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Preface

The past 2 decades have witnessed rapid growth in the involvement of for-
eign nationals in U.S.-based research and development. By establishing or ac-
quiring R&D performing companies in the United States, foreign companies have
come to account for a significant share of privately funded U.S. R&D. Similarly,
foreign firms, individual researchers, and students have become increasingly en-
gaged in the publicly funded R&D activities of U.S. research universities and
federal laboratories.

These developments have elicited a mixed response from U.S. policymakers
and the American public. Concerned that unrestrained foreign access to U.S.-
based R&D assets may weaken the nation’s technology base, increase U.S. de-
pendence on foreign sources of technology, undermine U.S. military strength, or
shift jobs and profits away from the United States, some observers have called for
public- and private-policy actions to slow or reverse the trend. Meanwhile, oth-
ers extol the benefits of deepening foreign involvement in the nation’s technol-
ogy base to the nation’s economy and military power, and urge policy actions
designed to facilitate, or at least not impede, the internationalization of publicly
and privately funded R&D.

Thus far, public debate regarding the nature and consequences of growing
foreign participation in U.S. R&D has been highly polarized, driven largely by
anecdotal reports and highly generalized arguments concerning the pros and cons
of free international flows of trade, investment, and technology. The following
consensus report, prepared by a committee of members of the National Academy
of Engineering, seeks to improve public understanding of and policy responses to
growing foreign R&D participation by documenting, measuring, and assessing
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the most important modes of foreign involvement in privately and publicly funded
U.S. R&D activity. Based on its findings, the committee proposes specific ac-
tions to minimize the costs and maximize the benefits of this trend to U.S. citi-
zens.

On behalf of the National Academy of Engineering, I would like to thank my
fellow committee members for their considerable efforts related to the project. I
also commend the NAE staff that supported the project for their professionalism
and contributions to the study’s success. Proctor P. Reid, Senior Program Officer
with the NAE Program Office, directed and managed the project, helped elicit
consensus among committee members, and drafted much of the report. Penelope
J. Gibbs from the NAE Program Office provided critical administrative and lo-
gistical support for the project. Bruce R. Guile, director of the NAE Program
Office, contributed valued intellectual stimulus to the project during its initial
stages. Greg Pearson, the NAE’s editor, was instrumental in preparing the report
manuscript for final publication.

I would also like to extend the committee’s thanks to all those from govern-
ment, industry, and academia who contributed to the project. In particular, I want
to express our appreciation to those who participated in the fact-finding roundtable
held during the initial stages of the project (see Appendix), and to others who
briefed the committee.

Finally, I would like to express my appreciation to the Carnegie Corporation
of New York for its generous support of this project and related elements of the
National Academy of Engineering’s multiyear program of symposia and commit-
tee studies on technology, trade, and economic growth.

Alan Schriesheim
Chairman
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Executive Summary

This report examines the recent growth of involvement by foreign nation-
als—companies and individuals—in U.S.-based research and development
(R&D). It assesses the consequences of this trend for U.S. economic perfor-
mance and national security, draws conclusions, and recommends specific pub-
lic- and private-sector actions to minimize the potential liabilities and maximize
the potential benefits of increasing foreign participation in the nation’s R&D en-
terprise. Proceeding from a belief that foreign participation in publicly funded
U.S. R&D is governed by a different political-economic logic than foreign in-
volvement in privately funded U.S. R&D, the report evaluates separately these
two integrally related halves of the trend.!

ASSESSING FOREIGN PARTICIPATION IN U.S. R&D

The recent growth of foreign participation in U.S.-based R&D should be
viewed in the context of two broad trends in the international economy. The first
is a move toward deeper integration of the world’s major national innovation
systems? through the activities of multinational companies and individual scien-
tists and engineers. The second, its corollary, is a convergence of the industrial
and technological capabilities of industrialized countries. The committee is con-
vinced that these trends, which have fueled the recent growth of foreign participa-
tion in U.S. R&D, will continue apace into the next century.

Many U.S. trading partners have long had significant levels of foreign corpo-
rate involvement in their domestic R&D activities. Indeed, U.S.-owned multina-
tional companies have been the leading foreign participants in many of these

1
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2 FOREIGN PARTICIPATION IN U.S. RESEARCH AND DEVELOPMENT

countries’ national innovation systems. By contrast, the United States has had
relatively less foreign participation in its domestic R&D enterprise. To be sure,
foreign companies, scientists, and engineers have been attracted to the United
States for decades, drawn by the size, wealth, and sophistication of the U.S. do-
mestic market, by the strength of the U.S. basic research enterprise, and by the
United States’ unrivaled capacity for spawning new industries and products. Only
recently, however, have a growing number of America’s trading partners acquired
the technical and economic capabilities needed for their citizens (companies and
individuals) to participate on a significant scale in the U.S. research system.

R&D AND ECONOMIC PERFORMANCE

To assess the consequences of foreign participation in the U.S. R&D enter-
prise, it is essential to understand both the nature of R&D activity and how it
contributes to economic development.

First, R&D activity yields many valuable outputs, and the benefits associated
with them accrue to many individuals other than those who perform the R&D or
own the intellectual property.

Second, in spite of the global communications revolution and the expansion
of multinational enterprises, effective transfer of knowledge and technology—
both within and among institutions—continues to demand the intensive and on-
going face-to-face interaction of highly trained scientists and engineers.

Third, because of the many barriers that impede the transfer of knowledge
and technology, R&D activities tend to cluster geographically, and a large share
of the benefits of R&D appear to be highly localized.

Fourth, in order to draw effectively upon advanced technological capabilities
and R&D outputs beyond its institutional boundaries, a company generally needs
to be performing R&D at a level commensurate with that of the organizations
whose R&D activities it hopes to exploit.

Finally, neither R&D capability nor technological wealth is in and of itself a
reliable indicator of the economic or competitive strength of a company or a
nation. Rather, economic and competitive strength are determined by how effec-
tively technology is used and managed in combination with other factors of pro-
duction and marketing, such as labor, capital, and managerial and organizational
capabilities. Similarly, the economic or other societal returns a nation may gain
from a particular R&D investment depend on whether its innovation system can
foster widespread diffusion and effective use of the outputs generated. These
factors are, in turn, influenced by the quality (skill level) of a nation’s work force,
by the size, wealth, and technological sophistication of its domestic market, and
increasingly by the ability of firms within its borders to access markets and tech-
nology abroad.

What these observations suggest is that for foreign nationals, the task of
appropriating the many valuable outputs of U.S.-based R&D activity is signifi-
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EXECUTIVE SUMMARY 3

cantly more complex and difficult than is generally assumed. Therefore, foreign-
owned firms that wish to effectively exploit advanced technology and knowledge
generated in the United States must establish a significant, technologically so-
phisticated presence here to do so. Moreover, increases in foreign participants’
level of technological sophistication and capacity to extract benefits from Ameri-
can technology bring concomitant increases in the potential for reciprocal trans-
fers of knowledge and technology to the United States. Finally, these observa-
tions suggest that under most circumstances, any country, including the United
States, should welcome R&D activity within its borders regardless of the nation-
ality of the R&D performer. If alarge share of the returns from R&D investments
are captured by those proximate to the R&D activity, and these returns are indeed
considered desirable, clearly it is better to have R&D performed within one’s
borders than beyond them.

FOREIGN PARTICIPATION IN PRIVATELY
FUNDED U.S. R&D: FINDINGS

Foreign participation in privately funded U.S. R&D has increased in the last
decade through both direct investment (predominantly the acquisition of U.S.-
based companies)? and intercorporate technical alliances (Figure ES-1). No single

20 —

15.5

15 145
9.3 E—

12.9
11.8

L 10.6
10 93 93 92 97 ——

Percent

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

FIGURE ES-1 R&D spending by U.S. affiliates of foreign-owned firms as a percentage
of all privately funded U.S. R&D, 1982-1992. SOURCE: National Science Board (1993);
National Science Foundation (1995b); and U.S. Department of Commerce (1995).
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Germany
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Other Europe
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Canada Japan
15.7 12.1

FIGURE ES-2 R&D spending by U.S. affiliates of foreign-owned firms, percent of
total, by nationality of owner, 1992. SOURCE: U.S. Department of Commerce (1995).

country dominates the field of foreign investors in U.S. privately funded R&D.
However, since the mid-1980s, the U.S. affiliates* of Japanese-owned companies
have increased their share of R&D spending more rapidly than the affiliates of
any other major investing country (Figure ES-2). Nearly two-thirds of all for-
eign-funded industrial R&D in the United States is concentrated in a small num-
ber of high-technology industries® (Figure ES-3).

For the most part, foreign parent companies have invested in U.S.-based high-
technology in areas in which they have a strong export position or perceived
competitive advantage. Foreigners become involved in American privately
funded R&D for two basic reasons: to serve customers in this country better and
to gain better access to American scientific and technological expertise. Most
major foreign-owned R&D facilities are located near major U.S. centers of R&D
activity, and most affiliate R&D performed in the United States appears designed
to meet the immediate technical needs of U.S.-based production facilities. Com-
parative surveys of U.S.- and foreign-owned multinational companies suggest
that the motives for engaging in R&D in foreign markets and the type of R&D
activity vary by industry but are not significantly influenced by the nationality of
the company.
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FIGURE ES-3 R&D spending by U.S. affiliates of foreign-owned firms, percent of
total, by industry, 1992. SOURCE: U.S. Department of Commerce (1995).

Consequences for the United States

Growing foreign involvement in the nation’s industrial R&D base brings
with it costs and risks as well as benefits and opportunities for U.S. citizens.

The Quid Pro Quo

It is not possible to say definitively whether foreign companies take away
more technology and associated economic value than they contribute to the United
States through their participation in U.S. industrial R&D. Overall, however, with
some variation among industries, the data suggest that the U.S. affiliates of for-
eign-owned firms import significantly more codified technology from their par-
ent companies than they export to them or to unaffiliated firms abroad. In some
cases, foreign acquisition of U.S. high-technology companies has undoubtedly
resulted in lost opportunities and foregone wealth for U.S. citizens. The same
may be said of situations in which foreign firms establish new high-tech facilities
in the United States. Yet, in other cases, these two modes of foreign direct invest-
ment have created opportunity and wealth for Americans. On balance, the com-
mittee considers the growth of foreign direct investment in the United States and
the proliferation of transnational corporate alliances to be positive trends—devel-
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opments that enhance the productivity and wealth of the United States and its
overseas trade and investment partners. Furthermore, the committee believes
that foreign participation in privately funded U.S. R&D cannot be separated mean-
ingfully from the larger trends in which it is embedded, particularly the interna-
tionalization of industrial production, in which the U.S. multinationals have
played a leading role.

Asymmetries of Access

The difficulties U.S. companies have experienced trying to access markets
and innovation systems abroad have had a profound effect on public perceptions
and federal policies related to foreign participation in R&D. Direct investment is
the most important way U.S. companies can gain access to privately funded R&D
activities abroad. During the past decade, the policies of America’s trade part-
ners that govern such investment have come to resemble the more liberal policies
of the United States. Nevertheless, barriers to access remain in some major econo-
mies.

Threats to National Security

Current U.S. security regulations and procedures appear to prevent most ille-
gal transfers of militarily sensitive U.S. technology abroad by foreign-owned com-
panies. However, they are less effective at addressing the medium- to long-term
risks of delayed or denied access to militarily critical technologies posed by for-
eign direct investment, or mergers and acquisitions in general. The federal gov-
ernment lacks clearly defined, agreed-upon criteria to determine whether the tech-
nological capabilities of a company are militarily critical. This makes it very
difficult to identify niche sectors where the risks of delayed or denied access may
be particularly high. Furthermore, monitoring efforts and methodologies used to
enforce U.S. antitrust laws may be inadequate to address the monopoly threat
posed by mergers, acquisitions, and corporate alliances in niche defense markets,
whether instigated by foreign- or U.S.-owned companies.

The Threat of Technological Monopolies

There is little evidence to suggest that growing foreign involvement in U.S.
industrial R&D—through direct investment and alliances—has had a significant
deleterious effect on the ability of U.S.-based companies to obtain key technolo-
gies, components, and subsystems required to make internationally competitive
products. Many high-technology industries are already highly concentrated at
the national and global levels. Hence, some of the many recent mergers, acquisi-
tions, and alliances have probably fostered anticompetitive behavior in particular
civilian high-technology industries. Here again, current enforcement of U.S. an-
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titrust law may be inadequate to address attendant monopoly risks in particular
industries. However, at present, there is no evidence to suggest that foreign firms
are any more likely to engage in anticompetitive activity in the United States than
their U.S.-owned counterparts.

FOREIGN PARTICIPATION IN PRIVATELY
FUNDED U.S. R&D: RECOMMENDATIONS

The principal policy questions raised by foreign direct investment in U.S.
industrial R&D cannot be separated from the nation’s broader foreign economic
policy agenda. The committee’s first two recommendations recognize this link-
age.

1. In the absence of clear threats to national security, Congress should avoid
legislating restrictions on foreign participation in privately funded U.S.
R&D.

The committee believes that discriminatory treatment of foreign-owned
firms, except in situations where national security is threatened, imposes signifi-
cant economic costs and risks on Americans. Such behavior discourages foreign
direct investment in the United States and undermines longtime efforts by the
United States to secure nondiscriminatory, or “national,” treatment of its compa-
nies in foreign markets. The committee also cautions the federal government
against invoking without good cause national security as a justification for re-
stricting foreign participation in the nation’s industrial R&D enterprise.

2. The federal government should continue to seek to open foreign markets
to U.S. trade and investment through negotiation in bilateral and multilat-
eral forums. The United States should hold itself and its trading partners
accountable to existing international agreements and should redouble its
efforts to negotiate more comprehensive, internationally enforceable rules
on monopoly formation, foreign direct investment, technical standards, envi-
ronmental regulations, and intellectual property rights. Above all, the United
States should reaffirm its long-standing commitment to the principles of na-
tional treatment and transparency, or full disclosure of terms, in policies
that influence international investment and trade flows.

Barriers to investment that result from structural- and policy-related differ-
ences among national economies remain a source of friction between the United
States and some of its major trading partners. Negotiations to reduce these ob-
stacles have been difficult and slow. Nevertheless, the committee believes that
the United States’ commitment to address these issues in international forums
continues to serve the nation’s best economic interests. Unilateral measures that
contradict the principles of nondiscrimination and transparency are, in the opin-
ion of the committee, likely to do more harm than good by discouraging more
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8 FOREIGN PARTICIPATION IN U.S. RESEARCH AND DEVELOPMENT

“good” foreign investment in the United States than “bad” and undercutting rather
than strengthening the position of the United States in bilateral and multilateral
negotiations. Therefore, the committee urges the federal government to resist
pressures to force the pace of these negotiations with aggressive unilateral actions
beyond those currently provided for in U.S. law.

FOREIGN PARTICIPATION IN PUBLICLY
FUNDED U.S. R&D: FINDINGS

Foreign involvement in publicly funded U.S. R&D has also grown in recent
years. Government surveys of the number of foreign graduate students, post-
doctoral researchers, and other visiting researchers at U.S. universities and fed-
eral laboratories document a significant increase in the level of foreign participa-
tion since the mid-1970s (Figure ES-4). At the same time, meaningful data on the
scope, growth, and nature of foreign institutions’ involvement in publicly funded
U.S. research is fragmentary, dated, and scarce. Available information suggests
that foreign institutions account for a very small share (less than 2 percent) of all
sponsored research at U.S. universities and federal laboratories and that invest-
ment is concentrated in a small number of U.S. institutions. As of the mid-1980s,

Postdocs

...... Doctorate recipients

Graduate students

-
-
_____

Percent of total

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

FIGURE ES-4 Foreign graduate students, postdocs, and doctorate recipients in science
and engineering. SOURCE: National Science Foundation (1993a).
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most foreign-sponsored research at U.S. universities was funded by not-for-profit
institutions and was mostly in agriculture, medicine, and geology. There are no
recent aggregate data on the current magnitude, disciplinary focus, and national
shares of foreign-sponsored research at U.S. universities and federal laboratories.
Nevertheless, recent survey data and anecdotal evidence indicate that Japanese
companies are more diligent than their U.S. or European counterparts with regard
to accessing, monitoring, and drawing upon the research capabilities of these
institutions. Foreign participation has been minimal in recent federally supported
industrial R&D initiatives, such as the Department of Commerce’s Advanced
Technology Program.

Consequences for the United States

As with privately funded U.S. R&D, the involvement of foreign firms and
individuals in R&D sponsored by the federal government carries both risks and
opportunities for the United States.

The Quid Pro Quo

The committee believes that the extensive presence of foreign graduate stu-
dents, postdoctoral researchers, and other long-term foreign visiting researchers
at U.S. universities and federal laboratories has, on balance, yielded significant
benefits to the U.S. economy and its innovation system.

At the same time, although it could identify various costs and benefits of
foreign institutional involvement in publicly supported U.S. research institutions,
the committee was unable to determine their net economic impact. Its analysis
found examples in which foreign-owned firms have profited, at times at the ex-
pense of U.S. firms and stakeholders. However, numerous cases also confirm
that foreign firms have contributed both material support, technology, and intel-
lectual resources to research universities and federal laboratories. Indeed, many
if not most foreign-owned companies with extensive ties to U.S. publicly funded
research institutions tend to have U.S.-based manufacturing and R&D operations.
These operations employ Americans, buy from U.S. suppliers and equipment
vendors, import and generate technology and know-how that is applied within the
U.S. economy, and pay U.S. taxes.

Asymmetries of Access

Access by U.S. institutions and individuals to publicly funded R&D in other
nations varies considerably. U.S. government, academic, and industrial research-
ers appear to have few problems accessing publicly funded research capabilities
and activities within academic and government-operated laboratories abroad. Fur-
thermore, access by U.S.-owned companies to government-funded industrial re-
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search consortia in Europe appears to be comparable to that extended foreign-owned
firms in the United States. Japan, however, has restricted foreign participation in
its publicly funded industrial R&D consortia to a greater extent than either the
United States or the European Community.

International Burden-Sharing in Basic Research

The committee believes there needs to be a more equitable global distribu-
tion of support for basic research. International comparisons of R&D expendi-
tures confirm that compared to the United States, most of America’s advanced
industrialized trading partners invest an equal if not larger share of their gross
domestic product in basic research. Japan, however, despite recent efforts to
expand its basic research capabilities, spends a smaller share of its gross domestic
product in this area than the United States (and nearly half as much per capita).

FOREIGN PARTICIPATION IN PUBLICLY
FUNDED U.S. R&D: RECOMMENDATIONS

Foreign participation in R&D funded by the U.S. government is regulated by
a patchwork of confusing—and at times contradictory—bilateral intergovernmen-
tal agreements, eligibility requirements in recent federal R&D legislation, and
agency directives. In the committee’s judgment, leading U.S. research universi-
ties and federal laboratories have generally made good faith efforts to comply
with federally mandated economic performance and reciprocity requirements.
Nevertheless, the committee believes that these requirements may impede the
ability of agencies to perform their primary missions as well as diminish the
contribution of federal R&D programs to U.S. economic performance and com-
petitiveness. Even worse, they may impose significant economic costs on the
United States. Recommendations 3 through 5, directed at the federal govern-
ment, are aimed at reducing the risks of these adverse outcomes and laying the
foundation for more effective, mutually beneficial management of foreign par-
ticipation in government-funded R&D in all industrialized countries.

Institutions that conduct R&D supported by the federal government should
recognize that concerns about foreign involvement are more than a public rela-
tions problem. The actions of a limited number of American institutions have
evoked legitimate concerns about the fairness and economic logic of certain types
of foreign participation in publicly subsidized U.S. R&D activity. The commit-
tee urges universities and other performers of publicly funded research to address
these concerns. Recommendations 6 through 8, directed at the performers of
publicly funded U.S. R&D, outline steps these institutions might take to both
become more credible and effective spokesmen for the costs and benefits of for-
eign participation and to make a larger, more constructive contribution to the
public policy debate on this issue.
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3. Federal agencies charged with administering public R&D resources
should be empowered and encouraged to implement with greater flexibility
the economic performance requirements embodied in recent federal R&D
legislation. This should be done in a manner that is consistent with the core
missions of the agencies involved, the realities of competitive corporate R&D
practice, and the principles of national treatment and transparency.

Mission agencies now are being called upon to contribute more directly to
U.S. economic growth and competitiveness through their R&D activities. To be
successful, these agencies must become more adept at balancing this new charge
with their core missions in a manner that is consistent with the opportunities and
constraints of an increasingly interdependent world economy. This imperative
demands strong interagency policy guidance. Such guidance should remind
policymakers and the general public of the complex, highly case-specific calcu-
lus involved in the implementation of economic performance requirements. The
need for flexibility, discretion, and decentralized decisionmaking in the imple-
mentation process should be emphasized.

4. Congress should strike reciprocity requirements from existing laws gov-
erning federal R&D spending and exclude them from future R&D legisla-
tion. Instead, the federal government should pursue more aggressively re-
ciprocal access to publicly and privately funded R&D activities abroad
through U.S. trade and antitrust laws, existing bilateral and multilateral
trade and technology agreements, and the negotiation of more comprehen-
sive bilateral and multilateral agreements.

The committee considers the potential benefits of reciprocity requirements to
be small and more than offset by the costs and risks they entail. Such require-
ments contradict stated U.S. foreign economic policy objectives, undercut U.S.
efforts to persuade other nations to move toward unconditional nondiscrimina-
tory treatment, and encourage U.S. trading partners to introduce similar require-
ments. The lack of clear compliance standards makes these requirements very
difficult to administer and exposes federal agencies and foreign companies alike
to political and legal challenges. The committee believes that there are more
promising unilateral, bilateral, and multilateral avenues for increasing U.S. ac-
cess to both publicly and privately funded R&D in other nations. To strengthen
the hand of U.S. negotiators at the international level as well as facilitate enforce-
ment of existing international agreements concerning mutual access to govern-
ment-funded R&D, an agency of the federal government should be tasked by
Congress with monitoring and periodically reporting on U.S. access to govern-
ment-sponsored R&D in other nations.

5. The federal government should continue to seek more equitable interna-
tional sharing of the basic research burden through the negotiation of bilat-
eral science and technology agreements, the development of government-to-
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government international research consortia, and other mechanisms that fos-
ter international R&D collaboration.

The U.S. government should continue to encourage Japan and other nations
to assume roles in the global basic research enterprise that are commensurate
with their industrial, technological, economic, and diplomatic standing in the
world. To facilitate this process, the U.S. government should expand its support
of international public- and private-sector collaboration in areas of basic and pre-
competitive applied research. This can be done through bilateral science and
technology agreements and through international research programs such as the
Human Genome Project and the Intelligent Manufacturing Systems Initiative.
Furthermore, the committee is convinced that the strength of the U.S. basic re-
search system is closely linked to its openness. Efforts to restrict or artificially
increase the cost of foreign access to U.S. basic research capabilities that might
damage the U.S. research enterprise should be avoided.

6. The National Academies’ Government-University-Industry Research
Roundtable (GUIRR) should take the lead in promoting the exchange of in-
formation and “good practices” among the nation’s leading research uni-
versities concerning their relations with foreign-owned firms, foreign gov-
ernments, and other foreign institutions.

7. All institutions that perform federally funded R&D should have adequate
procedures in place to manage effectively intellectual property resulting from
publicly funded R&D. To assist U.S. universities and the federal government
in this regard, the National Academies’ Government-University-Industry Re-
search Roundtable (GUIRR) should work with the Association of University
Technology Managers (AUTM) and other appropriate organizations to de-
velop and distribute good practices and general guidelines for the nation’s
academic research enterprise.

8. U.S. research universities and federal laboratories should expand efforts
to establish quid pro quo with all foreign institutions that perform R&D.
This might include increased exchange of scientific and engineering personnel.

CHANGING PERCEPTIONS AND THEIR IMPLICATIONS

It is the sense of the committee that many of the circumstances that have
helped skew public discourse and policy in the United States toward a near-ex-
clusive focus on the costs, risks, and asymmetries of foreign participation in the
U.S. R&D enterprise over the last decade are changing. The widespread percep-
tion of the mid- to late 1980s that many American companies were less effective
than their foreign competitors at harnessing the output of research generated in
this country for commercial advantage is giving way to a more balanced view.
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There is now a spirit of cautious optimism about the continuously improving
technology management and competitive capabilities of many U.S. industries.
Recent state, federal, and university initiatives—fostering R&D collaboration and
more effective use and diffusion of technology and know-how relevant to indus-
try—may have also contributed to a more positive view of the nation’s industrial
future.

At the same time, new concerns are emerging: the weak growth of industrial
R&D in the United States, the contraction of basic and long-term applied research
based in industry, and the implications of defense conversion for the nation’s
R&D system. It is uncertain how these concerns or the nascent optimism regard-
ing U.S. competitiveness will influence how the public regards foreign participa-
tion in U.S. R&D. Regardless of how public perceptions evolve, in the com-
mittee’s view, the conclusions and recommendations contained in this report will
remain a useful guide to policy-making.

NOTES

1. Although some R&D activities in the United States are supported by a mix of public- and
private-sector funding (both direct and indirect), the vast majority are financed predominantly through
either public- or private-sector sources.

Privately funded R&D is directed at the generation, assimilation, and application of knowl-
edge and technology to advance the economic interests of stakeholders in the company making the
investment. In market economies, it is generally accepted that under most circumstances, private
companies should be allowed to dispose of the products of their R&D investments as they see fit. In
contrast, publicly funded R&D and its proprietary and nonproprietary outputs are viewed as public
property to be used to advance specific U.S. national interests. For the most part, institutions that
conduct or use the outputs of publicly funded R&D are subjected to greater public scrutiny than those
that conduct or use the outputs of privately funded R&D.

Since only a small fraction of privately funded U.S. R&D is accounted for by private noncom-
mercial/nonprofit organizations, the term “privately funded R&D” is used throughout the report as a
synonym for company-funded R&D.

2. A national innovation system is defined by Patel and Pavitt (1994) as “the national institu-
tions, their incentive structures and their competencies, that determine the rate and direction of tech-
nological learning (or the volume and composition of change-generating activities) in a country.”

3. The U.S. government defines foreign direct investment as the ownership by a foreign person
or business of 10 percent or more of the voting equity of a company located in the United States. A
10 percent or more equity interest is considered evidence of a long-term interest in, and a measure of
influence over, the management of the company. New foreign direct investment can take two forms—
the acquisition of an existing company or the establishment of a new company. (U.S. Department of
Commerce, 1991)

4. A U.S. affiliate of a foreign-owned firm is a company located in the United States in which a
foreign person or business has a “controlling” stake (i.e., 10 percent or more of the company’s voting
equity).

5. There are several legitimate methods for identifying high-technology industries. All rely on
some calculation of R&D intensity (typically, R&D expenditures and/or numbers of technical people
divided by industry value added or sales). This report draws on data gathered by the U.S. Department
of Commerce and the Organization for Economic Cooperation and Development (OECD). The two
organizations use different yet comparable definitions of high-technology industries.
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The OECD classification of “high-intensity technology products” relies on directly applied
R&D expenditures and includes those products with above-average R&D intensities. Direct R&D
expenditures are those made by the firms in the product group. The OECD classifies the following
industries as high tech: drugs and medicines (ISIC 3522); office machinery, computers (ISIC 3825);
electrical machinery (ISIC 383 less 3832); electronic components (ISIC 3832); aerospace (ISIC 3845);
and scientific instruments (ISIC 385).

The Department of Commerce definition of high-technology products (DOC-3 high-technol-
ogy products) includes products that have significantly higher ratios of direct and indirect R&D ex-
penditures to shipments than do other product groups. Direct R&D expenditures are those made by
the firms in the product group. Indirect R&D describes the R&D content of input products. The
DOC-3 industries include guided missiles and spacecraft (SIC 376); communication equipment and
electronic components (SIC 365-367); aircraft and parts (SIC 372); office, computing, and accounting
machines (SIC 357); ordnance and accessories (SIC 348); drugs and medicines (SIC 283); industrial
inorganic chemicals (SIC 281); professional and scientific instruments (SIC 38 less 3825); engines,
turbines, and parts (SIC 351); and plastic materials and synthetic resins, rubber, and fibers (SIC 282).

Comparisons of U.S. production data for high-intensity technology products, as reported to
the OECD, with U.S. total shipment data for high-technology products—as reported to the Depart-
ment of Commerce, according to DOC-3 definition—show that the OECD data represented 96 per-
cent and 100 percent of the DOC-3 data in 1980 and 1986, respectively (National Science Board,
1989).
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Introduction

The history of foreign involvement in the development of the U.S. economy
and its technology base is as old as the Republic itself. A relative latecomer to
industrialization, the United States rose swiftly to world industrial leadership dur-
ing the latter half of the nineteenth and the early twentieth centuries by drawing
heavily on technology, talent, and capital from abroad. The chemical industry,
today one of the central pillars of the U.S. industrial research and development
(R&D) enterprise, was built on technologies licensed from the leading German
chemical manufacturers. First-generation immigrants such as Steinmetz, Tesla,
Bell, and Berliner provided critical intellectual capital to the nascent electrical man-
ufacturing and telephone industries. European investors financed the development
of America’s railroads and helped launch a number of major U.S. industries.

By the end of World War I, the United States had become the world’s fore-
most industrial power. Nevertheless, the American economy continued to draw
heavily on European science and technology through the end of World War II.
The immigration of leading European scientists and engineers to the United States
during and after the two world wars was instrumental in laying the foundation for
postwar U.S. leadership in virtually all major areas of scientific and engineering
research.

The 1950s and 1960s brought the consolidation of American leadership in
the development and application of civilian and military technology, as well as a
newfound preeminence in basic science and engineering research. During this
period, the role of foreign participation in the U.S. domestic economy and R&D
enterprise diminished. Europe and other parts of the industrialized and industri-
alizing world continued to provide the U.S. economy with a modest stream of

15
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immigrant scientists and engineers, as well as graduate students in science and
engineering. However, their numbers were dwarfed by an explosion in the sup-
ply of U.S.-born entrants into the system. U.S. multinational companies emerged
as major forces in the transfer of technology and know-how from the United
States to foreign economies. Yet, foreign direct investment' in U.S. manufactur-
ing and foreign participation in U.S. industrial R&D remained insignificant.

This situation began to change in the 1970s, as technological and economic
power became more evenly distributed among a growing number of industrial-
ized countries and as markets became increasingly international. At the hands of
an expanding population of U.S., European, and Asian multinational companies,
the economies and innovation systems? of all industrialized nations, including the
United States, became deeply interconnected.

THE NEW WAVE OF FOREIGN R&D PARTICIPATION

During the past decade, foreign participation in U.S. R&D has expanded
rapidly. By both establishing and acquiring R&D-intensive businesses in the
United States, foreign-owned companies have more than doubled their share of
total privately funded U.S. R&D since 1980, accounting for over 14 percent in
1992. In the process, foreign companies and their U.S. subsidiaries have estab-
lished extensive links with U.S. industrial, academic, and public-sector R&D
performers through an array of alliances, joint ventures, personnel exchanges,
and other collaborative arrangements. The same period has brought a significant
expansion in the number of short-term and extended visits by foreign researchers
to U.S. government laboratories, research universities, and other research facili-
ties. U.S. research universities, in particular, have become increasingly depen-
dent on foreign students, postdoctoral fellows, and faculty in most fields of scien-
tific and engineering research and advanced education.

A Poorly Understood Phenomenon

The trend toward deepening foreign involvement in U.S. research and devel-
opment has drawn a mixed response from the American R&D community, policy-
makers, and the general public. Those who regard the trend as a positive corol-
lary to the expanding involvement of U.S.-owned companies in national markets
and innovation systems abroad emphasize the mutual gains to the U.S. economy
and the foreign individuals and companies involved. Foreign individuals and
firms gain access to U.S. R&D organizations and the new knowledge, technol-
ogy, and creative research methods they impart. In exchange, they contribute
their own intellectual, organizational, and material resources—including knowl-
edge, technology, and know-how—that strengthen the U.S. innovation system
and enhance its contribution to U.S. economic development. From this perspec-
tive, foreign participation in U.S. R&D offers an increasingly important window
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on expanding industrial and technological competence abroad—an opportunity
that many believe should be exploited more effectively by the U.S. public and
private sectors (Florida, 1995; Graham, 1992; Graham and Krugman, 1991, 1995;
Kenney and Florida, 1993b; Mowery and Teece, 1993; National Research Coun-
cil, 1976). Yet, many Americans look upon the growth of foreign participation in
U.S. R&D as a net economic liability for the country. From this perspective,
foreign-owned firms and the nations in which they are based are poaching the
returns on investment by U.S. citizens in the world’s most open and productive
research enterprise. Moreover, many believe foreign firms are taking unfair ad-
vantage of this openness to target technological capabilities of critical importance
to U.S. economic security and development with the intention of controlling them
and the future revenue streams they promise.

Further, many believe, in contrast to the situation in the United States, that
U.S. access to foreign markets and R&D capabilities, particularly those of its
foremost competitor, Japan, is considerably circumscribed. Indeed, some ob-
servers argue that barriers to U.S. exports and investment abroad have caused
U.S. multinational companies to engage in the large-scale transfer of U.S. R&D
assets and U.S.-generated technology to other countries. According to this view,
foreign nations have erected structural or policy barriers that in effect “extort”
U.S. technology and R&D assets in return for improved access to that country’s
markets. Given the perceived predatory behavior of many foreign firms and the
lack of reciprocal market access, critics of foreign participation in U.S. R&D
have called for private actions and public policies to stem or contain the tide
(Glickman and Woodward, 1989; Spencer, 1991; Tolchin, 1993; U.S. Congress,
House, 1989; U.S. Congress, Office of Technology Assessment, 1994).

Despite the intensity of debate surrounding this issue, neither experts nor the
public has more than a limited understanding of the many different types of for-
eign participation in the nation’s technology enterprise. Nor is there an apprecia-
tion for the forces driving such activity or its economic consequences. Indeed,
the information necessary to understand the situation is hard to come by. There
are data that document incompletely the R&D spending of U.S. affiliates of for-
eign firms, the number, size, and activities of their U.S.-based R&D facilities,
and the extent and nature of foreign involvement in U.S. research universities and
federal laboratories. To date, however, no systematic effort has been made to
collect comprehensive data on foreign involvement in U.S.-based R&D activi-
ties, and only a few attempts have been made to develop more detailed, qualita-
tive assessments of various modes of foreign R&D participation and their long-
term costs and benefits to U.S. economic development.?

The lack of useful data, however, is only part of the problem. Many of the
policy issues deriving from foreign participation in U.S. R&D are poorly defined.
In part, this stems from the widespread confusion about the nature of R&D, how
it contributes to technological innovation and national economic development in
general, and how the multiple economically valuable outputs of R&D are trans-
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ferred domestically and internationally. More confusion arises from the gener-
ally poor understanding of the profound differences in the structure, organization,
strengths, and weaknesses of major national innovation systems, and of the impli-
cations these differences have for economic and technological relations between
nations (Ergas, 1987; Imai, 1990; National Research Council, 1989a, 1989b,
1990; Nelson, 1993). Further clouding the picture is the fact that many of the
issues raised by foreign participation in U.S. research and development are deeply
entangled—rightly or wrongly—with U.S. foreign economic policy and the fu-
ture goals and organization of the U.S. research enterprise.

CALLS FOR PUBLIC-POLICY ACTION

As foreign involvement in U.S. research continues to expand, pressure for
public-policy limits on such involvement is likely to intensify—with or without a
thorough assessment of the costs and benefits to the United States. American
research universities and nonprofit research institutes that are supported heavily
by tax dollars have come under heavy criticism from members of Congress and
the public for providing foreign-owned firms and their U.S. affiliates with access
to academic research facilities, personnel, and research results through industrial
liaison programs, technology licensing agreements, and contract research (U.S.
Congress, House, 1989). Moreover, some within Congress and other parts of the
public policy community argue that the U.S. government should rethink the pro-
cedures by which it monitors, evaluates, and regulates prospective foreign acqui-
sitions of U.S. companies in “strategic” R&D-intensive sectors (Gaster, 1992;
Glickman and Woodward, 1989; Spencer, 1991; Tolchin, 1993).

To date, federal attempts to regulate foreign participation in U.S. R&D in
areas other than national security have focused on prospective foreign involve-
ment in publicly funded* civilian R&D activities—chiefly university-based re-
search and research conducted in federal laboratories and as part of government-
sponsored collaborative R&D initiatives. Recent federal initiatives to provide
limited direct support of precommercial industrial R&D (e.g., the Semiconductor
Manufacturing Technology Consortium [SEMATECH], the National Science
Foundation’s Engineering Research Center program, the Advanced Technology
Program [ATP] within the Department of Commerce, and the multiagency Tech-
nology Reinvestment Project [TRP]) have included restrictions on foreign-firm
participation.’

Eligibility criteria for foreign participation in publicly funded U.S. R&D have
been designed to ensure that most of the resulting intellectual property and asso-
ciated economic value remain in the United States and that the home govern-
ments of foreign firms offer reciprocal access to similar publicly subsidized R&D
initiatives.® Advocates of more aggressive management of foreign participation
in U.S. publicly and privately funded R&D propose prohibiting foreign firms
from licensing technology developed in U.S. government laboratories or publicly
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funded research universities or industrial consortia, more extensive screening of
foreign direct investment, or requiring foreign firms to either exploit or license
their technologies within the United States.

FOREIGN R&D PARTICIPATION IN CONTEXT

To appreciate the intensity as well as the nature of the public debate about the
growth of foreign involvement in U.S.-based R&D activities, three changes in the
global economic and technological environment must be considered.

First Among Equals in an Integrated Global Economy

The first major challenge to the U.S. innovation system derives from a shift,
which has accelerated in recent decades, in the relative economic and technologi-
cal strength of the United States compared with its trading partners. Twenty
years ago, the preeminence and comparative self-sufficiency of the U.S. economy
and national innovation system were taken for granted. Today, however, techno-
logical and economic power are much more evenly distributed among North
America, the Pacific Rim, and the European Community. Moreover, the econo-
mies and innovation systems of all industrialized nations, including the United
States, are now deeply interconnected (National Academy of Engineering, 1993).

Comparisons of national trends in R&D investment, patenting, scientific and
engineering literature citations, high-technology production and trade,” and pro-
ductivity growth all document a rapid increase in the ability of America’s trading
partners—above all Japan—to develop, absorb, and effectively exploit new
knowledge and technology worldwide (Table 1.1). Likewise, the rapid expan-
sion of international trade, foreign direct investment, and transnational corporate
alliances during the past decade attests to the significant internationalization of
industrial production and its associated advanced technical activities (Figure 1.1).

Overall, the internationalization of industrial R&D activity has lagged be-
hind that of industrial production, marketing, and component sourcing. In some
countries and industries, the internationalization of the entire value-added chain
is proceeding more rapidly than in others. Foreign penetration of the U.S.
economy and R&D enterprise has been particularly rapid in recent years, albeit
starting from a relatively low base compared with foreign participation in the
R&D systems of other nations. Today, foreign-controlled firms account for sig-
nificantly larger shares of manufacturing output and employment in Germany,
France, the United Kingdom, and Canada than they do in the United States (Table
1.2). As ashare of total private R&D spending, R&D spending by foreign-owned
affiliates in Europe and the United States is roughly equivalent. In Japan, by
contrast, foreign penetration of the economy and industrial R&D base through
foreign direct investment has remained insignificant compared with other indus-
trialized countries (U.S. Congress, Office of Technology Assessment, 1994).
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FIGURE 1.1 Growth in world trade, output, domestic investment, and foreign direct
investment: 1975-1991. SOURCE: U.S. Department of Commerce, International Trade
Administration, Office of Trade and Economic Analysis, unpublished data, 1993.

U.S. multinational corporations have played a leading role in internationaliz-
ing the economies and technology enterprises of the United States and its trading
partners. During the 1980s, U.S. direct investment abroad more than doubled. In
the process, a rapidly expanding population of U.S.-owned multinational compa-
nies greatly expanded their presence in foreign markets and innovation systems.
Today, foreign markets account for a large share of the total sales and revenues of
U.S.-owned companies in many R&D-intensive industries. For example, more
than 60 percent of all revenues of U.S. computer manufacturers derive from for-
eign markets. As of 1992, U.S.-owned multinational companies® were perform-
ing $13.6 billion worth of R&D abroad annually, or roughly 10 percent of all
U.S.-company financed R&D. American multinationals have been deeply in-
volved in the proliferation of transnational corporate technical alliances during
the past decade (Hagedoorn and Schakenraad, 1993; Mowery, 1988a; Peters,
1987).
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TABLE 1.2 Three Measures of Foreign Involvement in Manufacturing for
Seven Countries, by Percent Share

Share of Business

Enterprise R&D Share of Share of
Expenditures Employment Gross Output
1989 1989 (1990) 1989 (1990)
United States” 10.0 10.0 14.9
France 12.4 (23.8) (28.4)
United Kingdom 17.0 (16.2) (25.1)
Sweden 13.6 14.0 15.3
Germany * (7.2) (13.2)
Canada 46.0 37.80 49.0¢
Japan 1.0 1.1 24

*Data not available

“The United States defines foreign-controlled firms as nationally incorporated and unincorporated
business enterprises in which foreign persons have at least a 10 percent interest. All other nations
listed define foreign-controlled firms at a higher level of equity interest.

1980 data

€1987 data

SOURCES: Organization for Economic Cooperation and Development (1994) and unpublished data.

The Changing Character of Technology-Based Competition

A second major challenge to the U.S. innovation system stems from rapid
changes in corporate and industrial structure and the changing nature of competi-
tion in many industries during the past 2 decades. In particular, a virtual revolu-
tion has occurred in the human and technical dimensions of industrial production
systems, radically redefining the standard of competitive organizational and
managerial performance for most companies. At the same time, the technical
intensity of many manufacturing and service industries has risen dramatically
(Dertouzos et al., 1989; National Academy of Engineering, 1993).

In the context of these trends, product development and product life cycles
are shortening in many industries. Time to market has become an increasingly
critical measure of competitive success, and R&D costs are rising rapidly. Along
with the increasingly important move toward technology fusion—the marriage of
disparate technologies—as a source of product innovation, these changes have
posed new challenges to the organization and management of public and private
R&D in all industrialized countries. Competitive pressure is mounting for com-
panies in many industries to integrate R&D more closely with production and
marketing and to look beyond their own institutional and national borders for
new sources of innovation (Kodama, 1991; National Academy of Engineering,
1993; Roberts, 1995a, 1995b; Roussel et al., 1991).
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The Changing Relationship Between Military and Civilian Technologies

The third major challenge, evident over the last 20 years, is a profound shift
in the relationship between military and civilian technology, which has affected
dramatically long-standing public R&D priorities and strategies of the U.S. inno-
vation system. For most of the past 40 years, the federal government has directly
funded more than half of all R&D performed within the United States (Table 1.3).
During this period, defense-related R&D accounted for between 50 and 85 per-
cent of total federal R&D spending. In 1994, the defense share of federally funded
R&D stood at roughly 60 percent.

In the 1950s and 1960s, federal defense-related R&D and procurement of
advanced technology products created important technology spin-offs in the ci-
vilian sector. Indeed, some of those defense spin-offs were seminal to the growth
or development of major civilian industries, such as microelectronics, aerospace,
computers, and telecommunications.

By the 1980s, however, the rapid growth of global commercial R&D capa-
bilities and civilian markets for advanced technology products had dwarfed fed-
eral R&D spending and procurement as contributors to the U.S. innovation sys-
tem. At the same time, the end of the Cold War weakened considerably the
claims of national defense on U.S. technological resources. Today, advances in

TABLE 1.3 Federal Funding of U.S. R&D, in Percent

1955 1960 1970 1980 1990 1994 (prelim.)

As a share of total

U.S. R&D spending 57 65 57 47 41 36
As a share of total U.S. spending in:

basic research * 60 70 70 62 58

applied research * 56 54 45 39 37

development * 68 55 43 36 30
For defense-related research as a

share of total R&D spending 48 52 33 24 25 20
For health-related research as a

share of total R&D spending 2 3 4 6 5 6
For space-related research as a

share of total R&D spending 1 3 10 5 4 4
For energy-related research as a

share of total R&D spending * 3 2 6 2 2
As share of R&D spending by U.S.

industry 47 59 43 32 26 19
As share of R&D spending by the

U.S academic sector 54 63 71 68 59 60

*Data not available.

SOURCE: National Science Foundation (1990a, 1992, 1995a,b).
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civilian technology set the pace in most fields critical to national defense. As a
result, most military weapons systems and subsystems depend on technology
developed and applied first in the commercial sphere (Alic et al., 1992).

Recasting U.S. Public- and Private-Sector Technology Strategies

In recent years, these three broad trends in the global economic environment
have stimulated a fundamental reassessment of U.S. public- and private-sector
strategies for the effective development and exploitation of technology. In par-
ticular, these trends have revealed weaknesses in the U.S. technology enterprise
that have compromised the nation’s ability to develop, organize, and use technol-
ogy to economic advantage. In some instances, public concern about growing
foreign involvement in U.S. R&D has been fueled by these revelations and by the
first corrective steps taken by U.S. companies, research universities, and federal
and state governments.

