as research undertaken with
no material objective in mind other than pushing knowledge forward.
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Applied research is research for which you have a practical application
in mind. It is somehow ““less pure.”” Then, of course, there is develop-
ment that takes research and translates it into products. This is, of course,
a crude approximation. Typically, economists and policymakers have
assumed that these classifications are correlated with the spectrum of
appropriability. Basic research is the least appropriable, or the least prone
to capture. Development is the most appropriable and the most prone
to capture. Empirical economic studies have tended to support at least
in a gross way this general correlation.

If you took arrows and linked basic to applied to development you
have the familiar and now discredited linear model of technology de-
velopment. But the arrows do not matter. The point is the appropriabil-
ity. You can have arrows going in all directions. You can parse basic
research into basic research that is oriented toward pure knowledge
(understanding of phenomena) and basic research that is oriented to-
ward trying to get a handle on practical problems that may be soluble
somewhere down the line. The most elegant articulation of this is Donald
Stokes’ quadrant model of scientific research where he argues that you
have to distinguish between pure basic research and use-inspired basic
research.

Whichever way you look at this, you still come up with a rough cat-
egorization of appropriability. It seems logical that pure basic research
will have the least degree of appropriability. The use-oriented research
might be hard to capture, but there is a notion of capture somewhere.
In pure applied research you care only if something works. You will
expend a lot of effort to make sure you are working on things that will
give you a commercial return, that is, things that are more capture-able.

The key issues here are appropriability and capture. That is one way
to categorize research (from basic to development). You can run the
appropriability or capture scale in that direction. You can even argue
that there are other important factors.

Within these different categories of effort there are incremental gains.
There are radical innovations when you are exploring totally new terri-
tory. It is inevitable that others can observe these innovations. To put it
in economic terms, you are looking for a demand function that people
know nothing about when you start working on something. If you have
just invented the first automobile, do you know that it will replace horse-
less carriages? You do not. But if you are going from one model of au-
tomobile to another model of automobile with a different type of engine,
you are making an incremental innovation. You have at least a rough
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idea of what the demand curve is going to look like. But if you are go-
ing from horse-pulled carriages to autos you are leaping into the unknown.
Others, simply by observing your success or failure, will get information
about the demand curve. Inevitably, with a radical innovation, information
will be generated that is going to be very difficult to capture.

If you want to take a two-dimensional approach to the appropriabil-
ity issue, you can think of it as a wedge. The upper part—basic research
or radical innovation—is the logical place for the government to focus
its resources if you are looking for appropriability or capture as a crite-
rion for subsidy.

In 1994, when the rules on subsidies were revised, the final result was
a line drawn at the first prototype (basically). That is, up until the first
prototype of a new product or process you are permitted government
subsidies of up to 50 percent of the R&D. After that first prototype, you
can do whatever you want, but it is a countervailable subsidy.

These rules have not been in operation very long. They are obviously
a compromise attempt to deal with this appropriability issue. The peo-
ple who pushed the rules through in the government were aware of this
appropriability issue and that is why they pushed them. The rules seem
to be working, but they have not really been tested yet. The reason they
have not been tested is because of the blossoming of issues and cases in
the operations of the World Trade Organization, which came into existence
in 1994. We are seeing an incredible growth industry in trade cases.

Governments are going to try to structure their programs in a way
that they do not cross that green line of 50 percent on subsidies. But
what are the incentives? The incentives are to favor programs that can
be captured. They are not going to favor programs that will create ben-
efits that everybody gets. If you look at our own technology programs
you will see we are financing R&D, as well as development projects,
within private companies. People are going to try to cheat and people
are going to do things anyway that seem to benefit their private compa-
nies in development and capture.

It is only a matter of time before we start getting trade cases on this
issue. We will be taken to court because that little company we funded
to develop this, which is now a huge success in world markets, crossed
that green line. And we subsidized it. What do we do about this?

The problem that I see with the way we are dealing with the subsidy
issue right now is that with the globalization of the economy the inap-
propriable, least-captured elements of research and development are
speeding about the globe ever more rapidly. Governments are going to
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get more and more pressure to take a free-rider approach. (That is, let
other people do the work that we are all going to get anyway. We will
focus on work that will help our people). Governments will give in to
the inevitable temptation to back off from the pure seed-corn type of
research. If everyone is going to get the benefit why should we pay the
bill? For that reason | predict that the programs are inevitably going to
be pushed by purely economic incentives. How do we deal with this?

One way to deal with this is some kind of international cooperation
on the least appropriable elements of research and development. That
same process of globalization makes international operations cheaper
and more feasible to do. We can have international cooperation among
different companies or countries even on basic research. We will need
some kind of agreement, at least among countries doing the major R&D
work. We are going to have to fund the basic seed-corn type of research
that everybody has difficulty capturing. And we will have to maintain
resources for that kind of effort. Of course, we also have to find a way
to permit countries to subsidize technology programs while at the same
time rendering them immune from the temptation to make them strate-
gic-trade oriented, or rent or profit-transferring programs rather than
programs that focus on inappropriable elements of technology.

I think the answer is to negotiate reciprocal access to national tech-
nology programs. We will open our firms (or programs) to your firms
that are resident in the United States if you will open your programs of
roughly equal value to our firms that are resident in your market.

I will conclude with three problems. The first concerns antitrust. Slow-
ly but surely minimum international standards on antitrust are going to
evolve. We are already down that road. A good example is the recent
European Union review of the Boeing-McDonnell merger. Their Justice
Department opened a dialogue with our Justice Department, which is
very informal at present. But | predict it will ultimately become the ba-
sis for a new trans-Atlantic antitrust standard.

Second, | predict the dumping rules are ultimately going to be revis-
ited when our people start getting hit with dumping suits from their
countries. We are starting to see dumping cases, for example Japanese
cases against the Koreans. It is only a matter of time before we see a
Japanese dumping case against the United States. We will have to start
discussions on what correct pricing standards in high-technology indus-
tries look like.

Finally, intellectual property is the most difficult of the trade rule is-
sues that have not been resolved yet. This is basically a “have” versus
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“have-not” issue, a north-south issue. The whole existence of a system
of intellectual property in a developed economy is a trade-off between
two divergent sets of interests. On the one hand, from a static efficiency
viewpoint, once technology is created the most efficient thing society can
do is diffuse that technology as widely as possible. The problem with
that, however, is that if you give it away (which often is the marginal
cost of diffusing technology), nobody has an incentive to create new
technology for the future. So we give a temporary monopoly. That is a
patent system.

We can work those trade-offs on a national scale because we have
both technology producers and technology consumers. But on a global
scale some nations are almost exclusively technology consumers. They
are not going to be technology producers of any significance, at least in
the very near future. It is clearly not in their interest to go with a system
that impedes diffusion. Their interest is not the same as the advanced
industrial countries that are developing the technology. This is a tough
issue because there are very different interests between different groups
of countries. A clear solution is not feasible.

For example, the European Union has moved toward a single Euro-
pean-wide patent system. You can how get a European patent in Europe.
The problem with that, however, is that these patents are still being en-
forced by national patent courts. You can get a European patent, but it
is very difficult, and costly, to enforce. You have to go into all these
national markets and do things differently in each one. This is a very
simple illustration of the kinds of difficulties we are going to face if we
try to determine the logical solution to the patent issue, which is a world
patent system. That seems very, very difficult and very unattainable. It
is a very tough bargaining issue because of these divergent interests.






