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Preface

Increasingly, the value of science and engineering research to society is mea-
sured by how readily research results are translated into useful products and ser-
vices. Fundamental to this process is technology transfer, which has been the
subject of growing public discourse since the early 1980s and is now more than
ever a focal point of policy interest. This renewed attention to technology trans-
fer is occurring at a time when expanding international markets, global competi-
tion, and other pressures are forcing companies to rationalize or reengineer their
operations, often in the face of increasingly constrained resources.

The following consensus study, prepared by a binational panel of Ger-
man and American experts, documents the significance of effective technology
transfer to industrial competitiveness in a global economy. The study’s findings
make clear that it is no longer appropriate to view technology transfer as a simple
one-way transfer—from research performer to technology user—of processed
knowledge and finished concepts. Rather, technology transfer should be under-
stood as a mutual, multidirectional exchange—comprising many different forms
and mechanisms—within and between nonindustrial research institutions and
industry.

This comparison of the origins, framing conditions, instruments, and re-
cent development of the German and American technology transfer systems re-
veals strengths and weaknesses in both countries. It also offers a starting point
from which each nation can pursue new paths toward strengthening economic
and technological performance, as well as cultivate more intensive, mutually
advantageous international collaboration in technology transfer. The binational
study panel, comprising experts from 18 scientific and technological institutions
and enterprises in Germany and the United States, has articulated important,
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Vi PREFACE

well-founded recommendations for improving and further developing the Ger-
man and American technology transfer systems. I am confident that these rec-
ommendations will be given serious consideration by scientific, economic, and
public policy communities on both sides of the Atlantic. Furthermore, the study
speaks to several interesting possibilities for further dialogue between experts in
both countries.

On behalf of the German-American Academic Council, I would like to thank
the cochairmen, H. Norman Abramson and José Encarnacdo, and their colleagues
on the binational panel for their considerable efforts on this project. I would also
like to thank the staff of the U.S. National Academy of Engineering and the Ger-
man Fraunhofer Institute for Systems Innovation Research who worked on the
project, in particular the co-directors for the study, Proctor P. Reid and Ulrich
Schmoch.

PROF. DR. HEINZ RIESENHUBER

President, German-American Academic
Council Foundation
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OVERVIEW AND COMPARISON
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2 TECHNOLOGY TRANSFER SYSTEMS IN THE UNITED STATES AND GERMANY

INTRODUCTION

Part I of this report presents an overview of the structure, operation, and
performance of major sectors of the national technology transfer systems in Ger-
many and the United States and identifies opportunities for the two national sys-
tems to learn from each other. It draws substantially on the two country reports
prepared by the German and U.S. delegations to the binational panel on “Tech-
nology Transfer Systems in the United States and Germany: Lessons and Per-
spectives,” with staff support from the National Academy of Engineering, Wash-
ington, D.C., and the Fraunhofer Institute for Systems and Innovation Research,
Karlsruhe. The U.S. and German country reports, Parts II and III of the report, are
freestanding documents that map the technology transfer landscape in each coun-
try in detail. This section of the report includes country-specific recommenda-
tions for which each of the two national delegations is solely responsible, as well
as joint recommendations that represent the consensus of the full binational panel.

The focus of the panel’s deliberations has been on systems and mechanisms
involved in the transfer of technology (broadly defined) from organizations that
perform research and development (R&D), but do not directly engage in the com-
mercialization of technology, to organizations that use technology to produce
commercial products and services. The principal organizations involved in this
type of technology transfer are nonindustrial R&D performers: universities and
affiliated institutions; government laboratories; and an array of public, private,
and mixed (public and private) contract R&D institutes and consortia. The panel
also looked at a diverse group of organizations (e.g., professional societies, in-
dustry associations, and technology brokers) that performs little, if any, R&D of
its own, yet plays an important role in facilitating technology transfer between the
nonindustrial R&D performers and private industry. Although private companies
producing goods and service perform the vast majority of R&D and technology
transfer in both countries, intrafirm and interfirm technology transfer by technol-
ogy users lies beyond the scope of the panel study.