U.S. companies have come under increasing pressure to manage more pro-
ductively their in-house R&D assets and to exploit more aggressively external
sources of new knowledge and technology, both at home and abroad. Many
companies have taken steps to integrate more effectively in-house R&D activities
with design, production, and marketing. In an effort to leverage internal R&D
capabilities, a growing number of U.S. companies have entered into technical
alliances with competitors, suppliers, and publicly supported research institutions.
Indeed, under pressure to cut costs, many U.S. companies in R&D-intensive in-
dustries have cut back on long-term basic and applied research, presumably with
the expectation that research universities, federal laboratories, and other nonprofit
research institutions will fill the gap (Government-University-Industry Research
Roundtable, 1989; Roberts, 1995a; Wolft, 1994).

Global economic trends have also forced the United States to reassess the
sharp division of roles between government and private-sector participants in the
innovation system that emerged following World War II. Under this unwritten
compact, the federal government assumed primary responsibility for mobilizing
scientific and technical resources for accepted public missions, such as national
security, public health, and world leadership in basic research. Responsibility for
developing, diffusing, and harnessing technology for national economic develop-
ment fell almost exclusively to private-sector players and competitive markets.
However, in the face of declining U.S. competitiveness, the changing nature of
technology-based competition, slow economic growth, and massive economic
restructuring promised by the contraction of the defense industry, the federal gov-
ernment has begun to assume a more active role in the nation’s civilian innova-
tion system.

Urged on by federal and state lawmakers, other R&D performers in the U.S.
innovation system—most notably research universities and federal laboratories—
are becoming more directly involved in the nation’s quest for improved competi-
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tiveness and economic development. Witness, for instance, the proliferation of
university-industry cooperative research centers or of cooperative research and
development agreements between companies and federal laboratories (Cohen et
al., 1994; U.S. General Accounting Office, 1991a, 1995). Similarly, federal leg-
islation and government initiatives of the past decade, such as ATP, TRP, and
SEMATECH, have encouraged private firms to enter into collaborative R&D
agreements with each other in the interest of enhancing U.S. competitiveness
(Committee on Science, Engineering, and Public Policy, 1992).

As efforts to recast the roles of major institutional players in the nation’s
innovation system proceed,” the dividing line between the proprietary R&D ac-
tivities of companies and the taxpayer-subsidized (and public-mission-oriented)
R&D activities of universities and federal laboratories is becoming increasingly
blurred. This blurring of roles and mixing of research cultures has raised new
concerns about the use of public research monies to advance the economic inter-
ests of individual companies, potential conflicts of interest for publicly subsi-
dized researchers, and the accountability of publicly supported research institu-
tions generally (National Institutes of Health, 1994a,b; Rose, 1993a,b; Schmidt,
1993; U.S. General Accounting Office, 1992). Still others question whether closer
integration of the nation’s diverse public and private research institutions, and
other attempts to manage the nation’s collective R&D assets more strategically,
might in fact undermine the comparative strengths of the U.S. innovation system
in a misbegotten effort to compensate for its weaknesses (Brooks, 1993; Dasgupta
and David, 1992; Rosenberg and Nelson, 1994). Many of these concerns, in turn,
have focused greater attention on the potentially exploitative role of foreign com-
panies in the national innovation system.

Asymmetries of Capability and Access
Among National Innovation Systems

Two of the greatest comparative strengths of the U.S. innovation system—
the nation’s large, highly productive basic research enterprise and its unrivaled
capacity for spawning new technology-intensive products, services, and indus-
tries—are built on institutions (universities) and markets (financial, labor, corpo-
rate security) that are highly accessible to all interested parties—domestic and
foreign.

Nevertheless, for various reasons, many U.S. companies have demonstrated
arelative inability to exploit some of the system’s greatest comparative strengths.
Compared to their counterparts in Germany and Japan, for instance, many Ameri-
can companies are weak in the areas of managerial and organizational practice,
workforce training, and external technology scanning, and do not invest as much
in production processes, plant, and equipment (Competitiveness Policy Council,
1993; Dertouzos et al., 1989; National Academy of Engineering, 1993; Roberts,
1995a,b). Given these findings, it is easy to understand U.S. concerns that for-
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eign-owned companies in certain industries may be better equipped to exploit
U.S. basic research capabilities and start-up companies than their U.S.-owned
counterparts. These concerns have clearly affected the American outlook on for-
eign R&D participation.

At the same time, many of the perceived comparative strengths of the Japa-
nese and German innovation systems—in particular, in applied R&D and tech-
nology commercialization—are, for various reasons, less accessible to U.S. firms
than are the U.S. system’s comparative strengths to foreign companies. Not only
do these prime foreign-based R&D assets reside in proprietary institutions (rather
than publicly accessible universities), but U.S. access to them is often impeded by
government policies or corporate practices (Imai, 1990; Keck, 1993; National
Research Council, 1989a, 1989b, 1990; U.S. Congress, Office of Technology
Assessment, 1994).

Access to foreign markets and technological resources is becoming increas-
ingly important for U.S. firms. Therefore, these long-standing asymmetries in
the relative strength and accessibility of national innovation systems have as-
sumed heightened economic and political relevance. Calls for greater interna-
tional reciprocity and equity in things technical as well as economic resonate
much more with the American public, U.S. industrialists, and U.S. policymakers
today than they did a decade ago.

The currency of these and related issues suggest the timeliness of an assess-
ment of the causes, nature, and economic consequences of foreign participation
in U.S. R&D, in its many guises. Limited understanding of the causes and con-
sequences of foreign involvement in the U.S. R&D enterprise increases the like-
lihood of ill-conceived public and private policy responses that may actually
weaken the enterprise and undermine the economic welfare of U.S. citizens. Lack
of understanding may also allow the debate over foreign participation in U.S.
R&D to distract our attention from challenges that are arguably much more press-
ing, such as the need to improve R&D and technology management in U.S. com-
panies or to develop closer links between the R&D capabilities in industry, aca-
deme, and the federal government.

Ultimately, public- or private-sector actions to restrict or manage foreign
participation in U.S. R&D may be justifiable on a variety of grounds that have
little or nothing to do with the costs or benefits of such participation to the U.S.
economy. National security, the defense of sovereignty, and the need for reci-
procity or fairness may all be legitimate reasons for restricting foreign access to
the U.S. R&D enterprise, even if such action would be economically damaging.
The aim of this study is to increase public understanding of the nature and eco-
nomic consequences of foreign involvement in the U.S. R&D enterprise and, by
so doing, to improve the quality of the debate and the policy responses that result
from that dialogue.
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NOTES

1. The U.S. government defines foreign direct investment as the ownership by a foreign person
or business of 10 percent or more of the voting equity of a company located in the United States. A
10 percent or more equity interest is considered evidence of a long-term interest in, and a measure of
influence over, the management of the company. New foreign direct investment can take two forms—
the acquisition of an existing company or the establishment of a new company. (U.S. Department of
Commerce, 1991)

2. A national innovation system is defined by Patel and Pavitt (1994) as “the national institu-
tions, their incentive structures and their competencies, that determine the rate and direction of tech-
nological learning (or the volume and composition of change-generating activities) in a country.”

3. For a discussion of growing foreign involvement in U.S. industrial R&D, see Dalton and
Serapio (1993, 1995), Herbert (1989), Kenney and Florida (1993a,b), Peters (1991, 1992, 1993b,
1995), U.S. Congress, Office of Technology Assessment (1994), U.S. Department of Commerce
(1993a), Voisey (1992), and Westney (1993). For a discussion of foreign involvement in publicly
funded U.S. R&D, see Massachusetts Institute of Technology (1991), National Science Board (1990),
Press (1990), Stalson (1989), U.S. Congress, House (1989, 1993), and U.S. General Accounting
Office (1988a,b).

4. Although some R&D activities in the United States are supported by a mix of public- and
private-sector funding (both direct and indirect), the vast majority are financed predominantly through
either public- or private-sector sources.

Privately funded R&D is directed at the generation, assimilation, and application of knowl-
edge and technology to advance the economic interests of stakeholders in the company making the
investment. In market economies, it is generally accepted that under most circumstances, private
companies should be allowed to dispose of the products of their R&D investments as they see fit. In
contrast, publicly funded R&D and its proprietary and nonproprietary outputs are viewed as public
property to be used to advance specific U.S. national interests. For the most part, institutions that
conduct or use the outputs of publicly funded R&D are subjected to greater public scrutiny than those
who conduct or use the outputs of privately funded R&D.

Since only a small fraction of privately funded U.S. R&D is accounted for by private noncom-
mercial/nonprofit organizations, the term “privately funded R&D” is used throughout the report as a
synonym for company-funded R&D.

5. For descriptions of each of these programs and supporting references, see Chapter 4, pp. 108,
116-118.

6. For further discussion of these requirements, see Chapter 4, pp.114-116 .

7. There are several legitimate methods for identifying high-technology industries. All rely on
some calculation of R&D intensity (typically, R&D expenditures and/or numbers of technical people
divided by industry value added or sales). This report draws on data gathered by the U.S. Department
of Commerce and the Organization for Economic Cooperation and Development (OECD). The two
organizations use different yet comparable definitions of high-technology industries.

The OECD classification of “high-intensity technology products” relies on directly applied
R&D expenditures and includes those products with above-average R&D intensities. Direct R&D
expenditures are those made by the firms in the product group. The OECD classifies the following
industries as high tech: drugs and medicines (ISIC 3522); office machinery, computers (ISIC 3825);
electrical machinery (ISIC 383 less 3832); electronic components (ISIC 3832); aerospace (ISIC 3845);
and scientific instruments (ISIC 385).

The Department of Commerce definition of high-technology products (DOC-3 high-technol-
ogy products) includes products that have significantly higher ratios of direct and indirect R&D ex-
penditures to shipments than do other product groups. Direct R&D expenditures are those made by
the firms in the product group. Indirect R&D describes the R&D content of input products. The
DOC-3 industries include guided missiles and spacecraft (SIC 376); communication equipment and
electronic components (SIC 365-367); aircraft and parts (SIC 372); office, computing, and accounting
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machines (SIC 357); ordnance and accessories (SIC 348); drugs and medicines (SIC 283); industrial
inorganic chemicals (SIC 281); professional and scientific instruments (SIC 38 less 3825); engines,
turbines, and parts (SIC 351); and plastic materials and synthetic resins, rubber, and fibers (SIC 282).

Comparisons of U.S. production data for high-intensity technology products, as reported to
the OECD, with U.S. total shipment data for high-technology products—as reported to the Depart-
ment of Commerce, according to DOC-3 definition—show that the OECD data represented 96 per-
cent and 100 percent of the DOC-3 data in 1980 and 1986, respectively (National Science Board,
1989).

8. Dalton and Serapio (1995) identify over 100 overseas R&D facilities of U.S.-owned compa-
nies. See, also, Peters (1992).

9. With the Congressional elections of November 1994, political support in both the House of
Representatives and the Senate for many of these recent technology-policy-for-competitiveness ini-
tiatives has waned significantly. Witness, for example, mounting Congressional skepticism regarding
the new industrial competitiveness contributions of federal laboratories, and Congress’ efforts to “zero
out” funding for the Advanced Technology Program, the Technology Reinvestment Project, and the
Department of Commerce’s Technology Administration. See American Association for the Advance-
ment of Science (1995). Prior to the election, SEMATECH’s CEO, William Spencer, announced that
the consortium would no longer seek public funding from the Department of Defense (Corcoran,
1994).
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The Contribution of R&D to
U.S. Economic Development

To assess the economic consequences of foreign participation in U.S. R&D,
it is essential to understand what activities comprise research and development,
how the processes of R&D function, and how readily the outputs of R&D are
diffused internationally. At the same time, it is necessary to examine how R&D
may affect national economic development and to consider some of the limita-
tions on our understanding of this process. The chapter provides a brief overview
of these issues.

RESEARCH AND DEVELOPMENT: A SIMPLIFIED TAXONOMY

The term “research and development” encompasses a range of organized
activities directed at the discovery, assimilation, transfer, or application of knowl-
edge. The National Science Foundation (NSF) classifies research and develop-
ment into three categories: basic research, applied research, and development.
Basic research seeks to advance scientific or technical knowledge or understand-
ing of a particular phenomenon or subject without specific applications in mind.
In contrast, applied research recognizes a specific need and seeks new knowledge
or understanding in order to meet that need. NSF defines development as “the
systematic use of the knowledge or understanding gained from research directed
toward the production of useful materials, devices, systems, or methods, includ-
ing design and development of prototypes and processes” (National Science
Board, 1993).

In practice, the boundaries between these three broad categories of organized
R&D activity are often blurred. In addition, the three are interrelated through

29
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complex feedback loops. Sometimes the R&D process moves in a linear fashion,
from basic research to applied research to development. Basic research may
yield new knowledge that can be usefully applied. In addition, it may enable new
applications of existing knowledge as well as suggest new directions for applied
research and development. Basic research may also nourish and enhance applied
R&D in ways that cannot be traced to a discrete piece of new knowledge. Just as
often, however, applied research and development provides the impetus for pur-
suing new directions in basic research. As noted by Brooks (1994), “Problems
arising in industrial development are frequently a rich source of challenging basic
science problems which are first picked up with a specific technological problem
in mind, but then pursued by a related basic research community well beyond the
immediate requirements of the original technological application that motivated
them.” For example, efforts to understand materials processes and properties
critical to the quality and performance of semiconductor devices were largely
responsible for the emergence of materials science as a field of academic re-
search.

The role of serendipity in research and development should not be underes-
timated. Often, major advances in knowledge and new applications of existing
knowledge are entirely unexpected by those who fund or perform R&D. Basic
and applied research directed at the discovery or application of knowledge in a
particular field or industry may yield findings that advance fundamental knowl-
edge in disciplines unrelated to that of the R&D performer or suggest applica-
tions of knowledge that are unrelated to the researcher’s original objectives.!

THE MULTIPLICITY OF R&D OUTPUTS

R&D can have many different outputs, including codified knowledge, know-
how or techniques, highly skilled human capital, instrumentation, and technol-
ogy.> However, as the NSF definitions suggest, each type of R&D activity tends
to result in particular types of outputs. For example, with the exception of certain
fields where direct transfers of knowledge from basic science to technology are
frequent (such as in chemistry and molecular biology), basic research yields
chiefly new knowledge, new methods, and skilled scientists and engineers—out-
puts that contribute indirectly to the development and application of technology.
By contrast, applied research and development, while creating new knowledge,
know-how, and skills, are generally more directly implicated in the generation
and application of technology.

Another useful way of classifying R&D outputs is to consider who “owns”
them. Some R&D outputs are essentially nonproprietary, or public goods. That
is, their use by one party does not diminish their value or utility to others, and
they can be exploited freely by anyone possessing the requisite technical capa-
bilities. Much of R&D conducted to advance explicit government missions, such
as national defense or the cure of disease, falls into this category. Most of the

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4922.html

elopment: Asset or Liability?

THE CONTRIBUTION OF R&D TO U.S. ECONOMIC DEVELOPMENT 31

products of basic research and generic applied research and development, such as
new knowledge, know-how and techniques, skilled scientists and engineers, and
generic technology (e.g., standards, metrics, manufacturing practices) can also be
classified as nonproprietary.

The vast majority of these R&D activities are funded, though not necessarily
performed, by the government. The federal government supports roughly 40
percent of applied research and an equal proportion of development work in the
United States, most of which is performed by private companies. The govern-
ment also funds over two-thirds of U.S. basic research. Virtually all publicly
funded basic research and over 80 percent of all U.S. publicly and privately funded
basic research is performed by not-for-profit institutions, predominantly univer-
sities and colleges (National Science Board, 1993).

Other R&D outputs, such as patents, copyrights, and trade secrets, are pro-
prietary in nature. Most proprietary R&D (predominantly applied research and
development) tends to be both funded and performed by private companies. U.S.
industry supports more than half and performs more than two-thirds of all applied
research conducted in the United States. Moreover, industry funds 60 percent
and performs nearly 90 percent of all development work in the United States
(National Science Board, 1993).

Publicly and privately funded R&D yield both proprietary and nonpropri-
etary outputs. Research universities and federal laboratories, although focused
primarily on nonproprietary research, also generate intellectual property that they
sell or license to private firms. Collaborative R&D involving publicly funded
institutions and private companies also can yield proprietary outputs. Moreover,
when federal agencies fund R&D performed by private companies in service of
national missions, such as defense, these public investments often enable private
companies to develop proprietary technology that confers competitive advantages
in commercial and noncommercial markets. At the same time, the private R&D
investments of companies yield new knowledge, know-how, skills, and generic
technology that are often broadly diffused without direct compensation to the
R&D-performing company.3

THE POLITICAL-ECONOMIC LOGIC OF PUBLICLY
AND PRIVATELY FUNDED R&D

As the preceding discussion suggests, the differences between publicly and
privately funded R&D and their respective outputs are clearer in theory than in
practice. It is nevertheless useful to distinguish between the two types of R&D,
since, within the United States at least, each is shaped by a distinct political-
economic logic. Privately funded R&D is directed at the generation, assimila-
tion, and application of knowledge and technology to advance the economic in-
terests of stakeholders in the company making the investment. In market
economies, it is generally accepted that, under most circumstances, private com-
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panies should be allowed to dispose of the outputs of their R&D investments as
they see fit. It is assumed that such firms will pursue their individual economic
self-interest with vigilance and, in so doing, collectively advance the interests of
the nation as a whole.*

In contrast, publicly funded R&D and its proprietary and nonproprietary out-
puts are viewed as public property to be used to advance specific U.S. national
interests. For the most part, institutions that conduct or use the outputs of pub-
licly funded R&D are subjected to greater public scrutiny than those that conduct
or use the outputs of privately funded R&D. This is particularly true with regard
to how and where the R&D outputs are used, and how the associated public and
private benefits are distributed nationally and internationally. Research universi-
ties, federal laboratories, and other not-for-profit institutions that perform the
majority of publicly funded basic research do not generally commercialize tech-
nology or produce products for commercial markets. This has led some observ-
ers to question whether these institutions are adequately equipped to assess, let
alone capture the true market value of the intellectual property they generate and
manage with public money (U.S. Congress, House, 1989, 1993).

R&D, INNOVATION, AND NATIONAL ECONOMIC DEVELOPMENT

R&D activities are a critical, yet relatively small, subset of the many comple-
mentary activities and capabilities that contribute to technological innovation,
which has been defined as “the processes by which firms master and get into
practice product [or process] designs that are new to them, whether or not they
are new to the universe, or even to the nation” (Nelson and Rosenberg, 1993).
These processes integrate multiple functions, including organized R&D, design,
production engineering, manufacturing, marketing, and other value-adding ac-
tivities in a complex web containing multiple feedback loops (Kline, 1990; Kline
and Rosenberg, 1986).5 Thus, organized R&D activity is not the only source of
innovative technology. Much technology, particularly process technology, is
generated by other value-adding activities, such as production engineering or
manufacturing.

Neither R&D capabilities nor the possession of technology is by itself a reli-
able indicator of the economic or competitive strength of a company or a nation.
Rather, economic and competitive strength are determined by how effectively
technology is used and managed in combination with other factors of production,
such as labor, capital, and managerial and organizational capabilities. National
economic development occurs when these multiple resources are committed and
used in a way that causes the value of the economy’s output to rise faster than the
cost of inputs. This results in profits, however measured, which can be reinvested
to the benefit of the nation’s citizens.

R&D contributes to a nation’s economic development in many ways. The
multiple outputs of basic research, applied research, and development yield new
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products, processes, and industries, as well as improvements in existing products
and processes, all of which may contribute to economic growth, rising standards
of living, and higher quality of life. These outputs can also provide the infrastruc-
ture—knowledge base, human capital, instrumentation—for maintaining and up-
grading a nation’s capabilities to generate, assimilate, and apply knowledge and
skills.

Numerous industry analyses indicate that R&D expenditures have yielded
high marginal as well as high median rates of return.® Many private-sector in-
vestments in R&D yield significant “spillovers”—benefits to society beyond those
captured by the individual R&D performer or investor. Therefore, it is generally
assumed that the social rate of return (or the return to society as a whole) from
private-sector R&D expenditures is substantially higher than the private rate of
return to the firms carrying out the R&D. Indeed, estimates of the median social
rate of return from private-sector investments in innovations originating from a
broad spectrum of industries range from 40 to 99 percent—roughly two to four
times the estimated median private rate of return on these investments.’

Ultimately, economic returns from R&D investments depend on the comple-
mentary assets and competencies of the particular firm or nation. In the case of
the individual company, these assets include not only such things as design, pro-
duction, and marketing, but also the broader technological and economic infra-
structure that supports the firm within a given nation. Similarly, the economic or
societal returns a nation may gain from a particular R&D investment depends on
whether its innovation system can foster the widespread diffusion and effective
use of the outputs generated. These factors are, in turn, influenced by the quality
(skill level) of a nation’s work force; by the size, wealth, and technological so-
phistication of its domestic market; and, increasingly, by the ability of firms within
its borders to access markets and technology abroad.®

Different types of R&D make different contributions to economic develop-
ment. For example, basic research contributes to technological advance and eco-
nomic growth both directly (through the generation and transfer of commercial-
izable knowledge or technology) and indirectly (by providing generic knowledge
and access to skills, methods, and instruments). Only occasionally do the outputs
of basic research have intrinsic economic value.” Rather, they feed into other
investment processes that yield additional research findings and, at times, inno-
vation. Hence, basic and applied research are linked by a complex, recurring
cycle of interactions that increase the productivity of both (David et al., 1992;
Pavitt, 1991).

For example, as graduate students perform academic research, they develop
research skills. Subsequently, many shift from basic to applied work, to which
they bring not only knowledge, but also skills, methods, and a web of profes-
sional contacts—all developed during their basic research training. This carryover
from basic research is important, since instrumentation used in that setting is
frequently applied in engineering and more applied disciplines, such as clinical
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medicine and industrial processes and operations (Brooks, 1994; Nelson and
Levin, 1986; Pavitt, 1991; Rosenberg and Nelson, 1994).

Applied research and development generate specific proprietary product or
process technologies and innovations. This represents their most obvious and
substantial contribution to economic development. At the same time, these ac-
tivities also yield new knowledge, know-how, skills, and generic technology,
some of which are widely, if not freely, diffused throughout a given industrial
sector, technological field, or national innovation system. However, most ap-
plied R&D takes place in private companies or the nation’s defense laboratories,
rather than in the more open environment of research universities.

It is possible to describe the contributions of different types of R&D activity
to a nation’s economy as well as to arrive at very rough estimates of the rate of
return to society of aggregate R&D investments or specific innovations in par-
ticular sectors. It is virtually impossible to anticipate or trace after the fact the
aggregate economic impact of a particular R&D investment. The economic con-
tribution of a particular R&D activity is conditioned by various market, scientific,
and technological forces, and certain types of R&D may have much higher value
to society than others at a given time. Yet, any attempt to trace the precise roots
of a particular economic benefit or stream of benefits—from the customer’s needs
back through marketing, production, and finally to the germinal R&D—is bound
to underestimate the importance of seemingly ancillary research and develop-
ment and more downstream innovation activities. Add to this the high degree of
uncertainty and serendipity involved in R&D and technological innovation gen-
erally, and it is virtually impossible to predict which avenues of R&D will yield
the greatest returns to society over the long term.

HOW THE BENEFITS OF R&D ARE DISTRIBUTED AT
THE NATIONAL AND INTERNATIONAL LEVEL

Every R&D output has multiple beneficiaries. While this observation is gen-
erally accepted with regard to the outputs of nonproprietary or public-goods R&D,
its validity for the intellectual property generated by private companies is insuffi-
ciently appreciated. In fact, the proprietary outputs of R&D, regardless of where
it is performed or how it is funded, yield benefits far beyond those that accrue
solely to the individual or institution that owns or controls them. For example,
the benefits of proprietary product or process innovations that improve the qual-
ity and performance of goods and services, or reduce their costs, are widely dis-
tributed within national or global economies. Thus, the benefits associated with
a firm’s proprietary R&D outputs are shared by the company’s customers, suppli-
ers, competitors, and the general public (Graham, 1992).

Many factors influence how benefits are distributed among various economic
actors within a national economy or among national economies. These include
the location of R&D activity, the level of competition, and the relative capacity
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that a firm, region, or nation has to absorb and make use of R&D outputs. These
capacities, in turn, depend on the level, intensity, and sophistication of existing
R&D activity and on complementary capabilities and assets.!?

To understand how each of these factors affects the distribution of benefits,
it is useful to consider some of what is currently known about the complex pro-
cesses of technology and knowledge transfer. In spite of the many advances in
communications and information technology, there continue to be significant
barriers to the movement of scientific and technological knowledge across na-
tional boundaries and among organizations. To be sure, certain types of R&D
output, including highly codified knowledge, can be readily transferred long-dis-
tance within a firm or between different R&D players. However, most observers
agree that the majority of R&D outputs are transferred most efficiently through
face-to-face interactions among those who perform R&D and those who apply its
results. Indeed, the transfer of knowledge usually involves human interaction in
the form of personal contacts, movements among institutions, and participation
in national and international networks (David et al., 1992; Gomory, 1989; Pavitt,
1991).

For these reasons, even with the internationalization of industry, R&D ac-
tivities still tend to occur in proximity to each other, which allows researchers to
draw more efficiently on the work of their counterparts in other institutions. Simi-
larly, the economic benefits of R&D activity tend to be much more localized than
is commonly assumed. The importance of proximity for capturing R&D outputs
has been underscored by recent research on patent licensing and other forms of
technology transfer involving research universities and private U.S. companies
(Jaffe et al., 1993).

Finally, there is broad consensus among those who study and conduct tech-
nology transfer that, in many high-tech sectors, an organization’s capacity for
absorbing new knowledge and technology depends to a large degree on the level
and quality of R&D occurring in that organization. In other words, in order to
understand, interpret, and evaluate readily accessible new knowledge generated
elsewhere, the recipient organization generally needs to be performing R&D at a
level commensurate with that of the organization whose R&D activities it hopes
to exploit!! (Brooks, 1994). Or, as Pavitt (1991) notes, “the most effective way to
remain plugged in to the scientific network is to be a participant in the research
process.”

IMPLICATIONS FOR THE ASSESSMENT OF
FOREIGN PARTICIPATION IN U.S. R&D

In earlier decades, the United States occupied a position of global techno-
logical and industrial superiority. Many of the issues that today inform debate on
foreign access to U.S. R&D and technology were not central. There was little
question that Americans would reap most of the economic and technological ben-
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efits generated by investment in R&D and other types of technologically innova-
tive activity. Through publications, scholarly exchanges, the activities of U.S.-
owned multinational companies, and bilateral agreements the United States ex-
ported more new knowledge and technology than any other nation. Nevertheless,
the American public generally viewed this predominately one-way transfer of
technology and know-how as consistent with both the short- and long-term eco-
nomic, political, and national security interests of the United States. Moreover, at
the time, the research activities of U.S. universities and federal laboratories were
not seen as contributing much to the technology strategies and competitive suc-
cess of American industry. Hence, there was little concern about the relatively
limited efforts of foreign entities to gain increased access to these publicly funded
R&D activities.

While the United States remains a leader in the generation of new knowledge
and technology, its position today is better characterized as first among equals;
the gap that once separated the United States from potential competitors has
closed. Recent decades have brought increasing convergence in the technologi-
cal capabilities of industrialized nations as well as growing cross-penetration of
national innovation systems through foreign direct investment and transnational
industrial alliances. Other shifts have accompanied this convergence. Changes
have taken place in the organization and management of R&D, and new links
have been forged between different performers of R&D. These changes have
included increased emphasis on R&D as a tool for scanning for and exploiting
knowledge generated or applied beyond both institutional and national bound-
aries, as well as closer integration of R&D with activities farther downstream in
the value-added process of firms (Kash and Rycroft, 1992; Kodama, 1991; Na-
tional Academy of Engineering, 1993; Roberts, 1995a).

With these changes have come new questions about the consequences of the
continuing net outflow of U.S. technology and know-how and about the growing
involvement of foreign nationals in publicly and privately funded U.S.-based
R&D. There are both structural and policy reasons that the U.S. innovation sys-
tem is more accessible than that of most of its foreign counterparts.!? Therefore,
one concern is that foreign nationals may be taking out more knowledge, know-
how, and technology and associated economic benefit activity than they return.
Growing foreign involvement in U.S. R&D also heightens concerns about na-
tional security. For example, military security might be compromised by the
unauthorized transfer of certain highly sensitive knowledge or technology. Secu-
rity may also be threatened if the U.S. government is denied timely access to
advanced technology that is controlled by foreign-owned firms.

CONCLUSION

The preceding discussion of R&D activity, technology transfer, and the ways
R&D contributes to economic development does not by itself provide clear an-
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swers to the many questions that have been raised about the consequences of
growing foreign participation in the U.S. research system. It does suggest, how-
ever, that the task of appropriating the many valuable outputs of U.S.-based R&D
activity is significantly more complex and difficult for foreign nationals than is
generally assumed.

Foreign-owned firms that wish to effectively exploit U.S. technology and
R&D outputs must establish a significant, technologically sophisticated presence
in the United States to do so. Moreover, as the technological sophistication of
foreign companies and their home countries increases, so too does the potential
for reciprocal transfers of technology and knowledge into the United States. Fi-
nally, this discussion suggests that under most circumstances, any country, in-
cluding the United States, should welcome R&D activity within its borders, re-
gardless of the nationality of the R&D performer. If a large share of the returns
to R&D investments is captured by those proximate to the R&D activity, and
these returns are beneficial, clearly it is better to have R&D performed within
one’s borders than beyond them.

The two chapters that follow examine in some detail the causes, scope, and
character of foreign involvement in U.S.-based R&D in an attempt to address
questions about the costs and benefits to the United States of such participation.
Proceeding from a belief that foreign involvement in publicly funded U.S. R&D
is governed by a different political-economic logic than is foreign participation in
privately funded U.S. R&D, the committee evaluates these two intertwined halves
of the nation’s R&D enterprise in separate chapters. The distinction between
these two types of R&D is in many instances artificial—at least some of the R&D
activities of both private companies and not-for-profit institutions are sustained
by both public and private monies. Still, the committee believes that separating
the two helps clarify and delineate the public-policy issues that are involved.

NOTES

1. Summarizing Rosenberg (1990), Brooks (1994) notes that, “[1Jaboratory techniques or ana-
lytical methods used in basic research, particularly in physics, often find their way either directly, or
indirectly via other disciplines, into industrial processes and process controls largely unrelated either
to their original use or to the concepts and results of the research for which they were originally
devised.”

2. Expanding on Nelson’s (1992) working definition, Brooks (1994) defines technology “both as
‘specific designs and practices’ and as ‘generic understanding that provides knowledge of how and
why things work’ . . . and what are the most promising approaches to further advances.”

3. For further discussion of the complex relationships between publicly and privately funded
R&D and their proprietary and nonproprietary outputs, see Committee on Science, Engineering, and
Public Policy (1992); Kash (1989); Mansfield (1986); and Nelson (1989).

4. Indeed, the very concept of intellectual property rights is premised on the assumptions that
technological innovation yields significant benefits to society and that without the promise of tempo-
rary monopoly rights, individuals and institutions would have insufficient incentive to invest or en-
gage in R&D activity and technological innovation more broadly.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4922.html

elopment: Asset or Liability?

38 FOREIGN PARTICIPATION IN U.S. RESEARCH AND DEVELOPMENT

5. Characterizing a representative allocation of effort in the introduction of a new product, a
seminal study of the management of technological innovation sponsored by the U.S. Department of
Commerce in 1967 (known as the Charpie report) estimated that product conception and the associ-
ated generation of primary knowledge (research, advanced development, basic invention) accounted
for roughly 5 to 10 percent of the total effort. The remaining effort was devoted to “downstream”
activities, including product design and engineering (10 to 20 percent); production layout, tooling,
and process design (40 to 60 percent); manufacturing start-up and debugging (5 to 15 percent); and
marketing start-up (10 to 20 percent). (See U.S. Department of Commerce, 1967, chart 7, p. 9.)

Commenting on the Commerce study, Brooks (1994) notes that since many of the projects
launched never get beyond the R&D/product-conception phase, and even a smaller share of total
project launches make it all the way to marketing start-up, the 5 to 10 percent estimate probably
understates the amount of activity devoted to R&D. Indeed, most companies engaged in R&D also
conduct background research unrelated to any particular product.

6. The marginal rate of return is the rate of return from an additional dollar spent on R&D.
Evaluating the rate of return on a number of industrial innovations and then calculating the median
provides the median rate of return.

7. Mansfield (1986) compares the results of several independent studies, including his own re-
search, of the median and marginal rates of return on private investment in particular innovations. He
notes that the marginal social rate of return for private-sector investments in R&D is estimated to be
in excess of 30 percent.

8. For further discussion of the concept of a national innovation system and the many factors that
influence its performance, see Lundvall (1992) and Nelson (1993).

9. The extent to which knowledge is transferred directly from basic to applied science varies
according to the economic sector and scientific field. In the development of chemicals and drugs,
knowledge gained through basic research frequently results directly in industrially useful technology,
including intellectual property. In transport and mechanical technologies, however, the link between
basic science and technology is relatively weak (Pavitt, 1991).

10. Many factors play a role in the allocation of benefits among nations, including the quality of
interaction and exchange between the various public- and private-sector R&D-performing institu-
tions, the quality of the education system, the size and wealth of the domestic market, and other
structural and regulatory factors.

11. Clearly, a company does not need to be doing advanced R&D (or any R&D for that matter) to
exploit technology developed by somebody else very effectively and profitably. However, effective
assimilation and use of a technology that is already developed, or “stabilized” (in effect, “codified”),
requires a much lower level of technical sophistication on the part of the acquirer than does the
assimilation and use of advanced R&D outputs (i.e., new knowledge, know-how, or technology in the
making). In the recent past, the Japanese have proved themselves world leaders in reverse engineer-
ing products and commercializing technology developed abroad. The new dimension of the Japanese
challenge is their growing ability to access and use the fruits of U.S. basic and long-term applied
research to both develop and commercialize new technology more competitively than U.S.-based
companies.

12. For further discussion of the relative openness of the U.S. innovation system, see Chapter 3,
pp. 70-74, and Chapter 4, pp. 90-91, 124-126.
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Foreign Participation in
Privately Funded U.S. R&D

Foreign participation in privately funded U.S. R&D! has grown rapidly since
the early 1980s. This growth is primarily the result of a surge in direct investment
by foreign entities in existing or newly established manufacturing facilities based
in the United States. During the 1980s, foreign investors nearly tripled their
ownership share—from 7.2 to 19.2 percent—of U.S. manufacturing assets
(Graham and Krugman, 1995). Also during this period, U.S.-based affiliates of
foreign-owned firms increased their share of total private U.S. R&D spending
from 6.4 percent (in 1980) to 14.5 percent (in 1992).2

A second major source of growing foreign involvement in privately
funded U.S. R&D has been the proliferation of international alliances. Be-
tween 1980 and 1989, U.S. companies entered into over 1,500 technical alli-
ances with European and Japanese firms in R&D-intensive industries, such
as microelectronics, telecommunications, aerospace, and pharmaceuticals
(Hagedoorn and Schakenraad, 1993).

The rapid growth of foreign participation in privately funded U.S. R&D has
generated four major concerns related to the economic welfare and military secu-
rity of U.S. citizens.

First, foreign-owned companies and their stakeholders abroad may be ex-
tracting more intellectual property and associated economic value from the United
States than they contribute to it.

Second, U.S.-owned companies may not enjoy reciprocal access to privately
funded R&D activities and assets abroad. These asymmetries of access may put
U.S.-owned companies at a competitive disadvantage, thereby penalizing their
U.S. stakeholders.

39
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Third, the rapid increase in foreign direct investment in U.S.-based high-
technology companies may leave the nation hostage to a small number of for-
eign-controlled suppliers for technically advanced components and subsystems
critical to U.S. military security. Furthermore, growing foreign direct investment
and international corporate alliances may make it increasingly difficult for the
United States to prevent the transfer of militarily sensitive technology to potential
enemies.

Fourth, it is possible that increased foreign direct investment and trans-
national alliances in high-technology industries will foster monopolies. Such
monopolies might injure U.S. consumers and compromise U.S.-based compa-
nies’ access to key components and subsystems they require to make their prod-
ucts competitive with those produced abroad.

In an effort to assess the validity and significance of these and related issues,
the following discussion explores the causes, scope, and nature of growing for-
eign participation in privately funded U.S. R&D.

THE CAUSES OF GROWING FOREIGN PARTICIPATION

Three related trends have fostered the recent surge of foreign participation in
privately funded U.S. R&D:3

* The increase in foreign industrial, financial, and technological strength
compared to that of the United States;

* The internationalization and changing nature of competition and innova-
tion in most manufacturing and service industries; and

* Recent U.S. trade and technology policies that have raised barriers to for-
eign imports of R&D-intensive products and restricted foreign access to U.S.
research in certain critical-technology areas.

Collectively, these developments have provided powerful economic, techno-
logical, and political incentives for foreign-owned firms to access U.S. markets
and technological capabilities.

The rapid expansion in the number of foreign firms with the requisite techni-
cal and financial resources to exploit as well as contribute to U.S.-based R&D
activities has been a key aspect of the trend. The growing presence of foreign
multinationals in the U.S. economy reflects a general narrowing of the gap in
scientific and technological capabilities between the United States and other in-
dustrialized countries. Since the mid-1970s, many foreign companies have suc-
cessfully entered the U.S. market by utilizing both their unique organizational
and technological strengths as well as their newfound financial clout. (See Chap-
ter 1, Table 1.1.)

Reflecting the growing commercial importance of technology, industrial de-
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mand for scientists and engineers has outstripped the supply of these profession-
als in some countries, most notably Japan. This, in turn, has provided another
impetus for foreign-owned multinational companies to locate advanced techno-
logical activities in the United States, where there is an abundance of scientific
and engineering talent (Hakanson and Zander, 1988; Serapio, 1994).

Intense global competition, shortening product life cycles, the growing com-
plexity of technologies, and spiralling R&D costs have also fostered the interna-
tionalization of industrial R&D. Today, firms in most R&D-intensive industries
must compete in all major international markets as well as exploit worldwide
economies of scale and sources of innovation. In this evolving global competi-
tion, firms need the ability to respond quickly to and anticipate customer needs
and wants across highly diverse national markets. To achieve this objective,
more and more R&D-intensive companies are locating production facilities and a
range of advanced technological capabilities, including R&D and design, in the
foreign markets they wish to serve.*

The increasingly rapid, interdisciplinary, and costly nature of technological
advance in many industries demands that firms seek out and acquire technology
developed elsewhere. Yet, the very pace and complexity of technological ad-
vance in many industries has made it difficult for firms based in one country to
effectively assess and acquire technology developed in another without establish-
ing an R&D capability within the nation of interest. The United States has be-
come a prime target of foreign multinational activity because of the sheer size,
wealth, and sophistication of its domestic market, the strength of its basic re-
search enterprise, and its unrivaled capacity for incubating new industries and
products (National Academy of Engineering, 1993).

In addition to these economic and technological factors, U.S. trade and tech-
nology policies have also provided incentives for foreign firms to expand their
manufacturing and R&D presence in the United States. Many analysts believe
that existing or threatened nontariff barriers to trade, such as voluntary export
restraints, buy-American procurement laws, and domestic-content requirements,
have fostered the growth of foreign direct investment in production facilities and
subsequently in R&D in some U.S. industries, including steel, automobiles, elec-
tronics, and telecommunications equipment. Efforts by the federal government
to prevent or regulate foreign access to certain areas of commercially promising
U.S. R&D, particularly government-funded R&D, also appear to have encour-
aged foreign firms to establish or acquire U.S.-based R&D facilities and enter
into marketing and technical alliances with U.S.-owned companies (Chesnais,
1988; Mowery, 1991; Serapio and Dalton, 1994).3

Responding to many of the same factors that have pushed their foreign coun-
terparts into U.S. markets, U.S.-owned companies are looking increasingly to
foreign firms and markets both as potential customers and as sources of comple-
mentary capital, manufacturing capability, and technology.®
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FOREIGN DIRECT INVESTMENT

Foreign direct investment has been the principal way foreign firms and indi-
viduals have become involved in privately funded U.S. R&D.” Between 1982
and 1992, the cumulative stock of foreign direct investment in the United States
grew from $124.7 billion to $430.2 billion. As a share of the total net worth of
U.S. nonfinancial corporations, this type of investment increased more than three-
fold during the decade, from 3.5 percent to 11.6 percent (Graham and Krugman,
1995). Roughly 80 percent of foreign direct investment in the United States
during this period was used to acquire existing U.S.-based businesses; the re-
maining 20 percent went to establish new businesses.?

In U.S. manufacturing industries, which account for nearly 90 percent of
total U.S. industrial R&D expenditures, the growing importance of foreign direct
investment has been even more pronounced. In 1982, U.S. affiliates of foreign-
owned companies accounted for 9.8 percent of U.S. manufacturing assets, 6.6
percent of manufacturing employment, and 7.3 percent of manufacturing value-
added. By 1991, affiliates claimed 19.2 percent of manufacturing assets, and by
1992, they accounted for 11.6 percent of employment and 15 percent of value-
added in U.S. manufacturing industries (Graham and Krugman, 1995; U.S. De-
partment of Commerce, 1994b).

As foreign direct investment in U.S. industries has increased, so too has the
share of industrial R&D funded by U.S. affiliates of foreign-owned firms. From
1982 to 1992, affiliates’ share of spending on private-sector U.S. R&D increased
from 9.3 percent to 14.5 percent (Figure 3.1). Over this period, R&D spending
by affiliates grew nearly twice as fast as did the domestic R&D expenditures of
all U.S.-based companies.” In 1992, U.S. affiliates of foreign-owned firms per-
formed $13.7 billion worth of R&D, employed 104,500 people in U.S.-based
R&D activity, and accounted for 12 percent of U.S. jobs in high-technology manu-
facturing industries (Florida, 1994; U.S. Department of Commerce, 1993a,
1995a).19 As of 1993, foreign nationals owned 1,482, or 6.5 percent, of the nearly
23,000 U.S.-based companies active in high-technology fields (Table 3.1).

Affiliate R&D Expenditures

In 1992, U.S. affiliates of European-owned manufacturers accounted for
roughly two-thirds of all affiliate expenditures on U.S. R&D. British-owned af-
filiates accounted for 15.9 percent of such spending, followed by the Swiss at
15.8 percent, the Germans at 14.4 percent, and the French at 9.3 percent. U.S.
affiliates of Canadian companies accounted for 15.7 percent of R&D expendi-
tures, and spending by Japanese-owned affiliates represented 12.1 percent of the
total. Spending by Japanese-owned affiliates on U.S. R&D has increased much
more rapidly than that of other major investing countries since the early 1980s
(Table 3.2).
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FIGURE 3.1 R&D spending by U.S. affiliates of foreign-owned firms as a percentage
of all privately funded U.S. R&D, 1982-1993. SOURCE: National Science Board (1993);
National Science Foundation (1996); U.S. Department of Commerce (1995a).

Nearly 42 percent of all affiliate spending on U.S. R&D in 1992 was concen-
trated in two industries: drugs and medicines (24.8 percent) and industrial chemi-
cals (17.0 percent) (Figure 3.2). Roughly another fifth of total expenditures was
for R&D in the audio, video, and communications equipment (8.4 percent), com-
puters and office equipment (5.5 percent), and instruments and related products
(4.4 percent) industries. Spending in each of two other categories, all other manu-
facturing industries and all nonmanufacturing industries (the latter comprising
wholesale and retail trade, services, public utilities, mining, and agriculture), ac-
counted for roughly 17 percent of the total.

Data on R&D spending and product sales for U.S. affiliates in high-technol-
ogy industries underline distinct patterns of specialization among firms of differ-
ent national origins (Table 3.3). For example, Swiss- and British-owned affili-
ates together accounted for more than 71 percent of all affiliate R&D spending
and over 75 percent of affiliate sales in the U.S. pharmaceutical industry. Like-
wise, affiliates of European companies, led by the British, accounted for roughly
90 percent of affiliate R&D spending and sales in the instruments and related
products sector. Affiliates of German and Canadian companies performed more
than 72 percent of affiliate R&D and claimed more than half of all affiliate sales
in the industrial chemicals sector. In the computer and electronic component
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TABLE 3.2 R&D Spending by U.S. Affiliates of Foreign-Owned
Companies, Volume and Percent of Total by Country, 1980, 1985, and 1992

1980 1985 1992

Percent Percent Percent
$ Millions¢  of Total $ Millions¢  of Total $ Millions¢  of Total

United Kingdom 312 16.0 748 14.3 2,178 15.9
Germany? 380 19.5 671 12.8 1,968 14.4
Switzerland 338 17.4 625 11.9 2,159 15.8
France 146 5.4 166 32 1,272 9.3
All Europe 1,544 79.3 2,918 55.7 8,956 65.4
Canada 135 6.9 1,550¢ 29.6 2,151¢ 15.7
Japan 38 4.5 267 5.1 1,656 12.1

4Current dollars.

bGerman data are for the former West Germany only.

¢Data include roughly $1 billion of R&D spending by Du Pont, a U.S. majority-owned company in
which the Canadian company Seagrams held roughly 20 percent equity. Seagrams sold its holdings
in Du Pont in 1995.