Understanding Technology Transfer

The panel defines technology transfer as the movement of technological and
technology-related organizational know-how among partners (individuals, insti-
tutions, and enterprises) in order to enhance at least one partner’s knowledge and
expertise and strengthen each partner’s competitive position. Technology trans-
fer occurs throughout all stages of the innovation process,! from initial idea to
final product. Like the innovation process proper, technology transfer is usually
iterative, involving multiple transfer steps. Technology transfer can take place
via informal interactions between individuals; formal consultancies, publications,
workshops, personnel exchanges, and joint projects involving groups of experts
from different organizations; and the more readily measured activities such as
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patenting, copyright licensing, and contract research. Technology transfer may
be confined to specific regions, or it may span regions or nations within one
continent or across several continents.

This definition of technology transfer encompasses direct and indirect forms.
Direct technology transfer is linked to specific technologies or ideas and to more
visible channels such as contract or cooperative research projects. Indirect tech-
nology transfer concerns the exchange of knowledge through such channels as
informal meetings, publications, or workshops.?2 In early stages of the technol-
ogy life cycle, indirect technology transfer predominates, so that it is often diffi-
cult to trace the origins of specific technologies or ideas. In the public debate,
there is a strong tendency to look only at direct technology transfer. However,
indirect and direct technology transfer are closely intertwined, and for the com-
petitiveness of a country, it is important that both types of transfer be efficient.
The following analysis is based on a broad interpretation of technology transfer
and is not limited a priori to specific mechanisms.

Factors Shaping National Technology Transfer Systems

Technology transfer activities within a country are shaped by many different
factors. Among the most important of these are the scale and technological inten-
sity of the country’s “home” market; the performance of domestic labor and capi-
tal markets; the volume and composition of public and private spending on R&D
and technology transfer activities within the country; the extent of linkages to
foreign sources of technology; the domestic intellectual-property regime; the en-
dowment of human capital and R&D/technology transfer institutions; and a broad
range of public policies and private practices and attitudes that shape a nation’s
collective outlook on innovation, change, and risk.

To examine comparatively the organization and performance of the two na-
tional systems, both the overview and the country reports focus on factors, poli-
cies, practices, and institutions most directly linked to R&D and technology trans-
fer. It is important, however, not to overlook major international differences in
the scale and nature of domestic markets, in the organization and performance of
markets for labor and capital, and in other production factors that have profound
consequences for domestic technology transfer systems. This report tries to ad-
dress briefly at least the most significant of these issues, but a more detailed
analysis of these structural economic factors is beyond the scope of the study.?

THE GERMAN AND U.S. R&D SYSTEMS

A comparison of the general size and structure of the German and American
national R&D systems reveals a number of fundamental structural similarities
and differences. These are the foundation for a more detailed examination of
technology transfer activities and institutions within the two countries.
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Major Similarities

Germany and the United States invested 2.3 and 2.5 percent, respectively,
of their gross domestic product in R&D activity in 1994. Public and private
shares of total R&D funding were similar in the two countries in 1994 (roughly
40 percent public and 60 percent private in each) as were the shares of total
R&D performed by industry and by higher education and affiliated institutions
(66 to 71 percent by industry and 15 to 19 percent by higher education and
affiliated institutions) (Table 1.1). Both countries have roughly the same broad
institutional categories of R&D and technology transfer performers: universi-
ties, government laboratories, public and private affiliated and independent “in-
termediary” R&D institutions; and a range of organizations that do not perform
R&D but do facilitate technology transfer. Moreover, both countries possess
highly diversified public- and private-sector R&D portfolios that span the full
spectrum of science and engineering disciplines and a wide range of technologi-
cally evolving industries.