SOURCE: National Science Board (1993); U.S. Department of Commerce (1995a).
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FIGURE 3.2 U.S. affiliates of foreign-owned firms, percent of total, by industry, 1992.
SOURCE: U.S. Department of Commerce (1995a).
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FIGURE 3.3 R&D spending by U.S. affiliates of foreign-owned firms in U.S. high-
technology industries as a percentage of all privately funded U.S. R&D, 1987, and 1992.
SOURCE: National Science Board (1993), National Science Foundation (1996); U.S.
Department of Commerce (1995a).

industries, Japanese-owned affiliates claimed the largest shares of R&D spending
and sales. For the most part, data on foreign direct investment and on R&D
spending by U.S. affiliates indicate that foreign parent companies have invested
in areas in which they have a demonstrated competitive advantage (U.S. Depart-
ment of Commerce, 1993a).!!

Sector-by-sector comparisons of R&D spending by affiliates as a share of all
privately funded U.S. R&D show considerable variations among industries (Fig-
ure 3.3). Overall in 1992, affiliate spending accounted for 19.3 percent of the
total invested by U.S. high-technology companies in R&D. U.S. affiliates of
foreign companies accounted for the largest share of total U.S. R&D expendi-
tures in industrial chemicals (47.5 percent) and pharmaceuticals (42.7 percent).
Affiliate spending on audio, video, and communications equipment R&D (33
percent of the total) and electronic components R&D (8.1 percent of the total)
also represented a significant share of U.S. R&D expenditures in these industries.
Affiliates’ shares of private-sector R&D spending in instrumentation and in com-
puters and office equipment were 8.2 and 7.2 percent, respectively.

U.S. affiliates of foreign-owned companies also accounted for a significant
proportion of U.S. privately-funded R&D in several other sectors, including the
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primary metal industry (37.2 percent), the fabricated metal products industry (20.2
percent), the petroleum industry (25.4 percent), the nonelectrical machinery in-
dustry (10.1 percent), and the food and kindred products industry (17.8 percent).
In the automotive industry, affiliates accounted for less than 4 percent of total
privately funded U.S. R&D (National Science Foundation, 1995b; U.S. Depart-
ment of Commerce, 1995a).!2

Organization and Character of Affiliate R&D Activity

The R&D activities of U.S. affiliates of foreign-owned companies generally
are of three types. First, there is R&D performed by freestanding facilities. Their
activities range from basic research and product development to general technical
support. These facilities are engaged primarily in R&D, operate under their own
budgets, are overseen by their own group of officers, and are located separately
from other U.S. facilities of the parent company (Dalton and Serapio, 1993, 1995).
Second, there is R&D—predominantly development engineering—performed
within the business units of U.S.-based manufacturing affiliates. Generally, this
R&D is managed by the manufacturing facility or business unit to provide gen-
eral technical and organizational support to production. Third, there is R&D
performed by third-party contractors to foreign-owned companies. Such contrac-
tors may include universities and public- and private-sector laboratories.

Few data have been collected on the scope and nature of R&D that supports
the U.S. manufacturing affiliates of foreign-owned firms or on the amount of
R&D that affiliates contract out to unaffiliated U.S.-based companies.!3 Con-
tracting between affiliates and U.S. universities and federal laboratories is exam-
ined in detail in Chapter 4. The following discussion focuses on the first type of
affiliate R&D, that which is performed in freestanding laboratories. These facili-
ties account for the majority of all affiliate expenditures on R&D and have been
more extensively inventoried and evaluated (Dalton and Serapio, 1993, 1995;
Directory of American Research and Technology, 1994; Florida and Kenney,
1993).14

Freestanding Industrial R&D Facilities

Research by Dalton and Serapio (1995) documents that as of 1994, nearly
301 foreign companies had established 645 freestanding R&D facilities in the
United States.!> Of these, 375 were owned by European companies, 225 by Japa-
nese companies, 27 by Korean companies, and 8 by Canadian companies (Figure
3.4). Two industries—pharmaceuticals and biotechnology, with 115 facilities,
and chemical, rubber and materials, with 110 facilities—accounted for more than
one-third of all freestanding R&D operations. Another third of all such facilities
(238 in total) was in industries in the electronics and information technology
fields. The remaining third was dominated by three industry groups—automo-
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FIGURE 3.4 Number of freestanding R&D facilities in the United States owned by
foreign parent companies, 1992. SOURCE: Dalton and Serapio (1995).

tive (53 facilities), instrumentation (43 facilities), and foods, consumer goods,
and miscellaneous (55 facilities) (Figure 3.5). Japanese firms owned 50 percent
or more of all freestanding R&D facilities in 6 of the 13 major industrial group-
ings defined by Dalton and Serapio. European firms owned the vast majority of
facilities in six industry areas (Table 3.4).

In terms of the size of their professional staff, the largest foreign R&D facili-
ties are in pharmaceuticals and biotechnology (Table 3.5). On average, Japanese
R&D facilities in the United States are much smaller than those of their European
counterparts. Limited 1993 data on freestanding R&D centers (excluding those
in the automotive industry) show an average staff size of 160 at European facili-
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FIGURE 3.5 Foreign ownership of freestanding U.S. R&D facilities, percent by indus-
try, 1992. SOURCE: Dalton and Serapio (1995).

ties and 45 at Japanese facilities (Dalton and Serapio, 1993). Eleven of 23 Japa-
nese-owned automotive R&D facilities and 4 of 12 Japanese-owned electronics
R&D facilities surveyed in 1992 had 20 or fewer employees (Dalton and Serapio,
1993).16 Data collected by Dibner et al. (1992) indicate that the average number
of professional staff (207) working in European-owned pharmaceutical/biotech-
nology R&D facilities is roughly 15 times that working in Japanese-owned cen-
ters.

Most foreign-owned R&D facilities are clustered near major U.S. geographic
centers of R&D activity—Silicon Valley/Stanford University (computers, semi-
conductors, and computer software), greater Los Angeles (auto design and styl-
ing), Detroit (automobiles), Boston/MIT (biotechnology and computers), Prince-
ton, New Jersey/Princeton University (software and high-definition television),
and Research Triangle Park, North Carolina (biotechnology) (Figure 3.6).

The Nature of Affiliate R&D Activity

Surveys of affiliate R&D laboratories and their parent companies, case stud-
ies of individual companies, and patent data offer some insight into the nature of
R&D conducted by U.S. affiliates of foreign firms in different industries. Al-
though there are important differences among industrial sectors, most affiliate
R&D activity in the United States appears to have two major objectives: to help
the local manufacturing affiliate and the parent company meet the demands of
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United States

Company (Home Country) Location Staffd
1. Pharmacia (SWE) Upjohn Laboratories: Kalamazoo, MI 1,318
2. Northern Telecom (CAN) Farmington, Ann Arbor, MI; Los Angeles, CA 1,260
3. SmithKline Beecham (UK) King of Prussia, PA 1,198
4. Siemens (GER) Iselin, NJ 1,100
5. Glaxo (UK) Research Triangle Park, NC 1,000
6. Burroughs Wellcome (UK) Research Triangle Park, NC 891
7. Honda (JA) Marysville, OH (2); Torrance, CA; Denver, CO 800
8. Hoechst (GER) Somerville, NJ 716
9. Hoffman-LaRoche (SW) Genentech: San Francisco, CA 672

10. Sony (JA) San Jose, CA 600

11. Bayer (GER) Miles: West Haven, CT 500

12. Glaxo (UK) Sterling Drug: Rensselaer, NY 450

13. Hoechst (GER) Marion Merrill Dow, Kansas City, MO 411

14. Nestle (SW) Westreco: New Milford, CT 410

15. Nestle (SW) Alcon Labs: Fort Worth, TX 404

16. Rhone-Poulenc (FR) Fort Washington, PA 400

17. Bayer (GER) Miles: Pittsburgh, PA 389

18. Hoffman-LaRoche (SW) Nutley, NJ 350

19. Toyota (JA) California (4); Ann Arbor, MI 350

20. Rhone-Poulenc (FR) Research Triangle Park, NC 350

21. Unilever (NE) Edgewater, NJ 329

22. Nissan (JA) Farmington, Ann Arbor, MI; Los Angeles, CA 320

23. Northern Telecom (CAN) San Ramon, CA 319

24. Northern Telecom (CAN) Rochester, NY 280

25. PA Consulting (UK) Hightstown, NJ 250

26. Zeneca (UK) Wilmington, DE 245

27. Moore (CAN) Grand Island, NY 235

28. Thomson (FR) Indianapolis, IN 230

29. Mazda (JA) Flat Rock, Ann Arbor, MI; Irvine, CA 213

30. Racal (UK) Sunrise, FL. 209

31. Goldstar (KO) United Micro Tech: NJ 200

32. Siemens (GER) Gammasonics: Hoffman Estates, IL 200

33. Siemens (GER) Rolm: Boca Raton, FL 200

34. OSRAM (GER) Sylvania: Danver, MA 200

35. Dainippon Ink & Chemicals (JA) Reichold Chemicals: Research Triangle Park, NC 186

NOTE: CAN = Canada, FR = France, GER = Germany, JA = Japan, KO = Korea, NE = Netherlands,
SW = Switzerland, SWE = Sweden, UK = United Kingdom.

4Professional.

SOURCE: Adapted from Dalton and Serapio (1995).
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FIGURE 3.6 The location of foreign-owned industrial R&D facilities in the United States, 1994. SOURCE: Dalton and Serapio (1995).
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U.S. customers more effectively (e.g., by working both to adapt existing products
and processes to U.S. markets, and to design and develop new products); and to
facilitate foreign firms’ access to the scientific and technical talent in established
U.S. centers of technology and innovation (Dalton and Serapio, 1993, 1995;
Florida, 1994; Organization for Economic Cooperation and Development, 1994).

In their 1988 survey of the overseas R&D activities of 560 large companies,
Pearce and Singh (1992) found that the most prevalent type of R&D activity
among U.S. affiliates of foreign firms was applied research to derive new manu-
facturing technologies in the industry of the parent company.!? Less prevalent (in
descending order of importance) was applied research intended to: adapt existing
products to the local market; derive additional products in new areas of special-
ization; derive new products in a current area of specialization; and adapt existing
manufacturing technology to the local market.

Not surprisingly, the relative importance of different types of applied R&D
varied among industrial sectors. For instance, applied research to derive new
products was seen as very important by affiliate laboratories in the food, drink,
tobacco, and metals industries, and less important in pharmaceuticals, consumer
chemicals, motor vehicles, industrial and farm machinery, and electronics and
electrical machinery. In contrast, applied research to adapt existing products to
local markets was considered particularly important in industrial and agricultural
chemicals, motor vehicles, and electronics and electrical appliances, and less sig-
nificant in pharmaceuticals and consumer chemicals, and photographic and sci-
entific equipment. Research to adapt production processes to local requirements
was particularly relevant in food, drink and tobacco, metal manufacturing, and
industrial and agricultural chemicals. Such research was least important in phar-
maceuticals and consumer chemicals, and industrial and farm machinery (Pearce
and Singh, 1992).

Overall, basic research was the least prevalent R&D activity. It was signifi-
cantly more common in the pharmaceuticals and consumer chemicals industries,
however, than it was in any other manufacturing sector. Survey data also indicate
that a significant number of foreign-owned laboratories in the United States,
which were established originally to perform applied research, had since added
basic research to their portfolios (Pearce and Singh, 1992).

More recent surveys and case studies of affiliate R&D activity document an
increase since the late 1980s in the number of research facilities devoted exclu-
sively to basic and long-term applied research (Dibner et al., 1992; Florida and
Kenney, 1993; Peters, 1991; Voisey, 1992; Westney, 1993). For example, since
1989, NEC, Canon, Philips, Matsushita/Panasonic, and Mitsubishi Electric have
all established basic research centers in the United States.'® Westney (1993)
notes that Japanese basic research laboratories appear to cultivate close interac-
tions with other U.S.-based basic research institutions. The goal seems to be to
support the R&D strategy of the parent company rather than to assist the firm’s
U.S.-based manufacturing affiliates. Most of these laboratories have relatively
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small research staffs and so are believed to be primarily monitoring research and
technology developments, not conducting much basic research themselves. (Their
small staffs also significantly limit the extent to which these laboratories can
reach out and draw upon the work of other U.S.-based researchers.'®) A notable
exception is the Princeton-based NEC Research Institute, a facility established in
1988 by the Japanese computer company. As of fiscal 1994, the institute had a
permanent staff of approximately 80 scientists and engineers engaged in basic
research in the computer and physical sciences.?0

There are similarities as well as differences in the objectives and the focus of
R&D conducted by U.S. affiliates of foreign-owned firms. For example, Japa-
nese affiliates in the automotive, biotechnology, and electronics industries identi-
fied acquiring technology and keeping abreast of technological developments and
competitors as major objectives for their U.S.-based R&D facilities (Table 3.6).
However, the Japanese biotechnology and electronics industries considered the
opportunity to employ U.S. scientists and engineers and to cooperate with other
U.S. R&D facilities more important than did the Japanese automotive industry.
The automotive and electronics industries assigned far greater importance to as-
sisting the parent company to meet customer needs than did the biotechnology
industry. Only the biotechnology industry attached significance to the opportuni-
ties to take advantage of a favorable research environment and engage in basic

TABLE 3.6 Reasons Cited by Technical Executives of Japanese-Owned
Firms for R&D Investments in the United States (1=extremely important,
2=important, 3=neutral, 4=unimportant)

Automotive Electronics Biotechnology

Acquire technology 2 1 1

Keep abreast of technological 2 2 1
developments

Assist parent company in 1 1 3
meeting U.S. customer needs

Employ U.S. scientists and engineers 3 2 2

Follow the competition 3 3 4

Take advantage of favorable 4 4 1
research environment

Cooperate with other U.S. R&D 3 2 2
laboratories

Assist parent company in meeting 1 4 4
U.S. environmental regulations

Assist parent company’s U.S. 2 4 4
manufacturing plants in procurement

Engage in basic research 4 3 2

SOURCE: Adapted from Dalton and Serapio (1995).
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research. At the same time, the automotive industry placed much more emphasis
on assisting its manufacturing affiliates with local procurement, and assisting the
parent company in meeting U.S. environmental regulations than did the other two
industries.?!

The U.S.-based R&D facilities of European automotive and electronics com-
panies have not received as much scholarly attention as those of the Japanese,
therefore it is difficult to draw cross-national comparisons in these sectors. Data
gathered by Dalton and Serapio (1995) indicate that European-owned automotive
R&D facilities are engaged in a narrower range of activities (mostly automotive
design and styling) than their Japanese-owned counterparts. In the electronics
industry, U.S. affiliates of European-owned companies tend to concentrate their
R&D activities in fewer but larger R&D laboratories than is true for the Japanese.
This is also the case in the biotechnology, pharmaceuticals, and chemicals sec-
tors, industries in which European-owned firms are world technological leaders
(Dalton and Serapio, 1995; Dibner et al., 1992; Peters, 1991, 1992).

In the electronics, pharmaceuticals, and biotechnology industries, European-
owned freestanding R&D facilities appear to be less specialized (focusing on
more than one product or technology area) and enjoy greater autonomy than those
owned by the Japanese.?> Compared to their Japanese counterparts, European-
owned U.S. research laboratories in both sectors appear to be more heavily ori-
ented toward supporting the technical needs of their U.S.-based manufacturing
affiliates and less focused on drawing on U.S. research and technical talent to
support the technology strategies of their parent companies (Dalton and Serapio,
1995; Kiimmerle, 1993a,b; Peters, 1991; Pisano et al., 1988; Westney, 1993).23
These observations are consistent with the reliance of Japanese-owned firms in
most industries on licensing technology developed overseas.?* Finally, although
a lack of data makes it difficult to draw comparisons between European and Japa-
nese affiliates in this regard, several of the newly established Japanese electronics
R&D facilities in the United States appear to be focused on technology or re-
search that is deemed critical to the long-term technology strategy of the parent
company but is in an area in which the parent company does not yet possess
significant capabilities (Kiimmerle, 1993a,b; Voisey, 1992).25

INTERNATIONAL CORPORATE ALLIANCES

A second major vehicle for foreign participation in U.S. industrial R&D has
been corporate technical alliances. Corporate alliances involve sustained col-
laboration between independent firms in R&D, product development, produc-
tion, or marketing. They demand ongoing contributions of technology, capital, or
other assets by the participants.

International corporate alliances have a long history in many U.S. indus-
tries—from oil and chemicals to power generation and automobiles. Indeed, since
1945, such alliances have accounted for a large share of foreign investment by
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U.S. manufacturing companies (Hladik, 1985). Since the mid-1970s, the number
of domestic and international corporate alliances involving U.S. companies has
grown rapidly, particularly in R&D-intensive industries. This trend is a result of
companies’ efforts to respond to increasing international competition, the rising
costs and risks of applied research and product development, and the increasingly
interdisciplinary nature of innovation in many industrial sectors.?® Since the early
1980s, alliances between U.S.- and foreign-owned companies in the United States
has also been encouraged by changes in U.S. antitrust law.?’

During the 1950s and 1960s, corporate alliances were based nearly exclu-
sively on joint marketing ventures. Today, the emphasis is on more technology-
intensive activities, such as joint R&D, development, and production. Corporate
technical alliances can assume many forms, including technology cross-licensing
agreements, joint technology development, technology-acquisition (equity) in-
vestments, second-sourcing agreements, servicing contracts, and outright joint
ventures.

Between 1976 and 1987, the number of international R&D joint ventures
entered into by U.S. companies grew on average by more than 17 percent per year
(Hladik and Linden, 1989). As of 1987, nearly half of such joint ventures tracked
by Hladik and Linden were in four R&D-intensive industries: electronics, com-
puters, semiconductors, and instrumentation. More recent surveys (Peters, 1992)
indicate that licensing is the predominant form of technical alliance in the phar-
maceuticals industry, joint ventures are preferred in telecommunications, and the
chemical industry relies on both approaches equally.

In another analysis, Hagedoorn and Schakenraad (1993) documented a surge
during the 1980s in the number of newly established international technical alli-
ances (both equity and nonequity arrangements) involving U.S. firms. Most of
these alliances were concentrated in three areas: information technology, bio-
technology, and new materials (Figure 3.7).28 However, other U.S. industries,
such as aerospace, automobiles, chemicals, and steel, also experienced a prolif-
eration of transnational technical alliances in the 1980s (Mowery, 1988a; Peters,
1991; Vonortas, 1989).

Technical alliances between U.S. and European companies have been con-
centrated in the areas of information technology, instrumentation, and medical
technology. Most U.S.-Japanese corporate technical alliances have been in the
areas of automotive technology, instrumentation, and medical technology.?®
Technical alliances between U.S. and European firms have generally focused
more on R&D and less on enhancing market access than those between U.S. and
Japanese firms (Hagedoorn and Schakenraad, 1993). A 1990 Department of
Commerce survey (Dalton and Genther, 1991) of U.S.-Japanese corporate link-
ages in six industrial sectors® found that most of the alliances were concerned
with the production or development of new products rather than with research.

As the preceding discussion indicates, corporate technical alliances (whether
national or international in scope) may yield significant benefits to the companies
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FIGURE 3.7 Number of new transnational corporate technology alliances in the United
States, by industry and partnership nations or region, 1980-1984 and 1985-1989.
SOURCE: National Science Board (1993).

involved and society in general by fostering innovation, technology transfer, pro-
ductivity gains, new products and processes, and economic growth more broadly.
At the same time, increased alliance activity in high-technology industries that
are already highly concentrated at the national and international level also carries
with it a greater potential for collusive behavior by the firms involved. There has
been little effort to assess or document the anticompetitive effects of the most
recent wave of corporate alliances. However, the history of cartelization in many
industries during the first half of the twentieth century illustrates the potential
costs to society of domestic or international alliances that result in monopoly
abuse (Hexner, 1945; Stocking and Watkins, 1946).

OPPORTUNITIES AND RISKS

The committee finds little value in debating whether foreign participation in
U.S.-based privately funded R&D, either through foreign direct investment or
corporate alliances, is generally good or bad for U.S. economic and national secu-
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rity interests. Clearly, growing foreign involvement in the United States’ indus-
trial R&D base has costs and risks as well as benefits and opportunities. While
the positive and negative consequences of this foreign involvement can be readily
described, it is virtually impossible to quantify the associated benefits and costs.
The committee nonetheless believes it worthwhile to explore whether specific
costs and risks can be isolated. If so, these may then be assessed and either
reduced, eliminated, or at least better managed through policy actions in the pub-
lic or private sector.

Debate over the costs and risks of growing foreign participation in U.S. in-
dustrial R&D activity has focused on four major issues:

* the failure of foreign participants to provide an adequate economic or
technological quid pro quo for the benefits they receive;

* the lack of reciprocal U.S. access to foreign-based privately funded R&D
assets and activities;

» the dangers of such participation to U.S. military security; and

 the dangers of such participation to U.S. economic security (i.e., its effect
on the ability of U.S.-owned companies to access technologies critical to their
competitiveness in world markets).

The following discussion assesses each of these four concerns, and it identi-
fies the benefits and opportunities of foreign investment in privately funded U.S.
R&D that policymakers may need to consider as they shape responses to the
concerns.

Do Foreign Participants Offer an Adequate Quid Pro Quo?

The growth and nature of foreign-controlled industrial R&D have led a num-
ber of observers to challenge its net contribution to the U.S. economy and tech-
nology base. Since more than 80 percent of foreign direct investment in the
United States during the 1980s went to acquire existing U.S.-based businesses, it
is estimated that a majority of the recent increase in affiliate R&D spending in the
United States has come from the acquisition of existing U.S. R&D operations
rather than the establishment of new R&D operations by foreign-owned compa-
nies.3! This has led some to question whether foreign participation in U.S. indus-
trial R&D has been truly additive or has merely displaced would-be U.S. owners
of R&D assets, technology, knowledge, and their associated revenue streams.

Limited evidence suggests that several recently established U.S. R&D facili-
ties owned by Japanese firms in the electronics and pharmaceutical/biotechnol-
ogy industries are drawing on areas of U.S. research strength that are relatively
new to the Japanese parent company yet are viewed as critical to the parent’s
long-term technology strategy (Kiimmerle, 1993a,b; Voisey, 1992; Westney,
1993). For the most part, however, data on foreign direct investment suggest that
foreign parent companies have invested in U.S.-based high-technology assets in
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areas in which the parent company has a strong export position or demonstrated
competitive advantage. In other words, foreign companies appear to be trying to
exploit their company-specific competitive advantages in the U.S. market rather
than trying to buy their way in to areas of U.S. competitive advantage (U.S. De-
partment of Commerce, 1993a).

Nevertheless, two issues remain troubling. First, are the U.S. affiliates of for-
eign-owned firms performing enough high-yield R&D in the United States given
the volume of their sales in the U.S. market? Second, are they removing more
intellectual property and associated economic value than they are contributing?

Intensity of Affiliate R&D Activity

Some argue that foreign-owned firms with U.S.-based manufacturing facili-
ties are not performing their fair share of R&D in the United States. Indeed, the
average R&D-to-sales ratio (one measure of R&D intensity) of affiliates was
lower than that for all U.S.-based firms in five of seven major high-technology
manufacturing industries and in manufacturing industries as a whole in 1992
(National Science Foundation, 1994; U.S. Department of Commerce, 1993a,
1995a). This has led several analysts to suggest that the foreign parent companies
of U.S.-based affiliates are deliberately and unfairly retaining in the home coun-
try certain R&D projects and other high-value-adding activities (and their associ-
ated jobs) that might otherwise be conducted in the United States. This argument
has also been used to support policies that would place performance requirements
or other restrictions on foreign firms seeking to invest in U.S. high-technology
industries (Gaster, 1992; U.S. Congress, Office of Technology Assessment,
1994).

In 1992, foreign-owned manufacturing affiliates spent less on R&D relative
to their total sales than did U.S.-based manufacturing companies overall (Figure
3.8). Nevertheless, the average intensity of all affiliate R&D doubled during the
past decade, from 0.5 percent in 1980 to 1.1 percent in 1992.32 There is signifi-
cant variation among industries, however. For example, in the pharmaceuticals ,
industrial chemicals, and primary metals sectors, the R&D intensity of U.S. affili-
ates was slightly higher than or equal to the average for all U.S.-based firms in
these industries. Affiliate R&D intensities were only marginally lower than those
of all U.S.-based companies in the audio, visual, and communications equipment,
electronic components, and instruments and related products sectors. However,
the R&D intensities of affiliates that manufacture computers and office equip-
ment, motor vehicles and equipment, and other (nonautomotive) transportation
equipment were far below the U.S. industry average in these sectors.

There are also significant international differences in the R&D intensity of
U.S. affiliates of foreign-owned firms (Table 3.7). To a large extent, these differ-
ences reflect international variations in the composition of foreign direct invest-
ment and affiliate sales in the United States. For example, Swiss and German
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FIGURE 3.8 Ratios of R&D to sales in percent for all U.S.-based companies and U.S.
affiliates of foreign firms, by industry, 1992. SOURCES: National Science Foundation
(1996); U.S. Department of Commerce (1995a,b).

direct investment in U.S. industry is concentrated in pharmaceuticals and indus-
trial chemicals—industries that account for nearly half of all U.S. affiliate R&D
spending. These same two industries were responsible for 34.4 percent and 35.7
percent, respectively, of Swiss- and German-owned affiliates’ total U.S. manu-
facturing sales in 1992. By contrast, much direct investment in the United States
by British and Japanese manufacturing firms as well as sales by their U.S. affili-
ates are in significantly less R&D intensive industries (U.S. Department of Com-
merce, 1995a).

Even within industries that are heavily dependent on research and develop-
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ment, there are major differences in R&D intensity among U.S.-based affiliates
of different national origin. For instance, the R&D-to-sales ratios of Japanese-
owned affiliates in industries that manufacture computers and office equipment,
and instruments and related products in the United States are slightly higher than
the average for all foreign-owned affiliates. The Japanese ratios are higher than
the average for all affiliates that manufacture computers and office equipment,
and other (non-automotive) transportation equipment and are significantly lower
than the affiliate average for the industrial chemicals, pharmaceuticals, and au-
dio, video, and communications equipment industries (Table 3.7).

The fact that the average R&D intensity of affiliates is currently lower than
that of all U.S.-based companies and that international variations exist in affiliate
R&D intensities does not, in the committee’s view, shed much light on either the
motives of foreign companies, “equity” issues in general, or, most important, the
economic consequences of foreign direct investment (including investments in
R&D) for U.S. citizens.

The committee does not place much stock in the argument that lower affiliate
R&D intensity is the result of “conspiracy” by foreign firms (or by foreign indus-
try-government collaborations) to retain high-value-added activity within their
home markets. To begin with, the vast majority of industrial R&D in all major
industrialized countries is conducted within the home markets of the R&D-per-
forming firms (Patel, 1995; Roberts, 1995a). As noted above, an individual
company’s decisions about undertaking R&D in a given market, the level of that
investment, and how this activity should be managed are shaped by many differ-
ent factors. These include, among other things, the relative size, projected growth,
and special regulatory or other requirements of the target market, as well as the
availability of trained scientists, engineers, and technicians, and other elements of
a strong technological infrastructure in that market. The potential for economies
of scale and scope may also figure in, as may the firm’s sense of how important
it is to conduct R&D proximate to foreign customers, suppliers, or competitors.

Numerous case studies make clear the significant variation in both R&D
intensity and spatial organization of R&D activity among firms—even firms of
the same national origin—within virtually every industry. This is not to say that
corporate nationality is irrelevant to the scope, organization, and character of
affiliate R&D activity. As noted, leading Japanese electronics companies as a
group appear to retain more of their R&D activity within their home market and
exercise greater centralized control over R&D activities abroad than do their U.S.
and European counterparts (Kiimmerle, 1993a,b; Westney, 1993). Nevertheless,
the motives behind any single firm’s decision to conduct R&D in the United
States are multivariate and highly specific to the needs of that firm. Indeed, the
realities of corporate R&D practice are much at odds with the rather simplistic
notion that a single “appropriate” or “fair” R&D-investment-to-sales ratio exists
for companies within a given industry in a given geographic area.

Fairness or equity arguments regarding affiliate R&D intensities are not en-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4922.html

elopment: Asset or Liability?

64 FOREIGN PARTICIPATION IN U.S. RESEARCH AND DEVELOPMENT

tirely compelling either. After all, the R&D intensities of U.S.-owned overseas
affiliates are significantly lower for all manufacturing industries as a whole as
well as for most high-technology industries individually than are those of for-
eign-owned affiliates in the United States (U.S. Congress, Office of Technology
Assessment, 1994).

Finally, although affiliate R&D activity can yield multiple direct and indirect
economic benefits to the United States (see Chapter 2), the R&D intensity of an
individual affiliate in and of itself says little about the overall contribution of that
affiliate to the U.S. economy or technology base. Indeed, the correlation between
R&D spending levels and commercial performance is at best weak at the level of
the firm within any given industry (Roberts, 1995a,b).

For these reasons, as well as because of the complexity and variability of the
highly firm-specific calculus involved in decisions regarding R&D investments,
the committee believes strongly that the U.S. government should avoid imposing
R&D performance standards or taking other policy actions aimed at compelling
private companies to increase the R&D intensity of their activities in the United
States.

The Value of Affiliate R&D

Limited data suggest that most of the R&D performed in the United States by
foreign-owned firms, whether in freestanding laboratories or in production facili-
ties, appears to be oriented toward meeting the immediate technical needs of the
firm’s U.S.-based production efforts—design work, incremental, process-ori-
ented, applied R&D, and applied R&D related to U.S. technical standards or
regulation.

No industrywide or sector-specific data exist on the level of basic or long-
term applied research performed by U.S. affiliates of foreign-owned companies.
Surveys and case studies suggest such research is rather limited in scope in all but
the pharmaceuticals and biotechnology industries. These studies also indicate
that a growing number of foreign firms are developing a resident capacity for
basic research. Such capacity appears designed primarily to draw more effec-
tively on the research competence and creativity of U.S.-trained scientists and
engineers as well as on the basic research activities of U.S. companies, universi-
ties, and federal laboratories (Brooks, 1994; Pearce and Singh, 1992; Voisey,
1992; Westney, 1993).

U.S. affiliates of foreign-owned firm have increased their patenting activity
in recent years. Nevertheless, the proportion of foreign-owned patents awarded
to laboratories of U.S. affiliates remains relatively small overall (Table 3.8). Af-
filiates of European-owned firms account for a significantly larger share of their
parent companies’ patenting activity than do affiliates of Japanese companies
(Patel, 1995; Patel and Pavitt, 1991).34 This is consistent with the findings of
Roberts (1995a), which show that major Japanese companies spend less than
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their leading U.S. and European competitors on overseas R&D as a percentage of
their total R&D investment.

There is little reason to believe that the privately funded R&D conducted by
U.S. affiliates of foreign-owned firms differs significantly from that of U.S.-
owned affiliates abroad. Indeed, what limited comparative evidence there is sug-
gests that the importance of different types of R&D varies significantly among
industries and among firms within the same industry—both for U.S.- and foreign-
owned multinational companies. Several studies have noted differences in R&D
focus between European- and Japanese-owned affiliates in the U.S. biotechnol-
ogy and electronics industries. However, for the most part, there is relatively
little variation in R&D type among companies of different nationality within the
same industry (National Science Foundation, 1991; Pearce and Singh, 1992;
Serapio, 1994).

There are few data to support the notion that U.S.-owned firms in a given
industry do significantly more basic and long-term applied research overseas than
do their foreign-owned competitors in the United States. In fact, patenting data
suggest that as a group, U.S.-owned firms do a notably smaller share of their total
patent-yielding R&D work in foreign markets than do European-owned firms in
the United States (Patel, 1995) (Table 3.8). Nevertheless, there is one aspect of
international R&D activity in which Japanese companies on average appear to

TABLE 3.8 Geographic Location of Large R&D Firms’ Patenting Activities,
By Home Country

Region or Nation in Which “Abroad”

Location of Patenting Activity Took Place

Patenting Activity

Firm’s Home Country _— United

(number of firms) Home Abroad States Europe Japan Other
Japan (139) 99.0 1.0 0.8 0.2 - 0.0
United States (243) 922 7.8 - 6.0 0.5 1.3
Italy (7) 88.2 11.8 53 6.2 0.0 0.3
France (25) 85.7 14.3 4.8 8.7 0.3 0.6
Germany (42) 85.1 14.9 10.4 3.9 0.2 0.4
Finland (7) 82.0 18.0 1.6 11.5 0.0 4.9
Norway (3) 67.9 32.1 12.7 19.4 0.0 0.0
Canada (16) 67.0 33.0 24.9 7.3 0.3 0.5
Sweden (13) 60.8 39.2 12.6 25.6 0.2 0.8
United Kingdom (54) 57.9 42.1 31.9 7.1 0.2 3.0
Switzerland (8) 53.3 46.7 19.6 26.0 0.6 0.5
Netherlands (8) 42.2 57.8 26.1 30.6 0.5 0.6
Belgium (4) 37.2 62.8 222 39.9 0.0 0.6
All Firms (569) 89.1 10.9 4.1 5.6 0.3 0.8

SOURCE: Patel (1995).
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invest greater resources, if not always perform more effectively, than do their
U.S. or European counterparts: monitoring and drawing upon R&D activity and
technology beyond their corporate and national boundaries (Mansfield, 1988a,b;
Roberts, 1995a).3

The Balance of Technology Flows

The United States exports significantly more technology than it imports from
abroad, and U.S.-owned multinationals are the principal gateways through which
technology enters and leaves the country. Nearly 80 percent of the flow of U.S.
technology exports, as measured by the receipt of royalties and licensing fees, is
between U.S.-owned parent companies and their foreign-based affiliates.3¢

Unaffiliated foreign-owned companies paid U.S. organizations and individu-
als $3 billion for the use of proprietary technology and know-how in 1991,
roughly $2 billion more than unaffiliated foreign firms received from U.S. citi-
zens for the use of foreign technology. In unaffiliated technology trade, the United
States runs a net deficit with Europe and a large surplus with Japan (Figure 3.9).

In contrast, royalty and licensing fee data show that the U.S. affiliates of
foreign-owned firms import significantly more technology from their foreign
parent companies than they export to them or to other unaffiliated firms abroad.
Net payments by U.S. affiliates to their foreign parents increased from $378 mil-
lion in 1980 to $2.1 billion in 1991 (U.S. Department of Commerce, 1993a).
That year, payments of royalties and licensing fees to parent firms were largest
for affiliates of British-owned companies (Figure 3.10). Japanese, Swiss, and
German parent firms received fewer payments from their affiliates.

In addition to imports of patented or copyrighted technology, which can be
readily quantified by data on royalties and licensing fees, U.S. affiliates of for-
eign companies, particularly Japanese companies, have also imported into the
United States advanced production technologies and methodologies. These have
included technologies embodied in advanced manufacturing equipment, unpat-
ented production technology and know-how, and organizational innovations, such
as concurrent engineering and just-in-time and total quality management tech-
niques. Collectively, these less quantifiable flows of technology and know-how
are believed to have contributed significantly to increased productivity in many
U.S.-based industries (Florida, 1994; Jaikumar, 1989; Kenney and Florida, 1993a;
National Academy of Engineering, 1993; Westney, 1993).

Contributions to the technological strength of the United States by U.S. af-
filiates of foreign-owned firms appear to vary from industry to industry. For
example, a U.S. General Accounting Office study (1990b) concluded that foreign
direct investment in the U.S. chemical industry, which represented more than 30
percent of the industry’s assets in 1990, would bring a flow of new technology to
the United States. Similarly, sectoral studies of U.S.-Japan technological link-
ages conducted during the late 1980s and early 1990s suggest that the transfer to
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FIGURE 3.9 U.S. royalty and licensing fee receipts and payments resulting from tech-
nology trade between unaffiliated U.S. and foreign companies, 1991. SOURCE: National
Science Board (1993). NOTE: U.S. payments to both South and Central America and to
South Korea were less than $500,000.

U.S. businesses of organizational and managerial innovations by the U.S. affili-
ates of Japanese companies has been significant in the automotive and steel in-
dustries but relatively inconsequential in the consumer electronics industry
(Cusumano and Takeishi, 1991; Florida and Kenney, 1992; Kenney and Florida,
1993a; National Research Council, 1992a).

Similarly, case studies of international corporate alliances indicate that the
United States is a net technology importer in some industries and a net exporter in
others. Most technology transfer within international corporate alliances in the
aircraft and biotechnology industries, for example, has consisted of exports of
U.S. technology to other countries (Mowery, 1988b; National Research Council,
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FIGURE 3.10 Affiliate royalty and licensing fee payments and receipts, by country of
Ultimate Beneficial Owner , 1980, 1985, and 1991. SOURCE: U.S. Department of Com-
merce (1993a).
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1992c¢, 1994b; Pisano et al., 1988). However, case studies of alliances in the
automotive, steel, integrated circuits, and robotics industries reveal that U.S. firms
which collaborate with foreign companies gain access to not only financial re-
sources, but also technology—particularly production technology—and other
assets not available from other U.S. firms (Lynn, 1988; National Research Coun-
cil, 1992b; Steinmuller, 1988; Womack, 1988; Womack et al., 1990). Christelow
(1989) has observed that most U.S.-Japanese joint ventures have occurred in in-
dustries in which Japanese companies appear to have a demonstrated competitive
advantage.

An exclusive focus on technology imports and exports ignores the technol-
ogy and know-how that foreign-owned companies underwrite, develop, apply,
and diffuse throughout the U.S. economy. In U.S. industries that are net export-
ers of technology as well as in those that are net importers, foreign-owned firms
have complemented existing U.S. assets with valuable assets of their own. These
include capital, intellectual property, managerial and organizational know-how,
advanced manufacturing equipment, and knowledge of and access to foreign mar-
kets. In many industries, these assets have enhanced the productivity of existing
U.S.-based assets, including indigenous R&D capabilities. This has occurred
both directly, as those assets are used in foreign-owned facilities, and indirectly,
as affiliates of foreign-owned firms increase the competitive pressure on indig-
enous U.S. producers in many industries (McKinsey Global Institute, 1993;
Organization for Economic Cooperation and Development, 1994). Without the
complementary R&D assets provided by affiliates of foreign-parent companies,
there likely would have been significant delays in the commercialization and dif-
fusion of many important product and process innovations developed within the
United States.

The recent experience of the U.S. biotechnology industry is illustrative. Ana-
lysts generally agree that foreign direct investment in and technical alliances with
foreign firms have resulted in a net export of technology by U.S. companies.
Industry analysts also find that foreign direct investment in the biotechnology
sector has had a net beneficial effect on the industry itself (Dibner et al., 1992;
National Research Council, 1992c; Pisano et al., 1988). As a recent Commerce
Department study concluded, foreign direct investment “allowed [U.S.-based]
companies to survive, retained jobs, [and] increased investment in plant and
equipment and R&D to develop new products that might have been dropped due
to lack of funding” (U.S. Department of Commerce, 1991).

“Lost Opportunities” and Technology Stripping

There has been considerable discussion in recent yeras about the so-called
lost opportunities resulting from foreign direct investment in the United States,
particularly from foreign acquisitions of U.S. high-technology start-up com-
panies (Koprowski, 1991; Schrage, 1990). In the opinion of the committee,
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however, this is a highly speculative concern based largely on faulty assump-
tions. For example, many of those who decry such supposed lost opportunities
seem to assume that an American purchaser of the now-foreign-owned high-tech
company would have managed that firm more effectively than the foreign pur-
chaser.

At the same time, while virtually impossible to verify empirically, foreign
acquisitions of U.S. high-technology companies probably have in some cases
resulted in the transfer of profits and economic activity abroad that might other-
wise have remained in the United States. However, the committee believes it is
equally if not more likely that in the absence of a foreign investor, the U.S. R&D
assets or intellectual property in question might have remained idle, moved
abroad, or been less effectively managed, thus yielding smaller economic returns
to U.S. citizens. Indeed, many of the most celebrated instances of foreign acqui-
sitions of U.S.-owned companies attest to the fact that there were no U.S. buyers
waiting in the wings.?’

Some observers also assert that foreign firms deliberately “strip” U.S. tech-
nologies by buying small U.S. high-technology companies. However, there are
few data to either confirm or refute this claim. Clearly, nothing prevents foreign
firms from transferring codified or otherwise readily transferrable technology
from the U.S. companies they have acquired to production or R&D sites over-
seas. Neither is there anything stopping U.S.-owned companies from licensing,
selling, or otherwise transferring proprietary technology to affiliated and unaffili-
ated firms abroad. Yet, the principal R&D assets of these small high-technology
firms are the individual and collective capabilities of the highly motivated entre-
preneurial scientists and engineers who work in them, not the companies’ patent
portfolios. And, as any manager of U.S. industrial R&D will attest, these highly
specialized human assets are very difficult to move from one region of the United
States to another, let alone across national borders (Mowery and Teece, 1993).

Ultimately, the committee believes it would be ill-advised for the federal
government to attempt to second-guess or otherwise shelter U.S. corporate secu-
rity markets in the hope of preempting lost opportunities or technology stripping
caused by foreign acquisitions of U.S. companies. This opinion is based on the
high degree of risk and uncertainty associated with the development and com-
mercialization of any new technology, and on the highly complex process firms
undertake when deciding to invest in a particular technology or set of R&D
assets.

Asymmetries of Access

The debate over the costs and benefits of foreign participation in privately
funded U.S. R&D has focused primarily on the lack of reciprocal access, its costs
to U.S. citizens, and the need to level the playing field internationally. Whether
the result of discriminatory public policies, collusive private practices, or long-
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standing differences among national systems of corporate finance and governance,
barriers that deny U.S.-owned companies access to privately owned R&D capa-
bilities in other nations are seen to impose costs both on those firms and on their
U.S.-based stakeholders. These costs take the form of foregone exports, market
share, profits, and economies of scale and scope. There are also costs associated
with more limited or less timely access to leading-edge technological capabilities
of foreign suppliers, competitors, scientists, engineers, and customers.

The United States has long been the leading proponent of liberal treatment of
foreign direct investment worldwide. In international forums, as well as in its
bilateral economic relations with other countries, the United States has consis-
tently advocated liberalization of international trade and investment, and has sup-
ported the national, or nondiscriminatory, treatment of the affiliates of multina-
tional companies by their host governments. Furthermore, the United States’
market-driven, shareholder-based system of corporate finance and governance
has greatly facilitated foreign investment.

Until relatively recently, most of America’s trading partners in Europe, Asia,
and Latin America have to varying degrees regulated and restricted foreign direct
investment as well as discriminated against foreign-owned firms operating within
their borders. During the past decade, however, public policies governing for-
eign direct investment in most industrialized and industrializing countries have
been significantly liberalized. Explicit restrictions on foreign investment have
been eased or lifted in most industrial sectors. Moreover, in many countries,
these changes have been accompanied by privatization of state-owned industries
and a general opening up and development of domestic financial markets, includ-
ing those for corporate securities (Organization for Economic Cooperation and
Development, 1992a, 1993). At the international level, there has also been sig-
nificant progress toward liberalizing the treatment of foreign direct investment.
Most notable in this regard are the recent efforts of the Organization for Eco-
nomic Cooperation and Development (OECD) aimed at liberalization of interna-
tional capital movements, and the market-opening investment provisions of the
U.S.-Canada Free Trade Agreement, the North American Free Trade Agreement
(NAFTA), and the Uruguay round of multilateral trade negotiations under the
General Agreement on Tariffs and Trade (GATT).38

Despite these trends, however, significant impediments to foreign direct in-
vestment remain in a number of major economies. For example, in Germany and
Japan, complex cross-shareholding and bank-holding arrangements continue to
impede foreign acquisitions of indigenous companies (Organization for Economic
Cooperation and Development, 1992a; U.S. Congress, Office of Technology As-
sessment, 1994).39

The impact of these impediments on the flow of foreign direct investment
appears very pronounced in the case of Japan but is difficult to discern in the case
of Germany. Comparisons of foreign direct investment in the major industrial-
ized countries with direct investments they make in other nations’ economic sys-
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tems reveal relatively moderate investment asymmetries for Germany, Great Brit-
ain, and the United States (Figure 3.11). Japan, in contrast, invests more than 20
times as much in other countries as it permits in foreign direct investment within
its own borders.

The causes of Japan’s anomalous position are the subject of intense debate.*?
At the same time, the success of some U.S. firms in gaining access to the Japa-
nese market suggests that the “access problem” may be at least in part the result
of U.S. corporate practices in some industries. Inwardly focused technology de-
velopment strategies, the “not-invented-here” syndrome, and a general lack of

25 —

20.5

Japan United States  United Kingdom Germany

FIGURE 3.11 Ratio of direct investment in other nations’ economies to amount of for-
eign direct investment in home nation, selected countries, 1990. SOURCE: U.S. Con-
gress, Office of Technology Assessment (1993).
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tools with which to learn from joint ventures and alliances have been self-im-
posed barriers for many U.S. firms.

Regardless of its origins, for many Americans Japan’s impenetrability to for-
eign direct investment raises serious questions about the merits of continuing to
provide foreign investors free entry into the United States. Moreover, in some
quarters, the access problem contributes to growing skepticism regarding the ef-
fectiveness of international economic negotiations in this area.

The costs associated with asymmetries of access are relatively easy to de-
scribe, but they are difficult to quantify and allocate among the various U.S. and
foreign stakeholders (i.e., customers, company shareholders, and workers). Ata
time when foreign direct investment is an increasingly important engine of growth
in world trade,*! sheltered foreign markets impose costs on most U.S. stakehold-
ers as well as on many foreign consumers. In large foreign markets that are
particularly rich in technological resources, such as Japan, one would expect there
to be substantial costs to the United States imposed by barriers to foreign invest-
ment. Indeed, in some cases, asymmetries in access to markets have weakened
the bargaining position of U.S.-owned companies in the negotiation of alliances
with foreign-owned firms.*? Moreover, barriers to foreign direct investment may
undercut the competitiveness of U.S.-owned firms, both in the protected market
and in global markets generally, by denying them access to important material,
financial, and technological resources.

The continuing existence of barriers to foreign direct investment has caused
some observers to challenge the effectiveness of U.S. government efforts to ne-
gotiate reductions in these barriers within various bilateral and multilateral fo-
rums, such as the GATT, the OECD, the Asian-Pacific Economic Cooperation
(APEC) Forum, the NAFTA, the U.S.-Japan Structural Impediments Initiative
(SII), and bilateral investment treaties. In order to force the pace of progress in
this area, particularly with the Japanese, the federal government has resorted to
more aggressive unilateral actions, such as sanctions imposed under Section 301
of the 1988 Trade Act, quasi-extraterritorial application of U.S. antitrust law, and
the use of legal standards based on principles of reciprocity*? and conditional
national treatment (Bayard and Elliott, 1994; Beltz, 1995; Coalition for Open
Trade, 1994: Graham and Krugman, 1995; Tyson, 1992). Some advocate even
more forceful changes in U.S. policy, such as imposing more extensive disclo-
sure requirements on foreign-owned affiliates, increasing the screening of foreign
acquisitions in the name of broadly defined national economic interests, or im-
posing extensive economic performance requirements on foreign-owned firms
(Gaster, 1992; Gaster and Prestowitz, 1994; Tolchin, 1993; U.S. Congress, Of-
fice of Technology Assessment, 1994).

While some of these unilateral actions may appeal to a collective sense of
fairness, it is not at all clear to the committee that they will advance the short- or
long-term economic interests of U.S. citizens. Such measures run a serious risk
of discouraging more “good” foreign direct investment (with its associated ben-
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efits to the U.S. economy) than “bad.” In many respects, these unilateral mea-
sures undercut the efforts of the United States to champion open markets and the
free flow of goods, services, investments, and technology in bilateral and multi-
lateral negotiations. There is also a risk that such measures will invite retaliation
by America’s major trading partners at significant cost to U.S.-owned multina-
tional companies and their U.S.-based stakeholders. Given the magnitude of U.S.
direct investment abroad, the dominant role of U.S.-owned multinational compa-
nies in U.S. exports, and the growing importance of overseas markets and sources
of technology to virtually all U.S. industries, the potential costs to U.S. citizens of
retaliatory actions are not trivial.

Ultimately, the committee believes that the benefits to U.S. citizens of for-
eign direct investment and of U.S. direct investment overseas are substantial and,
on balance, outweigh the associated costs. Moreover, the committee believes
that more restrictive unilateral actions designed to force U.S. access to closed
markets abroad—actions beyond those already provided for in existing U.S. trade
law—are more likely to delay rather than advance progress toward more liberal
treatment of foreign direct investment and trade worldwide.

Implications for U.S. Military Security

The U.S. military is perceived to be heavily dependent on the industrial and
technological capabilities of resident and nonresident foreign-owned companies.*
The scope and nature of this relationship are poorly documented, however. Pro-
curement regulations that place particularly stringent security requirements on
foreign prime contractors generally discourage these firms from working directly
with the Department of Defense (DOD). Nevertheless, with DOD’s tacit bless-
ing, U.S.-owned prime contractors routinely subcontract with foreign-owned sup-
pliers for critical components and subsystems. The U.S. military’s reliance on
foreign-owned companies is certain to increase with time, given the growing
importance to the military of technologies that have both civilian and military
applications and the current and growing strength of foreign-owned firms in many
of these dual-use technologies (Alic et al., 1992; National Research Council,
1995).

The growth of foreign participation in privately funded U.S. R&D may have
a positive effect on U.S. national security. Given the global leadership position
occupied by many foreign-owned firms in many areas of dual-use technology,
foreign direct investment and international corporate alliances can improve DOD
access to innovative technological capabilities important to national defense. For
example, Sony Corporation’s 1989 acquisition of the U.S. semiconductor equip-
ment manufacturer Materials Research Corporation (MRC) prevented the U.S.-
owned company from going bankrupt, thereby maintaining a “domestic location
and relatively assured [U.S.] access to 60 percent of the world’s production capa-
bility for sputtering materials” (Defense Science Board, 1990). According to the
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Defense Science Board, had MRC gone bankrupt, the United States might have
had assured access to only 2 percent of world production capability. Similarly,
both the Defense Science Board (1990) and the National Research Council
(1992c¢) have concluded that joint ventures and other types of technical alliances
between U.S. and Japanese companies in the semiconductor industry have helped
strengthen resident U.S. capabilities in important areas of dual-use technology.*’

On the other hand, America’s national security may be jeopardized in several
ways by increasing foreign involvement in the U.S. dual-use technology base.
First, when foreign firms acquire or establish U.S.-based companies in high-tech-
nology industries that serve both civilian and military markets or enter into tech-
nical alliances with U.S.-owned companies in these sectors, militarily sensitive
technology may be more easily transferred (intentionally or not) to current or
potential future enemies of the United States.

Second, despite the possible benefits to the United States, foreign acquisi-
tions of privately held U.S. technological capabilities may reduce the timeliness
or increase the expense associated with gaining access to leading-edge or emerg-
ing technologies controlled by these companies. Foreign-owned companies may
withhold or delay access to dual-use technologies either because they are com-
pelled to do so by their government or are seeking a competitive advantage.

Third, foreign participation in the nation’s dual-use industrial base may pose
a more long-term national security risk. As a result of their expanding presence
in U.S. commercial markets, foreign-owned firms may be better positioned to
take away domestic market share from U.S.-owned competitors in critical dual-
use industrial sectors. This, in turn, would enable them to shift sourcing for
advanced technological components away from U.S.-based suppliers to suppliers
located overseas or beyond the reach of U.S. national security laws and regula-
tions.

The federal government has several options for reducing the risks associated
with foreign involvement in the nation’s defense technology base. The risk of
intentional or unintentional transfer of militarily sensitive U.S. technology by
foreign-owned companies appears to be fairly well contained by current laws and
procedures.*®  All companies operating within the United States are subject to
U.S. export control laws (Export Administration Act of 1979, P.L. 96-72). The
Committee on Foreign Investment in the United States (CFIUS), established by
executive order in 1975 and formalized by Congress in the 1988 Omnibus Trade
and Competitiveness Act, is charged with reviewing foreign acquisitions that
might constitute a threat to national security. Under the same 1988 law, the
president was given the authority to investigate and block foreign investments
that threaten national security. (See box.)

Current rules governing DOD contracting impose stringent security require-
ments on foreign firms and their U.S. subsidiaries. Under the DOD’s program on
foreign investment, control, and influence (FOCI), the Defense Investigative Ser-
vice can require foreign owners of U.S.-based affiliates that want to work on
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The Committee on Foreign
Investment in the United States

In May 1975, in response to concerns over a surge in foreign petrodollar
investment in the United States by members of the Organization of Petroleum
Exporting Countries (OPEC), President Ford established the interagency
Committee on Foreign Investment in the United States (CFIUS). CFIUS was
intended to serve as a central point for gathering and analyzing information
on national security-related foreign investments in U.S. firms. CFIUS is run
out of the Treasury Department and relies on data collected by other agen-
cies, including the Commerce and Defense Departments, the Securities and
Exchange Commission, and the Census Bureau, as well as on the voluntary
filings by companies involved in a planned foreign acquisition of potentially
militarily sensitive U.S. industrial assets.

In 1988, Congress formalized the CFIUS as part the Exon-Florio amend-
ment to the Omnibus Trade and Competitiveness Act, which expanded the
authority of the president to investigate and stop investments that threaten
U.S. national security. Exon-Florio established two key requirements for
blocking proposed foreign investment: 1) there must be a finding that the
foreign entity might take action that could impair U.S. security; and 2) there
must be a finding that provisions of law other than the International Emer-
gency Economic Powers Act do not provide adequate authority to protect
national security.

CFIUS does not have the authority or resources to assess broad concerns
about foreign involvement in the U.S. defense industrial base or technologi-
cally strategic industries. In practice, this means that CFIUS first considers
whether a proposed foreign investment is linked to national security. (How-
ever, Exon-Florio does not define the term “national security.” The legislation
also does not provide a precise definition of what firms and technologies are
considered critical to U.S. national security.)

If CFIUS concludes that a foreign investment would hurt the national inter-
est, the situation may be reviewed by more senior government officials. Over
the years, CFIUS has attempted, apparently with some degree of success
although without legislative authority, to modify objectionable aspects of par-
ticular foreign investments, such as the unauthorized access to classified
information or technology, rather than preventing the investment altogether.

CFIUS also must assess whether other U.S. laws are inadequate to pro-
tect national security. It can use provisions in other laws, such as the Export
Administration Act, the Defense Production Act, and antitrust laws, to block
foreign investment, when necessary.

The CFIUS process has been criticized as reactive and case specific.
Exon-Florio does not require foreign investors to notify CFIUS of proposed
investments, although fear of forced divestiture at a later date may motivate
foreign investors to notify CFIUS in advance of any transaction. The Exon-
Florio amendment has also been criticized because it does not require for-
eign investments in nonpublicly traded companies to undergo CFIUS review
(Graham and Krugman, 1995; U.S. General Accounting Office, 1990a, 1994b).
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classified contracts to either relinquish managerial control of their defense busi-
nesses to U.S. citizens or to meet other demanding performance or control crite-
ria. The FOCI program appears generally effective in protecting classified infor-
mation (Defense Science Board, 1990). However, the program is a disincentive
to foreign acquisitions of U.S. companies involved in defense work and discour-
ages affiliates of foreign firms from contracting directly with the Department of
Defense (Defense Science Board, 1990; Graham and Krugman, 1991).

Recent trends raise doubts about the ability of U.S. policies to assure access
to militarily critical technologies over both the short and long term. Under the
federal government’s emergency powers authority (Defense Production Act), the
DOD may requisition materiel or services from any domestic firm in times of
national crisis. However, as in other situations, the United States seems to have
little recourse should foreign-owned firms withhold their most advanced technol-
ogy from their U.S.-based affiliates and customers.

Although there are a number of economic and political disincentives for do-
ing so, at least one or two times in recent decades foreign-owned firms have
either been compelled by their home governments or opted on their own to with-
hold or delay the transfer to the United States of technologies deemed important
to U.S. defense. In 1983, the Japanese government reportedly pressured the lead-
ing Japanese producer of ceramic materials, Kyocera, to stop supplying through
its U.S. subsidiary ceramic nose cones to the U.S. Tomahawk Missile program
(Graham and Krugman, 1991). More recently, Japanese semiconductor equip-
ment and materials manufacturers may have withheld their most advanced tech-
nologies (many of them considered dual use) from some of their U.S. customers,
including the semiconductor, semiconductor manufacturing equipment, and com-
puter industries (U.S. General Accounting Office, 1991Db).

Similarly, questions have been raised about the ability of U.S. antitrust law
as currently enforced to anticipate and prevent the emergence of monopolies in
niche defense markets—highly specialized markets served by a small number of
suppliers. Accordingly, mergers and acquisitions, whether by U.S.-owned or
foreign-owned firms, pose a risk of monopoly if they further diminish the number
of competitors within a given segment of the defense supplier base.

Because of the limited data available, it is difficult to draw general conclu-
sions about the risks to national security posed by denied, delayed, or monopoly-
priced access to private technological capabilities, all of which can result from
foreign direct investment or mergers and acquisitions. Several observers believe
that in the niche defense markets, current monitoring efforts and enforcement of
U.S. antitrust law may be inadequate to address the monopoly risks posed by
mergers and acquisitions, whether instigated by foreign- or U.S.-owned compa-
nies (Graham and Krugman, 1991, 1995). The task of identifying vulnerable
niche sectors is hampered by the federal government’s lack of clearly defined,
agreed-upon criteria or procedures for determining whether the technological
capabilities of a particular company are, in fact, militarily critical.*’
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Even more difficult to assess is the impact of foreign direct investment on the
long-term health of domestic suppliers of dual-use technologies. Although U.S.-
owned firms have been displaced in world markets by foreign-owned companies
in a number of high-technology product areas, one can only speculate whether the
influx of direct foreign investments has accelerated or helped slow this trend. In
some instances, foreign parent companies have probably diminished U.S. techno-
logical capabilities in certain dual-use areas, either by shifting the R&D activities
of acquired U.S.-based companies abroad or by shifting sourcing of advanced
technological components from U.S.- to overseas-based suppliers. There is no
reason to assume, however, that U.S.-owned firms or resident capabilities more
generally would not have experienced a similar contraction when exposed to ex-
port competition from abroad.

In other instances, such as the Sony takeover of Materials Research Corpora-
tion or the U.S-Japanese joint ventures in semiconductor manufacturing men-
tioned above, foreign direct investment and the associated pressure of new com-
petition have probably helped strengthen important domestic capabilities in the
area of dual-use technologies.

Despite the difficulty of assessing the long-term consequences of foreign
direct investment for particular industry niches, the committee believes that U.S.
regulations that discourage foreign-owned firms from contracting directly with
the DOD or investing in existing U.S.-based defense contractors may pose greater
costs and risks to U.S. national security than they prevent.

The committee also believes that the federal government must develop more
sophisticated capabilities for assessing and addressing the risks and capitalizing
on the opportunities presented by the growth of foreign involvement in the
nation’s dual-use technology base. Greater scrutiny of mergers, acquisitions, and
corporate alliances in dual-use industries, particularly in niche technology areas,
might reduce the risk of anticompetitive behavior by both foreign- and U.S.-
owned firms (Graham and Krugman, 1991, 1995). More important, to serve U.S.
national security interests more effectively, DOD needs to define clearly the cri-
teria and procedures for identifying militarily critical technological assets and
broaden its portfolio of strategies for managing inevitable U.S. dependence on
foreign technological capabilities.

Implications for U.S. Economic Security

Closely related to the above concerns is the broader question of whether
foreign direct investment may help foreign-owned firms acquire monopoly con-
trol of established and emerging commercial technological capabilities critical to
U.S. long-term economic growth and development. Again, however, there are
few data that validate this concern.

As noted, some evidence suggests that Japanese firms have withheld their
most advanced technologies from some U.S.-owned companies in the semicon-
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ductor, semiconductor manufacturing equipment, and computer industries (U.S.
General Accounting Office, 1991b). Without timely access to these technolo-
gies, most U.S. companies in these industry sectors could not serve as effectively
as they might the needs of their worldwide customers. The effect on the Japanese
firms involved is less clear. Their growing involvement in U.S.-based R&D ac-
tivity in these industries, through direct investment or joint ventures, may have
either enhanced or weakened their ability to manipulate the market to gain com-
mercial advantage (National Research Council, 1992c).

Furthermore, broader concerns have been raised about the long-term effects
of foreign acquisitions of U.S. niche technology companies or high-technology
start-ups on the ability of U.S.-owned companies to access emerging critical ci-
vilian technologies. Much more than any other industrialized country, the United
States has relied since World War II on technology niche companies for a dispro-
portionate share of major product and process innovation (Mowery and
Rosenberg, 1993). Since the mid-1980s, foreign acquisitions of these firms ap-
pear to have increased significantly. Data gathered by Spencer (1991) and the
U.S. Department of Commerce (1993a) underline the particularly large appetite
of Japanese investors for U.S. high-technology start-up companies during the late
1980s and early 1990s (Table 3.9). These data also suggest that foreign investors
have targeted U.S. companies in a select number of technology areas deemed
critical or emerging by the U.S. government (Council on Competitiveness, 1991;
National Critical Technologies Panel, 1993; U.S. Department of Commerce,
1990).

Still, inventories of foreign acquisitions of U.S. high-technology firms offer
little if any insight into the relative importance of the technological capabilities
acquired, let alone the cumulative effect of these purchases on the nation’s capa-
bilities in a given area of technology. For example, such data do not provide
information on sales, assets, or employment for either the firms acquired or their
niche industrial sector. Nor do these data shed any light on the performance of
the acquired firms subsequent to their takeover. Without such information, it is
impossible to assess the extent and significance of foreign control in any high-
technology niche sector.

Many high-technology industries are already highly concentrated at the na-
tional and global levels. Hence, it is likely that at least some of the many recent
mergers and acquisitions have significantly reduced competition in particular
civilian industry sectors. For this reason, the committee believes that the federal
government should intensify its scrutiny and regulation of all U.S.-based merg-
ers and acquisitions. However, there is no evidence to suggest that foreign-
owned firms are any more likely than their U.S.-owned counterparts to engage
in anticompetitive activity in the United States. Indeed, in terms of the sheer
number of acquisitions and mergers concluded in U.S. technology-intensive in-
dustries each year, foreign acquisitions are dwarfed by those involving U.S.-
owned firms.
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SUMMARY

During the past decade, foreign participation in privately funded U.S. R&D
has grown significantly, both through direct investment and intercorporate tech-
nical alliances. In 1990, U.S. affiliates of foreign-owned firms accounted for a
sizeable fraction (20 percent or more) of U.S.-based R&D activity in several
large manufacturing industries. These included industrial chemicals, pharmaceu-
ticals, audio, video, and communications equipment, and primary and fabricated
metals. Roughly two-thirds of total affiliate R&D spending in the United States
is accounted for by companies based in Canada, the United Kingdom, Germany,
Switzerland, and Japan. Since 1980, Japanese-owned affiliates have increased their
share of total affiliate R&D activity faster than has any other major investing coun-
try. For the most part, foreign parent companies have invested in areas in which
they have a strong export position or demonstrated competitive advantage.

Comparative surveys of U.S.- and foreign-owned multinational companies
across a range of industries suggest that the motives for engaging in R&D in a
foreign market, as well as the type of R&D activity, vary in importance primarily
according to the industry sector, not the company’s nationality. Overall, the two
most frequently cited motives are to help the local manufacturing affiliate and the
parent company meet the demands of U.S. customers, and to improve access to
U.S. scientific and technical talent.

Most major foreign-owned R&D facilities are clustered near major U.S. cen-
ters of R&D activity, and most affiliate R&D performed in the United States
appears oriented toward meeting the more immediate technical needs of the af-
filiates’ U.S.-based production facilities. Thus, affiliates concentrate largely on
design work, incremental process-oriented applied R&D, and applied R&D re-
lated to U.S. technical standards or domestic regulation.

Growing foreign involvement in the nation’s industrial R&D base brings
with it costs and risks as well as benefits and opportunities. One key question,
however, cannot be answered definitively: Do foreign nationals take away more
technology and associated economic value than they return to the United States
through their participation in U.S. industrial R&D? The evidence suggests that in
general, the technological contributions of foreign-owned firms through affiliates
or technical alliances vary from industry to industry. Thus, in some industries,
foreign firms are net exporters of technology; in others, they are net importers.
The few quantitative measures that exist confirm that overall, U.S.-based affili-
ates of foreign-owned firms import significantly more codified technology from
their parent companies than they export to them or to unaffiliated firms abroad.
Case studies show that foreign-owned companies, and Japanese companies in
particular, have imported significant amounts of advanced production technology
and methodologies into the United States in several industries.

Foreign involvement in U.S.-based industrial R&D has in some cases re-
sulted in lost opportunities for U.S.-owned firms, as well as in foregone wealth
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for their U.S.-based stakeholders. In other cases, however, foreign firms have
created opportunities and wealth for U.S.-owned firms and Americans generally
as they transfer technology, know-how, capital, and other complementary assets
to the United States.

On balance, the committee considers the growth of foreign direct investment
in the United States and the proliferation of transnational corporate alliances to be
generally positive trends that enhance the productivity and wealth of the United
States and its trading and investing partners overseas. Furthermore, the commit-
tee believes that for the purpose of assessing its consequences for the U.S.
economy, foreign participation in privately funded U.S. R&D cannot be sepa-
rated meaningfully from the larger trends that carry it.

Asymmetries of access to the economies and innovation systems of the
United States and other industrialized nations have affected profoundly public
perceptions and federal policies on foreign involvement in U.S.-based R&D.
During the past decade, America’s trading partners have liberalized their policies
on foreign direct investment—the most important avenue of access to privately
funded R&D activities abroad—making them more similar to those of the United
States. Nevertheless, significant impediments to open access—the product of
structural barriers, public policies, or collusive or discriminatory corporate prac-
tices—remain in some major economies. These impediments have led some to
call for aggressive unilateral action by the U.S. government. The committee,
however, considers many such proposals ill advised and, in their stead, urges the
government to use existing policies to hold itself and its trading partners account-
able to international agreements. The government should also redouble its efforts
to negotiate solutions to these asymmetries of access in bilateral and multilateral
forums.

The public debate about national security has focused almost exclusively on
the difficult-to-assess risks that accompany growing foreign involvement in par-
ticular R&D-intensive industries. Current national security regulations and pro-
cedures appear to minimize the risk that militarily sensitive U.S. technology will
be transferred to foreign-owned companies. However, the utility of these rules
and procedures is of questionable value for addressing the medium- to long-term
risks of delayed or denied access to militarily critical technological capabilities
posed by foreign direct investment or mergers and acquisitions.

Two sets of issues inform the debate on whether existing measures intended
to protect national security are sufficient. On the one hand, current monitoring
efforts and methodologies associated with the enforcement of U.S. antitrust laws
may be neither extensive nor strong enough to address the monopoly risks that
mergers, acquisitions, and corporate alliances pose in niche defense markets,
whether instigated by foreign- or U.S.-owned companies. Moreover, the task of
identifying vulnerable niche sectors is made difficult by the federal government’s
lack of clearly defined, agreed-upon criteria or procedures to determine whether
a particular company’s technological capabilities are critical to the military.
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On the other hand, little consideration has been given to the costs and risks to
national security posed by existing procurement regulations, which discourage
foreign-owned firms from contracting directly with DOD or investing in existing
U.S.-based defense contractors. The committee believes such concerns merit
greater attention in the national security debate. This is especially true given the
current relatively high level of U.S. dependence on foreign sources of component
technology, the growing importance of technologies that have both civilian and
military applications to the nation’s military needs, and the growing strength of
foreign-owned firms in many of these dual-use technologies.

There is little evidence that increasing foreign involvement in U.S. indus-
trial R&D through direct investment and alliances has damaged U.S. economic
security. The ability of U.S.-based companies to access the technologies, compo-
nents, and subsystems required to make their major products competitive with
foreign producers does not appear to be impaired. Many high-technology indus-
tries are already very concentrated at the national and global levels. Hence, it is
likely that at least some of the many recent mergers, acquisitions, and alliances
have fostered monopolies in particular civilian high-technology industries. How-
ever, the actions of foreign-owned firms within the U.S. economy do not suggest
that they are any more likely to engage in anticompetitive activity than their U.S.-
owned counterparts.

The committee anticipates that the fundamental trends that have fueled the
experience of foreign involvement in privately funded U.S. R&D will continue to
spur its growth into the next century. Carried by expanding international trade
and foreign direct investment, global technical and economic capabilities will be
distributed more evenly among an expanding population of industrialized coun-
tries, and competition and innovation in most manufacturing and service indus-
tries will become increasingly internationalized.

NOTES

1. Privately owned U.S. companies financed 59 percent of all R&D performed in the United
States in 1994 and an estimated 90 to 95 percent of all privately funded R&D (National Science
Foundation, 1995b).

2. Data on R&D spending by U.S. affiliates of foreign-owned firms come from the Annual Sur-
vey of Foreign Direct Investment in the United States, conducted by the Department of Commerce’s
Bureau of Economic Analysis. The Survey of Industrial Research and Development, conducted by
the Bureau of the Census for the National Science Foundation, provides data on the total amount of
privately funded U.S. R&D.

Changes introduced recently in the methodology and scope of the Survey of Industrial Re-
search and Development have resulted in significant upward revisions in estimates of R&D funded by
U.S. companies. Beginning in 1992, survey statistics are based on annual sampling. Previously,
samples were selected every 5 to 7 years. In addition, “For 1992, the sample size was increased from
approximately 14,000 to approximately 23,000 firms to better account for births of new R&D-per-
forming establishments in the survey universe, to survey more fully and accurately R&D activity in
the service sector, and to gather more current information about potential R&D performers” (National
Science Foundation, 1993b). With the upward revision in the volume of U.S. company-funded R&D,
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there has been a corresponding downward revision of the share of R&D conducted by U.S. affiliates
of foreign-owned firms. For instance, the proportion of R&D conducted by affiliates in 1992 fell
from 17.1 percent in the old data series to 14.5 percent in the new data series (National Science
Foundation, 1996, 1995c; U.S. Department of Commerce, 1995a).

3. For a more extensive overview of the many factors that have contributed to the international-
ization of industrial R&D, or more specifically to the decisions of many multinational firms to estab-
lish R&D subsidiaries abroad, and an extensive bibliography on the subject, see the review article by
Cheng and Bolon (1993).

4. Tllustrating the expectations that some foreign firms have of their U.S.-based R&D facilities,
Serapio and Dalton (1994) quote the following observation of an executive of a large Japanese auto-
motive company: “Prior to establishing an R&D center in [the United States], our engineers in [the
U.S. plant] had to work with the R&D and technical centers in Japan. We were sending faxes to each
other all the time and our engineers took many trips between Japan and the United States. The process
of developing and producing a car for the U.S. market or correcting an engineering problem was very
time consuming. We have eliminated this lengthy process by establishing a U.S. technical center [in
close proximity] to our U.S. plant, sales office and suppliers in the United States. We expect to
shorten the time needed for concurrent design and development, concurrent development and engi-
neering, and working on design and engineering issues for our vehicles in or near production.” (p. 29)

5. Recent surveys of Japanese multinationals in a number of industries suggest that the fear of
diminished access to U.S. technology has played an important role in the decision of many Japanese
companies to establish an R&D presence in the United States (Ministry of International Trade and
Industry, 1992; Serapio, 1994). As discussed in greater detail in Chapter 4, the U.S. Congress has
placed restrictions on foreign corporate involvement in publicly funded R&D in American universi-
ties, federal laboratories, and other U.S.-based institutions performing government-funded research.
For example, foreign participation in the Department of Commerce Advanced Technology Program,
Advanced Research Projects Agency-coordinated Technology Reinvestment Project, and cooperative
research and development agreements with federal laboratories is conditioned on reciprocal access to
comparable government-funded R&D initiatives abroad. Several U.S. industry-led consortia, includ-
ing the Semiconductor Manufacturing Technology Research Corporation (SEMATECH), the Na-
tional Center for Manufacturing Sciences, the U.S. Display Consortium—all partially funded with
public monies—exclude foreign participants.

In 1987, a U.S. government-sponsored symposium on high-temperature superconductivity
(HTS) excluded foreign participants. Subsequent Reagan administration proposals for additional
research funding for HTS included provisions designed to prohibit or restrict foreign access to the
results of publicly funded research in this area (Mowery, 1991).

6. For documentation of the growing interest and involvement of U.S.-owned multinational com-
panies in the advanced technological capabilities of foreign firms and foreign countries see, for ex-
ample, Dalton and Serapio (1995), Mansfield et al. (1979), Mowery (1991), National Science Foun-
dation (1990c, 1991), and Peters (1992, 1993b).

7. The U.S. Department of Commerce defines a foreign investment as direct when a foreign
investor acquires a stake of 10 percent or more in a U.S. firm. The 10-percent criterion, although
arbitrary, is meant to reflect the idea that a large stockholder will generally have a strong say in the
operations of a company, even if that stockholder does not have a majority stake. Data from 1988
show that on average, the foreign parent controlled 78.8 percent of its U.S. affiliate’s equity. Calcu-
lations by analysts at Commerce’s Bureau of Economic Analysis indicate that raising the definitional
cutoff for direct investment to 20 percent or even 50 percent would increase only slightly estimates of
the amount of foreign direct investment in the United States (Graham and Krugman, 1991, pp. 9-11).
Hence, most experts consider the potential for understating or overstating the level of foreign control
with the 10 percent criterion to be small. There is one notable case of relevance to this study in which
a foreign firm with a moderate equity share in a U.S. company, according to the Department of
Commerce criterion, “controls” a very large R&D portfolio. Until spring of 1995, the Canadian
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Bronfman (Seagram) family owned a 23 percent stake in DuPont, which invests over $1 billion annu-
ally in R&D worldwide. On April 7, 1995, the Bronfman family sold its stake in DuPont, thereby
removing DuPont and its R&D spending from the ledger of foreign-owned affiliates.

8. See U.S. Department of Commerce, Survey of Current Business, May issue, various years, for
data regarding the share of foreign direct investment accounted for by foreign acquisitions of existing
U.S.-based firms and that accounted for by the establishment of new U.S.-based companies by for-
eigners.

9. “Special tabulations were prepared by [the Commerce Department’s Bureau of Economic
Analysis] to reveal R&D expenditures in the United States of those firms in which there is majority
foreign ownership—i.e., 50 percent or more. For 1990, the 10-percent foreign ownership threshold
results in an estimated $11.3 billion foreign R&D investment total. R&D expenditures of majority
owned U.S. affiliates of foreign companies were $8.4 billion.

“Funding trends of these two groupings are quite similar. From 1980 to 1990, inflation-
adjusted R&D spending of majority-owned foreign firms was up 350 percent, whereas that of firms
with 10 percent or more foreign ownership (including majority-owned firms) rose slightly more, 370
percent” (National Science Board, 1993, p. 125, footnote 77).

The particularly rapid growth of affiliate R&D spending between 1987 and 1990 included
several multimillion dollar acquisitions by foreign firms of U.S. pharmaceutical companies with large
R&D budgets, such as Glaxo, SmithKline Beecham, and Genentech (Dalton and Serapio, 1993).

10. Majority-owned affiliates of foreign companies performed approximately $10.7 billion of
R&D in 1992, roughly $750 million more than was spent by U.S. companies and their foreign subsid-
iaries on overseas R&D that year (National Science Foundation, 1994, Table SD-5; U.S. Department
of Commerce, 1994a, Table N-1).

11. Florida and Kenney (1993) go so far as to conclude that “foreign R&D investment in the U.S.
is largely the province of corporations which are global technology leaders and that it is primarily
used to consolidate that position of technological advantage.” (p. 30)

12. The volume of affiliate R&D spending in the U.S. motor vehicle and equipment industry is
arrived at by adding affiliate R&D expenditures that are classified in the Bureau of Economic Analy-
sis’ survey of affiliate R&D as “manufacturing R&D” with those that are classified as “wholesale
trade R&D.” Department of Commerce analysts acknowledge that much of the R&D spending clas-
sified as “wholesale trade R&D” by affiliates in the motor vehicles and equipment industry is, in fact,
R&D performed by U.S. manufacturing establishments of foreign-owned firms.

13. In 1992, U.S. affiliates of foreign-owned firms performed $170 million of R&D for the U.S.
federal government and $689 million of R&D for other unaffiliated U.S.-based organizations. Ninety-
four percent of the R&D performed by affiliates in 1992 was for the affiliates themselves (U.S. De-
partment of Commerce, 1995a).

For one of the most extensive, though by no means comprehensive, inventory of U.S.-based
organizations that perform industrial research, development, and design, see the Directory of Ameri-
can Research: Organizations Active in Product Development for Business, published annually by R.
R. Bowker, New Providence, New Jersey.

14. Freestanding R&D facilities appear to play the greatest role in two industries: pharmaceuti-
cals and chemicals, which together account for nearly half of all affiliate R&D expenditures. Whether
freestanding facilities account for a majority of affiliate R&D expenditures in discrete manufacturing
industries (i.e., automobiles or consumer electronics) is more of an open question (Peters, 1992).

15. Dalton and Serapio (1995) define a foreign R&D facility in the United States “as a free-
standing R&D company (i.e., a company engaged mainly in R&D) of which 50 percent or more is
owned by a foreign parent company.” (pp. 16-17)

A 1993 Department of Commerce report (1993a) noted that data collected earlier by Dalton
and Serapio (1993) “include numbers of design studios, which are not considered research facilities
by the National Science Foundation, and thus, possibly represent a significant overstatement of re-
search facilities in the United States—as much as 80 percent above actual R&D facilities, according
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to one NSF analyst.” Research by Peters (1991, 1992) also suggests that data gathered by Dalton and
Serapio considerably overstate the number of “true” R&D facilities owned by foreign companies in
the United States.

16. The relatively small size of many Japanese-owned freestanding R&D facilities in the United
States has led some observers to suggest that these facilities may serve mainly as “listening posts”
rather than research units (Fusfeld, 1994; Peters, 1991). Serapio (1994), however, notes that the
smaller size of Japanese R&D facilities in the United States could be explained by their more special-
ized orientation and relative newness. This may be true in the case of many recently established
Japanese-owned R&D facilities in the U.S. biotechnology and electronics industries, which conduct
mainly basic research. For further discussion, see pages 54-55.

17. The overall response rate to the Pearce and Singh survey was 28.9 percent. Parent companies
supplied 163 of 296 usable responses; subsidiaries supplied the remaining 133 responses. The re-
sponse rate from 181 U.S.-based affiliates that were sent the survey was roughly 30 percent. The
authors note that response rates were poor for French-owned companies and that there were too few
Japanese companies in their sample to say much about them.

18. NEC Research Institute was established in Princeton, New Jersey, in 1989. It focuses on
software development, artificial intelligence, and machine learning (Noguchi, 1989). Matsushita
established its Information Technology Laboratory in Princeton the following year to conduct basic
research in computer graphics, document processing, and systems software. In 1991, Hitachi set up
a high-definition television research laboratory in Princeton. That same year, Mitsubishi Electric set
up a basic research laboratory in Cambridge, Massachusetts, that focused on next-generation parallel
processing and supercomputers. Canon established the Canon Research Center in Palo Alto, Califor-
nia, in 1990 to do research on data compression, optical recognition, and network architecture. Florida
and Kenney (1993) note that these facilities tend to focus on areas of research “where Japanese indus-
try lags the United States, such as parallel computing, software development, and artificial intelli-
gence.” This may explain their proximity to leading U.S. centers of R&D in these fields. Florida and
Kenney also note that these laboratories “are designed to generate and harness new sources of knowl-
edge, which leverages existing corporate technological capabilities and enhances long-range corpo-
rate development efforts.”

19. Dibner et al. (1992) note that because of their large staffs, European-owned biotechnology
R&D facilities have many more interactions with U.S. university- and industry-based researchers
than Japanese-owned facilities with smaller R&D staffs.

R&D managers generally agree that there is a minimum efficient size for R&D laboratories
that varies from industry to industry. Below this minimum, laboratories are unlikely to be successful
either at performing in-house research or drawing upon extramural research.

20. From comments by NEC Research Institute Director William Gear before the NAE study
committee at a November 9, 1993, workshop. See, also, Chapter 4, p. 110.

21. Of the 12 Japanese-owned electronics R&D facilities surveyed by Dalton and Serapio (1993),
six focused on applied research (new applications for existing technology, design customization), two
performed basic research exclusively, and four conducted both basic and applied research, although
basic research was limited. Ten R&D facilities performed prototype testing, evaluation, and produc-
tion, designed new products or modified existing product designs; seven did parts evaluation; five
designed parts; seven conducted joint R&D with other research organizations; and seven employed
university research professors as consultants.

In contrast, six Japanese automotive affiliates performed vehicle testing and evaluation, emis-
sions certification, scanning of regulatory trends, technology scanning, and advanced concept design;
four of the six firms surveyed did parts and materials evaluation and design; two performed joint
research with a U.S. partner and produced prototypes of near-production vehicles; and three compa-
nies were involved in the development of local parts suppliers.

22. See, for example, Dibner et al. (1992) and National Research Council (1992c) for a discussion
of affiliate-conducted R&D in the pharmaceuticals and biotechnology industries. For affiliate R&D
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in electronics, see Florida and Kenney (1993), Kiimmerle (1993a,b), Peters (1991, 1992), Voisey
(1992), and Westney (1993).

23. According to Serapio (1994), Japanese companies are under additional pressure to internation-
alize their R&D activities as a result of a growing shortage of highly skilled scientific and engineering
manpower in Japan.

24. See, for example, National Research Council (1992b), U.S. Congress, Office of Technology
Assessment (1993, 1994), Organization for Economic Cooperation and Development (1994). See,
also, Figure 3.9.

25. Summarizing the results of a 1992 Mitsubishi Research Institute survey of Japanese compa-
nies with overseas R&D facilities, Kiimmerle (1993b) notes the following:

Out of 28 labs which the 7 leading Japanese electronics companies have established abroad during
the last 5 years, 15 were built with the intention to create new knowledge in targeted areas, 7 facili-
tate local adaptation of products, 3 support complex local production facilities, and 3 were built
because of local political pressure. These figures mean that more than half of the new labs serve as
facilitators for learning and creating new knowledge abroad. In the pharmaceutical sector, numbers
are even more striking: 7 out of 9 labs abroad were established for purposes of local learning and
local creation of new knowledge. Moreover, the majority of electronics and pharmaceutical compa-
nies expressed an intent to establish at least one more laboratory abroad during the next 5 years. . . .
The research focus of the new ‘learning-creating laboratories’ is generally on areas with strategic
importance for the firm but which are still mastered insufficiently by the company. Out of 5 labora-
tories that Canon has founded in Europe and the United States since 1988, none is concerned with
research in optics: the focus is on either computer languages, image processing software, or tele-
communications. This is in line with Canon’s intent to shift from an ‘Optical Technology Company’
to a ‘Total Image and Information Processing Company.’

26. Hagedoorn and Schakenraad (1993) attribute the recent growth of corporate interest in techni-
cal alliances to three primary motives. First, firms view alliances as a way to strengthen their research
capabilities in the face of rapid technological change and the need to monitor and exploit external
sources of science and technology. Second, by leveraging the know-how of alliance partners, compa-
nies can expand their ability to develop and apply new technologies. Third, alliances enhance firms’
access to foreign markets and help them to seek out new business opportunities abroad.

27. Under the National Cooperative Production Amendments of 1993 [P.L. 103-42], which
amended the National Cooperative Research Act of 1984 [P.L. 98-462], R&D and production joint
ventures located within the United States and registered with the U.S. Department of Justice are
exempted from the treble damages liability of U.S. antitrust laws. If any of the firms involved in a
joint venture are foreign-owned, the home country of that firm must accord national treatment to U.S.
firms with respect to antitrust treatment of similar joint ventures in the country.

28. The Department of Commerce (1991) found that the number of alliances involving biotech-
nology firms in the United States increased from 30 in 1981 to 400 in 1988. In 1981, 30 percent of
such alliances included a foreign partner and in 1988, 45 percent had one. Peters (1992) notes that
during the 1980s, the number of international strategic alliances grew eightfold in the telecommunica-
tions industry, around sevenfold in the pharmaceuticals industry, and sixfold in the biotechnology
industry.

29. Peters (1993a) cites the example of NEC to show the complementary relationship between the
growth of Japanese R&D facilities in the United States and the growth of technical alliances in the
computer industry. In 1991, 2 years after establishing its basic research facility in Princeton, New
Jersey, “NEC signed a contract with AT&T for a comprehensive package in semiconductor develop-
ment for the next 5 years. NEC also entered a joint development agreement with Hewlett Packard to
develop tools for microprocessors and microcomputers. Other companies having joint technology
agreements with NEC include Grumman (supercomputer), American Microsystems (microprocessors),
3M (optical memory system), Summit Micro Circuit (a venture company to develop high-speed static
random access memory chips), Hughes (weather satellite), Adobe Systems (desktop publishing soft-
ware), General Electric (international PC network), Tektronix (gate array design software).” (pp. 6-7)
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30. The six industrial sectors were aerospace, computers and peripherals, computer software, semi-
conductors, semiconductor manufacturing equipment, and biotechnology.

31. See note 8. Graham (1992) “guesstimates” that roughly two-thirds of the increase in Japa-
nese-controlled R&D activity in the United States during the late 1980s resulted from Japanese acqui-
sitions of existing U.S. operations.

32. Between 1980 and 1992 the average R&D/sales ratio for manufacturing affiliates increased
from 1.6 percent to 2.6 percent (U.S. Department of Commerce, 1993a, 1995a).

33. For further discussion, see Graham and Krugman (1995), Organization for Economic Coop-
eration and Development (1994), Ozawa (1991), and U.S. Congress, Office of Technology Assess-
ment (1994).

34. A number of factors may explain this variation between European and Japanese firms. Differ-
ences in the industrial composition of European and Japanese foreign direct investment may be one
determining factor. The fact that direct investment by the Japanese is more recent in most U.S.
industries than is that by European firms may also play a role. (Many U.S. affiliates of European-
owned companies have added R&D capabilities after having had a U.S. manufacturing presence for
decades.) Westney (1993) also points out that Japanese organization and management of affiliate
R&D in the electronics industry may have a negative effect on Japanese patenting activity in the
United States. Specifically, Japanese electronics firms have chosen to establish large numbers of
small highly specialized facilities in the United States, each with a narrow technology mandate yet
networked to the parent companies to provide input into technologies developed at the parent firms’
facilities in Japan.

35. It should be noted that there is nothing unfair or unethical about foreign companies establish-
ing technology scanning capabilities in the United States, or U.S. companies doing the same abroad.
Indeed, the rapid pace of technological innovation in many sectors and the high costs of R&D have
made it imperative that companies become much more effective at scanning for and acquiring tech-
nology developed beyond their institutional borders.

36. Royalties and license fees are payments for the sale and use of intangible property rights, such
as patents, copyrights, franchises, trademarks, industrial processes, know-how, and other intellectual
property rights. Some observers argue that multinational corporations, U.S. and foreign, frequently
use these fees as a form of “transfer pricing,” that is, shifting costs from subsidiaries in low-tax
countries to a high-tax country in order to minimize tax obligations. (U.S. Department of Commerce,
1993a, p. 73).

37. See, for example, the Council on Competitiveness (1993) case study of the Committee on
Foreign Investment in the United States (CFIUS) review of the sale of Semi-Gas System Inc. to the
Japanese company, Nippon Sanso KK (pp. 137-155). Dalton and Genther’s (1991) survey of foreign
acquisition of U.S. electronics companies notes that most acquired companies were small, in need of
a capital infusion, and were having difficulty obtaining credit or raising equity. See also the reflec-
tions of Materials Research Corporation’s CEO Sheldon Weinig (1990) on his company’s purchase
by Sony. Graham and Krugman (1995) also review several CFIUS cases.

38. The Organization for Economic Cooperation and Development (OECD) has adopted two codes
directed at international investment, the Code of Liberalization of Capital Movements and the Code
of Liberalization of Current Invisible Operations, which are, in principle, binding on all OECD mem-
ber states. In addition to these codes, all member states currently adhere to a “National Treatment
Instrument,” which obligates them to grant national treatment, with some exceptions, to companies
controlled by investors from other OECD countries. The OECD is presently considering a “Wider
Investment Instrument” that would, among other things, bolster national treatment provisions.

Both the U.S.-Canada Free Trade Agreement (FTA) and the North American Free Trade
Agreement (NAFTA) commit (with some exceptions) their respective signatory states to national
treatment of enterprises owned by nationals of other signatory states, limit the screening of acquisi-
tions by nationals from other signatory states, call for free repatriation of capital and earnings, restrict
recourse to performance requirements on investments that affect trade between signatories, and pro-
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vide for dispute settlement mechanisms (the option of binding arbitration). Finally, the Uruguay
Round agreement signed in mid-1994 obliges signatories, in principle, to refrain from imposing local-
content requirements and export performance requirements on foreign-owned firms operating within
their borders. For a detailed assessment of these and related initiatives, see Graham and Krugman
(1995).

39 For a more comprehensive review of foreign barriers to international trade and investment, see
Office of the U.S. Trade Representative (1995).

40. To get a feel for this debate, see Japan Economic Institute (1991), Krugman (1991), Lawrence
(1991a,b), and Saxonhouse (1991).

41. Itis estimated that intrafirm trade (IFT)—trade between the affiliates and parent multinational
companies—now accounts for more than 40 percent of total world trade. Between 1983 and 1992,
U.S.-Europe IFT accounted for 43 percent of all U.S.-European merchandise trade, with U.S.-owned
multinationals claiming 43 percent of total U.S.-Europe IFT and European-owned multinationals 57
percent. During the same period U.S.-Japan IFT accounted for 71 percent of total U.S.-Japan mer-
chandise trade. However, reflecting a large asymmetry in the volume of U.S. foreign direct invest-
ment in Japan compared to Japanese foreign direct investment in the United States, Japanese multina-
tionals accounted for 92 percent of total U.S.-Japan IFT (U.S. Congress, Office of Technology
Assessment, 1994).

42. Many U.S. companies enter into alliances with foreign firms in order to achieve greater access
to their foreign partner’s home market. In some cases, policy-related or structural barriers to access
provide the foreign company with additional leverage in its negotiations with its U.S. partner. On the
whole, however, transnational corporate alliances appear to have eased the entry of U.S.-owned and
U.S.-based companies into foreign markets and national innovation systems.