TABLE 1.1 German and U.S. R&D Expenditures, Percentage by Source of
Funds and Performing Sector, 1994

Germany United States

R&D Fund R&D R&D Fund R&D
Sector Sources Performers Sources Performers
Industry 61.5 66.9 58.9 70.8¢
Government 38.0° 15.2¢ 37.04 10.2
Higher Education — 17.5 2.3¢ 15.5
Private nonprofit 0.5 0.4 1.8 3.5¢

4Includes industry-administered federally funded research and development centers (FFRDCs).

bState and federal government funds, as well as funds of the German Research Association and
other quasipublic organizations.

“Includes Helmholtz Centers, the Max Planck Society, the Fraunhofer Society, Blue List institutes,
departmental institutes, state institutes, and similar publicly chartered institutions.

dIncludes $61 billion of federal funds and $1.6 billion of state and local funds specifically targeted
for R&D.

¢Includes general-purpose state or local government appropriations, general-purpose grants from
industry, foundations and other outside sources, tuitions and fees, endowment income, and unre-
stricted gifts.

fncludes university-administered FFRDCs.

8Includes FFRDCs administered by other nonprofit institutions.

SOURCES: Bundesministerium fiir Bildung, Wissenschaft, Forschung und Technologie (1996) and
National Science Board (1996).
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Major Differences

The U.S. R&D and technology transfer system is roughly four times the
absolute size of its German counterpart, whether measured by the volume of R&D
spending, the number of R&D-performing institutions, the size of the R&D
workforce, or the volume of high-technology production, patenting, and research
publications (Table 1.2). This difference in scale reflects the relative size of the
two nations’ economies and populations.*

This size difference does not mean that the two countries are not comparable.
Behind the United States and Japan, Germany is the third-largest country in the
world in terms of the absolute size of its R&D budget. With that investment,
Germany is able to exploit all relevant areas of science and technology, unlike
many smaller countries. Nevertheless, the larger scale of the U.S. research enter-
prise has certain advantages. Compared with its German counterpart, the large
U.S. population of R&D performers means more opportunities for synergy> and
specialization among R&D institutions as well as more intense competition for
research funds. The U.S. domestic market has many large-scale, technology-
intensive segments that are much more homogeneous than those in the German
market in terms of regulation and consumer demand. Thus, the U.S. market
offers more opportunities for new high-tech products. The Common Market of
the European Union has an absolute volume comparable to the U.S. market, but
the actual integration of the different European national markets is still quite
limited in comparison with the U.S. market.

In the United States, operational responsibility for R&D and technology
transfer is more widely distributed among a larger and more diverse population of
institutions than it is in Germany. There also appears to be greater diversity and
autonomy among U.S. technology transfer agents within each of the major tech-
nology transfer sectors than is true in Germany. This diversity is manifested in
terms of size (research budgets, staff), ownership and management types (private,

TABLE 1.2  The Relative Scale of the German and U.S. Technology Transfer
Systems in Context

Germany United States
R&D Employment (1993) 229,800 962,700
R&D Spending (1994%) $36.8 billion $168.5 billion
High-technology manufacturing production (1992?) $175.2 billion $640.2 billion
Domestic utility patent applications by nationals (1994) 36,800 107,233
Scientific and technical articles, all fields (1993) 27,902 140,588

4Calculated with purchasing power parity exchange rates.
bMeasured in constant 1980 dollars.

SOURCES: Deutsches Patentamt (1995), National Science Board (1993, 1996), Organization for
Economic Cooperation and Development (1996b,c), U.S. Patent and Trademark Office (1995).
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public, state, federal, for profit, not for profit, etc.), research and technology trans-
fer portfolios, and productivity. In other words, the German system is more uni-
form across industrial sectors, scientific fields, and regions than its U.S. counter-
part. It is also relatively more uniform than the American system in terms of the
patterns of federal, state, and private shared funding practices across these sec-
tors, fields, and regions.