43. The recent focus within segments of the U.S. trade community on “specific” or “tit-for-tat”
reciprocity (with its emphasis on reciprocity in absolute levels of protection) marks a significant
departure from the pursuit of “general’’ reciprocity (i.e., reciprocal changes in the level of protection
with a commitment to unconditional Most-Favored-Nation treatment) that has characterized the nego-
tiation of multilateral trade agreements during the post-World War II era. The former focuses on
outcomes, such as comparable market access, while the latter focuses on the process of liberalization,
such as market opening. For further discussion, see Bayard and Elliott (1994), and Cline (1982).

44. See Defense Science Board (1990), Institute for Defense Analysis (1990), Moran (1993),
National Defense University (1987), The Analytic Sciences Corporation (1990), and U.S. General
Accounting Office (1991b, 1994b).

45. In May 1993, the only remaining U.S.-owned supplier of mainstream semiconductor lithogra-
phy equipment, SVG Lithography Systems, Inc. (SVGL), announced its intention to enter into a 10-
year contract with the Japanese firm Canon. The contract would have given Canon access to all of
SVGL'’s current and future Micrascan scan-and-step technology in return for an infusion of capital
and Canon’s assistance with manufacturing lithographic steppers. Negotiations between the two
firms became protracted, and ultimately the deal fell through when the SEMATECH consortium
members put together an alternative financing package that SVGL accepted . . . Nevertheless, many
observers agree that the SEMATECH alternative would not have materialized had Canon not given
SVGL its seal of approval by entering into negotiations with the small U.S. company in the first place.
Ultimately, it was Canon’s reputation and the prospect of Canon backing up the struggling U.S.
company with its deep pockets, manufacturing technology, distribution networks, etc., that turned the
tide in customer perceptions of the company’s viability. See Randazzese (1994) for a well-docu-
mented assessment of the SVGL-Canon deal.

46. Aside from the oft-cited sale of sensitive U.S. submarine technology to the Soviets by Toshiba
Corporation in the early 1980s, there is only limited anecdotal evidence to suggest that foreign-owned
firms have leaked sensitive U.S. technologies to potential adversaries (Graham and Krugman, 1991).

47. See, for example, the criteria and procedures put forward in Graham and Krugman (1991,
1995), Moran (1990), and U.S. General Accounting Office (1994b).
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Foreign Participation in
Publicly Funded U.S. R&D

The past 10 to 15 years have also witnessed the growth of foreign involve-
ment in publicly supported U.S. R&D activities at U.S. universities and federal
laboratories.! This trend is less well documented than is the growth of foreign
participation in privately funded U.S. R&D, and it has stimulated intense contro-
versy. This is because these institutions, the two main pillars of the nation’s
publicly funded basic research enterprise and a unique source of national com-
petitive advantage, are viewed as particularly vulnerable to foreign exploitation.

At a time when many elements of the nation’s innovation system are per-
ceived to be faltering in the face of increasing global competition, publicly funded
U.S. basic research capabilities remain internationally preeminent. This is par-
ticularly true of those resident in the nation’s academic institutions. In an effort
to capitalize on this strength, the federal government is trying to enlist the re-
search assets of universities and federal laboratories to bolster the competitive-
ness of U.S.-based companies in world markets. However, the internationaliza-
tion of U.S. industry and the general openness of the nation’s basic research
enterprise have heightened concerns about losing government-funded intellectual
property and its associated economic value to foreign entities.

The strength of the U.S. basic research enterprise is due primarily to its scale,
its highly decentralized and pluralistic structure (i.e., multiple institutional play-
ers with different research agendas), and its openness to the free flow of ideas and
talent from throughout the world. Underlying these sources of strength is the fact
that most basic research is conducted in publicly funded, noncommercial institu-
tions with reward systems that provide powerful incentives for researchers to
share rapidly and widely the results of their research. Ironically, these very

90
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sources of strength make the U.S. basic research enterprise relatively easy for
foreign nationals to access and exploit (National Academy of Engineering, 1993).

To date, three concerns have driven debate and policy on foreign involve-
ment in publicly supported U.S. R&D, whether conducted by foreign firms, gov-
ernments, academic institutions, or individual researchers. First, the United States
may not receive an adequate quid pro quo for allowing various foreign entities to
participate in publicly funded U.S. R&D. Second, some foreign governments
appear to deny U.S. researchers reciprocal access to comparable publicly funded
research within their borders. Third, some foreign countries do not appear to
carry their fair share of the global basic research burden. Faced with these con-
cerns, the American public and the Congress have become increasingly willing to
restrict foreign access to U.S. government-supported research.

This chapter examines the scope and nature of foreign participation in three
areas of publicly funded R&D activity: research universities, federal laborato-
ries, and federally funded industrial R&D programs and industry-led consortia. It
concludes with an assessment of the costs and benefits of this participation.

UNIVERSITY-BASED RESEARCH

The primary locus of foreign participation in U.S. publicly funded research
and development has been the nation’s academic research enterprise—home to
roughly half of the nation’s basic research activity. In 1994, American universi-
ties and colleges are estimated to have performed $21 billion worth of research
and development, or roughly 12 percent of total U.S. R&D performed that year.
Also in 1994, academic institutions performed more than 48 percent of all basic
research, 13 percent of all applied research, but less than 2 percent of all develop-
ment work conducted in the United States. Sixty percent of all academic R&D
conducted in 1994 was paid for by the federal government (National Science
Foundation, 1995b).

Foreign entities establish ties with U.S. universities for many reasons. For-
eign students, visiting scholars, and company researchers are drawn to U.S. re-
search universities to learn about some of the most advanced and creative re-
search methods in the world. Foreign governments, companies, and nonprofit
institutions establish ties with research universities to gain timely access to new
knowledge and technology in particular fields or to engage university-based re-
searchers in the solution of particular technical problems. Foreign firms license
technology generated and owned by U.S. universities, and their U.S. affiliates
look to U.S. research universities for highly trained science and engineering tal-
ent.> Often, foreign firms look upon their investments in U.S. research universi-
ties as a way to build goodwill and enhance their reputations in the U.S. research
community.3

At the same time, several related factors have encouraged U.S. research uni-
versities to solicit more foreign participation in recent years. The nation’s indig-
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enous supply of advanced degree students, postdoctoral researchers, and faculty
in science and engineering has fallen behind demand, forcing universities to turn
increasingly to foreign talent to make up the shortfall. Similarly, the failure of
federal R&D budgets to keep pace with the rising fiscal demands of research
universities has encouraged these institutions to seek other patrons and clients,
including foreigners. Finally, rapid growth in the scope, quality, and accessibility
of foreign-based science and engineering capabilities has encouraged U.S.-based
academic researchers to seek out foreign collaborators in many fields.

Foreign participation in U.S. academic R&D has manifested itself in mul-
tiple ways in recent years. These include:

* The involvement of foreign students, postgraduates, and visiting scholars
and researchers from foreign firms in university research activities;

* Collaborations between foreign academic institutions/researchers and their
U.S.-based counterparts;

* Sponsored and open-ended underwriting of university research by foreign
governments, foreign corporations and their U.S. subsidiaries, and foreign non-
profit institutions;

* The cooperative activities of foreign corporate laboratories operating near
U.S. research universities;

* Foreign support for the construction of buildings, purchase of equipment,
and other in-kind contributions; and

* The hiring of U.S. faculty as consultants or advisors to foreign corpora-
tions and governments.

Foreign Students, Researchers, and Faculty

One measure of expanding foreign participation in U.S. university research
and development has been the growing dependence of these institutions on for-
eign-born graduate students, postdoctoral researchers, and faculty. In 1980, non-
U.S. citizens accounted for 12.8 percent of graduate enrollments in U.S. science
and engineering fields, 21 percent of all science and engineering doctorate recipi-
ents, and a third of all postdoctoral researchers in science and engineering fields
at U.S. universities. By 1991, non-U.S. citizens accounted for 23 percent of
enrollments, 37 percent of doctorates, and more than half of postdocs working in
science and engineering fields (Figure 4.1) (National Science Foundation, 1993a).

U.S. engineering schools are particularly dependent on foreign talent (Figure
4.2). As of 1991, 47 percent of all graduate students, 59 percent of all doctorate
recipients, and 69 percent of all university-based postdoctoral researchers in en-
gineering were non-U.S. citizens. The extent of foreign participation at the gradu-
ate level varies among engineering fields, with significantly more participation in
petroleum, mining, and agricultural engineering, and significantly less in aero-
space and biomedical engineering, and in engineering science (Figure 4.3).
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FIGURE 4.3 Non-U.S. citizens enrolled full-time in graduate engineering programs,
percent of total enrollees by field of study, 1983, 1990, and 1991. SOURCE: National
Science Foundation (1993a).

During the past 15 years, U.S. engineering faculties have experienced similar
growth in the level of foreign involvement. In 1975, only 10 percent of engineer-
ing faculty under 36 years of age were from other countries. In 1985, the latest
year for which data are available, the foreign-born share stood at 50 percent (Na-
tional Research Council, 1988).4

The sudden rise in foreign graduate enrollment, postdoctoral research, and
faculty employment is a function of three inter-related developments: the rapid
growth of university research activities during the past decade and the resulting
increase in demand for research personnel; a rapid increase in American industry’s
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demand for science and engineering graduates, mostly those with B.S. degrees;
and an absolute decline in the number of U.S.-born science and engineering stu-
dents who pursue advanced engineering degrees or academic careers (National
Research Council, 1988).

In contrast to the well-documented situation with foreign students, post-
doctoral researchers, and resident faculty, little is known about the number, re-
search focus, or duration of stay of foreign researchers visiting U.S. universities.
Because most U.S. universities are highly decentralized, they do not keep tabs on
foreign visitors, unless these individuals have an appointment at the host univer-
sity or require contact with the federal government. In 1991, for example, the
Massachusetts Institute of Technology (MIT) reported hosting 1,250 foreign
scholars, “including professors, visiting scientists and engineers, post-docs, re-
search affiliates and others” on campus, of whom 91 were paid fully or partially
by foreign industrial firms (Massachusetts Institute of Technology, 1991).

Collaboration between Foreign and U.S. Academic Researchers

Another dimension of deepening foreign involvement in U.S. academic re-
search is the increase in research collaboration between U.S. academic research-
ers and their counterparts abroad in many science and engineering fields. One
measure of this growth is the number of journal citations that include the names
of both U.S. and foreign researchers (Figure 4.4). Between 1980 and 1991, the
share of scientific and technical articles with international coauthorship more than
doubled, from 5.2 percent to 11.0 percent. Papers in the earth and space sciences,
mathematics, and physics were more likely than those in other fields to exhibit
coauthorship.

Although no national data are collected on the extent of research collabora-
tion between U.S. universities or university-based research centers and their coun-
terparts overseas, anecdotal evidence suggests an increase in such linkages
(Godfrey, 1991). For example, in testimony at a December 1993 National Acad-
emy of Engineering workshop on the flat panel display industry, Jay William
Doane, director of the Liquid Crystal Institute at Kent State University, under-
lined the importance of his institution’s research collaboration—with the Univer-
sity of Stuttgart, Tokyo University of Agriculture and Technology, and the Slov-
enian J. Stefan Institute—to active matrix display research and development.®

Foreign Funding of U.S. University Research

Between 1975 and 1994, the share of university research funded by the fed-
eral government fell from 67 to 60 percent and that supported by state and local
governments decreased from 10 to 8 percent. Over the same period, industry
more than doubled its contributions to academic research, from 3 to 7 percent of
the total; the share of academic research supported by nonprofit institutions re-
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FIGURE 4.4 Internationally coauthored articles as a percent of all articles, by science
and engineering field, 1976 through 1991. SOURCE: National Science Board (1993).

mained virtually unchanged, between 7 and 8 percent, while the contributions by
universities themselves increased from 12 to 18 percent (Table 4.1). Within the
context of these shifts, foreign governments, nonprofit institutions, and compa-
nies have begun to play a small role in underwriting U.S. academic R&D.

Data on foreign funding of U.S. university-based research are scant and dated.
Although some public institutions are required by state law to report the receipt
of foreign funds, most do not differentiate support obtained from domestic versus
foreign sources. Factors that contribute to the haphazard tracking of foreign fi-
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TABLE 4-1 Support for U.S. Academic R&D, Percent by Contributing
Sector, 1975, 1980, 1985, 1990, and 1994

1975 1980 1985 1990 1994
Federal government 67.1 67.5 62.6 59.2 60.1
State and local governments 9.7 8.2 7.8 8.1 7.6
Industry 33 3.9 5.8 6.9 6.9
Academic institutions 12.2 13.8 16.7 18.5 17.9
All other sources 7.6 6.6 7.2 7.3 7.4

NOTE: Columns do not necessarily total to 100 due to rounding.

SOURCE: National Science Board (1993) and data from the National Science Foundation
Science Resource Series, National Patterns of R&D Resources series, accessed via the
World Wide Web.

nancial support include the lack of uniform university accounting procedures, the
multiplicity of funding sources and channels, and the decentralized nature of ex-
changes between donors and a broad spectrum of university offices, departments,
and individual researchers.

According to the most recently published survey, foreign-sponsored research
stood at $74.3 million in fiscal 1986, or roughly 1 percent of total university R&D
expenditures (U.S. General Accounting Office, 1988a).” An informal inquiry by
the National Science Foundation (NSF) found that foreign support of university
R&D had not changed as of fiscal 1988 (National Science Foundation, 1990c).8
More recent data collected from leading research universities by the study com-
mittee suggest that the foreign share of academic research funding has not grown
appreciably since the GAO survey was conducted (Table 4.2).

Also in fiscal 1986, more than half of foreign funds for U.S. academic R&D
were concentrated in five institutions: Texas A&M University, Harvard Univer-
sity, MIT, Oregon State University, and the University of Wisconsin. Foreign
support ranged from 1 to 9 percent of total R&D expenditures at these institutions
and averaged 4 percent. In fiscal 1988, three top-20 research universities, Texas
A&M, the University of Michigan, and Harvard, reported receiving more than 2
percent of their research funding from foreign sources (National Science Founda-
tion, 1990c). Another nine top-20 institutions received between 1 and 2 percent
of their research funding from foreign sources. Six years later, in fiscal 1994, the
foreign share of total sponsored research at most of the nation’s top research
universities had not changed significantly.?

In fiscal year 1986, Japanese entities sponsored more university-based R&D
in the United States ($9.5 million) than did those of any other foreign country,
although the United Kingdom and Germany were also major contributors to U.S.
academic research (U.S. General Accounting Office, 1988a). That year, foreign
funding of U.S. academic R&D was concentrated in a relatively small number of
universities (Table 4.3).
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Three fields—geology ($16.4 million), agriculture ($11.5 million), and
medicine ($8.4 million)—accounted for nearly half of all foreign support for U.S.
academic R&D in fiscal 1986 (Table 4.4). There were very few similarities in
either the research fields funded or the source of foreign support among the top
five recipient institutions. An international ocean-drilling research program
funded in part by NSF at Texas A&M University received 93 percent of all for-
eign support directed to U.S. university-based geology research. Four universi-
ties accounted for nearly 80 percent of all foreign-funded research in agriculture,
most of which focused on the agricultural research needs of developing countries
(U.S. General Accounting Office, 1988a).

In fiscal 1986, a little more than a third of all foreign funds for university
research came from businesses; the remaining two-thirds came from foreign gov-
ernments and nonprofit organizations. Of the top five U.S. recipients of foreign
R&D funding, Texas A&M, Harvard, and Oregon State received the majority of
such support from governments and nonprofit institutions (99 percent, 95 per-
cent, and 78 percent, respectively). In contrast, nearly all foreign support of
research at MIT and the University of Wisconsin came from private companies
(98 and 89 percent, respectively). Indeed, foreign firms accounted for more than
half of all foreign R&D funding at 13 of the top 20 U.S. research universities in
fiscal 1986 (Table 4.5).

Foreign Corporate Participation in U.S. Academic R&D

The most controversial aspect of foreign involvement in U.S. university R&D
centers on the participation of foreign corporations and their U.S. subsidiaries.
This is because foreign firms—unlike foreign governments, nonprofit institutions,
and academic researchers—are well equipped to acquire and apply commercially
valuable outputs of publicly funded U.S. academic research, thereby appropriat-
ing a significant share of their associated economic returns. !°

There are five major ways foreign corporations can participate in U.S. uni-
versity-based R&D: through company-sponsored research, either in the form of
contracts or grants; by working with university patent and technology licensing
offices; via university industrial liaison or affiliates’ programs; by involvement in
university-industry research centers; and through activities in formal or de facto
industrial technology parks located near prominent U.S. research universities.

Data on the current magnitude, disciplinary focus, and national shares of
foreign sponsored research at individual U.S. universities and federal laboratories
are fragmentary. Limited survey data (National Research Council, 1994a; Rob-
erts, 1995a) and anecdotal evidence indicate that Japanese companies are more
diligent than their U.S. or European counterparts with regard to accessing, moni-
toring, and drawing upon the research capabilities of these publicly funded insti-
tutions.
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TABLE 4.4 Foreign Support for U.S. Academic
R&D, by University Department, Fiscal 1986

Field $ in Millions
Geology 16.4
Agriculture 11.5
Medicine 8.4
Civil engineering 2.7
Biology 2.6
Chemistry 1.5
Chemical engineering 1.5
Materials engineering 1.3
Computer engineering 1.1
Other engineering 1.1
Mechanical engineering 8
Electrical engineering i
Physics 5
Nuclear engineering 4
Aeronautical engineering 3
Psychology 1
Other 21.3

SOURCE: U.S. General Accounting Office (1988a).

Research Contracts and Grants

As noted, foreign-owned companies accounted for approximately one-third
of all foreign-sponsored research at U.S. universities, or one-third of one percent
of total academic research funding in 1986, the latest year for which aggregate
data are available. Company-sponsored research at U.S. universities comprises
research contracts and research grants. The distinction between the two instru-
ments is subtle and varies among institutions. In general, research contracts ob-
ligate university-based researchers to provide their corporate sponsor with more-
frequent and more-formal reports on their progress than are required with grants.
Contracts also usually specify particular deliverables, whereas grants are gener-
ally more open ended. National statistics on the sponsorship of academic re-
search do not distinguish between contracts and grants because of the definitional
vagaries and reporting inconsistencies among institutions.

Research grants may demand more of a quid pro quo from university-based
researchers than the term “grant” implies. For example, companies providing
research grants to university-based researchers may receive favorable consider-
ation in licensing negotiations, even though they do not receive royaltyfree or
exclusive rights. For example, at the University of California at Berkeley and
MIT, some engineering departments have agreed to accept visiting fellows from
major industrial donors. During the 1991-92 academic year, Berkeley’s College
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TABLE 4.5 Total Foreign Support for R&D and Corporate Share of that
Support at the Top 20 U.S. Research Universities, Fiscal 19864

Total Foreign

R&D Support Corporate Share
($1,000s) (% of Total)
1. Massachusetts Institute of Technology 5,304 98.2
2. Univ. of Wisconsin-Madison 2,380 89.5
3. Stanford Univ. 562 93.2
4. Cornell Univ. 245 29.4
5. Harvard Univ. 10,781 4.8
6. Univ. of Michigan 450 83.9
7. Texas A&M Univ. 15,200 1.3
8. Johns Hopkins Univ. 2,118 n/a
9. Univ. of California-Los Angeles 782 50.4
10. Univ. of Washington 2,068 38.3
11. Pennsylvania State Univ. 673 69.4
12. Univ. of Pennsylvania 228 100.0
13. Univ. of California-San Diego 728 96.5
14. Univ. of Minnesota 268 61.9
15. Univ. of Arizona 586 100.0
16. Yale Univ. 194 87.6
17. Univ. of Illinois-Urbana 206 0
18. Univ. of Texas-Austin 752 96.9
19. Univ. of Southern California 30 n/a
20. Univ. of California-Berkeley 187 52.5

4Universities ranked according to volume of R&D expenditures in 1986.

SOURCE: U.S. General Accounting Office (1988a).

of Engineering hosted 17 fellows from Japanese companies as part of a research
program funded with between $2 and $3 million in grants. The salaries and
expenses of these fellows were paid by their sponsor companies.!!

There are no recent national aggregate data on the disciplinary focus of for-
eign corporate sponsorship of university research. However, in fiscal 1986, nearly
50 percent of foreign support of university research, including funding by foreign
governments, companies, and nonprofit organizations, was concentrated in geol-
ogy, agriculture, and medicine (see Table 4.3). Stalson’s (1989) survey of eight
leading engineering schools found that foreign corporate sponsors demonstrated
an interest in research from all of the traditional engineering disciplines, as well
as the science-oriented fields of biotechnology and computer science. Although
Japanese firms awarded the majority of foreign-sponsored contracts in these dis-
ciplines, German and French companies were significantly represented, with a
smaller presence of Canadian, British, Dutch, Italian, and other European firms.
According to Stalson, there was no discernible pattern of national specialization
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in any field of engineering research except civil engineering and construction,
which appeared to be the exclusive province of the Japanese.!?

As of 1993, over 60 percent of all foreign company-sponsored research at the
University of California at Berkeley was concentrated in three locations: the
department of chemistry, the electronics research laboratory, and the space sci-
ences laboratory. The largest single research contract by a foreign firm, $1.8
million to the space sciences laboratory, came from French-owned Fairchild
Space Company, itself a contractor to NASA. British companies accounted for
almost all the foreign corporate research support in chemistry. The German com-
pany, Siemens, provided 85 percent of all foreign funds that went to the electron-
ics research laboratory; the remaining 15 percent came from Japanese firms. All
foreign corporate support of the university’s Engineering Systems Research Cen-
ter and department of optometry came from Japanese companies, as did a major-
ity of foreign research support for the department of mechanical engineering and
mechanical design.!3

For the most part, foreign firms appear to be sensitive to the charge that they
are taking more from U.S. research institutions than they are contributing. They
have sought ways to avoid even the appearance of impropriety by concentrating
on “precompetitive” research and seeking U.S. corporate partners when engaging
universities in contract research (Stalson, 1989; U.S. Congress, House, 1993).
Nevertheless, in recent years, a small number of controversial agreements be-
tween U.S. universities and foreign firms have had a negative effect on the
public’s perception of foreign involvement in U.S. government-funded R&D.

A case in point was the 1988 agreement between Hitachi Chemical Research
(HCR), a subsidiary of the Japanese firm Hitachi Chemical Company, Ltd., and
the University of California, Irvine (UCI). Under the terms of this agreement, the
Japanese company agreed to build a facility on university-owned property to
house rentfree the basic research laboratories of the university’s department of
biological chemistry and a basic research laboratory for the company’s propri-
etary programs. Normally, intellectual property developed using University of
California resources, including facilities and equipment, is owned by the univer-
sity. In this case, however, Hitachi owns all intellectual property developed within
its proprietary research laboratory, and in the case of “joint investigations of at
least one UCI investor and at least one HCR inventor,” UCI and HCR will each
own an equal interest in the invention (National Research Council, 1992c).

From the outset, public criticism of the UCI-HCR agreement was intense.
Many questioned whether the two institutions could keep their research activities
separate or whether the U.S. taxpayer was being called upon to subsidize the
proprietary research of a Japanese company. Others doubted whether UCI fac-
ulty collaborating with HCR could avoid potentially harmful conflicts of interest.
Although little has transpired to substantiate these fears since the shared research
facility opened its doors in 1990, public skepticism about the arrangement lingers.
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It is not unusual for U.S. or foreign-owned firms to establish R&D facilities
proximate to leading research universities in order to draw upon their resident
technical expertise and research activities. (See discussion of industrial technol-
ogy parks, below.) It is also fairly common for companies to supply instrumen-
tation, equipment, and other in-kind support to academic research projects in
exchange for facilitated or preferential access to intellectual property resulting
from the research. In the committee’s view, what has made the UCI-HRC agree-
ment so controversial is that it is such an obvious attempt by a privately owned
Japanese firm to draw upon the intellectual resources of a university that are
underwritten by the U.S. government.

Also controversial have been cases in which universities or university-affili-
ated research institutions have effectively sold to foreign-owned firms the right of
first refusal to all intellectual property resulting from a broad stream of research
that has been partially, and in some cases largely, subsidized by U.S. public mon-
ies. Some of the more highly publicized agreements of this type include the 1989
deal between Harvard Medical School, its teaching hospital Massachusetts Gen-
eral Hospital, and the Japanese cosmetics firm Shiseido Co. Ltd., in the area of
skin research;!4 the 1990 agreement between the University of California at San
Diego and the Swiss pharmaceutical company, Ciba-Geigy;'> the 1992 agree-
ment between Scripps Research Institute and the Swiss pharmaceutical company
Sandoz Pharma; !¢ and the 1993 agreement between the University of California
at San Francisco and the Japanese firm Daiichi Pharmaceuticals, involving re-
search on atherosclerosis.!”

The Scripps-Sandoz Pharma agreement has been the most controversial of
the four. This is so in part because it was the largest research agreement ever
concluded between a U.S. research institution and an industrial partner, and also
because its terms were so expansive. Under the original agreement, which was to
begin in 1997 and continue for 10 years, Scripps would receive $300 million and
in exchange would grant Sandoz the right of first refusal to license any intellec-
tual property resulting from institute’s research. The agreement included the
option to extend the agreement for an additional 6 years. Controversy arose be-
cause Scripps receives 60 percent of its funding from the National Institutes of
Health (NIH). The agreement was subsequently modified at NIH’s insistence
(National Institutes of Health, 1994a,b).

In the opinion of the committee, it is in the best interests of the United States
for publicly supported research universities and other publicly funded institutions
to offer to private-sector investors the right of first refusal for intellectual prop-
erty resulting from specific research supported by these investors. Such provi-
sions offer an important incentive to private companies to invest in high-risk
research activities that leverage public R&D monies. They also can yield sub-
stantial benefits to society at large, in the form of better trained science and engi-
neering graduates, advances in knowledge, and improvements in instrumenta-
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tion. If the intellectual property includes technology that may be commercial-
ized, another effect may be higher performance and lower-cost products and ser-
vices.

At the same time, the public interest is poorly served when universities grant
to a private firm rights of first refusal to all intellectual property that might follow
from an extremely broad stream of publicly subsidized research—in effect pro-
viding the firm with a windfall and potentially preventing or delaying useful ap-
plication of the resulting intellectual property by other companies.'® Each of the
cases that received extensive public scrutiny has involved different circumstances
and different trade-offs, whose implications for the public interest are difficult to
assess. Nevertheless, universities and other performers of publicly funded R&D
need to recognize and address the public perception that they are giving away the
store.

Patent and Technology Licensing Programs

In 1980, Congress passed amendments to the Patent and Trademark Act,
known as the Bayh-Dole Act (P.L. 96-480). This legislation made it possible for
universities, other nonprofit organizations, and small businesses to retain rights
to most of their federally funded inventions. Universities are granted consider-
able autonomy in commercializing these technologies under the act. In return for
this autonomy, the amendments require that universities meet two provisions.
First, they must give preference to U.S.-based businesses, particularly small com-
panies, in licensing federally funded technologies. Second, they may grant ex-
clusive rights or sell these technologies only to companies willing and able to
manufacture substantially in the United States products embodying the invention
or produced through application of the invention (U.S. General Accounting Of-
fice, 1992).1

In response to this change in law, U.S. research universities have greatly
expanded their patenting and technology licensing programs during the past 14
years. What few data exist suggest that foreign companies played an appreciable
role in this increased activity. A 1991 GAO survey of patent licensing by 35
leading U.S. research universities found that roughly 15 percent (29 of 197) of all
exclusive licenses issued by universities for technologies developed with NSF or
NIH funds were sold to foreign companies (18) or to their U.S. subsidiaries (11)
(U.S. General Accounting Office, 1992).20 As of May 1994, foreign companies
held 21 (or 8 percent) of MIT’s 225 active exclusive licenses. European firms
held 13 of these and Japanese and Canadian firms claimed 4 each. Foreign com-
panies also claimed 23 (roughly 16 percent) of MIT’s 145 currently active nonex-
clusive licenses. By way of comparison, foreign-owned companies held just 3 of
27 active exclusive licenses from the University of California at San Diego, 5 of
65 exclusive licenses from the University of Michigan, and only 1 of 34 active
exclusive licenses issued by the Georgia Institute of Technology.?! Neither the
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GAO data nor those provided by individual research universities provide infor-
mation on the nature or relative importance of exclusive licenses granted to for-
eign and domestic firms.

When universities turn to foreign firms to license their technologies, they
seem to do so for reasons specific to each transaction. In his testimony at a
November 9, 1993, NAE workshop on access by foreign companies to U.S. tech-
nology, John Wiley, then dean of graduate studies and vice president for research
at the University of Wisconsin at Madison, illustrated this point with two ex-
amples. In the first case, the university licensed a technology for making a sili-
con-backbone polymer to a Japanese firm after having spent several years at-
tempting unsuccessfully to interest U.S. chemical, fiber, and other companies in
the process. In the second case, the university licensed to a Japanese pharmaceu-
tical company what turned out to be a highly lucrative patent for a vitamin D
derivative found to be effective in treating osteoporosis in women eating a very
low-fat diet. Given the generally high-fat diet of most Americans, and hence, the
relatively small projected U.S. market for the derivative, no U.S. pharmaceutical
companies were interested in the technology. The Japanese diet, in contrast,
made for a large potential domestic market for the derivative, which made the
patent attractive to the Japanese firm (Wiley, 1993).

Wiley’s comments, as well as those made by other university research ad-
ministrators, suggest that university technology licensing offices generally turn
to foreign licensees as a last resort when no prospective U.S. licensee can be
found.?

Industrial Liaison Programs

Industrial liaison programs (ILPs) charge membership fees to companies in
return for providing them with general access to the results of university research,
to researchers, and to laboratories in specified fields. As part of its 1992 survey
of 35 leading U.S. research universities, GAO gathered information on the growth
of industrial liaison programs. Thirty of these institutions had at least one indus-
trial liaison program. Carnegie Mellon University alone accounted for 59 of 278
such programs that were identified.

Of the 30 universities with ILPs, 24 had a total of 499 foreign companies
enrolled in at least 1 industrial liaison program.?* Nine of the 24 host institutions
reported holding more than $10,000 in stock through endowments in at least one
of the participating foreign companies. FEighteen of the universities surveyed
provide liaison program members, whether domestic or foreign, with access to
the results of federally funded research before those results are made generally
available, while the other 12 institutions do not. Three institutions—MIT,
Stanford, and the University of California at Berkeley, which accounted for 290,
or 58 percent, of all foreign liaison program participants—do not provide ad-
vance access to research results (U.S. General Accounting Office, 1992).24
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Only a few of the universities surveyed reported that they distinguish be-
tween U.S. and foreign companies when reviewing and approving requests to
join their liaison programs, allowing members to participate in program activi-
ties, or assessing membership fees. Both the University of California at Berkeley
and MIT require significantly greater participation fees from foreign companies
than they do from U.S.-owned firms.? The universities of Michigan, Washing-
ton, and Wisconsin, as well as Columbia University, place certain restrictions on
foreign participation in at least one of their industrial liaison programs (U.S. Gen-
eral Accounting Office, 1992).

University-Industry Research Centers®®

University-industry research centers (UIRCs) represent a third channel
through which foreign companies participate in U.S. university-based science
and engineering research. During the 1970s and 1980s, increased support from
state and federal governments fueled a rapid proliferation in the number of UIRCs.
These seed or matching funds encouraged research universities to institutionalize
more formal R&D relationships with private companies. The most aggressive
federal sponsor of UIRCs during the 1980s was the National Science Foundation
(NSF), which helped establish a raft of university-based centers including Engi-
neering Research Centers, Science and Technology Centers, State Industry-Uni-
versity Centers, Industry-University Cooperative Centers, Materials Research
Centers, and Supercomputer Centers.?’

Data gathered by Cohen et al. (1994) from over 1,000 UIRCs based at more
than 200 U.S. university campuses indicate that on average, foreign firms ac-
counted for roughly 12 percent of all companies involved in nearly 470 centers
reporting at least some foreign participation (Table 4.6). Among the 17 technol-
ogy areas identified, the level of foreign involvement exceeded 12 percent in five
areas: biotechnology, pharmaceuticals, biomedicine, chemicals, and agriculture
and food.

For the most part, the policy statements and actions of state governments
appear to support foreign corporate involvement in local research universities.?8
In many if not most instances, however, the federal government restricts or places
conditions on foreign participation in the centers it supports. For instance, the
NSF does not allow foreign governments to participate in the Engineering Re-
search Centers it funds. However, foreign-owned firms ““are not excluded, as
long as the Center can demonstrate that a quid pro quo relationship exists, where
information exchange is substantially equal in both directions.” In fiscal 1994,
NSF classified 9.5 percent of total industrial participation in these centers as for-
eign. Foreign researchers may work in the centers and center researchers may
spend time in labs abroad. Some centers have opted for more restrictive policies
on membership for foreign firms, however.?

Stalson (1989) found that the strongest industry opposition to involvement in
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TABLE 4.6 Foreign Company Involvement in U.S. University-
Industry Research Centers as Percent of Total Industry Participation,
by Technology Area, 1992

Percent Foreign

Technology Area Involvement
Biotechnology 17.4
Pharmaceuticals 16.9
Biomedicine 16.8
Chemicals 15.7
Agriculture and food 13.7
Scientific instruments 11.6
Advanced materials 10.2
Aerospace 9.5
Energy 9.5
Transportation 9.4
Environmental technology and waste management 9.3
Industrial automation and robotics 8.8
Computer software 8.5
Semiconductor electronics 7.7
Telecommunications 6.2
Computer hardware 6.1
Other technology areas 9.2

SOURCE: Wesley Cohen, Carnegie Mellon University, unpublished data.

the university-industry centers came from firms in sensitive, competitive areas or
in fields where the United States was believed to have a strong technological
lead. For example, some U.S. companies involved in semiconductor and micro-
electronics research, magnetics technology, and materials science voiced concern
about foreign companies also participating in these centers.

Industrial Technology Parks

Industrial technology parks established near prominent U.S. research univer-
sities have provided another avenue for foreign access to U.S. R&D. Some states
have established formal parks, such as North Carolina’s Research Triangle Park
(a major center for biotechnology research), to promote state or regional eco-
nomic development. Other de facto technology parks have been developed near
major American research universities by firms seeking to exploit the “dense ex-
ternalities” or “spillovers” that come from daily interaction with university re-
searchers or researchers working for other companies. Dalton and Serapio (1995)
have documented how foreign corporate R&D facilities are clustered around
major U.S. research universities, such as MIT, Princeton, Stanford, and the Uni-
versity of California at Berkeley (Chapter 3, Figure 3.6).
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Data on the scope and nature of foreign company research activities in the
Princeton and Research Triangle Park cases indicate that the R&D investments
appear to be both quantitatively and qualitatively significant, at least for some of
the major foreign firms. For example, although the U.S. R&D laboratories of
most Japanese electronics companies are focused on highly applied research and
have relatively small research staffs and budgets, the NEC Research Institute in
Princeton is a notable exception. As of fiscal 1994, it employed 135 people,
including 78 permanent and 26 visiting technical personnel. The institute had an
operating budget of approximately $20 million, and its staff was engaged in basic
computer and physical sciences research. Siemens Research Corporation, also in
Princeton, had a staff of 145 with an annual budget also in the range of $20
million.30 Research efforts at Siemens have been focused on software engineer-
ing, imagery, learning systems, and optical data processing. At Research Tri-
angle Park, Glaxo, a British chemical and pharmaceutical company, Rhone-
Poulenc and Reichold Chemicals, French and Japanese chemical companies, and
Ciba-Geigy, a Swiss pharmaceutical firm, collectively employ nearly 1,700 re-
searchers (Dalton and Serapio, 1995; Serapio and Dalton, 1994).

Other Forms of Foreign Corporate Participation in U.S. Academic R&D

Beyond the more institutionalized interaction of foreign companies and uni-
versity-based researchers, a variety of relationships has developed in which uni-
versity faculty act as independent professionals—often consultants, advisors, or
board members. In general, American universities do not collect data on such
interactions. However, a 1990 MIT survey of its faculty’s consulting contacts
found that foreign companies accounted for less than one-quarter of all such en-
counters (Massachusetts Institute of Technology, 1991).

In several celebrated instances, foreign-owned companies have hired away
U.S. university-based researchers. For example, when NEC set up its research
laboratory in Princeton, it hired prominent researchers from the University of
California at Berkeley, MIT, AT&T Bell Laboratories, and other top U.S. re-
search institutions to lead its basic research effort in various areas of the com-
puter and physical sciences (Business Week, 1992).

Foreign companies have also made unrestricted gifts, such as endowed sci-
ence and engineering chairs, and have given funds for physical infrastructure to
U.S. research universities. For instance, as of 1991, 30 of the 215 endowed chairs
at MIT were funded by foreign-owned corporations. Here again, however, no
national data are available.

The Special Case of Japanese Involvement in U.S. Research Universities

While limited, existing data suggest that many Japanese-owned companies
pursue more aggressively closer interactions with the U.S. academic research
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community than do their European or U.S. counterparts. The special interest of
Japanese firms in the U.S. academic research enterprise is confirmed in a recent
survey of over 240 leading European, Japanese, and U.S. R&D-intensive compa-
nies that measured the intensity of these firms’ use of universities (mostly U.S.
research universities) for four defined purposes: collaborative research, gleaning
innovative ideas, determining technology trends, and training company personnel
(Figure 4.5). Roberts (1995a) observes that Japanese companies draw upon the
assets of research universities for all four purposes more intensively than do ei-
ther European- or U.S.-owned companies.>! One major exception may be U.S.
academic research in biotechnology, which, according to Dibner et al. (1992),
draws significantly more intensive interaction from the large European pharma-
ceuticals and chemicals companies than it does from the smaller Japanese drug
firms.
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FIGURE 4.5 Use of university resources by North American, European, and Japanese,
and companies, by type of activity, 1992. NOTE: Of 244 companies sampled, useable
responses were received from 95 firms (39 percent), of which 46 were from the United
States (42 percent response), 27 from Europe (34 percent), and 22 from Japan (40 percent).
Most of the university resources cited by survey respondents were located in the United
States. SOURCE: Roberts (1995a).
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FOREIGN PARTICIPATION IN U.S. FEDERAL LABORATORY R&D

Like the nation’s academic research enterprise, the nation’s federal labora-
tory system has experienced growing foreign participation during the past de-
cade. The more than 700 federal laboratories had a combined budget for fiscal
1993 of $23.4 billion. This total includes intramural agency laboratories as well
as federally funded research and development centers (FFRDCs). FFRDCs and
many intramural laboratories are government-owned, contractor-operated facili-
ties managed by universities (e.g., Los Alamos, Lincoln Laboratory), university
consortia (e.g., Brookhaven, Fermilab), industrial contractors operating on a not-
for-profit basis (e.g., Oak Ridge National Laboratory and Sandia National Labo-
ratory), or independent nonprofit organizations (e.g., MITRE Corporation, Draper
Laboratory, RAND). Other intramural agency laboratories are government-
owned and government-operated, such as those at the National Institutes of
Health, National Institute of Standards and Technology, Naval Research Labora-
tory, Naval Surface Weapons Center, and certain facilities at the National Aero-
nautics and Space Administration.

Federal laboratories are diverse in size, character, and mission. Most are
single-office facilities employing a small number of researchers; a small percent-
age are large organizations that employ thousands of scientists and engineers.
Collectively, these laboratories employ roughly 120,000 scientists and engineers
nationwide. In 1993, these institutions performed approximately 18 percent of all
U.S. basic research, 16 percent of all applied research, and 13 percent of all tech-
nology development work (National Science Board, 1993).

A History of Foreign Involvement

With the exception of laboratories performing classified research, U.S. fed-
eral laboratories have traditionally been open to foreign researchers. During the
past 4 decades, the U.S. government has entered into agreements with foreign
governments that have allowed thousands of non-U.S. researchers to work at fed-
eral laboratories. During the 1960s and 1970s, the responsibilities of the federal
laboratory system grew to include the construction and operation of major user
facilities, such as particle and photon accelerators, environmental research parks,
and materials laboratories. These new facilities opened the laboratory system
increasingly to U.S. and foreign researchers from industry and academe.

Since 1980, growing concern about the nation’s international competitive-
ness has led the federal government to take a number of steps designed to in-
crease the extent to which federal laboratories support the activities of U.S. in-
dustry. These have included the creation of offices of technology transfer in the
federal laboratories, changes in patenting and royalty mechanisms that allow com-
panies to acquire exclusive licenses and permit federal laboratory researchers to
receive a percentage of royalties from commercialized technology, and reimburse-
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ment schemes that allow private companies to conduct proprietary research at
federal user facilities, such as the synchrotron light source at Brookhaven Na-
tional Laboratory. Growing numbers of domestic and foreign visiting research-
ers have been drawn to the federal laboratories, as these facilities have moved
into the business of technology transfer and technical support to U.S. industry.

By the mid 1980s, visiting researchers accounted for a significant share of
the work conducted at federal laboratories. In its study of foreign participation in
50 federal research laboratories, GAO (1988b) reported that in addition to perma-
nent laboratory employees, 4,657 U.S. and 3,597 foreign visiting researchers con-
ducted R&D at these laboratories in fiscal 1986. Fifty percent of the visiting U.S.
and 57 percent of the visiting foreign researchers were affiliated with universities
and other nonprofit organizations. There were more Japanese, 758 (13.4 percent
of the total pool of visiting foreign scientists), conducting research at the 50 fed-
eral laboratories than any other nationality. There were 448 researchers from the
United Kingdom and 438 from the People’s Republic of China.

From 1988 to 1991, the Department of Energy’s (DOE) 10 multiprogram
laboratories, operating with an annual budget of $6.2 billion and a total staff of
roughly 52,300, hosted 11,000 visiting foreign scientists and engineers.3> Ap-
proximately one-third of the visitors came from Japan. Two DOE laboratories,
Lawrence Livermore National Laboratory and Los Alamos National Laboratory
(LANL), hosted half of all foreign visiting researchers during the 3-year period
(National Research Council, 1994a).

From 1988 to 1990, LANL hosted 4,000 foreign visitors, 700 of them Japa-
nese. The primary focus of foreign visiting researchers’ activity at LANL has
been basic research. Japanese visitors to LANL have been characterized by the
laboratory’s administrators as “more strategic’—that is, more focused in their
approach and better prepared to identify and pursue research and technologies of
potential commercial importance—than other visiting foreign scientists. In addi-
tion to their interest in basic research, the Japanese scientists have also followed
closely U.S. advances in the modeling of computer software codes and in laser
sciences, particularly photolithography (National Research Council, 1994a).

In 1993, NIH, with a total resident technical staff of approximately 16,000,
hosted approximately 1,700 foreign visiting researchers as part of its visiting fel-
lows, visiting associates, and visiting scientists programs. As participants in these
programs, foreign researchers generally spend 2 years or longer at NIH engaged
almost exclusively in basic research. Stipends and salaries are provided by the
agency. In order to participate, visiting researchers must agree to certain intellec-
tual property rights provisions. Together, Japanese and Chinese scientists ac-
counted for over one-third of participants in the program (Table 4.7). Although
NIH lacks complete data on the institutional affiliation of foreign visitors, the
agency estimates that only 4 percent of visiting researchers from Japan were from
private industry.33

In its 1988 survey, GAO found that research administrators and managers at
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TABLE 4.7 Participants in NIH Visiting Scientist
Programs, Top 10 Countries, Fiscal 1993

Country Number®
Japan 325
China 287
Italy 131
Korea 105
India 94
Russia 92
United Kingdom 86
France 77
Germany 77
Israel 75

aU.S. permanent residents not included in count.

SOURCE: National Institutes of Health, unpublished data.

federal laboratories supported the open exchange of information with foreign re-
searchers in basic scientific fields. However, in fields with commercial potential,
research managers and administrators at NIST (then the National Bureau of Stan-
dards), Langley Research Center, Oak Ridge National Laboratory, and Sandia
stated that they gave preferential access to U.S. researchers and organizations and
carefully reviewed requests for access by foreign researchers and organizations
(U.S. General Accounting Office, 1988b).

Foreign Corporate Participation in Federal Laboratories

In recent years, several federal laboratories have also entered into formal
relationships with foreign-owned companies as part of broader efforts to collabo-
rate more with U.S.-based industry in areas of precompetitive, commercially rel-
evant R&D. Since the late 1980s, for example, several federal labs have signed
cooperative research and development agreements (CRADAs) with foreign com-
panies.>* Between March 1988 and January 1995, NIST negotiated over 500
CRADAs, 34 of them with foreign companies. Over the same period, NIH en-
tered into 237 CRADAs, 26 of which were with foreign companies, 6 of these
Japanese. Argonne National Laboratory and Oak Ridge National Laboratory have
negotiated 92 and 108 CRADAs, respectively, and each has 2 CRADAs with
foreign companies.3?

Federal laboratories that wish to grant exclusive licenses for their technol-
ogy to or engage in CRADAs with private organizations “must give preference to
business units located in the United States that agree that products embodying
inventions made under the [CRADA] or produced through the use of such inven-
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tion will be manufactured substantially in the United States.” In addition to this
economic performance requirement, federal laboratory directors must consider
whether the home governments of would-be foreign participants “permit and en-
courage United States agencies, organizations, or other persons to enter into co-
operative research and development agreements and licensing arrangements on a
comparable basis; . . . have policies to protect the United States intellectual prop-
erty rights; and, for classified or sensitive research, whether the foreign govern-
ment has adopted adequate measures to prevent the transfer of strategic technolo-
gies to destinations prohibited under U.S. national security export controls.”3¢

Implementation of the “substantial U.S. manufacturing” requirement has
been approached differently by different agencies. NIST, for example, allows its
eight laboratory directors considerable discretion in the negotiation of CRADAs,
including authority to decide whether the participation of a U.S. multinational
company or foreign-controlled firm complies with the letter and spirit of the law.
If a laboratory director considers a CRADA proposal to be particularly sensitive,
he or she can request direction from the NIST Director.3

In contrast, DOE, whose 10 multiprogram laboratories had entered into over
1,200 CRADAs as of early 1995, allows less discretion to its contractor-operated
labs in the negotiation of CRADAS in general and in the implementation of per-
formance requirements in particular. Exercising a higher degree of centralized
control, the DOE initially developed strict guidelines for compliance with the
“substantial U.S. manufacturing requirement’’ (referred to as the U.S. Competi-
tiveness Article within the modular CRADA), extending its scope to include all
intellectual property generated under a CRADA, including subject inventions,
patents, copyrights, trademarks, protected CRADA data, and mask works. Fur-
thermore, these early DOE guidelines stipulated that such intellectual property
should be practiced only in the United States.

Both large and small U.S. companies expressed concern about the highly
restrictive nature of DOE’s initial set of guidelines, which they believed would
weaken their ability to compete globally. Required to manufacture some prod-
ucts abroad in order to meet foreign content laws, provide just-in-time delivery
services, and maintain competitive freight charges, and unwilling to accept whole-
sale liens on CRADA-related intellectual property, the big three U.S. automakers
and the nation’s leading computer manufacturers insisted that the competitive-
ness article be waived or modified in the DOE CRADA agreements.’® Several
major U.S. multinational companies have indicated that delays in the CRADA
negotiation process related to the U.S. competitiveness article discouraged them
from concluding CRADAs with DOE.

In 1993, DOE took steps to streamline the CRADA negotiation process in
response to criticisms that its procedures were too bureaucratic and time-consum-
ing. In the process, the agency also added some flexibility to the U.S. competi-
tiveness article by defining a process and general criteria by which a would-be
CRADA participant could satisfy the performance requirement without acceding
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to the highly restrictive “sample language” or the all-inclusive definition of intel-
lectual property.?® However, in order to take advantage of these alternative eligi-
bility guidelines, DOE still must approve the company’s eligibility before the
firm and laboratory can proceed with their joint work statement (U.S. Department
of Energy, 1993). In short, this requirement continues to impose significant de-
lays on the CRADA negotiation process for firms that will not accept the “sample
language.”

Subsequent to the introduction of performance and reciprocity requirements
for foreign-controlled firms into CRADA regulations, the federal government has
extended similar requirements to cover a range of financial-assistance agreements,
such as contract research, joint ventures, and research grants, between federal
laboratories and private companies.*® Most noteworthy in this regard is the En-
ergy Policy Act of 1992, which includes more detailed economic performance
requirements for participating firms as well as more extensive reciprocity re-
quirements for foreign-controlled firms.*! With regard to the latter, DOE is obli-
gated to determine whether the prospective foreign participant’s home govern-
ment: allows U.S.-owned companies opportunities, comparable to those afforded
to any other company, to participate in any government-sponsored joint ventures
similar to those authorized under the act; affords U.S.-owned companies local
investment opportunities comparable to those afforded foreign firms in the United
States; and affords adequate and effective protection for the intellectual property
of the U.S.-owned companies.

Several large U.S.-owned companies have criticized DOE for lax and incon-
sistent enforcement of the eligibility requirements set forth in the Energy Policy
Act of 1992. General Electric cited both the performance requirements and the
reciprocity provisions of section 2306 of the act when it objected to DOE plans to
include the European-based company Asea Brown Boveri in a program launched
in 1993 to develop advanced gas turbine concepts under a cost-sharing agreement
with the agency.*?> Similarly, AlliedSignal Incorporated, also citing section 2306,
has objected to Oak Ridge National Laboratory’s decision to include a Japanese
company, Kyocera, in an advanced ceramics research project.*3

FOREIGN PARTICIPATION IN RECENT FEDERAL
INDUSTRIAL TECHNOLOGY INITIATIVES

Federally funded industrial R&D programs and consortia, such as the De-
partment of Commerce’s Advanced Technology Program (ATP), the Technology
Reinvestment Project (TRP), administered by the Advanced Research Projects
Agency (ARPA), the Semiconductor Manufacturing Technology Research Cor-
poration (SEMATECH), and the U.S. Display Consortium (USDC), also have
received considerable attention with regard to foreign corporate participation.
These initiatives are among the most high-profile elements of recent efforts by
the federal government to expand its support of industrially relevant civilian tech-
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nology development and application (Advanced Research Projects Agency, 1993;
Committee on Science, Engineering and Public Policy, 1992; National Academy
of Engineering, 1993).

The ATP was established under the 1988 Trade Act to fund R&D in busi-
nesses, especially small and medium-sized companies. The goal of ATP is to
help firms develop generic, precompetitive technology that will stimulate high-
risk, high-potential products, processes, and technologies. Eligibility require-
ments for foreign firms wishing to participate in the program are set forth in the
1991 Technology Administration Authorization Act and are identical to those of
the 1992 Energy Policy Act.** The Commerce Department decides whether a
foreign-owned company is eligible to participate in the program on a case-by-
case basis. Since the program’s inception in 1990, 15 of 413 participating orga-
nizations in ATP have been foreign owned.*

Thus far, ATP administrators have not found it difficult to implement the
eligibility requirements for foreign-owned firms (U.S. General Accounting Of-
fice, 1994a). However, it is generally acknowledged that the uncertainties sur-
rounding the certification process, particularly those related to reciprocity, tend
to discourage foreign-owned firms from applying for ATP funds. It is notewor-
thy that while foreign-owned firms represented only 3 percent of organizations
competing for ATP funds in 1994, half of these companies received ATP awards
compared with only 7 percent of all other applicant organizations.*¢

The TRP was launched in March 1993 with a budget of $472 million “to
stimulate the transition to a growing, integrated, national industrial capability”
through the support of technology development and deployment activities of U.S
companies. The TRP, managed by ARPA in cooperation with five other federal
agencies, elicited more than 2,800 proposals during its first phase. As of October
1994, the program had funded on a cost-sharing basis 212 projects involving
1,631 organizations, only five of which were foreign firms. Two of those, Mitsui
Engineering and Shipbuilding (Japan) and Kvaerner Masa Marine (Canada), are
involved in the TRP project designed to help Bath Iron Works Corporation of
Maine diversify and modernize its shipbuilding operations to compete more ef-
fectively in the global commercial shipbuilding market.*’ Foreign firms seeking
to participate in a TRP consortium must meet eligibility requirements that are
basically the same as those for the ATP.*8 However, regardless of the nationali-
ties of the countries participating, only U.S.-owned firms may submit proposals.

Unlike the ATP and the TRP, most of the publicly subsidized industry-led
R&D consortia established in the United States during the past decade have not
permitted foreign membership, although some nevertheless involve foreign firms.
One such example is SEMATECH, a consortium of 14 U.S. semiconductor manu-
facturers founded in 1987 to provide U.S. manufacturers with the capability to
achieve world leadership in semiconductor manufacturing technology by 1993.
Since 1988, DOD has provided half of SEMATECH’s $200 million annual oper-
ating budget.* Membership in the consortium is restricted to U.S.-owned com-
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panies. However, SEMATECH has entered into technical alliances with its Eu-
ropean counterpart, the Joint European Semiconductor Submicron Initiative
(JESSI). Furthermore, most of the U.S. companies participating in the consor-
tium are extensively involved in various types of commercial and technical alli-
ances with foreign firms.30

The U.S. Display Consortium (USDC), another industry-led, public-private
partnership, was launched in mid-1993 with $20 million in public funds “to orga-
nize the U.S. manufacturing expertise to develop the U.S. infrastructure required
to support a world-class manufacturing capability for high definition displays in
the United States.” To achieve this, the USDC brings together 13 flat-panel dis-
play manufacturers and developers, 52 flat-panel display equipment and materi-
als suppliers, the flat-panel display user community, and the U.S. government.
Membership in the consortium is currently limited to U.S.-owned firms.>!

THE IMPLICATIONS OF FOREIGN PARTICIPATION
IN PUBLICLY FUNDED U.S. R&D

There are three major concerns about foreign participation in publicly funded
U.S R&D. The first is that foreign students, researchers, and companies take
away more technology, know-how and, most importantly, economic value (jobs
and profits) from their involvement in U.S. publicly funded R&D than they give
back to the United States. The second is that other nations’ publicly funded
R&D, conducted outside the United States, is not as accessible to U.S. citizens,
particularly U.S.-owned firms, as is U.S. publicly funded R&D to foreign enti-
ties. The third is that foreign governments, or more specifically, foreign taxpay-
ers, may not be carrying their fair share of the global basic research burden. The
following discussion addresses in turn each of these concerns and their associated
implications.

Is the Quid Pro Quo Adequate?

There is no quantitative way to determine whether or not the United States
receives benefits commensurate with those derived by foreign students, research-
ers, and corporations from their access to and participation in U.S. publicly funded
research. It is possible, however, to review the costs and benefits of different types
of foreign R&D involvement, both to foreign nationals, those who carry out publicly
funded U.S. research, and U.S. citizens. Such an analysis suggests that some
forms of foreign participation yield a more adequate quid pro quo than others.

Foreign Graduate Students, Postdoctoral Researchers, and
Long-Term Visiting Researchers

Clearly, foreign students, postdoctoral researchers, and other long-term vis-
iting researchers derive many benefits from their involvement in publicly funded
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U.S. research at universities and federal laboratories. They receive what many
consider to be the world’s finest advanced training in science and engineering,
much of it subsidized directly or indirectly by U.S. taxpayers.>?> In the process,
they are given access to cutting-edge research and knowledge in many fields. In
some cases, such as university-industry research centers and federal laboratories
involved in CRADAs, they also have access to the proprietary research of U.S.-
owned firms. Many of these foreign researchers or newly minted Ph.D.s return
eventually to their home country and take with them the skills and specialized
knowledge acquired in the United States—skills and knowledge likely to be em-
ployed by the foreign competitors of many U.S.-owned companies.

Although difficult to quantify, the nation’s heavy reliance on foreign-born
graduate students, postdoctoral researchers, and faculty may entail certain liabili-
ties. Some argue, for instance, that the large presence of foreign faculty and
teaching assistants in U.S. engineering programs may contribute to cultural ten-
sion and language barriers that discourage U.S.-born students, particularly women
and ethnic minorities,>? from pursuing engineering degrees. Others contend that
foreign students are taking slots in graduate schools and jobs in the U.S. workforce
that otherwise would go to Americans. Still others believe that the availability of
abundant foreign talent may be allowing U.S. universities and the nation’s educa-
tional establishment generally to avoid addressing fundamental problems in the
U.S. educational system.>*

While some of these arguments are more compelling than others, the com-
mittee remains convinced that foreign students and long-term visiting researchers
are an indispensable asset to U.S. university and federal laboratory research. As
key members of U.S. science and engineering departments, foreign graduate stu-
dents and postdoctoral researchers represent the underpinning of many advanced
research projects. Without them, laboratories would have difficulty raising re-
search support from government, industry, and internal sources. These research
programs, in turn, induce high-quality faculty to stay.

Numbers alone confirm the important role of foreign postdoctoral research-
ers and long-term visiting researchers in the work of federal laboratories. In the
DOE multiprogram labs, for example, there is on average one foreign visiting
scientist or engineer for every five members of the resident technical staff. Simi-
larly, the NIH hosts about one long-term foreign visiting researcher for every
eight members of its resident staff. Foreign postdoctoral researchers and long-
term visiting researchers have made numerous intellectual contributions that have
strengthened U.S. university-based research. These investigators come from both
companies and nonprofit institutions. Some examples include Tokyo Electric
Power researchers’ work in MIT’s power engineering laboratory; Japanese con-
struction company researchers’ contributions to civil engineering research at MIT,
Purdue, and Stanford (Stalson, 1989); the contributions of French, Canadian,
German, and Japanese researchers—from academe, industry, and government—
to research at the Center for Ultrafast Optical Science at the University of Michi-
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gan, Ann Arbor (U.S. Congress, House, 1993); and the critical role of Japanese
scientists and engineers in the research program of the Kent State University’s
Liquid Crystal Institute.”

Furthermore, laboratory administrators attest to the significant intellectual
contributions made by many of their foreign visiting researchers. In response to
a 1988 GAO survey, a majority of the federal laboratory directors contacted con-
cluded that overall “the federal laboratories and the United States benefitted more
than foreign researchers and their countries through the collaboration on research
and development” (U.S. General Accounting Office, 1988b). More recently, at a
National Research Council workshop on Japanese participation in U.S. federal
laboratories, an administrator at Sandia National Laboratory observed that “(f)or-
eign visitors, Japanese, Germans, and others . . . combine interest in what is being
done at Sandia with competence in the field and provide a stimulus which encour-
ages Sandia researchers to innovate” (National Research Council, 1994a). At the
same workshop, a representative from Pacific Northwest Laboratory noted that
“[clompared to American companies, the Japanese send better-trained, better-
educated people to the lab, and they are more proactive in seeking access to the
lab.”

Once they graduate, foreign-born students may continue to benefit their host
institutions. If foreign alumni stay on as faculty, they are often able to use their
ties to their home countries to attract the next generation of foreign talent and to
help lure research projects and other funds from firms and government agencies.
If they leave the university for positions in U.S. or foreign industry, they are
likely in the future to turn to their former graduate institutions to hire graduates,
contract research, or seek technical assistance. Finally, like U.S.-born alumni,
foreign graduates provide funds for endowed chairs, scholarships, and new or
renovated facilities, and they encourage their employers to do likewise. ©

U.S. industry also derives many benefits from the presence of foreign sci-
ence and engineering students and faculty. Currently, more than half of foreign
engineering graduate students enter and remain part of the U.S. engineering
workforce for at least 2 years after graduation (Finn et al., 1995; National Science
Foundation, 1993a). As of 1989, more than 10 percent of all doctoral-level engi-
neers employed in the United States were foreign nationals (Figure 4.6). U.S.
companies may also derive indirect benefits from repatriated foreign alumni. Itis
claimed, for example, that the entire energy establishment of South Korea is run
by graduates of Rensselaer Polytechnic Institute and MIT and that all senior civil
engineering experts in the People’s Republic of China are Cornell graduates. Pre-
sumably, these individuals’ educational experience in the United States would
make them more inclined to call on U.S. firms when considering sources for
foreign equipment and technology (Stalson, 1989).

The benefits reaped by U.S. industry and the U.S. economy as a whole from
the inflow of foreign talent, however, are greater than numbers alone suggest.
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FIGURE 4.6 Non-U.S. citizens as a percent of employed Ph.D. scientists and engineers
in the United States, total and by field, 1989. SOURCE: National Science Foundation
(1993a).

Foreign-born graduates of U.S. universities constitute a large pool of elite techni-
cal talent with special knowledge of their nation’s or region’s cultures, languages,
political economies, and markets—knowledge that is particularly valuable to U.S.
firms as economic competition becomes increasingly global.

In conclusion, the committee is convinced that the participation of foreign
graduate students, postdoctoral researchers, and other long-term visiting research-
ers in U.S. academic and federal laboratory research has yielded significant net
benefits to the U.S. economy and national innovation system.
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Short-Term Visiting Researchers

In contrast, the committee believes that short-term foreign visiting research-
ers—those whose stay in the United States lasts between 3 months and 1 year—
are likely to take away from U.S. research universities and federal laboratories
more than they contribute to them. There are few data on the number of short-
term visitors to U.S. universities and federal laboratories, and the committee
knows of no systematic effort to prove or disprove the more “extractive” charac-
ter of foreign short-term visiting researchers. However, committee members who
have hosted foreign visiting researchers at their institutions note that those indi-
viduals climb a very steep learning curve during the first 10 to 12 months in their
host laboratories. They are therefore less likely to make significant contributions
to the work of the host lab if their tenure is less than a year. Presumably, steep
learning curves also diminish the ability of short-term visitors to extract intellec-
tual assets from their host institutions. However, anecdotal evidence suggests
that some short-term foreign visitors have been particularly aggressive in collect-
ing and transmitting back to their home institutions information about their U.S.
host organization’s research activities (National Research Council, 1994a). More-
over, the fact that each foreign visiting researcher has access to the work and
talents of multiple resident U.S. researchers bespeaks an inherent imbalance in
the flow of ideas and information between visitors and their host institutions in
any individual transaction.

Foreign Corporate Participation in Publicly Funded U.S. R&D

Foreign-owned firms have benefitted from participating in publicly supported
U.S. R&D in several ways. They have gained access to many of the world’s
leading researchers in various fields of science and engineering and have been
able to assess and acquire intellectual property and human capital outputs of U.S.
public R&D activities. To a certain extent, involvement in publicly funded re-
search has also provided those companies another window on the R&D activities
of U.S.-owned firms engaged in collaborative research at university research cen-
ters or federal laboratories. Although it is impossible to place an economic value
on these benefits, the committee believes they are greater than the current scope
of foreign corporate participation—measured in terms of research sponsored, re-
search personnel exchanged, and technology licenses acquired—suggests.

Through their participation in the research activities of U.S. universities and
federal laboratories, foreign corporations undoubtedly extract more intellectual
property from the United States than they would in the absence of such ties. It is
equally certain, in the view of the committee, that in some cases, foreign-owned
firms and their stakeholders have benefitted at the expense of American firms and
stakeholders.

At the same time, the committee firmly believes that the flow of knowledge
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and technology between foreign firms and U.S. universities and federal laborato-
ries is not unidirectional and that foreign firms, through their participation in U.S.
research, return economic value to U.S. citizens in many different ways. Numer-
ous case examples confirm that foreign-owned firms have contributed material
support as well as intellectual resources to U.S. research universities and federal
laboratories. This has enhanced the productivity and quality of these institutions’
research efforts, thereby strengthening the nation’s overall research infrastruc-
ture.’’

Furthermore, whether foreign companies receive more from U.S. universi-
ties and federal laboratories than they contribute to these institutions says very
little about the impact of foreign involvement in this research on the welfare of
Americans. There is some evidence suggesting that the foreign-owned compa-
nies with the most extensive ties to U.S. publicly funded research institutions also
tend to have significant U.S.-based manufacturing and R&D operations.’® These
operations employ U.S. citizens, buy from U.S.-based suppliers and equipment
vendors, import as well as generate technology and know-how applied within the
U.S. economy, and pay U.S. taxes.

Even if foreign companies commercialize abroad intellectual property li-
censed from U.S. publicly funded research institutions, it should not be assumed
automatically that their gain represents a loss for the United States. In some
instances, foreign firms have acquired or licensed technology generated with U.S.
public funds and gone on to develop and commercialize the technology over-
seas.”® Yet, as noted, foreign-based licensees have also enabled publicly funded
research institutions to earn revenues on technology that otherwise would not
have been commercialized. Moreover, by commercializing this otherwise un-
exploited technology, foreign firms have in some cases helped supply U.S. citi-
zens with better or cheaper goods or services.®0

As far as the transfer of codified technology is concerned, those who oversee
the technology licensing offices of U.S. universities and federal laboratories sug-
gest that foreign-owned companies are for the most part “customers of last resort”
for U.S. government-subsidized intellectual property (U.S. General Accounting
Office, 1988b; Wiley, 1993). That is, these companies license technology that no
U.S.-owned company is willing to invest in.

In addition to their preference for dealing with U.S.-based firms, U.S. re-
search universities and federal laboratories, in the committee’s judgment, have
generally made good-faith efforts to comply with federally mandated economic
performance requirements. There have been several well-publicized instances in
which publicly supported U.S. R&D institutions have negotiated R&D coopera-
tion or licensing agreements with foreign firms that do not appear to be in the best
interests of the United States. The committee believes that these cases are the
exception rather than the rule.%!

Increased fiscal austerity at the federal level, defense downsizing, and grow-
ing pressure on publicly funded research institutions to contribute to national and
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regional economic development have made research universities and federal labo-
ratories aware of the need to demonstrate their service to the nation’s economic
interests. Moreover, these publicly funded institutions and their foreign corpo-
rate customers or patrons appear equally aware of the public-relations hazards
associated with involving foreign firms in publicly supported research. As a
result, they exercise considerable care to avoid even the appearance of impropri-
ety.%2 Indeed, the negative fall-out from the few high-visibility cases has, in the
committee’s opinion, discouraged foreign corporate involvement in U.S. govern-
ment-subsidized R&D.

At the same time, the manner in which some federal agencies have enforced
the performance requirements embodied in recent technology transfer legislation
suggests they may be overreaching in their efforts to keep the economic benefits
of public R&D spending within the United States. Some agencies have devel-
oped economic performance criteria and procedures to enforce them that in the
committee’s view, are fundamentally at odds with the competitive R&D and tech-
nology management practices of multinational companies, strongly discourage
foreign corporate involvement, and are at times in conflict with the core missions
of the agencies themselves. In order to engage U.S.-owned multinational compa-
nies in CRADAs and other forms of collaborative R&D, some agencies have, on
a case-by-case basis, made a more liberal interpretation of what constitutes an
adequate economic quid pro quo. Nevertheless, extensive restrictions—invoked
in the name of U.S. economic interests—on private-sector use of publicly subsi-
dized intellectual property continue to discourage leading U.S.-owned high-tech-
nology companies from collaborating with federal laboratories.

With respect to foreign-owned firms, the interpretation and enforcement of
economic performance requirements by various federal agencies appear to be
particularly vulnerable to political and legal challenges from without. Hence,
these requirements serve to discourage the involvement of foreign-owned firms
that might otherwise seek to participate in publicly funded U.S. R&D. Given the
growth of technical competence overseas and the prominent role of U.S.- and
foreign-owned multinational companies in areas of R&D and technology of di-
rect relevance to the core missions of U.S. federal agencies, the committee be-
lieves it is not unreasonable to question whether economic performance require-
ments as currently administered truly serve the nation’s interests.

Reciprocal Access to Publicly Funded Foreign R&D

Reciprocal access describes, in a comparative way, the access U.S. and foeign
citizens have to one another’s R&D enterprises. In part because the costs and
benefits to the United States in this area are difficult to quantify, reciprocal, or
“equitable,” access is viewed by many U.S. policymakers as an important indi-
rect measure of whether foreign participation in the U.S. R&D enterprise is an
asset or a liability. Not only does a lack of reciprocal access offend the American
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public’s sense of fairness, it may also reduce the ability of U.S.-owned firms to
compete internationally. Inspired by this reasoning, U.S. lawmakers have made
reciprocal access a prerequisite for foreign corporate participation in many areas
of publicly funded U.S. R&D.53

Several recent surveys suggest that U.S. government, academic, and indus-
trial researchers have had few problems accessing research capabilities and ac-
tivities within academic and government-operated laboratories abroad. For ex-
ample, an informal survey (National Science Foundation, 1990b) of U.S.
companies with foreign R&D operations in 1990 found that all sponsored univer-
sity-based research in their host countries. None of the firms noted any problems
establishing relationships with universities in Europe, Canada, South America, or
Australia. Of 26 officials interviewed, three said their efforts to tap Japanese
university research met with some government resistance.®* At the same time,
others have found that U.S. and European companies invest considerably less
effort drawing on the research capabilities of U.S. research universities than do
their Japanese competitors (Roberts, 1995a).

A 1988 GAO survey found that research managers and administrators at
eight federal laboratories did not have “difficulty getting access to foreign labora-
tories and that, except for some isolated instances, foreign researchers have readily
exchanged information with federal laboratory researchers” (U.S. General Ac-
counting Office, 1988b). In 1989, researchers at NIST reported that they had
good access to Japanese national laboratories, including those of the Ministry for
International Trade and Industry (MITI) and Nippon Telephone and Telegraph
(NTT) (National Research Council, 1989a).

What little information exists concerning access by U.S. industry-based re-
searchers to foreign government laboratories suggests that at least for intramural
research activities, accessibility has not been a problem. As noted by a National
Research Council report on U.S. access to Japanese government laboratories, the
principle concern may be inadequate exploitation of foreign laboratories by U.S.
researchers, not lack of access (1989a). To address this concern, the National
Science Foundation and other federal agencies have initiated programs designed
to encourage U.S.-based researchers from academe, industry, and government to
spend time working in foreign research institutions.5

Access by U.S.-owned companies to government-funded industrial R&D
consortia in Europe appears to be fairly comparable to access by foreign-owned
firms to consortia in the United States. Participation in European Community
research and development (EC R&D) programs, for example, is open to all legal
entities established and regularly carrying out research within member countries.
Moreover, all contractors taking part in community-funded R&D are obligated to
exploit the results of that work “in conformity with the interests of the commu-
nity.”% As of 1993, 25 U.S.-owned companies had participated in 53 projects
(roughly 5 percent of all projects) of the community’s largest research program,
the European Strategic Programme for Research and Development in Informa-
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tion Technology. Atleast 1 U.S. company is participating in each of the 14 other
EC R&D programs.®’ The policies of EC member states regarding foreign par-
ticipation in national R&D programs appear to be consistent, at least on paper,
with those of the EC. These policies require that corporate participants be estab-
lished in the sponsoring country and exploit resulting intellectual property in a
manner consistent with the sponsoring nation’s interests.%8

In Japan, access by foreign firms to publicly funded industrial R&D pro-
grams appears more tightly regulated than it is in the United States or in the
European Community. Much more than its American or European counterparts,
the Japanese government uses privately owned industrial consortia to plan, ex-
ecute, and supervise most of the nation’s investment in industrially relevant R&D.
For the most part, U.S. and European Community R&D programs award extra-
mural grants and contracts through relatively transparent and competitive selec-
tion processes. That is, firms, universities, and other nonprofit research organiza-
tions compete for funding by submitting proposals that are then evaluated for
their relative merit by panels of experts. In contrast, the development and imple-
mentation of publicly funded industrial R&D programs in Japan is characterized
by a more closed and arguably more strategic process of project and participant
selection. Leading Japanese companies in a particular technology area negotiate
the establishment and funding of particular research programs with MITI or other
government agencies (Hane, 1993; Heaton, 1988).

In Japan, foreign firms are generally not directly involved in the planning of
a particular research program, but some, including U.S. companies, have been
invited specifically to participate in certain initiatives because of the particular
expertise they bring to the table. For example, MITI invited Motorola to partici-
pate in the research consortium on micromachine technology, Texas Instruments
was asked to join the MITI program on atomic manipulation, and IBM joined an
agency-supported research program on fuzzy logic.®® However, as suggested by
repeated unsuccessful attempts by the U.S. company AlliedSignal Inc. to join a
MITI-sponsored research program on advanced structural ceramics, the alloca-
tion of public research contracts and grants in Japan is not decided through a
transparent competitive process solely on the relative technical and economic
merits of the research proposals submitted.”®

There is little doubt that international asymmetries of access to publicly
funded research persist and impose costs (however difficult to measure) on U.S.
citizens. The committee is not convinced, however, that recent U.S. government
attempts to redress these asymmetries through the introduction of reciprocity re-
quirements in federal R&D legislation are a constructive response. Indeed, reci-
procity requirements, in concept as well as implementation, appear to be fraught
with many more liabilities and hazards for the United States than are economic
performance requirements.

First, conditioning the nondiscriminatory treatment of foreign-owned firms
on their home governments’ compliance with U.S. laws contradicts a longstanding
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commitment of the United States to the unconditional “national treatment” of
multinational enterprises, a principle of international economic intercourse that
the United States—with good reason—has long urged other nations to abide by.”!
Indeed, there is some evidence the inclusion of reciprocity requirements in osten-
sibly “domestic” legislation has encouraged at least a few major U.S. trading
partners to consider introducing similar rules.”?

Second, the process of assessing whether a particular firm’s home country is
in compliance with each of the various reciprocity requirements is cumbersome,
time consuming, and very difficult to administer. Enforcement is made all the
more difficult by the fact that federal agencies are called upon to render judg-
ments in areas of policy where it is often difficult to determine what constitutes
“comparable investment opportunities” or “adequate protection of U.S. intellec-
tual property.” The vagueness of these requirements has made it possible for
some U.S.-owned companies to challenge both the eligibility of particular for-
eign firms to participate in the U.S. R&D enterprise as well as the enforcement
processes of some federal agencies. The committee believes that these chal-
lenges have had a chilling effect on the interest of foreign-owned firms (as well as
of federal R&D administrators) in participating federally funded R&D initiatives.

Given the differences in the structure and scale of publicly funded R&D
activities among countries, the value to the United States of having reciprocal
access will vary. In Japan, for instance, a much smaller share of leading-edge
basic or generic research is reportedly conducted within publicly funded institu-
tions than is true in the United States. Such asymmetries shift the debate for some
from reciprocal access to the broader issue of international burdensharing in basic
research.

International Burdensharing in Basic Research

In terms of its scale, scope, accessibility, and productivity, U.S. basic re-
search is globally preeminent. It is clear that foreign companies and countries
draw more heavily on the results of publicly funded U.S. basic research than the
United States or U.S. companies do on the research output of publicly funded
research abroad. Nonetheless, international comparisons of R&D expenditures
confirm that most of America’s important trading partners invest as much if not
more of their gross national product in basic research than does the United States
(Table 4.8).

Japan is an important exception to this general trend, spending a smaller
share of its gross domestic product and nearly half as much per capita on basic
research as the United States (Irvine et al., 1990). Given Japanese companies’
success in accessing U.S. basic research, the relatively low level of Japanese
basic research spending has been particularly disturbing to many observers, who
see it as evidence of Japanese free riding on the basic research output of others.
This negative perception is compounded by the widely held view that much of
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TABLE 4.8 Government Expenditures on Academic Academically Related
Research as a Percentage of GDP and Per Capita, 1987

Expenditure as Expenditures
a percentage per capita
of GDP (1987) (1987 $4)
United Kingdom 0.211 26.1
Germany 0.261 34.7
General France 0.135 17.2
university Netherlands 0.329 40.3
funds United States 0.070 12.7
Japan 0.156 20.6
United Kingdom 0.083 10.3
Germany 0.090 11.9
Separately France 0.140 17.9
Academic budgeted Netherlands 0.106 13.0
research research United States 0.223 40.6
Japan 0.055 7.3
United Kingdom 0.295 36.4
Germany 0.351 46.7
Subtotal France 0.275 35.0
Netherlands 0.435 533
United States 0.293 533
Japan 0.212 27.9
United Kingdom 0.103 12.7
Academically Germany 0.145 19.3
related France 0.178 22.7
research Netherlands 0.098 12.0
United States 0.043 7.9
Japan 0.021 2.7
United Kingdom 0.398 49.1
Germany 0.496 66.0
Total France 0.453 57.7
Netherlands 0.532 65.3
United States 0.336 61.1
Japan 0.232 30.6

4Spending in national currencies converted to U.S. dollars using OECD ‘purchasing power pari-
ties’ for 1987 calculated in early 1989.

SOURCE: Irvine et al. (1990).
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what the Japanese classify as basic research is, in fact, more application oriented
and proprietary in character than similar research conducted by other advanced
industrial economies. Moreover, many believe that the most important basic re-
search in Japan takes place within closed corporate laboratories rather than in the
more open and accessible publicly supported research institutions (Hicks, 1994;
Hicks and Hirooka, 1992).

SUMMARY

The participation of foreign individuals and institutions in publicly funded
R&D activity in the United States appears to be extensive and growing. Govern-
ment surveys of the number of foreign graduate students, postdoctoral research-
ers, and other visiting researchers at U.S. universities and federal laboratories
document a significant increase in the level of foreign involvement since the mid-
1970s. At the same time, meaningful data on the scope, growth, and nature of
foreign institutions’ involvement in publicly funded U.S. R&D are fragmentary,
dated, and scarce.

Available information suggests that foreign institutions account for a very
small share (less than 2 percent) of total sponsored research at U.S. universities
and federal laboratories, which is concentrated in a small number of U.S. institu-
tions. As of the mid-1980s, Japanese institutions sponsored more U.S. univer-
sity-based R&D than firms of any other nationality. During this period, most
foreign-sponsored research at U.S. universities was funded by not-for-profit in-
stitutions and was focused mostly in agriculture, medicine, and geology. Only
fragmentary data exist with which to assess the current magnitude, disciplinary
focus, and national shares of foreign-sponsored research at individual U.S. uni-
versities and federal laboratories. However, limited survey data and anecdotal
evidence indicate that Japanese companies are more diligent than their U.S. or
European counterparts with regard to accessing, monitoring, and drawing upon
the research capabilities of these publicly funded institutions. Foreign participa-
tion has been minimal in recently established, federally supported industrial R&D
initiatives, such as the Department of Commerce’s Advanced Technology Pro-
gram.

As with U.S. privately funded R&D, the involvement of foreign nationals in
R&D sponsored by the federal government carries both risks and opportunities
for the United States. The committee believes that the extensive presence of
foreign graduate students, postdoctoral researchers, and other long-term foreign
visiting researchers at U.S. universities and federal laboratories has, on balance,
yielded significant benefits to the U.S. economy and its innovation system. In
contrast, the committee believes that short-term visiting researchers have contrib-
uted much less to the work of U.S. research universities and federal laboratories,
both overall and relative to what the researchers themselves take away.

Although the committee could identify various costs and benefits of foreign
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institutional involvement in U.S. publicly supported research institutions, it was
unable to determine the economic impact of this involvement. Through their
participation in the research activities of U.S. universities and federal laborato-
ries, foreign corporate participants undoubtedly extract more knowledge and in-
tellectual property from the United States than they would in the absence of such
ties. Likewise, the committee does not doubt that access to U.S. publicly funded
R&D activities and institutions has brought extensive benefits to foreign-owned
firms and their stakeholders abroad, in some cases at the expense of American
firms and their American stakeholders.

Nevertheless, there is also considerable evidence to confirm that foreign firms
have contributed significant material support, technology, and intellectual re-
sources to research universities and federal laboratories. Indeed, many if not
most foreign-owned companies that have extensive ties to U.S. publicly funded
research institutions appear to be good corporate citizens. For instance, they
establish U.S.-based manufacturing and R&D operations that employ Americans,
pay U.S. taxes, buy from U.S.-based suppliers and vendors, and import as well as
develop technology and know-how that is then applied in this country.

U.S. research universities and federal laboratories, in the committee’s judg-
ment, have generally made good-faith efforts to comply with federally mandated
economic performance requirements for foreign company participation in U.S.
publicly funded research. Foreign-owned companies are for the most part “cus-
tomers of last resort” for U.S. government-subsidized intellectual property.
However, the highly restrictive and somewhat inconsistent enforcement of these
requirements by some federal agencies has raised questions about how well these
requirements serve agency missions specifically and national interests more gen-
erally in the increasingly global economy. Aside from this general bias against
multinational companies (both U.S. and foreign-owned), the performance require-
ments and their underlying political-economic logic serve as a disincentive to
potential foreign-owned participants in publicly funded U.S. R&D activity.

With regard to mandated reciprocity requirements, it appears that federal
agencies have yet to develop effective and credible procedures for establishing
compliance or noncompliance. Indeed, in conception as well as implementation,
reciprocity requirements appear to be fraught with significant short- and long-
term liabilities and hazards for the United States.

U.S. government, academic, and industrial researchers seem to have few
problems accessing publicly funded research capabilities and activities in aca-
demic and government-operated laboratories abroad. Furthermore, access by
U.S.-owned companies to government-funded industrial research consortia in
Europe appears to be comparable to that extended foreign-owned firms in the
United States. Japan, however, has restricted foreign participation in its publicly
funded industrial R&D consortia to a greater extent than either the United States
or the European Community through its closed, strategic process of project and
participant selection.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4922.html

elopment: Asset or Liability?

PUBLICLY FUNDED R&D 131

Given differences in the organization, scale, and sophistication of publicly
funded R&D activities among countries, the value to Americans of greater access
to publicly funded foreign R&D is not clear. Nevertheless, lack of reciprocal
access may have damaging results. In some cases, it may disadvantage U.S.-
owned firms in international competition, with negative consequences for their
U.S.-based stakeholders. But its greatest cost to the nation may be the extent to
which it offends the American public’s sense of fairness, thereby undermining
public support for efforts to negotiate remedies to these asymmetries in interna-
tional forums.

International comparisons of R&D expenditures confirm that most of Amer-
ica’s advanced industrialized trading partners invest as much if not more of their
gross national product in basic research than does the United States. Japan, de-
spite recent efforts to expand its basic research capabilities, spends a smaller
share of its gross domestic product and only about half as much per capita in this
area compared with the United States. The committee believes strongly that the
federal government should continue to encourage Japan to assume a role in the
global basic research community that is commensurate with its industrial, techno-
logical, economic, and diplomatic standing in the world.

NOTES

1. In 1994, public funds accounted for 36.1 percent of all R&D dollars invested in the United
States—57.6 percent of all basic research funding, 36.6 percent of all applied research funding, and
29.7 percent of the nation’s total investment in technology development (National Science Founda-
tion, 1995b).

Data on the scope, composition, nature, and growth of foreign participation in U.S. publicly
funded research is more scarce and fragmentary than those on foreign involvement in U.S. privately
funded R&D. Accordingly, it is more difficult to assess its importance and consequences for the U.S.
innovation system and national economy than foreign participation in U.S. privately funded R&D
activity.

2. U.S. affiliates of foreign-owned firms employed 104,500 U.S. residents in R&D activity in
1992 (U.S. Department of Commerce, 1995).

3. For a discussion of the reasons foreign firms become involved in U.S. academic research, see
National Science Board (1993), Serapio (1994), Stalson (1989), Massachusetts Institute of Technol-
ogy (1991), and U.S. Congress, House (1993).

It is instructive to compare the findings of the above-cited studies with those of a National
Science Foundation (NSF) report (1990b), which among other things reported on reasons why U.S.
firms invest in academic research abroad. Based on informal inquiries to 21 U.S. multinational com-
panies, accounting for more than half of U.S. overseas industrial R&D in 1988, NSF found that the
principal reason these firms sponsored research at foreign universities was “to benefit from the work
of individual scientists and engineers who are leading, world-renowned experts in their respective
fields.” The desire to foster goodwill and promote the company’s reputation within the scientific
community as well as the desire to take advantage of tax laws also were cited as important incentives.

4. These data probably overestimate the share of foreign-born engineering faculty, according to
several experts, due to problems with the survey methods used and a lack of information on emigra-
tion of foreign-born Ph.Ds.

5. The University of Texas at Austin reported 181 international scholars in science and engineer-
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ing fields for fiscal 1993, roughly 10 percent funded by foreign companies; correspondence from Dale
Klein, University of Texas at Austin, to Proctor Reid, NAE, March 17, 1995.

6. Remarks by J. William Doane at the National Academy of Engineering workshop on the flat
panel display industry, Committee on Technological Innovation in Small Business, December 7, 1993;
correspondence from Doane to Proctor Reid, NAE, March 31, 1995.

7. The U.S. General Accounting Office defined foreign sources as foreign governments and
individuals, nonprofit organizations headquartered in a foreign country, businesses headquartered in
a foreign country, U.S. subsidiaries of foreign corporations, and joint-venture businesses in which the
foreign partner has a controlling interest (U.S. General Accounting Office, 1988a).

8. In 1990, the National Science Foundation Division of Science Resources Studies conducted
an informal telephone inquiry into fiscal 1988 levels of foreign funding of U.S. academic research.
Division staff contacted essentially the same population of universities that the General Accounting
Office had surveyed in 1988.

9. The data collected by the NAE via an informal telephone inquiry looked at foreign-sponsored
research as a share of total sponsored research (not total R&D expenditures) at the institutions can-
vassed. Not all of the institutions approached were able to distinguish readily between research spon-
sored by foreign organizations and that sponsored by U.S. organizations. Moreover, tracking and ac-
counting procedures with regard to sponsored research appear to vary significantly among institutions.

Representatives from several institutions contacted by the NAE noted tha the volume of for-
eign awards received can fluctuate, in some cases significantly, from one year to the next. Neverthe-
less, multiyear data provided by several of the top 20 research universities shows that the foreign
share of total sponsored research averaged over 3 to 5 fiscal years was very close to its percent share
for the single fiscal year estimate provided in Table 4.2 for fiscal year (FY) 1993 or 1994. For
example, the foreign share of total sponsored research at the University of Minnesota (FY1992-94),
Stanford and Penn state (FY1989-93), and the University of Illinois-Urbana (FY1990-94) averaged
0.5 percent or less. At the University of California at Berkeley the foreign share averaged 1.7 percent
for the five year period FY1989-93.

10. This is not to say that the only, or even the most important, reason foreign-owned firms par-
ticipate in U.S. university-based research is to acquire commercially valuable intellectual property.
Available data suggest that much of the financial and other material “research” support provided to
U.S. universities by foreign-owned companies takes the form of outright gifts and grants for which no
specific deliverables other than “goodwill” are promised in return. Nevertheless, the fact that a grow-
ing number of foreign-owned companies are availing themselves of the relatively free access to the
intellectual assets and research activities resident at U.S. universities has led many American observ-
ers to question whether the nation loses more than it gains from foreign corporate participation in the
U.S. academic research enterprise.

11. For example, during the 1991-1992 academic year, Berkeley’s College of Engineering hosted
17 visiting industrial fellows from Japanese companies that had provided between $2 and $3 million
in research support, mostly in the form of grants or gifts. The fellows’ salaries and expenses were
paid by their companies. Those sent are typically engineers with M.S. degrees and 5 to 10 years
experience in the company’s R&D laboratory. (Personal communication between David Hodges,
University of California at Berkeley, and William Spencer, SEMATECH, January 20, 1992.)

12. In 1989, Helena Stalson prepared a draft report for the National Academy of Engineering,
“Foreign Participation in Engineering Research at U.S. Universities,” which was based on interviews
conducted at the following eight universities: Carnegie Mellon, Columbia, Cornell, Massachusetts
Institute of Technology, Princeton, Rensselaer Polytechnic Institute, University of Illinois (Urbana),
and University of Wisconsin (Madison).

13. Correspondence from Marion Lentz, UC Berkeley, to Proctor Reid, NAE, June 14, 1994.

14. The agreement signed by Massachusetts General Hospital and Shiseido Co. Ltd. in August
1989 provides for Shiseido to spend up to $9 million a year over 10 years to support a 100-person skin
research center at the hospital’s Charlestown Navy Yard facilities in return for rights to commercial-
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ize any discoveries the center makes. (See “Dollars for Science” in the September 10, 1989, Boston
Globe.) In 1989, Shiseido established two U.S.-based research centers, the Cutaneous Biology Re-
search Center and Shiseido America Technocenter (Dalton and Serapio, 1995).

15. As of 1993, Ciba-Geigy had nine U.S. research facilities working in areas of biotechnology,
pharmaceuticals, advanced components, chromatography, resins and plastics, and plant development
(Dalton and Serapio, 1995).

16. See Gibbons (1992), Healy (1993), and National Institutes of Health (1994a,b). As of 1993,
Sandoz Pharmaceutical employed roughly 180 R&D professionals at its research and manufacturing
facility in East Hanover, N.J. The Swiss parent company also had seven other U.S.-based research
facilities (Dalton and Serapio, 1995).

17. In 1993, the University of California at San Francisco (UCSF) and Daiichi Pharmaceuticals
entered into an agreement to establish a center to study atherosclerosis. In exchange for providing
$20 million in research funding over 5 years, Daiichi received first rights to negotiate for exclusive
licenses to any drugs developed at the center as well as the right to delay publication of research
results until it decided whether or not to apply for a patent. It is noteworthy that UCSF requires
foreign sponsors of university research to pay all direct and indirect costs of research for which they
are awarded patent rights (Helm, 1994).

18. In her testimony before the House Subcommittee on Regulation, Business Opportunities and
Energy of the Committee on Small Business on March 11, 1993, former NIH Director Bernadine
Healy noted how the Scripps-Sandoz agreement illustrated potential contradictions in U.S. policy
concerning the Bayh-Dole Act and agency implementing regulations. “These global first refusal
rights may seem to conflict with some of the policy behind Bayh-Dole, such as the preference for
collaboration with small business and the promotion of free competition and enterprise. However, the
grant of these global rights may not conflict with the U.S. Department of Commerce regulations
implementing Bayh-Dole [37 CFR § 401.1(a)] [which] provide for: ‘... the rights of research orga-
nizations to accept supplemental funding from other sources for the purpose of expediting or more
comprehensively accomplishing the research objectives of the government sponsored project.” Simi-
larly, [37 CFR § 401.7] states that the small-business preference:

... 1is not intended, for example, to prevent nonprofit organizations from providing larger firms with

a right of first refusal or other options in inventions that relate to research being supported under

long-term or other arrangements with larger companies.

Thus, the Scripps-Sandoz agreement illustrates a potential contradiction between what some view as
the policy underlying the Bayh-Dole Act and the regulations implementing it.

“The Bayh-Dole Act articulates multiple policies and objectives which may prove difficult to
reconcile. For example, an action by a nonprofit organization, while clearly advancing one objective
of the Act, such as promoting collaborations between commercial and nonprofit organizations, might
not advance—and may, in fact, appear to undermine—another objective of the Act, like promoting
free competition and enterprise. Needless to say, application of the objectives of the Bayh-Dole Act
requires a balancing of statutory objectives in the overall best interests of the American public. That
is the challenge for NIH and other agencies that support research. It would be foolhardy and irrespon-
sible for federal agencies to champion open competition at the expense of denying the institutions it
supports an opportunity to seek additional research funding. To restrain collaborations between fed-
eral grantees and industry simply because the competitive advantage of a given collaboration may not
be readily apparent, while simultaneously undermining the best opportunities to rapidly commercial-
ize inventions, would also be unwise. In short, we must achieve a balance, remembering that the
general intent of the legislation is to promote product development—not commercial monitoring.”
(Healy, 1993).

19. For an informative discussion of the origins and consequences of Bayh-Dole, see Wisconsin
Biolssues (1994).

20. The 18 foreign companies granted exclusive licenses included 4 French firms, 3 British com-
panies, 2 Swiss companies, and 1 Canadian, 1 Israeli, 1 Finnish, and 1 Japanese company. Five
licenses were awarded to one or more unidentified foreign-owned pharmaceutical company(ies). At
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least five of the foreign firms of known nationality have affiliates of parent companies with manufac-
turing or R&D facilities in the United States (U.S. General Accounting Office, unpublished data).

21. Correspondence from Joel Moses, MIT, to Proctor Reid, NAE, June 14, 1994; correspondence
from Jean Fort, UCSD, to Proctor Reid, NAE, April 3, 1995; correspondence from Homer Neal,
University of Michigan, to Proctor Reid, NAE, April 4, 1995; correspondence from Robert Nerem,
Georgia Institute of Technology, to Proctor Reid, NAE, February 7, 1995.

22. See, for example, the testimony of Susan D. Wray, director, Office of Patent, Copyright and
Technology Licensing, University of Florida at Gainesville in U.S. Congress, House (1993).

23. Since a foreign firm could participate in more than one university’s industrial liaison program,
the number of foreign firms participating is probably less than the 499 reported (U.S. General Ac-
counting Office, 1992, p. 17).

24. It should be noted that neither the National Science Foundation nor the National Institutes of
Health guidelines for universities and other recipients of federal research support address the issue of
whether industrial liaison program members should be given advance access to research results.

25. Foreign participants in the University of California at Berkeley’s industrial liaison programs
pay fees twice as high as those submitted by U.S.-owned firms. MIT charges foreign-owned firms
roughly 30 percent more than it does U.S.-owned firms.

26. This section draws heavily on University-Industry Research Centers in the United States by
Cohen, Florida, and Goe (1994).

27. Seed money for these centers has been provided to a select group of universities by the spon-
soring federal agency with the expectation that the host institutions will raise matching funds from
industry, state and local governments, and internally.

28. See, for example, discussion of the efforts by state governments to attract foreign direct in-
vestment and associated economic activity to their jurisdictions in Feller (1994) and Kayne (1992).

29. Data are from the NSF ERC Database. Proctor Reid, NAE, phone conversation with Lynn
Preston, Engineering Education and Centers Division, NSF, December 1, 1995.

Stalson’s (1989) found that foreign participation in ERCs and other university-industry re-
search centers at the eight universities she surveyed was relatively modest with only limited participa-
tion from European firms in basic chemical and power engineering research. Moreover, it appeared
that a number of European industrial commitments to these centers were “inherited” when European
firms acquired participating U.S. firms.

30. Remarks by William Gear, President, NEC Research Institute, and Knut Merten, President
and CEO, Siemens Corporate Research, at the NAE roundtable on foreign participation in U.S. re-
search and development, November 9, 1993.

31. These findings, in turn, are consistent with the tendency of Japanese companies to acquire
externally developed technology by way of licenses. See Chapter 3, pp. 56, 66-67.

32. The 10 multiprogram labs of DOE are: Argonne National Lab, Brookhaven National Lab,
Idaho National Engineering Lab, Lawrence Berkeley Lab, Lawrence Livermore National Lab, Los
Alamos National Lab, Oak Ridge National Lab, National Renewable Energy Lab, Pacific Northwest
Lab, and Sandia National Laboratories (National Research Council, 1994a, p. 90).

33. National Research Council (1994a) and unpublished data provided to the study committee by
the National Institutes of Health.

34. The 1986 Federal Technology Transfer Act authorized CRADAs between government-oper-
ated laboratories and industry. Under a CRADA, a private organization provides personnel, equip-
ment, and/or financing for a specified R&D activity that complements the mission of its federal
laboratory partner. CRADAs include provisions for the allocation of rights to intellectual property
resulting from the cooperative research. In 1987, Executive Order 12591 directed agencies to del-
egate authority for entering into CRADAs to their respective laboratories, and contained guidelines
for the granting of intellectual property rights under these agreements. In 1989, the National Com-
petitiveness Technology Transfer Act extended authority for negotiating CRADAs to contractor-op-
erated government laboratories. See Committee on Science, Engineering, and Public Policy (1992).
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35. Correspondence from Wanda Bullock, NIH, to Proctor Reid, NAE, April 4, 1995; correspon-
dence from Robert Petit, ORNL, to Proctor Reid, NAE, April 10, 1995; correspondence from Stephen
Lake, ANL, to Proctor Reid, NAE, April 10, 1995.

36. See the Stevenson-Wydler Technology Innovation Act of 1980 (P.L. 96-480) as amended by
the Technology Transfer Act of 1986 (P.L. 99-502) and the Advanced Technology Program Act of
1989 (P.L. 101-189), and Executive Order 12591. For further discussion of the reciprocity provisions
of these and other recents acts of law, see Schwartz and Caplan (1993).

37. Proctor Reid, NAE, phone discussions, March 8, 9, and 31, 1995, with David Edgerly and
Bruce Mattson, NIST, Office of Technology Services. NIST is currently reviewing its implementa-
tion of the economic performance requirements of the Bayh-Dole Act and CRADA legislation.

38. The automobile industry’s “umbrella” CRADA with DOE stipulates that the R&D will be
done in the United States and that manufacturing for the first 2 to 3 years will be done predominantly
in the United States and will continue in the United States where practical thereafter.

39 In 1993, DOE modified its modular CRADA agreement to offer would-be private sector par-
ticipants the option of either accepting the “sample U.S. competitiveness language in toto” or agree-
ing “to provide specific economic benefit to the U.S. economy under one or more criteria [eight in
total] of the U.S. competitiveness work sheet.” The sample U.S. competitiveness language states:

In exchange for the benefits received under this CRADA, the Parties therefore agree to the
following:

A. Products embodying Intellectual Property developed under this CRADA shall be substan-
tially manufactured in the United States;

B. Processes, services, and improvements thereof which are covered by intellectual Property
developed under this CRADA shall be incorporated into the Participant’s manufacturing facilities in
the United States either prior to or simultaneously with implementation outside the United States.
Such processes, services, and improvements, when implemented outside the U.S., shall not result in
reduction of the use of the same processes, services, or improvements in the United States; and

C. In the event that it is not feasible to meet the requirements of A. and B., a plan for providing
net benefit to the U.S. economy is attached in Document B [the U.S. competitiveness work sheet].
If a would-be participant chooses option C, it “must furnish a description of specific economic

or other benefits to the U.S. economy which are related to the commercial use by Participant(s) of the
technology being funded under the CRADA and which are commensurate with the Government’s
contribution to the proposed work.” The benefits criteria set out in the U.S. competitiveness work
sheet include:

1. Direct or indirect investment in U.S.-based plant and equipment.

. Creation of new and/or higher-quality U.S.-based jobs.

. Enhancement of the domestic skills base.

. Further domestic development of the technology.

. Significant reinvestment of profits in the domestic economy.

6. Positive impact on the U.S. balance of payments in terms of product and service exports as
well as foreign licensing royalties and receipts.

7. Appropriate recognition of U.S. taxpayer support for the technology (e.g., a quid pro quo
commensurate with the economic benefit that would be domestically derived by the U.S. taxpayer
from U.S.-based manufacture).

8. Cross-licensing, sublicensing, and reassignment provisions in licenses that seek to maxi-
mize the benefits to the U.S. taxpayer.” (U.S. Department of Energy, 1993, pp. 56-57, 86.)

Whereas a DOE laboratory can move directly to receive approval of the CRADA joint work
statement from its regional operations office if the would-be participants accepts the sample U.S.
competitiveness language, the laboratory must receive approval first from its operations office or
DOE headquarters of the participant’s alternative statement of specific economic benefits to the U.S.
economy before it can proceed with the joint work statement. (U.S. Department of Energy, 1993).

In the DOE modular CRADA, intellectual property is defined as “patents, trademarks, copy-
rights, mask works, protected CRADA information [generated information which is marked as being
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protected CRADA information by a party to the CRADA] and other forms of comparable property
rights protected by Federal Law and other foreign counterparts.” With the permission of their re-
gional operations office, DOE laboratories may work with a more narrow definition of intellectual
property that includes only patents, trademarks, copyrights, and mask works.

40. See, for example, the Energy Policy Act of 1992 (42 U.S.C. §13525), and the Technology
Administration Authorization Act (15 U.S.C. §278n) in the American Technology Preeminence Act
of 1991 P.L. 102-245.

41. For a company to be eligible to receive financial assistance under the Act, the DOE secretary
must find “that the company’s participation in the Program would be in the economic interest of the
United States, as evidenced by investments in the United States in research, development, and manu-
facturing (including, for example, the manufacture of major component or subassemblies in the United
States); significant contributions to employment in the United States; and agreement with respect to
any technology arising from assistance provided under this section to promote the manufacture within
the United States of products resulting from that technology (taking into account the goals of promot-
ing the competitiveness of United States industry), and to procure parts and materials from competi-
tive suppliers.” 42 U.S.C. §13525 Energy Policy Act of 1992, Sec. 2306 Limits on Participation by
Companies.

42. “General Electric has circulated a paper implying that the Swedish-Swiss ABB should not be
allowed to participate [in the advanced gas turbine programme] because its home governments do not
protect intellectual property rights . . . The paper also suggests that if ABB were involved in the
programme, it would use the fruits of the research not to create employment in the U.S. but to
strengthen its technological capacity in Europe.” (Financial Times, 1994)

43. AlliedSignal Corp. protested Oak Ridge National Laboratory’s selection of a Japanese and a
French firm in a conservation procurement for advanced ceramic manufacturing technology. How-
ever, DOE refused to obtain information to make a finding under Section 2306. “Lack of DOE action
and inconsistent application of the law has been the subject of Congressional correspondence from
Senate and House authorization and appropriations committees.” (Correspondence from Maxine
Savitz, AlliedSignal Corp., to Proctor Reid, NAE, June 2, 1994; Inside Energy, 1994.)

In response to criticism that it lacked a clear and consistent implementation strategy for these
eligibility requirements, DOE submitted a statement of policy guidance for public comment in Febru-
ary 1995. (Federal Register, 1995)

44. The Technology Administration Authorization Act of 1991 includes “buy American” provi-
sions (15 U.S.C. §278n) that prohibit the use of funds authorized under the legislation to procure
components manufactured in a foreign country whose government unfairly maintains a procurement
policy discriminating against U.S. products or services.

45. Telephone discussion between Connie Chang, Advanced Technology Program, NIST, and
Proctor Reid, NAE, February 24, 1995.

46. Ibid.

47. Two U.S.-based ocean carriers, American Automar Inc. and Great American Lines Inc., are
also participants in the Bath Iron Works TRP. The Japanese and Canadian participants will transfer
commercial shipbuilding technology to Bath. (Defense News, 1993; Journal of Commerce, 1993)

48. “ARPA Technology Reinvestment Project, section 2.2.2. ‘Guidelines for Assembling a Team
of Eligible Participants.” In general, an ‘eligible firm’ as defined by legislation is a company or other
business entity that conducts a significant level of its research, development, engineering, and manu-
facturing activities in the United States. A firm not meeting this test may still be an ‘eligible firm’ if
its majority ownership or control is by United States citizens. In addition, a foreign-owned firm may
be an ‘eligible firm’ if its parent company is incorporated in a country whose government encourages
the participation of U.S.-owned firms in research and development consortia to which that govern-
ment provides funding, if that government also affords adequate and effective protection for the
intellectual property rights of companies incorporated in the United States. Determination of eligibil-
ity of firms in this last category [foreign-owned firms] will be made by the Secretary of Commerce as
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mandated by 10 U.S.C. 2491(9). No prior certification of eligibility will be issued or accepted, and
the burden of establishing eligibility will ultimately rest on the proposer.” (Advanced Research
Projects Agency, 1993)

49. William Spencer, executive director of SEMATECH, announced on October 5, 1994, that
SEMATECH would no longer seek a DOD subsidy. (Corcoran, 1994)

50. See Committee on Science, Engineering, and Public Policy (1992); Issues in Science and
Technology (1994); testimony by S. Richard Deininger, Director of SEMATECH’s National Re-
source Program, before the NAE study committee, November 9, 1993; and Grindley et al. (1994).

51. The issue of foreign participation in the U.S. Display Consortium, like in SEMATECH, is
primarily a political one. Both consortia represent a public-private response to an onslaught of for-
eign competition. As such, it is politically very difficult to open them up to foreign participation, even
though there may be some technological advantages to doing so. Note that the Microelectronics and
Computer Technology Corporation, a privately funded consortium, is trying to expand its funding and
technology base by recruiting foreign-owned firms. Proctor Reid, NAE, phone discussion with Peter
Mills, CEO, U.S. Display Consortium, February 1994 .

52. For data on sources of funding for foreign doctoral candidates in science and engineering, see
National Science Foundation, 1993a, Table A-21, pp. 94-96.

53. These are the very subgroups targeted by the National Research Council (1988) study as the
greatest potential source of U.S.-born engineers in the coming decades.

54. See “Foreign Nationals Change the Face of U.S. Science,” Science (261), 1993, pp. 1769-
1775.

55. See note 6, above.

56. To be sure, contributions by foreign alumni to U.S. universities are a small fraction of those by
U.S.-born alumni. Considering the countries of origin of the majority of foreign-born engineering
students and faculty—the People’s Republic of China, Korea, and India—this should come as no
surprise. Nevertheless, there are numerous examples of foreign alumni generosity. For example, in
gratitude for kindness shown by a professor in the mid-1950s, Gordon Wu of Hong Kong has en-
dowed a $1.5 million Sollenberger chair at Princeton University, having earlier financed construction
of a Gordon Wu Hall at the university. The Mogami Geotechnical Laboratory at Cornell University
has been endowed by a former student and Japanese national who now teaches at Kyoto University
(Stalson, 1989).

57. See the comments of Dr. Gerard Mourou, director of the National Science Foundation’s Cen-
ter for Ultrafast Optical Science at the University of Michigan, on the contributions of two large
foreign sponsors, Fujitsu and Thomson, to the center’s basic and long-term research program (U.S.
Congress, House, 1993, pp.102-103); testimony of John Wiley, University of Wisconsin, before the
NAE study committee, November 9, 1993 (Wiley, 1993); and the comments of federal laboratory
representatives in U.S. General Accounting Office (1988b) and National Research Council (1994a).

58. Of the 17 foreign-owned firms involved in industrial affiliate programs at the Georgia Institute
of Technology, 16 are known to have U.S.-based manufacturing and R&D operations (Correspon-
dence from Robert Nerem, Georgia Institute of Technology, to Proctor Reid, NAE, January 1995). Of
102 foreign-owned members of Stanford University’s industrial liaison programs, 34 have U.S.-based
manufacturing and/or R&D facilities (Correspondence from Marianne Meredith, Stanford, to Proctor
Reid, NAE, April 7, 1995).

59. In at least two instances, foreign companies have replicated technologies developed by U.S.
federal laboratories, thereby denying U.S.-owned firms opportunities to exploit first-mover advan-
tages. The two examples cited most often in this context include the KEVA code (developed by Los
Alamos National Laboratory), used to model the workings of the internal combustion engine, and the
laminar-flow clean room concept (developed by Sandia National Laboratory), used in microelectron-
ics manufacturing. (National Research Council, 1994a)

60. See, for example, p. 107 above, Wiley (1993), and U.S. Congress, House (1993).

61. Some observers have questioned whether most university technology licensing offices are
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adequately funded and staffed to negotiate effectively with corporate partners—U.S. or foreign—in

the best interest of the United States. In testimony before the House Subcommittee on Science on

October 28, 1993, Robin Frank Risser, CEO of Picometrix Inc., made the following observation

regarding his company’s participation in the University of Michigan’s Center for Ultra-Fast Optical
Science:

Our biggest area of concern surrounds background technology which might have been available

for exclusive licensing by Fujitsu had USL and Picometrix not paid particular attention to this area.

I believe this to be a problem area. University researchers often operate in an environment where

there are significant barriers to constructively reducing inventions to practice by filing patent appli-

cations. Patent budgets at the University of Michigan are small compared to the amount of research.

As a result, it is usually difficult to patent many background discoveries prior to entering into a

research contract with a foreign company. Since foreign companies usually obtain options for exclu-

sive licenses on patents “conceived or reduced to practice” during the term of the agreement, this

means that they could reach back to obtain exclusive rights to background technology that they did

not really fund. In my opinion, this occurrence could be substantially reduced if patent budgets were

substantially increased, faculty were better educated, and other barriers to patenting were reduced.

Perhaps requiring that a percentage of federally funded research and development be set aside for

foreign and domestic patents is appropriate. (U.S. Congress, House, 1993, pp. 60-61)

62. See, for example, Stalson (1989), Massachusetts Institute of Technology (1991), U.S. House
of Representatives (1993).

63. See discussion on pp. 114-117 and notes 36 and 40 above.

64. Although U.S.-industry contacts with foreign universities are widespread, actual U.S. corpo-
rate funding of foreign university research is small compared to industrial R&D spending. Compa-
nies supported foreign university research at about the same rate that they support R&D in U.S.
universities (i.e., roughly 1 percent of total company-funded R&D, or, by NSF’s (1990b) estimates,
$50 million to $100 million per year).

The U.S. companies surveyed indicated that the principal rationale for establishing linkages
with foreign universities was to benefit from the work of world-renowned scientists and engineers.
Other reasons given included fostering good will and promoting the company’s reputation in the host
country’s scientific community.

65. See, for example, the program announcement for NSF’s (1995c) Division of International
Programs as well as the U.S.-Japan Manufacturing Fellowship Program administered by the U.S.
Department of Commerce, which was launched during the final year of the Bush Administration.
U.S. Department of Commerce (1993b).

66. Correspondence from Helen Donoghue, Second Secretary, Science and Technology, Delega-
tion of the European Communities, Washington, D.C., to Proctor Reid, NAE, May 18, 1994.

67. Ibid.

68. Very little information is available on the specific requirements individual European nations
impose on would-be foreign participants in their national R&D programs. For information regarding
the policies of several OECD countries, see Organization for Economic Cooperation and Develop-
ment (1992b). In late 1993 and early 1994, the U.S. Department of State conducted a survey of U.S.
access to publicly funded research abroad as part of an ad hoc interagency working group chaired by
the Council of Economic Advisors. The findings of the survey confirm that the formal policies of
individual EC member states with respect to international access to national R&D programs are, for
the most part, consistent with those of the European Community proper. However, some survey re-
spondents indicated that, in some cases, national practices vis-a-vis foreign-owned firms were more
restrictive than their formal policies would suggest. Proctor Reid, NAE, discussions with Anthony
Rock and Gary Couey, U.S. Department of State, March 14, 1995.

69. The High-Speed Civil Transport “Piper” project was designed from the outset to include for-
eign collaborators (National Research Council, 1994b).

70. See note 42, above.

71. The rationale for extending national treatment to multinational firms is essentially the same as
that underlying the U.S. commitment to free trade and free investment: They offer the most effective
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route to economic growth and rising living standards for all nations. Moreover, the United States
remains the world’s largest source of foreign direct investment. U.S.-owned multinationals account
for a majority of U.S. exports and depend increasingly on foreign markets.

The U.S. commitment to the principle of national treatment is manifested in bilateral and
multilateral investment treaties it has negotiated with other countries, and the federal government’s
official negotiating position within the Organization for Economic Cooperation and Development
(OECD), General Agreement on Tariffs and Trade (GATT), and most recently, the Asian-Pacific
Economic Cooperation Forum. The United States and its trading partners have negotiated exceptions
to national treatment in areas concerning national security and public order. Investment treaties and
OECD code have also listed specific excluded sectors; these vary somewhat from one agreement/
treaty to another. Despite these inconsistencies and exceptions, the U.S. commitment to national
treatment has been strong and has clearly contributed to a movement in this direction at the interna-
tional level.

Federal R&D programs that condition national treatment on foreign-government (non-for-
eign-owned firm) compliance with/or application of U.S. laws and standards undermine U.S. efforts
to push national treatment in international forums. As recent developments in the EC suggest, U.S.
moves toward reciprocity in this and other areas of so-called domestic policy may encourage other
nations to introduce similar requirements. The consequences of this for the United States in the long
term, if not more immediately, could be costly (Graham and Krugman, 1995).

72. While there has been legislation put forward in the European Parliament that would introduce
similar reciprocity “conditional national treatment” requirements in EC programs, it has not yet be-
come law. See European Parliament (1994).
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5

Findings and Recommendations

In the decades immediately following World War II, the United States occu-
pied a position of global technological and industrial preeminence. There was
little question that Americans would reap most of the economic and technological
benefits generated by public and private investments in R&D and in other types
of technologically innovative activity. The American public generally viewed
the predominately one-way transfer of technology and know-how out of the
United States as a way to increase both short- and long-term economic, political,
and national security returns on these investments.

Recent decades have brought increasing convergence in the technological
capabilities of industrialized nations as well as growing cross-penetration of na-
tional innovation systems through foreign direct investment and transnational
industrial alliances. The United States remains a leader in the generation of new
knowledge and technology, but its position today is better characterized as first
among equals. Similarly, the technological and economic autonomy of the United
States has given way to deepening international interdependence. Accompany-
ing these trends, changes have taken place in the organization and management of
R&D within the United States, and new links have been forged between different
U.S.-based R&D-performing institutions.

These changes have given rise to new questions about the consequences of
the growing involvement of foreign nationals in publicly and privately funded
U.S.-based R&D activity. Are foreign nationals receiving more knowledge,
know-how, technology, and associated economic benefits than they are contrib-
uting to the United States? Does increasing foreign participation in U.S. R&D
pose a threat to the nation’s military or economic security?

140
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R&D AND ECONOMIC PERFORMANCE

Understanding the nature of R&D activity, technology transfer, and the ways
R&D contributes to corporate and national economic performance is vital to any
attempt to assess the consequences of growing foreign participation for the United
States. The following observations are of particular relevance to the emerging
policy debate:

* R&D activity is a critical, yet relatively small, subset of the many inter-
locking activities and capabilities that make up the complex process of techno-
logical innovation, the iterative process by which new knowledge and technology
are generated or acquired and developed so that they may be incorporated into
useful products or services;

* R&D activity yields many different economically valuable outputs.
Among them are codified knowledge, know-how or techniques, highly skilled
human capital, instrumentation, and technology;

* A variety of individuals and institutions may benefit from a given R&D
activity. Many of the outputs of publicly and privately funded R&D are “public
goods” usable by one party without diminishing their value to others and are
accessible to anyone with the technical skills to absorb them. Even where R&D
outputs are proprietary in nature (i.e., patents, copyrights, and trade secrets), they
yield economic benefits to many entities, including customers, suppliers, and
competitors, beyond those who hold title;

e There are significant barriers to the movement of scientific and techno-
logical knowledge across national boundaries and even between organizations or
regional centers with technological competence in specific fields. Technology
transfer—even in an era of global telecommunications—remains a “contact sport”
that demands the ongoing, intensive, face-to-face interaction of individual scien-
tists and engineers. Therefore, R&D activity continues to cluster geographically,
and much of the economically valuable outputs of publicly and privately funded
R&D tend to be highly localized;

e In order for a company to draw effectively on advanced technological
capabilities and R&D outputs beyond its own walls, that firm generally needs to
be performing R&D at a level commensurate with that of the organizations whose
R&D activities it hopes to exploit; and

* Neither R&D capabilities nor ownership of technology alone are reliable
indicators of the economic or competitive strength of a company or a nation.
Rather, economic and competitive strength are determined by how effectively
technology is used and managed in combination with other factors of production,
such as labor, capital, and managerial and organizational capabilities. Similarly,
the economic or other societal returns a nation may gain from a particular R&D
investment depends on whether its innovation system can foster widespread dif-
fusion and effective use of the outputs generated. These factors are, in turn,
influenced by the skill level of a nation’s work force, by the size, wealth, and

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4922.html

elopment: Asset or Liability?

142 FOREIGN PARTICIPATION IN U.S. RESEARCH AND DEVELOPMENT

technological sophistication of its domestic market, and, increasingly, by the abil-
ity of firms within its borders to access markets and technology abroad.

These observations suggest that the task of appropriating the many valuable
outputs of U.S.-based R&D activity is significantly more complex and difficult
than is generally assumed. They imply also that foreign-owned firms wishing to
effectively exploit technology and knowledge generated in the United States must
establish a significant, technologically sophisticated presence here to do so.
Moreover, as the level of technological sophistication and extractive capabilities
of foreign participants and their home countries increase, so too does the potential
for reciprocal transfers of knowledge and technology into the United States.
Under most circumstances, then, any country, including the United States, should
welcome R&D activity within its borders regardless of the nationality of the R&D
performer. If a large share of the returns to R&D investments are captured by
those proximate to the R&D activity, and these returns are considered desirable,
it is clearly better to have R&D performed within one’s borders than beyond
them.

FOREIGN PARTICIPATION IN PRIVATELY
FUNDED U.S. R&D: FINDINGS

The past decade has brought a significant increase in foreign participation in
privately funded R&D in the United States. This participation has taken the form
of both direct investment and intercorporate technical alliances. In 1992, U.S.
affiliates of foreign-owned firms accounted for nearly a fifth of all R&D spend-
ing by U.S. high-technology companies. Affiliate shares of U.S. industrial R&D
were particularly large in three manufacturing industries: industrial chemicals
(47.5 percent); pharmaceuticals (42.7 percent); and audio, video, and communi-
cations equipment (33 percent). In general, foreign parent companies invest in
U.S. high-technology assets in areas in which they have a strong export position
or perceived competitive advantage.

No single country dominates the field of foreign investors in privately funded
U.S. R&D. Roughly two-thirds of affiliate R&D spending in the United States is
accounted for by companies based in Canada, the United Kingdom, Germany,
Switzerland, and Japan. Since the mid-1980s, Japanese-owned affiliates have
increased their share of affiliate R&D activity more rapidly than any other major
investing country.

Foreign companies cite two principal motives for establishing a U.S.-based
R&D presence: to help the local manufacturing affiliate and the parent company
meet the demands of U.S. customers more effectively and to improve access to
the scientific and technical talent in established U.S. centers of technology and
innovation. Both motives are reflected in the activities and locations of a major-
ity of affiliate facilities. Comparative surveys of U.S.- and foreign-owned multi-
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national companies in a variety of industries suggest that both the motives for
engaging in R&D in foreign markets and the type of R&D activity vary by indus-
try as well as among firms with the same industry. However, for the most part,
there is considerably less variation in motive and R&D type among companies of
different nationality within the same industry.

The committee concludes that the strength and momentum of the trends that
have fueled the growth of foreign involvement in privately funded U.S. R&D will
continue into the next century. Regardless of what individual nations do to slow
or otherwise modify these trends, global technological and economic capabilities
will become increasingly distributed among an expanding population of industri-
alized countries, and competition and innovation in most manufacturing and ser-
vice industries will become increasingly internationalized.

The Quid Pro Quo

Growing foreign involvement in the nation’s industrial R&D base is accom-
panied by both costs and benefits. The question of whether foreign nationals take
away more technology and associated economic value than they contribute to the
United States cannot be definitively answered. The few quantitative measures
available indicate, however, that the U.S.-based affiliates of foreign-owned firms
import significantly more codified technology from their parent companies than
they export to them or to unaffiliated firms abroad. Case studies show that for-
eign-owned companies, especially Japanese firms, have in several industries im-
ported significant amounts of advanced production technology and methodolo-
gies into the United States. Thus, while in some cases foreign involvement in
U.S.-based industrial R&D has resulted in lost opportunities for U.S.-owned firms
and foregone wealth for their U.S.-based stakeholders, in many others foreign
firms have created opportunities and wealth for Americans and American firms
by transferring technology, know-how, capital, and other assets to the United
States.

On balance, the committee believes that the growth of foreign direct invest-
ment is a positive-sum trend, one that enhances the productivity and wealth of the
United States and its trading and investing partners overseas. The same finding
holds for the proliferation of transnational corporate alliances. Furthermore, the
committee believes that foreign participation in privately funded U.S. R&D can-
not be separated meaningfully from the larger trends of which it is part.

Asymmetries of Access

Limits on American access to various non-U.S. economies and innovation
systems have had a profound effect on public perceptions and federal policies
related to foreign involvement in R&D in this country. Over the last 10 years,
U.S. trading partners have modified their policies on foreign direct investment—
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the most important avenue of access to privately funded R&D activities abroad.
In doing so, they have moved significantly toward the more liberal policies of the
United States. Nevertheless, the committee found that important impediments to
U.S. access remain in some major economies. Arising from structural barriers,
government policies, or collusive or discriminatory corporate practices, these lin-
gering barriers have led to calls for unilateral U.S. action to force the pace of
liberalization abroad. While appealing to one’s sense of fairness and equity,
many of these unilateral measures would pose significant risks and costs for the
United States.

In the committee’s judgment, many of the proposed policy changes, such as
placing additional restrictions or reporting requirements on foreign direct invest-
ment in U.S. high-tech industries are unlikely to advance the short- or long-term
interests of U.S. citizens. Such measures risk discouraging more “good” foreign
direct investment with its many associated benefits to the United States than
“bad.” They also risk undercutting the United States’ credibility as it negotiates
the further opening of foreign markets to international trade and investment. In
addition, unilateral measures by the United States—still the world’s largest na-
tional economy—risk encouraging other nations to backslide in their treatment of
foreign direct investment, potentially at significant cost to U.S. multinationals
and their U.S.-based stakeholders.

Threats to National Security

Concerns over the risk to national security posed by foreign involvement in
the U.S. research enterprise have focused on growing foreign participation in
particular R&D-intensive industries, whether through investment or industrial
alliances. The committee found that current national security regulations and
procedures minimize the chances that militarily sensitive U.S. technology will be
transferred to foreign-owned companies. These regulations and procedures, how-
ever, may not be as effective in addressing the medium-to-long-term risks of
delayed or denied access to militarily critical technological capabilities posed by
foreign direct investment, or mergers and acquisitions generally.

In addition, current monitoring efforts and methodologies associated with
U.S. antitrust law enforcement may be inadequate to address the monopoly risks
posed by mergers and acquisitions in niche defense markets, whether instigated
by foreign- or U.S.-owned companies. Further complicating the situation, the
federal government has no clearly defined, agreed-upon criteria or procedures for
deciding whether a given company’s technological capabilities have critical mili-
tary implications. This makes it difficult to identify vulnerable niche sectors.

At the same time, little consideration has been given to the costs and risks to
national security posed by existing procurement regulations that discourage for-
eign-owned firms from contracting directly with the Department of Defense or
investing in existing U.S.-based defense contractors. The committee believes
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such risks should be accorded greater weight given the current relatively high
level of U.S. dependence on foreign sources of component technology, the grow-
ing importance to the nation’s military of technologies that have both civilian and
military applications, and the increasing strength of foreign-owned firms in many
of these dual-use technologies.

The Threat of Technological Monopolies

At the national and global levels, many high-technology industries are al-
ready highly concentrated. Consequently, at least some of the many recent merg-
ers and acquisitions have probably diminished competition in particular civilian
high-technology industries. However, there is no evidence to suggest that for-
eign-owned firms are any more likely to engage in anticompetitive activity in the
United States than are their U.S.-owned counterparts. Growing foreign involve-
ment in U.S. industrial R&D appears to be causing little if any damage to U.S.
economic security, as measured by the ability of U.S.-based companies to access
key technologies, components, and subsystems required to produce goods com-
petitive with those made by foreign companies.

FOREIGN PARTICIPATION IN PRIVATELY
FUNDED U.S. R&D: RECOMMENDATIONS

The central policy challenges facing the U.S. government with respect to
foreign participation in privately funded U.S. R&D are inseparable from the
nation’s broader foreign economic policy agenda, particularly as it relates to for-
eign direct investment and international trade. As a first step toward meeting
these challenges, the committee makes two closely related recommendations.

1. In the absence of clear threats to national security, the Congress should
avoid legislating restrictions on foreign participation in privately funded U.S.
R&D.

The committee concludes that the risks posed by growing foreign involve-
ment in privately funded U.S. R&D do not in and of themselves warrant special
regulation of foreign direct investment in the United States or of transnational
corporate alliances involving U.S.-owned firms, except in the area of national
military security. Moreover, the committee believes that discriminatory treat-
ment of foreign-owned firms beyond what may be required to protect U.S. mili-
tary security imposes economic costs on U.S. citizens. Such treatment discour-
ages foreign direct investment in the United States and undermines long-standing
U.S. efforts to secure national treatment of U.S.-owned companies in foreign
markets.

The committee also cautions against invoking concerns about military secu-
rity as justification for excluding foreign participation in the nation’s industrial
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R&D enterprise. The nation’s military security will be served more effectively
once the federal government develops more sophisticated capabilities for both
assessing and addressing the risks and capitalizing on the opportunities presented
by the growth of foreign involvement in the nation’s dual-use industrial technol-
ogy base. In particular, the committee calls upon the Department of Defense to
define clearly criteria and procedures for identifying militarily critical techno-
logical assets and to broaden its portfolio of strategies for managing inevitable
U.S. dependence on certain foreign technologies.

2. The federal government should continue to seek to open foreign markets
to U.S. trade and investment through negotiation in bilateral and multilat-
eral forums. The United States should hold itself and its trading partners
accountable to existing international agreements and should redouble its
efforts to negotiate more comprehensive, internationally enforceable rules
on monopoly formation, foreign direct investment, technical standards, envi-
ronmental regulation, and intellectual property rights. Above all, the United
States should reaffirm its long-standing commitment to the principles of non-
discrimination (national treatment) and transparency (full disclosure of
terms) in policies that influence international investment and trade flows.

The committee believes it is essential that the federal government continue
to seek to reduce policy- and business practice-induced barriers that impede U.S.-
owned companies’ access to foreign markets and private R&D assets located
abroad. The United States has long championed the worldwide opening of mar-
kets to the free flow of goods, services, investment, and technology based on
internationally agreed-upon principles and rules of conduct. Thanks in large part
to U.S. leadership in this area, there has been significant progress in recent years
in liberalizing national foreign direct investment policies. Structural and policy-
induced barriers to investment are a source of continuing friction in U.S. relations
with some of its major trading partners, and negotiations to reduce these remain-
ing barriers have been difficult and progress has been slow. Nevertheless, the
committee believes that U.S. advocacy of liberal treatment of foreign direct in-
vestment through multilateral agreements continues to serve well the nation’s
economic interests.

The committee also urges the federal government to resist pressures to force
the pace of these negotiations with aggressive unilateral actions, beyond those
currently provided for in U.S. law. In the opinion of the committee, unilateral
measures aimed at eliminating asymmetries of access—particularly those which
contradict the principles of nondiscrimination and transparency—rtisk discourag-
ing more “good” foreign investment in the United States than “bad,” undercutting
rather than strengthening the position of the United States in bilateral and multi-
lateral negotiations, and inviting retaliation by U.S. trading partners all at signifi-
cant cost to U.S. citizens.
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FOREIGN PARTICIPATION IN PUBLICLY
FUNDED U.S. R&D: FINDINGS

During the past 15 years, participation in U.S. publicly funded R&D activi-
ties by individual foreign students and researchers as well as foreign corporations
has grown sufficiently to capture the attention of the American public. National
and institution-specific data on foreign graduate students, postdoctoral research-
ers, and long-term visiting researchers (who stay in the United States for at least
12 months) indicate that these groups participate extensively in research at U.S.
universities and federal laboratories. Although no aggregate data are available on
foreign researchers who work at U.S. publicly funded research facilities for short
periods (fewer than 12 months), anecdotal evidence from various institutions sug-
gests that their numbers may be significant as well.

There is little good information on the scope and nature of foreign institu-
tional involvement in publicly funded R&D in the United States. Apparently,
such support represents a relatively small share (1 to 2 percent) of total sponsored
research and is concentrated in a small number of U.S. institutions. As of the late
1980s, a majority of foreign-sponsored research was funded by not-for-profit in-
stitutions and was concentrated in agriculture, medicine, and geology. However,
at select U.S. research universities, such as the Massachusetts Institute of Tech-
nology and the University of Wisconsin, a majority of foreign-sponsored research
is accounted for by private companies. As of 1986, Japanese institutions spon-
sored more U.S. university-based R&D than did those of any other nationality.
More recent data indicate that Japanese-owned multinational companies rely more
heavily on U.S. research universities for training company personnel and col-
laborative research than do their U.S. or European counterparts (Roberts, 1995a).

Foreign-owned companies that opt to participate in U.S. publicly supported
R&D may do so in any number of ways, including via sponsored research, patent
licensing, university industrial liaison programs, or by employing university fac-
ulty and recent graduates from science and engineering doctoral programs. A
paucity of data makes it difficult to say much about the aggregate magnitude,
disciplinary focus, and national shares of foreign corporate involvement. Anec-
dotal evidence suggests that Japanese companies may be the most diligent of all
foreign-owned firms in monitoring the research activities of U.S. federal labora-
tories. To date, few foreign firms have participated in the recently established
federal industrial R&D programs, such as the Advanced Technology Program at
the Department of Commerce.

The Quid Pro Quo

The committee believes that the extensive involvement of foreign graduate
students, postdoctoral researchers, and other long-term visiting researchers in
publicly funded U.S. research institutions has, on balance, significantly benefited
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the U.S. economy and national innovation system. By contrast, the committee
believes that foreign visiting researchers who stay in this country for less than 1
year gain more than they contribute from their work in U.S. research universities
and federal laboratories. Evidence concerning the scope and nature of participa-
tion by these short-term visiting researchers is mostly anecdotal. The committee
believes further study of this category of foreign visiting researcher is warranted.

The costs and benefits of foreign corporate involvement in U.S. government-
funded research institutions are readily identifiable, but it is impossible either to
quantify them or determine their net economic impact. Through their participa-
tion in the research activities of U.S. universities and federal laboratories, foreign
corporations undoubtedly extract more knowledge and intellectual property from
the United States than they would in the absence of such ties. Itis equally certain,
in the view of the committee, that foreign-owned firms and their stakeholders
abroad have garnered extensive benefits, in some cases at the expense of Ameri-
can firms and stakeholders, through their access to U.S. publicly funded R&D
activities and institutions.

At the same time, the committee firmly believes that knowledge and technol-
ogy flows between foreign firms and U.S. universities and federal laboratories
are far from unidirectional and that foreign firms through their R&D participation
also return economic value to U.S. citizens in many different ways. Numerous
examples confirm that foreign-owned firms have contributed material support as
well as intellectual resources to U.S. research universities and federal laborato-
ries, enhancing the productivity and quality of these institutions’ research efforts
and strengthening the nation’s research infrastructure.

Furthermore, whether or not foreign companies acquire more intellectual
property and knowledge from U.S. universities and federal laboratories than they
bring to them says very little, in and of itself, about the impact of foreign corpo-
rate research participation on the welfare of U.S. citizens. Many if not most of
the foreign-owned companies that have extensive ties to U.S. publicly funded
research institutions also tend to have significant U.S.-based manufacturing and
R&D operations—operations that employ U.S. citizens, buy from U.S.-based
suppliers and equipment vendors, import as well as generate technology and
know-how that is applied within the U.S. economy, and pay U.S. taxes.

Even if foreign companies go abroad to exploit intellectual property licensed
from U.S. publicly funded research institutions, their gain does not automatically
represent a loss for the United States. It is true that in some instances, foreign
firms have acquired or licensed technology generated with U.S. government funds
only to develop and commercialize the technology overseas. Yet, the committee
also believes that many foreign-based licensees have enabled publicly supported
U.S. research institutions to earn revenues on technology that otherwise would
not have been commercialized. By doing so, foreign firms have in some in-
stances supplied Americans with higher-performance or lower-cost goods or ser-
vices embodying the licensed technology.
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American research universities and the nation’s federal laboratories, in the
committee’s judgment, have generally extended preferences to U.S.-based firms
and made good-faith efforts to comply with the federally mandated economic
performance requirements in their dealings with both U.S.- and foreign-owned
companies. In general, foreign-owned firms are buyers or licensees of last resort
for technology owned by U.S. universities and federal laboratories. That is, these
institutions are licensing to foreign entities technology that no U.S.-owned com-
pany wants to invest in.

In a few well-publicized cases, publicly funded institutions have seemed to
be unwilling or unable to negotiate deals with foreign firms (or U.S.-owned firms
for that matter) that are in the best interest of the United States. However, the
committee believes these to be the exception, not the norm. Indeed, most U.S.
universities and federal laboratories appear to be very aware of the need to affirm
their service to the nation’s economic welfare. They are also cognizant of the
highly volatile public relations hazards associated with foreign corporate involve-
ment in publicly funded research, as are foreign firms themselves. The sharply
critical public response to the few highly controversial cases of foreign participa-
tion in U.S. R&D has, in the committee’s opinion, had a distinct chilling effect on
the willingness of some foreign firms to enter into closer working relationships
with publicly funded U.S. research institutions.

At the same time, the manner in which some federal agencies have imple-
mented the performance requirements embodied in recent technology transfer
legislation suggests that they may be overreaching in their efforts to contain the
economic benefits of public R&D spending within the United States. Some agen-
cies have developed economic performance criteria and procedures for imple-
menting them that are fundamentally at odds with the competitive R&D and tech-
nology management practices of multinational companies, strongly discourage
foreign corporate involvement, and are at times in conflict with the core missions
of the agencies themselves. In order to engage U.S.-owned multinational compa-
nies in cooperative research and development agreements (CRADAS) and other
forms of collaborative R&D, some agencies have developed procedures that al-
low for a broader, case-by-case interpretation of what constitutes an adequate
economic quid pro quo. Nevertheless, extensive restrictions on private-sector
use of publicly subsidized intellectual property, invoked in the name of U.S. eco-
nomic interests, continue to discourage many leading U.S.-owned high-technol-
ogy companies from collaborating with federal laboratories.

With respect to foreign-owned firms, the interpretation and implementation
of economic performance requirements by various federal agencies appear to be
particularly vulnerable to political and legal challenges. Thus, as currently imple-
mented by some agencies, these requirements serve as a major disincentive to
foreign-owned firms that might otherwise participate in publicly funded U.S.
R&D. Given the growth of technical competence overseas and the prominent
role of U.S.- and foreign-owned multinational companies in R&D and technol-
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ogy areas of direct relevance to the core missions of U.S. federal agencies, it is
worth asking whether economic performance requirements as currently adminis-
tered are serving the nation’s best interests.

Asymmetries of Access

U.S. government, academic, and industrial researchers appear to have few
problems accessing publicly funded research capabilities and activities within
academic and government-operated laboratories abroad. Furthermore, at least on
paper, access by U.S.-owned companies to government-funded industrial research
consortia in Europe is apparently equal to if not greater than the access that the
United States extends to foreign-owned firms in this country. Japan, however,
has restricted foreign participation in its publicly funded industrial R&D consor-
tia to a greater extent than either the United States or the European Community.

Given differences in the organization, scale, and sophistication of publicly
funded R&D activities among countries, the value to Americans of reciprocal
access to publicly funded R&D abroad is not always clear. In some cases, the
lack of reciprocal access may hurt the international competitiveness of U.S.-
owned firms with negative consequences for their U.S.-based stakeholders. How-
ever, its greatest impact may be the extent to which it offends the American sense
of fairness, thereby undermining public support for efforts to negotiate remedies
to these asymmetries.

In the committee’s judgment, recent U.S. government efforts to address in-
ternational asymmetries of access to publicly funded R&D through the introduc-
tion of reciprocity requirements have proved problematic. Indeed, even more
than economic performance rules, reciprocity requirements present liabilities and
hazards for the United States. First, by requiring that foreign firms’ home gov-
ernments comply with U.S. laws before the firms may expect nondiscriminatory
treatment, the United States is violating its long-standing adherence to uncondi-
tional national treatment of multinational enterprises. Some evidence suggests
that the U.S. move toward reciprocity requirements has encouraged a few major
U.S. trading partners to consider imposing similar conditions. Second, multiple
agencies must be involved in the process of assessing whether a particular firm’s
home country is in compliance with each of the various reciprocity requirements,
making the process cumbersome, time consuming, and difficult to administer.
Federal agencies must also make decisions in situations in which it is often diffi-
cult to determine just what constitutes “comparable investment opportunities” or
“adequate protection of U.S. intellectual property.” These vagaries have encour-
aged some U.S. companies to challenge both the eligibility of particular foreign
firms to participate in U.S. R&D and the way federal agencies implement the
eligibility requirements. The committee believes that these challenges, in turn,
have discouraged many foreign-owned firms from even applying for access to
U.S. publicly funded R&D initiatives.
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International Burden-Sharing in Basic Research

The argument that basic research should be more equitably distributed among
nations is directed primarily at Japan. International comparisons of R&D expen-
ditures confirm that most of America’s advanced industrialized trading partners
invest as much if not more of their gross national product in basic research than
does the United States. Japan, however, despite recent efforts to expand its basic
research capabilities, spends a smaller share of its gross domestic product and
nearly half as much per capita as the United States on basic research.

FOREIGN PARTICIPATION IN PUBLICLY
FUNDED U.S. R&D: RECOMMENDATIONS

Foreign participation in R&D funded by the U.S. government is regulated by
a patchwork of confusing and at times contradictory intergovernmental science
and technology agreements, federal agency directives, and guidelines based on
recent federal legislation. In the committee’s judgment, leading U.S. research
universities and federal laboratories generally have made good-faith efforts to
comply with federally mandated economic performance and reciprocity require-
ments. Nevertheless, the committee believes that at the very least these require-
ments risk impeding the ability of agencies to perform their primary missions as
well as diminishing the contribution of federal R&D programs to U.S. economic
performance and competitiveness. At worst, these requirements risk imposing
significant economic costs on the United States. Recommendations 1 through 3,
directed at the federal government, are intended to minimize these risks to the
United States as well as lay the foundation for more effective, mutually beneficial
management of foreign participation in government-funded R&D in all industri-
alized countries.

Private-sector institutions that conduct or otherwise benefit from R&D activ-
ity supported by the U.S. government should recognize that concerns about for-
eign involvement are more than a public relations problem. The actions of a
limited number of institutions have evoked legitimate worries regarding the fair-
ness and economic logic of certain types of private-company involvement in pub-
licly subsidized R&D. The committee does not believe that increased restrictions
on foreign corporate participation are the necessary political price to pay for
avoiding further public criticism. Rather, the committee calls upon universities
and other performers of publicly funded research to communicate more effec-
tively the costs and benefits of foreign participation in U.S. R&D. Recommenda-
tions 4 through 6, aimed at the performers of publicly funded U.S. R&D, outline
steps these institutions might take to become more constructive participants in the
public debate.

1. U.S. federal agencies charged with administering public R&D resources
should be empowered and encouraged to implement with greater flexibility
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and discretion the economic performance requirements embodied in recent
federal R&D legislation. This should be done in a manner that is consistent
with the core missions of the agencies involved, the realities of competitive
corporate R&D practice, and the principles of nondiscrimination (national
treatment) and transparency (full disclosure of terms).

As mission agencies are called upon to contribute more directly to U.S. eco-
nomic growth and competitiveness through their R&D activities, they must be-
come more adept at balancing this new role with their core missions in a manner
that is consistent with the opportunities and constraints of an increasingly interde-
pendent world economy. Most private companies in a position to make signifi-
cant technological contributions to federal agency missions or to successfully
commercialize technology developed with public funds will balk at rules that
limit the transfer or commercial application of publicly-subsidized intellectual
property beyond U.S. borders. For that matter, the very existence of such ex-
treme restrictions sends a signal to potential foreign participants that they need
not apply.

In addition to more flexible implementation, there needs to be strong inter-
agency policy guidance that explicitly reconciles economic performance require-
ments with the demands of agency core missions, the nature of multinational
R&D and technology practice, and the long-standing U.S. commitment to na-
tional treatment of all companies operating in the United States.!

Federal policy guidance in this area should make it clear that there will be
circumstances in which agency missions and the more immediate economic ob-
jectives of these requirements will not overlap and may even diverge. Such guid-
ance should recognize that there are many direct and indirect ways—as a lic-
ensee, contractor, or collaborator—that a firm’s involvement in publicly funded
R&D can contribute to the economic welfare of the United States. It should
acknowledge the existence of highly specialized technical competence overseas
and the dominant role of multinational companies (both U.S.- and foreign-
owned) in areas of R&D and technology that are critical both to the core missions
of U.S. agencies and the broader economic interests of the nation. Finally, policy
guidance should inform policymakers and the general public of the complex,
highly case-specific calculus involved in implementing economic performance
requirements and emphasize the need for flexibility, discretion, and decentralized
decision-making in that process.

The committee believes that in most instances, determining whether or not
licensing a technology to a foreign-owned company or including a foreign firm in
a CRADA or government R&D contract advances the nation’s economic interest
requires the consideration of a number of highly case-specific factors. These
factors are generally best understood, explained, and, if need be, justified by the
institutions performing the R&D. Therefore, to the extent possible, federal agen-
cies should devolve responsibility for implementing economic performance re-
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quirement to these “front-line” institutions, which would remain accountable to
their respective sponsor agencies and should be prepared to justify their decisions
within the context of the agencies’ policy guidance. Such an approach would be
far superior, in the committee’s judgment, to the current situation, in which some
agencies have attempted to reduce general statutory language regarding “substan-
tial manufacturing presence” and “national economic interest” to highly detailed
regulations.

Ultimately, strong federal policy guidance is a prerequisite to more flexible
and discretionary implementation of statutory economic performance require-
ments. Such guidance would provide federal agencies and front-line R&D-per-
forming institutions with the authority and legitimacy they need to implement the
requirement. In the process, it would provide those responsible for assessing
compliance with some shelter from unwarranted political interference.

2. Congress should strike reciprocity requirements from existing laws gov-
erning federal R&D spending and exclude them from future R&D legisla-
tion. Instead, the federal government should pursue more aggressively re-
ciprocal access to publicly and privately funded R&D activities abroad
through U.S. trade and antitrust law, existing bilateral and multilateral trade
and technology agreements, and the negotiation of more comprehensive bi-
lateral and multilateral agreements.

Although the committee understands the logic that led to reciprocity require-
ments, it does not believe that these requirements serve U.S. interests. Admit-
tedly, such requirements appeal to a collective sense of fair play. Moreover, the
history of recent U.S. trade policy suggests that highly specific “tit-for-tat” reci-
procity requirements (i.e., those that make access by foreign companies to U.S.
government-supported R&D contingent upon reciprocal access by U.S.-owned
firms to comparable publicly funded R&D abroad) may help force foreign gov-
ernments to reduce access barriers.2 Nevertheless, the committee considers the
potential benefits of such requirements to be marginal and more than offset by
their potential costs and risks.

First, nondiscriminatory, or national, treatment of multinational companies
is a fundamental tenet of post—World War II U.S. foreign economic policy. It has
been codified—with certain exceptions based on concerns for national security
and public order—in numerous bilateral and multilateral investment treaties to
which the United States is a signatory. It is also a central element of the federal
government’s investment policy agenda within multilateral forums, including the
General Agreement on Tariffs and Trade (GATT), the Organization for European
Cooperation and Development (OECD), and the Asian-Pacific Economic Coop-
eration (APEC) Forum. The committee believes this commitment has served and
continues to serve U.S. national interests very effectively, even though it has yet
to be embraced fully by several of the United States’ major trading partners.
Reciprocity requirements in federal R&D legislation make nondiscriminatory
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treatment of foreign-owned companies conditional on foreign-government com-
pliance with U.S. laws in areas in which no international agreement exists. Such
requirements contradict stated U.S. foreign economic policy objectives, undercut
U.S. efforts to persuade other nations to move toward unconditional nondiscrimi-
natory treatment, and even encourage U.S. trading partners to introduce into their
laws similar reciprocity requirements.

Second, implementation of these requirements is cumbersome and time con-
suming, involving the cooperation of multiple federal agencies that must render
judgments in areas of policy where compliance is extremely difficult to define.
The absence of international standards or rules to measure the compliance of
foreign host countries with reciprocity requirements has encouraged some U.S.-
owned companies and members of Congress to challenge the eligibility of par-
ticular foreign firms (as well as the implementation processes of some federal
agencies). The committee believes that these challenges have had a chilling ef-
fect on the interest of foreign-owned firms that might otherwise have sought to
participate in federally funded R&D initiatives. No doubt they have also served
as a political “shot across the bow” for federal agencies and their mission labora-
tories in their dealings with foreign-owned companies. To the extent that reci-
procity requirements discourage foreign-owned firms from applying to partici-
pate in federal R&D programs, they deny agencies access to potentially valuable
information contained in the proposals of would-be foreign applicants. Of course,
any potential technical and economic contributions these firms might make to the
United States are also lost.

Finally, the committee believes that there are more promising approaches for
increasing U.S. access to publicly and privately funded R&D in other nations.
These include greater insistence on mutual accountability in existing or renegoti-
ated bilateral science and technology agreements, negotiation of new rules at the
multilateral level (such as within the OECD, GATT, APEC, and the North Ameri-
can Free Trade Agreement), and more rigorous enforcement of existing U.S. trade
laws and international trade and investment agreements or treaties.3

To strengthen the hand of U.S. negotiators at the international level as well
as facilitate enforcement of existing international agreements concerning mutual
access to government-funded R&D, the committee also recommends that Con-
gress charge an agency of the federal government with monitoring and periodi-
cally reporting on U.S. access to government-sponsored R&D abroad.*

3. The federal government should continue to seek more equitable interna-
tional sharing of the basic research burden through moral suasion, the nego-
tiation of bilateral science and technology agreements, the development of
government-to-government international research consortia, and other
mechanisms that foster international R&D collaboration.

The committee believes strongly that U.S. citizens and foreign citizens would
benefit from having other wealthy nations, Japan in particular, carry their fair
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share of the global burden of basic research. Therefore, the federal government
should continue to encourage Japan and other nations to assume a role within the
global basic research community that is truly commensurate with their industrial,
technological, economic, and diplomatic standing in the world. To facilitate this
process, the U.S. government should expand its support of international public-
and-private-sector collaboration in areas of basic and precompetitive applied re-
search through bilateral science and technology agreements and through interna-
tional research programs, such as the Human Genome Project and the Intelligent
Manufacturing Systems Initiative.

The committee believes it is essential that the federal government continue
to work to enhance U.S. access to both publicly and privately funded basic re-
search abroad through bilateral and multilateral negotiation and cooperation. At
the same time, the committee believes that the federal government should ac-
knowledge the existence and legitimacy of differences in the structure, organiza-
tion, and comparative advantage of national R&D systems, and it should not
expect other nations to reshape their innovation systems to fit the American
model. For example, U.S. access to privately funded basic research in Japan
would be improved if the United States could negotiate a reduction in barriers to
U.S. foreign direct investment in Japan. However, the committee does not be-
lieve that the U.S. government should expect Japanese corporations to open their
laboratories to U.S. researchers as a quid pro quo for Japanese access to U.S.
publicly supported basic research activities.

In spite of the internationalization of industry and R&D, the United States
continues to derive important competitive advantages from its large investment
in basic research. In the eyes of the committee, these advantages would exist
whether or not foreign companies and countries took advantage of the U.S. in-
vestment in basic research. The committee believes that the strength of the U.S.
basic research enterprise is closely linked to its openness and permeability. There-
fore, any efforts to restrict or artificially increase the cost of access by foreign
companies and foreign governments to this resource might damage the research
enterprise in the process and should be avoided.

4. The National Academies’ Government-University-Industry Research
Roundtable (GUIRR) should take the lead in promoting the exchange of in-
formation and “good practices” among the nation’s leading research uni-
versities concerning relations with foreign-owned firms, foreign govern-
ments, and other foreign institutions.

Recognizing the diversity of institutions that constitute the nation’s academic
research enterprise, the committee believes that the GUIRR should move aggres-
sively to identify and highlight examples of good practice with regard to univer-
sity relationships with foreign entities and to develop channels for U.S. research
universities to share with each other their experiences working with such entities.
Building on this process, the GUIRR might formulate guidelines for good prac-
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tice concerning industrial liaison programs, contract research, standards of con-
duct for foreign researchers in U.S. publicly supported research institutions, and
other measures to ensure reciprocal access for U.S. researchers to the laboratories
and know-how of the foreign sponsoring organizations.

5. All institutions that perform federally funded R&D should have proce-
dures in place to manage effectively intellectual property resulting from pub-
licly funded R&D. To assist U.S. universities and the federal government in
this regard, the National Academies’ Government-University-Industry Re-
search Roundtable (GUIRR) should work with the Association of University
Technology Managers (AUTM) and other appropriate organizations to de-
velop and disseminate to the nation’s academic research enterprise good
practices and general guidelines related to the management of intellectual

property.

While most of the major research universities appear to have established
adequate capabilities for insuring compliance with the requirements of the 1980
Bayh-Dole Act, universities with more modest research activities may not be
devoting sufficient resources to this task. In the committee’s judgment, collabo-
ration among the GUIRR, AUTM, and other appropriate organizations to develop
and disseminate to the nation’s research universities good practices and general
guidelines addressing this concern would be a useful step.

6. U.S. research universities and federal laboratories should expand their
efforts to establish quid pro quo relationships with all foreign institutions
that perform R&D. Among other things, this might include the increased
exchange of engineering and scientific personnel.

CHANGING PERCEPTIONS AND THEIR IMPLICATIONS

Given trends in the global economy, the openness of the U.S. economy, and
the comparative strengths of the U.S. innovation system, the committee considers
it inevitable that foreign participation in U.S.-based R&D activity will grow in
the coming decades, as will U.S. involvement in the markets and R&D systems of
its trading partners. Furthermore, these trends will continue to produce costs and
risks as well as benefits and opportunities for the United States. In this environ-
ment, effective policy responses from U.S. public- and private-sector players will
be needed if the interests of U.S. citizens are to be defended and advanced. Nev-
ertheless, the committee believes that efforts to stop, reverse, or otherwise sig-
nificantly impede these trends are unlikely to succeed in the long term and are
very likely to impose unacceptably high costs on U.S. citizens.

It is the sense of the committee that many of the circumstances that have
focused the attention of the public and of policymakers on the costs, risks, and
asymmetries of foreign R&D participation during the past decade are changing in
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ways likely to foster a more balanced response in the coming decade. In particu-
lar, the widespread perception of the mid- to late 1980s that many U.S.-owned
companies were far less effective at harnessing the output of U.S. research for
commercial advantage than were their foreign competitors is giving way to cau-
tious optimism regarding the continuously improving technology management
and competitive capabilities of U.S.-owned firms across a range of industries.
Although still in their infancy, recent federal, state, and university initiatives de-
signed to foster collaborative R&D and more effective use and diffusion of indus-
trially relevant technology and know-how throughout the U.S. economy have
also contributed to a more positive outlook on the nation’s industrial future.

Admittedly, new concerns are emerging regarding the tepid growth of U.S.
industrial R&D, the contraction of industry-based basic and long-term applied
research, and the implications of defense conversion for the nation’s R&D sys-
tem. However, the committee believes that these concerns, unlike the recent
preoccupation with the nation’s weaknesses in technology commercialization and
use, are likely to have a more balanced and constructive influence on the way the
American public looks upon foreign participation in publicly and privately funded
U.S. R&D.

NOTES

1. Inresponse to a request by the National Institutes of Health (NIH) for guidance on these issues
raised by the Bayh-Dole Act of 1980, an ad hoc consultant panel to the Advisory Committee to the
Director of NIH made the following observations and recommendations:

The [Bayh-Dole] Act permits agencies to grant waivers to its explicit U.S. manufacturing re-
quirement. The Panel recognizes that grantees are obligated to require their exclusive licensees to
agree that any products embodying licensed inventions that will be used or sold in the United States
must be substantially manufactured in the United States. However, other economic benefits should
be regarded when considering waivers of the U.S. manufacturing requirement. The Panel urges NIH
officials to continue to implement a flexible policy for fulfilling this part of the law, since in the
biomedical area it is not always feasible to manufacture substantially in the United States. More-
over, important public health and other economic benefits could by lost if product development is
delayed because of rigid enforcement of this provision. The Panel adds that because national bound-
aries are increasingly ignored as science and science-based industries become more global in focus,
it is becoming increasingly difficult to distinguish foreign and domestic entities. Moreover, these
distinctions can be muddled further when a so-called U.S. corporation chooses to manufacture cer-
tain products in offshore facilities or when a foreign corporation manufactures its products at a U.S.
subsidiary.

Because grantees are more familiar with the licensed technology capabilities of the licensee and
the market for a particular product, they are far better suited than NIH to undertake the primary
responsibility of overseeing the utilization requirement of the Act or ensuring that federally sup-
ported research is being licensed and made available and useful to the public. The Panel indicates
that the use and active enforcement of performance benchmark and diligence requirements would
greatly enhance grantees’ capabilities to meet this oversight responsibility. (National Institutes of
Health, 1994b)

In the spring of 1994, NIH (1994a) issued a “Final Report and Analysis of Selected Sponsored
Research Agreements” as part of its efforts to develop guidelines to assist universities that receive
NIH funding in their relationship with private industry. In November 1994, NIH published its state-
ment of policy guidance in the Federal Register (1994).

An ad hoc committee of the Advisory Panel to the National Institute of Standards and Tech-
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nology (NIST) is currently reviewing the institute’s policies concerning relationships with private
industry, including implementation of mandated economic performance requirements. (Phone con-
versation between Bruce Mattson, NIST, and Proctor Reid, NAE, March 31, 1995)

2. By contrast, the recent history of U.S. foreign economic policy offers precious little evidence
to suggest that more broad-based “linked” reciprocity requirements (e.g., those that make a foreign-
owned firm’s participation contingent upon the equivalent treatment of U.S.-owned firms by its home
government in broader areas of foreign economic policy, such as intellectual property rights or invest-
ment) will yield any advantage whatsoever for the United States in its effort to achieve greater access
to publicly funded R&D activities abroad.

For an instructive review of arguments both for and against reciprocity see Bayard and Elliott
(1994), which assesses all section 301 cases brought and concluded under U.S. trade law between
1975 and 1993. See also Chapter 3, note 43.

3. See, for example, the National Research Council (1995) proposals for achieving greater reci-
procity between the United States and Japan in the exchange of defense-related technology.

4. Since late 1993, the State Department has been examining U.S. access to publicly funded
research abroad as part of an ad hoc interagency working group chaired by the Council of Economic
Advisors that is evaluating U.S. policy governing foreign access to U.S. publicly funded research.
Conceivably, the working group could periodically evaluate the status of U.S. access to publicly
funded R&D overseas.
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Agenda

Roundtable on Foreign Participation in U.S. Research
and Development: Economic Asset or Liability?

Room 250, National Academies Building
2101 Constitution Avenue, N.W.
Washington, D.C.

November 8-9, 1993

Monday, November 8

6:00 p.m. Reception and Dinner, Executive Dining Room

Welcome and opening remarks
Robert M. White, President, National Academy of Engineering
Alan Schriesheim, Committee Chairman, Argonne National
Laboratory

8:00 Adjourn

Tuesday, November 9
7:45 am. Continental Breakfast (in meeting room 250)

8:15 Chairman’s overview of issues raised
Alan Schriesheim

Each speaker has been asked to make brief remarks—15 to 20 minutes—
drawing on their personal experiences with these issues and on the unique
perspective provided by their institutional affiliation.
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David Goldston, Committee on Science, Space and Technology,
U.S. House of Representatives

Governor Richard F. Celeste, Celeste & Sabety Ltd.
BREAK

Robert Charpie, Chairman, Ampersand Ventures
(venture capitalist)

Geza Feketekuty, Senior Policy Advisor, Office of the
U.S. Trade Representative, and Chairman, OECD
Trade Committee

Working lunch in the meeting room

C. William Gear, President, NEC Research Institute, Princeton
Knut Merten, President & CEO, Siemens Corporate Research, Inc.

C. Richard Deininger, Director, National Resource Program,
SEMATECH

BREAK

John Wiley, Dean of Graduate Studies and Vice President
for Research, University of Wisconsin, Madison

Summary of issues and roundtable discussion
NAE Committee Members

Closing remarks
Alan Schriesheim, Chairman

ADJOURN
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freestanding R&D facilities, 48—53, 56,
85 n.14, 86 nn.16, 21

by industry, 61-62, 142
intrafirm trade, 89 n.41

objectives and motivations for R&D
activities, 50, 54-56, 63-64, 81, 84
n.4, 87 n.25, 142-143

organization and character of R&D
activities, 22-25, 36, 41, 48-56,
60-70, 81, 143

reciprocity requirements, 10, 11, 130,
150, 153-154

R&D intensity of activities, 60—64, 81

technology flows, 66, 81, 143

technology stripping, 70

types of R&D activities, 48-56, 64-65

value of R&D, 64-66
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Affiliates, U.S.-owned, 65, 131 n.3, 138
Bttt AL ECET BTt
investment by U.S. Companies,
multinational corporations, U.S.
Aircraft industry, 67
AlliedSignal Incorporated, 116, 126, 136
n.43
American Microsystems, 87 n.29
Antitrust issues, 6, 57, 73, 76, 77, 87 n.27,
144, 153. See also Monopolies
Applied research
by affiliates of foreign firms in U.S., 54,
64
defined, 29
and economic development, 33, 34
outputs of, 30, 31, 38 n.9
by U.S.-owned affiliates abroad, 65
Argonne National Laboratory, 114
Asea Brown Boveri, 116
Asian-Pacific Economic Cooperation Forum,
73, 153
Association of University Technology
Managers (AUTM), 12, 156
AT&T, 87 n.29, 110
Australia, 80, 125
Automation, 44
Automotive industry, 48-49, 50, 51, 55, 56,
58, 60, 61, 62, 67, 69, 84 n.4, 85
n.12, 86 n.21, 135 n.38

B

Basic research
by affiliates of foreign firms in U.S., 54—
55, 64-65
defined, 29
and economic development, 33-34
funding, 31, 131 n.1
industry trends, 13, 24
international equity issues, 10, 11-12, 25,
127-129, 131, 151, 154-155
by Japan, 12, 86 n.21, 87 n.29, 104, 110,
127-129, 131, 150, 154-155
links with applied research, 33
outputs of, 30, 37 n.1
at universities, 91, 104, 110
U.S. capabilities and comparative
strength in, 90-91
by U.S.-owned affiliates abroad, 65
Bath Iron Works Corporation of Maine, 117,
136 n.47

INDEX

Bayh-Dole Act of 1980, 106, 133 n.18, 156,
157-158 n.1

Belgium, 65

Biotechnology, 44, 48, 49, 50, 51, 55, 56,
58, 59, 64, 65, 67, 69, 80, 86 n.19,
87 n.28, 111

Bureau of the Census, Survey of Industrial
Research and Development, 83

C

Canada
foreign direct investment in, 22
high-tech production and exports, 20
R&D spending by foreign-owned
companies in, 22
Canadian-owned companies
acquisitions of U.S. high-technology
companies by, 80
affiliates in U.S., 42-45, 46, 48, 49
expenditures for R&D in U.S., 4, 19, 22,
42, 43, 45, 46, 81
involvement in U.S. university research,
100, 103
patenting activities, 65, 106
and publicly funded U.S. research, 117
Canon, 48, 49, 54, 86 n.18, 89 n.45
Carnegie-Mellon University, 107
Chemical industry, 15, 43-47, 48, 50, 51,
56, 58, 60-63, 66, 81, 142
Ciba-Geigy, 105, 110, 133 n.15
Cold War, 23
Columbia University, 108
Committee on Foreign Investment in the
United States, 75, 76, 88 n.37
Communications industry, 43, 44, 45, 46, 47,
50, 51, 60, 61, 62, 63, 80, 81, 87
n.28, 142
Computer and office equipment industry, 21,
43-45, 46, 47, 48, 50, 51, 57, 60—
63, 80
Cornell University, 98, 103, 120, 137 n.56
Council of Economic Advisors, 158 n.4
Cooperative Research and Development
Agreements (CRADAS) see Federal
laboratories

D

Daichii Pharmaceuticals, 105, 133 n.17
Defense Investigative Service, 75, 77
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84-85 n.7

E

Economic performance. See also
Monopolies; U.S. competitiveness
basic research and, 33-34
R&D and, 2-3, 32-35, 78-80, 141-142
requirements for foreign affiliates, 10,
11, 60, 64, 73, 77, 114-115, 116,
123-124, 130, 149-150, 151-153
Electronics industry, 44, 45, 46, 47, 48, 50,
51, 55, 56, 57, 59-63, 65, 67, 80,
86 n.21, 88 n.34
Employment in U.S. by foreign-owned
affiliates, 42, 49-50, 55-56, 86
n.21, 131 n.2
Energy Policy Act of 1992, 116, 117
Engineering Research Centers, 108, 134 n.25
Environmental regulation, 56, 146
European Community
U.S. access to R&D in, 10, 125-
126, 138 n.68, 150
European-owned companies
expenditures for R&D in U.S., 4, 42, 45,

46

freestanding R&D facilities in U.S., 48,
49-50, 56

history of investments in U.S., 15-16, 88
n.34

international technology flows and, 67
involvement in university research in
U.S., 101, 125
patenting activities, 65, 106
R&D intensity of U.S. activities, 62
technical alliances involving, 57
value of R&D investments in U.S., 65
European Strategic Programme for Research
and Development in Information
Technology, 125-126
Expenditures for R&D
defense technologies, 23
domestic, 42
by industry, 4, 5, 42, 43, 45, 46, 47, 81
international comparisons, 4, 10, 19-20,
22,42, 45, 46, 81, 128
privately funded R&D, 47
publicly funded R&D, 23
rates of return, 33, 34, 38 n.6
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R&D intensities, 60-64, 81,
university research in U.S., 95-99, 103,
128
U.S. affiliates of foreign-owned firms, 3—
4,17, 39, 42-48, 60, 81, 83 n.2, 85
n.9
Export Administration Act of 1979, 75, 76

F

Fairchild Space Company, 104
Federal laboratories. See also various
federal agencies and individual
federal laboratories
budget, 112
Cooperative Research and Development
Agreements (CRADAs), 114-116,
119, 134 n.34, 135-136 n.39, 149,
152
economic performance requirements,
114-115
federally funded research and
development centers, 212
foreign corporate participation in, 114—

116, 122-124

history of foreign involvement in, 112—
114

intellectual property rights at, 113, 114—
115

intramural agency laboratories, 112
national security issues, 115
visiting researchers, 8, 10, 113-114,
118-122, 147, 148
Federal Technology Transfer Act of 1986,
134 n.34, 135 n.36
Finland, 65
Food and kindred products, 45, 48, 49, 50,
51
Foreign direct investment by U.S.
companies, 21, 41, 65. See also
Affiliates, U.S.-owned;
Multinational corporations, U.S.
Foreign direct investment in the U.S. See
also Affiliates of foreign-owned
firms in U.S.; International
corporate alliances; various
countries
barriers to, 71
benefits of, 57-58, 118-121, 129
data on, 17
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defined, 13 n.3, 27 n.1, 84 n.7
CHRARRISTBREC AL et br Lrablity >
y of, 15-16, 112-114
international negotiations regarding, 71
motivations for, 4, 40—41
national security concerns, 6—7, 74-78,
82-83, 144-146
quid-pro-quo relationships, 5-6, 59-70,
102
surveys of, 83—84 n.2
trends, 3-4, 16, 21, 39, 42-56, 81
France
foreign direct investment in, 22
high-tech production and exports, 20
R&D spending by foreign-owned
companies in, 22
French-owned companies
acquisitions of high-technology
companies in U.S., 80
affiliate companies in U.S., 43-46, 51,
62
expenditures for R&D in U.S., 4, 19, 22,
42, 45, 46, 128
freestanding R&D facilities in U.S., 51
patenting activities, 20, 65
R&D intensity of U.S. activities, 61, 62
involvement in university research in
U.S., 103, 104, 110, 128

G

General Agreement on Tariffs and Trade,
Uruguay Round, 71, 73, 139 n.71,
153
General Electric, 87 n.29, 116, 136 n.42
Georgia Institute of Technology, 100, 106,
137 n.58
German-owned companies
acquisitions of high-technology
companies in U.S., 80
affiliate companies in U.S., 43-46, 51,
61, 62, 81
expenditures for R&D in U.S., 4, 19, 22,
42, 43, 45, 46, 81, 128
freestanding R&D facilities in U.S., 51
international technology flows and, 66,
67, 68
involvement in university research in
U.S., 97, 101, 103, 104, 128
patenting activities, 20, 65
R&D intensity of U.S. activities, 61, 62

INDEX

Germany
foreign direct investment in, 22, 71-73
high-tech production and exports, 20
R&D spending by foreign-owned
companies in, 22
U.S. access to R&D in, 26, 71-72
Glaxo, 110
Government-University-Industry Research
Roundtable, 12, 155-156
Grumman, 87 n.29

H

Harvard University, 97, 98, 99, 100, 103,
105
Hewlett Packard, 87 n.29
High-Speed Civil Transport “Piper” project,
138 n.69
High-technology industries. See also
Industrial R&D; Military technology
defined, 13—-14 n.5, 27-28 n.7
direct foreign investment in, 40, 42, 144
foreign ownership of companies by
technology field, 44, 79-80
spending for R&D, 4, 42
start-up companies, 79
High-technology products, 14 n.5, 27-28 n.7
Hitachi Chemical Company, 104
Hughes, 87 n.29
Human Genome Project, 12, 155

IBM, 126
Industrial liaison programs, See Universities
and university research
Industrial R&D. See also Privately funded
R&D; individual industries
internationalization of, 41
surveys of, 83-84 n.2
technology parks, 109-110
trends, 13, 27 n.3, 157
and U.S. competitiveness, 19, 157
Industry/University Cooperative Research
Centers, 108
Information technology, 57, 58
Innovation, technological, 30, 32, 34, 38 n.5,
141. See also Communications
industry; Computer and office
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50, 51, 57, 60, 61, 62, 63
Intellectual property
defined, 135-136 n.8
distribution of benefits of, 34
management of, 12, 18-19, 31, 152, 156
ownership issues, 30-31, 37 n.4, 104—
106, 113, 114-116, 146, 152
Intelligent Manufacturing Systems Initiative,
12, 155
International corporate alliances
access issues and, 73
economic effects, 82
national security and, 75
objectives of, 89 n.42
in privately funded R&D and, 3, 56-58
technology flows and, 67-68
trends, 3, 39, 87 nn.26, 28
Investment. See Foreign direct investment
in the U.S.
Italy, 65, 103

Japan

foreign direct investment in, 22, 71-73

high-tech production and exports, 20

Ministry for International Trade and
Industry, 125, 126

R&D spending by foreign companies in,
22

U.S. access to R&D in, 10, 17, 19, 71-
73, 125-127, 150, 155

Japanese-owned companies

affiliate foreign companies in U.S., 42—
43, 45-51, 55, 61-63, 65, 81, 86
n.16, 142

basic research, 12, 86 n.21, 87 n.29, 104,
110, 127-129, 131, 150, 154-155

competitiveness, 19, 20, 22, 26

demand for scientists and engineers, 40—
41, 87 n.23

and dual-use technologies, 77

expenditures for R&D, 4, 20, 22, 42, 45,
46, 47, 81, 128

and federal (U.S.) laboratory research,
113, 114, 116

foreign-direct investment in U.S., 71-73
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freestanding R&D facilities in U.S., 48,
49, 50, 51, 86 n.16
high-technology acquisitions, 78—80
international technology flows and, 66—
68, 81-82
involvement in university research in
U.S., 97, 99, 100, 104, 105, 110-
111, 125, 128, 129, 132 n.11, 147
monopoly issues, 78-79
patenting activities, 20, 65, 88 n.34, 106
and publicly funded U.S. R&D, 9, 113,
114, 116, 117, 119-120
R&D intensity of U.S. activities, 61, 62,
63, 88 n.34
R&D objectives in U.S., 55-56, 59-60,
65-66, 84 nn.4, 5, 87 n.25, 111, 147
reverse engineering, 38 n.11
technical alliances involving, 57
value of R&D activities to U.S., 65-68
Johns Hopkins University, 98, 101, 103
Joint European Semiconductor Submicron
Initiative, 118
Joint ventures, 57, 69, 75, 78, 87 n.27, See
also International corporate
alliances

K

Kent State University Liquid Crystal
Institute, 95, 120

Kvaener Masa Marine, 117

Kyocera, 77, 116

L

Langley Research Center, 114

Lawrence Livermore National Laboratory,
113

Licensing agreements and programs, 57, 66,
67, 68, 88 n.36, 102-103, 106-107;
See also Patents and patenting

Los Alamos National Laboratory, 113, 137
n.59

M

Machinery industry, nonelectrical, 48, 50, 51

Massachusetts General Hospital, 105, 132—
133 n.14

Massachusetts Institute of Technology, 95,

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4922.html

190

97, 98, 99, 100-101, 102-103, 106,
dfdp At USset gk Llikbility®: 134
n.25, 147

Materials Research Centers, 108
Materials Research Corporation, 74-75, 78,
88 n.37
Matsushita, 54, 86 n.18
Metals industry, primary and fabricated, 45,
48, 50, 51, 60, 61
Microelectronics and Computer Technology
Corporation, 137 n.51
Military technology. See also National
security
access to components and subsystems,
40, 144, 145
civilian technologies and, 23-24
identification of critical technologies, 6,
77,78, 144, 146
illegal sales to U.S. adversaries, 89 n.46
and industrial R&D, 13
reducing risks of foreign involvement in,
75-717, 78, 82, 144145
Tomahawk missile program, 77
Mitsubishi Electric, 54, 86 n.18
Mitsui Engineering and Shipbuilding, 117
Monopolies. See also Antitrust issues
access to components and subsystems, 40
competitiveness and, 67
and economic security, 78—79
international corporate alliances and, 58
national security threats, 6, 77
in niche defense markets, 77, 82, 144
regulation of, 18, 146
Motorola, 126
Multinational corporations, U.S. See also
Affiliates, U.S. owned; individual
corporations
direct investment abroad, 21
transnational corporate technical
alliances, 3, 21, 39

N

National Aeronautics and Space
Administration, 112

National Center for Manufacturing Sciences,
84 n.5

National Cooperative Production
Amendments, 87 n.27

National Cooperative Research Act of 1984,
87 n.27

INDEX

National innovation systems, 1-2, 13 n.2,
18, 25-26, 27 n.2, 141-142, 148,
156-157

National Institute of Standards and
Technology, 112, 114, 115, 125,
157-158 n.1

National Institutes of Health, 105, 112, 113,
114, 119, 134 n.24, 157 n.1

National Science Foundation, 18, 29, 83 n.2,
108, 125, 132, 134 n.24, 138 n.65

National security issues. See also Military
technology

costs and benefits of foreign participation
in privately funded R&D, 6, 7, 74—
78, 82-83, 144-146

identifying critical military technologies,
6, 78

monopolies and, 6, 77-78, 82, 144

in publicly funded research, 115

recommendations regarding, 7, 145-146

restrictions on foreign access to U.S.
technology, 26, 36, 115

National treatment. See Nondiscrimination
policies

Naval Research Laboratory, 112

Naval Surface Weapons Center, 112

NEC, 54, 55, 86 n.18, 87 n.29, 110

Netherlands, 51, 65, 80, 103, 128

Nippon Sanso KK, 88 n.37

Nippon Telephone and Telegraph, 125

Nondiscrimination policies, 7-8, 71, 126—
127, 138-139 n.71, 146, 150, 152,
153-154

North American Free Trade Agreement, 71,
73, 88 n.38

North Carolina State University, 100

Norway, 65

o

Oak Ridge National Laboratory, 114, 116,
136 n.43

Omnibus Trade and Competitiveness Act,
75,76

Oregon Health Science University, 100

Oregon State University, 97, 99, 100

Organization for Economic Cooperation and
Development, 13—-14 n. 5, 20, 27-28
n.7, 71, 73, 88 n.37, 139 n.71, 153

Organization of Petroleum Exporting
Companies, 76
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Patents and patenting, U.S., 20, 64-65, 66,
106-107
Pennsylvania State University, 98, 103, 132
n.9
People’s Republic of China, 113, 120
Perceptions of foreign participation, 1213,
16-17, 35-36, 104-105, 143, 156—
157
Petroleum industry, 45, 48
Pharmaceutical industry, 43, 45, 46, 47, 48,
49, 50, 51, 56, 59-64, 81, 85 n.9,
87 n.28, 142
Philips, 54
Photonics and optics, 44, 50, 51
Princeton University, 109, 110
Privately funded R&D in the U.S.. See also
Affiliates of foreign-owned firms;
High-technology industries;
Industrial R&D; individual
corporations
access issues, 6, 70-74, 82, 143-144
affiliates of foreign-owned firms (in
U.S.), 42-56, 60-64
defined, 13 n.1, 27 n.4
and economic security, 78-80, 145
expenditures by U.S. affiliates of foreign
firms, 42-43, 45-48, 60, 142
foreign direct investment and, 3-7, 39-89
international corporate alliances, 5658,
142
“lost opportunities,” 69—-70, 8§1-82
national security threats, 6, 7, 74-78, 82—
83, 144-146
performance requirements, 10, 11, 60,
64, 73, 77
political-economic logic of, 31-32
quid pro quo relationships, 59-70, 143
R&D intensity of affiliates, 60—64
recommendations regarding, 7-8, 145—
146
strategies, 24
technology flows, 66—69
technology stripping, 70
trends in foreign participation, 3-5, 16,
60-64, 142-143
types of affiliate R&D activities, 48-56
value of affiliate R&D, 64—66
Product life cycles, 22, 41
Publicly funded R&D (U.S.). See also
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Federal laboratories; Universities
and university research

access asymmetries, 9-10, 91, 124-127,
150, 158 n.4

basic research, 11-12, 31, 90-91, 127—
129, 151

criticisms of foreign participation in, 18

defined, 27 n.4

disciplicary focus, 9, 147

effects of foreign involvement, 9—10,
118-124, 137 n.56

expenditures, 23

industrial technology inititatives, 116—
118

industry cooperation in, 25, 31

and intellectual property rights, 113,
114-115, 152

military-civilian technology relationships,
23-24

objectives of foreign researchers
concerning, 113, 147

political-economic logic of, 32

quid-pro-quo relationships with foreign
firms and foreign nationals, 9, 12,
91, 102-103, 108, 118-124, 147-
150

recommendations regarding, 10-12, 151—
156

regulation of, 10, 18-19, 41, 84 n.5, 108,
115-116, 123-124, 149-150, 151

strategies, 24-25

trends in foreign participation in, 8-9,
16, 90-92, 129, 147

and U.S. competitiveness, 90

Purdue University, 119

R

Recommendations

basic research burden sharing, 11-12,
154-155

economic performance requirements, 10,
11, 151-153

intellectual property management, 12,
156

national security issues, 7, 145-146

privately funded R&D, 7-8, 145-146

publicly funded R&D, 10-12, 151-156

reciprocity requirements, 10, 11, 150,
153-154

regulatory policies, 7, 146
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trade and investment policy, 11, 146,
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¢rsity “good practices,” 155-156
Reichold Chemicals, 110
Rensselaer Polytechnic Institute, 120
Research and development. See also
Privately funded R&D; Publicly
funded R&D
activities, 29-39
defined, 29
distribution of benefits, 34-35
and economic performance, 2-3, 32-35,
78-80, 141-142
funding, 31
and innovation, 32
organization and management of, 22-25,
36, 41
outputs, 30-31, 37 n.3, 141
quality of activity, 64—68
scanning capabilities and, 88 n.35
spillovers from, 33, 109
taxonomy, 29-30
Research Triangle Park, 109, 110
Reverse engineering, 38
Rhone Poulenc, 110
Robotics industry, 69

S

Sandia National Laboratory, 114, 120, 137
n.59
Sandoz Pharmaceutical, 105, 133 n.16
Science and Technology Centers, 108
Scientists and engineers
demand for, 40-41, 87 n.23, 91-92, 94—
95
employment by U.S. affiliates of foreign-
owned firms, 49-50, 55-56, 86
n.21, 131 n.2
non-U.S. citizens employed in U.S., 121
Scripps Research Institute, 105
Semiconductor industry, 50, 51, 57, 69, 74—
75, 78-79, 80, 89 n.45
Semiconductor Manufacturing Technology
Consortium (SEMATECH), 18, 25,
28 n.9, 84 n.5, 89 n.45, 116, 117-
118
Semi-Gas System Inc., 88 n.37
Service industries, 45, 46
Shisiedo Co. Ltd., 105, 132—-133 n.14
Siemens Research Corporation, 104, 110

INDEX

Slovenian J. Stefan Institute, 95
Software industry, 44, 50, 51
Sony Corporation, 74-75, 78, 88 n.37
South Korea, 44, 48, 49, 51, 67, 80, 120
Spencer, William, 28 n.9
Stanford University, 98, 103, 107, 109, 119,
132 n.9
State/University/Industry Cooperative
Research Centers, 108
Steel industry, 67, 69
Stevenson-Wydler Technology Innovation
Act of 1980, 135 n.36
Summit Micro Circuit, 87 n.29
Supercomputer Centers, 108
SVG Lithography Systems, 89
Sweden, 22, 44, 51, 65
Swiss-owned companies
acquisitions of U.S. high-technology
firms, 80
affiliates in U.S., 42-46, 51, 61, 62, 81
expenditures for R&D in U.S., 4, 42, 43,
45, 46, 81
freestanding R&D facilities in U.S., 51
R&D intensity of activities, 61, 62
patenting activities, 65
international technology flows, 66, 68
involvement in university research in

U.S., 105, 110
T
Taiwan, 44, 80
Technology
defined, 37 n.2
fusion, 22

scanning capabilities, 88 n.35
policies, 17-18, 41
Technology Administration Authorization
Act, 117, 136-137 n.44
Technology/knowledge transfer. See also
Intellectual property
balance of international technology
flows, 36, 66-69, 81, 122-123, 130,
143, 147
barriers to, 2-3, 35, 141, 149
consequences of, 35-36
importance of proximity, 35, 41, 50, 53,
81, 141
technological sophistication and, 35, 37,
38 n.11, 141, 142
technology stripping, 70
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munications. See Communications

industry

Tektronix, 87 n.29

Texas A&M University, 97-101, 103

Texas Instruments, 126

Tokyo Electric Power, 119

Tokyo University of Agriculture and
Technology, 95

Toshiba Corporation, 89 n.46

Trade policies, 41, 71, 73, 75, 117, 146, 152,
153-154

Transportation equipment (nonautomotive),
46, 47, 60, 61, 62, 63

U

U.K.-owned companies
affiliates in U.S., 43-46, 51, 61, 62
expenditures for R&D in U.S., 4, 22, 42,
43-46, 81, 128
freestanding facilities in U.S., 51
high-technology acquisitions, 80
international technology flows, 66, 67, 68
involvement in university research in
U.S., 97, 100-101, 103, 104, 110,
128
patenting activities, 20, 65
R&D intensity of activities, 19, 61, 62
United Kingdom
foreign direct investment in, 22, 72
high-tech production and exports, 20
R&D spending by foreign-owned firms
in, 22
U.S. access to R&D in, 72
visiting researchers at U.S. federal
laboratories, 113
Universities and university research
basic research, 91, 104, 110
collaborative research, 95, 96
contracts and grants, 102-106
corporate participation, foreign, 99-111,
122-124, 151
disciplinary focus of foreign
involvement, 94, 95, 99, 102, 103—
104, 108, 109, 147
expenditures for, 95-99, 128
funding, foreign, 95-99, 129
intellectual property rights, 104—106,
137-138 n.61
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industrial liaison programs, 107-108, 134
n.24
industrial technology parks, 109-110
Japanese involvement in, 97, 99, 102—
103, 104, 110-111, 129, 147
objectives of foreign participation in, 91,
132 n.10
patent and technology licensing
programs, 106—-107
quid pro quo relationships, 102-103, 108,
125, 156
standards of conduct, 155-156
students, researchers, and faculty, 8, 10,
16, 92-95, 102-103, 118-122, 129
U.S. funding in foreign countries, 138
n.64
volume of R&D, 91
University-industry research centers, 108—
109, 119
University of
Alabama, 100, 101
Arizona, 98, 100, 103
Arkansas, 101
California at Berkeley, 98, 102—-103, 104,
107, 108, 109, 110, 132 n.9, 134
n.25
California at Davis, 98, 100
California at Irvine, 104
California at Los Angeles, 98, 103
California at San Diego, 98, 103, 105,
106
California at San Francisco, 98, 105, 133
n.17
Illinois at Urbana, 98, 103, 132 n.9
Maryland at College Park, 98
Michigan, 97, 98, 103, 106, 108, 119,
138 n.61
Minnesota, 98, 103, 132 n.9
Pennsylvania, 103
Southern California, 103
Stuttgart, 95
Texas at Austin, 98, 101, 103, 131-132
n.5
Washington, 98, 100, 103, 108
Wisconsin at Madison, 97-101, 103, 107,
108, 147
U.S.-Canada Free Trade Agreement, 71, 88
n.38
U.S. competitiveness
access issues and, 73, 135 n.39, 155
basic research and, 155

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4922.html

194 INDEX

changing character of, 22, 156-157
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manufacturing, 19, 22
monopolies and, 6-7
publicly funded research and, 90, 112—
113, 115, 151
technology-policy-for-competitiveness
initiatives, 28
and technology strategies, 24-25
weaknesses of U.S. innovation system,
25-26
U.S. Department of Commerce. See also
National Institute of Standards and
Technology
Advanced Technology Program, 9, 18,
25, 28, 84 n.5, 116, 117, 129, 147
Annual Survey of Foreign Direct
Investment, 83 n.2
definition of foreign investment, 84 n.7
definition of high-technology industries,
13-14 n.5, 27 n.7
Technology Administration, 28 n.9
U.S. Department of Defense, 74-78, 83, 117,
144, 146
U.S. Department of Energy, 113, 115-116,
119, 134 n.32, 135 n.38. See also
Federal laboratories.
U.S. Display Consortium, 84 n.5, 116, 118,
137 n.51
U.S.-Japan Manufacturing Fellowship
Program, 138 n.65
U.S.-Japan Structural Impediments Initiative,
73

Wiley, John, 107

Y

Yale University, 103

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4922.html