INDUSTRIAL R&D PORTFOLIOS

There are important differences in the industrial R&D portfolios of the two
countries. As the data in Figure 1.1 indicate, for the past 20 years, German indus-
trial R&D has remained concentrated in traditional manufacturing industries in
which German firms have long excelled, namely the automotive, electrical and
nonelectrical machinery, electronic and communication equipment, and indus-
trial-chemicals sectors. Over the same period, the distribution of U.S. industrial
R&D activity among sectors has changed significantly (Figure 1.1). U.S. indus-
trial R&D has long been more heavily concentrated in high-tech (R&D-intensive)
industries than that of its German counterpart. Nevertheless, the U.S. industrial
R&D enterprise has seen a rapid increase in the share of total industrial R&D
accounted for by several major nonmanufacturing industries® as well as a dra-
matic decline in the share accounted for by the electrical machinery and aero-
space sectors, particularly since the mid-1980s.

These differences in industrial R&D activity are reflected in the industrial
output, exports, and patent portfolios of the two nations. According to patent and
trade statistics, U.S. industry excels in the fields of information technology, chem-
istry and chemical engineering, biomedical engineering, pharmaceuticals, and
biotechnology. German industry specializes in several types of mechanical engi-
neering, as well as in civil engineering and some types of chemistry and chemical
engineering (Gehrke and Grupp, 1994).

ALLOCATION OF PUBLIC R&D FUNDS

There are several important differences between the two countries in terms
of how they allocate public R&D monies. In the United States, more than half of
all public R&D spending is committed to national defense, and an additional 11
percent of the total supports civilian space exploration. By contrast, defense and

FIGURE 1.1 (opposite) German and U.S. industry R&D expenditures, percentage by
industrial sector, 1973, 1983, 1993. NOTE: The category “electrical machinery and appa-
ratus” includes electrical motors, transformers, distribution, accumulators, and lighting.
“Electronic and communication equipment” is comprised of electronic components, tele-
vision and radio equipment, telecommunications, and audio-visual apparatus. SOURCE:
Organization for Economic Cooperation and Development (1996a).
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TABLE 1.3 Distribution of Government R&D Budget Appropriations in the
United States and Germany, by Socioeconomic Objective, 1994

Percent of Public R&D Funds

Total Funds Civilian Funds
Objective United States Germany United States Germany
Agriculture 2.5 2.6 5.6 3.0
Industrial development 0.6 15-20 1.3 17-23
Energy 4.2 3.8 9.4 44
Infrastructure 2.9 1.5 6.5 1.7
Environmental protection 0.8 4.2 1.8 4.9
Health 16.5 13 36.9 15
Civilian space 10.9 5.6 24.4 6.5
Defense 55.3 8.4 — —
Advancement of research 4.0 13.8 8.9 16.0
General university funds — 22-27 — 25-31
Not elsewhere classified 2.3 5.2 5.1 6.0

SOURCES: Bundesministerium fiir Bildung, Wissenschaft, Forschung und Technologie (1996),
National Science Board (1996), calculations by the Fraunhofer Institute for Systems and Innovation
Research.

space exploration claim only 8 percent and 6 percent, respectively, of total German
public R&D expenditures (Table 1.3). In the United States, the areas of computer
science and information technology, microelectronics, and aeronautics, in par-
ticular, have benefited from the high volume of public defense-related R&D.”

A special focus of German public R&D spending is “industrial development,”
which receives 15 to 20 percent of public R&D monies. Less than 1 percent of
U.S. public R&D support goes toward such activity. This difference reflects a
more direct engagement of German research policy in civilian industrial technol-
ogy, which in the United States, with a few notable exceptions, is generally con-
sidered to be the province of private institutions. Furthermore, public funding of
industrially relevant R&D in Germany appears to be more targeted to particular
industries than it is in the United States.

Health-related R&D accounts for comparable shares of total public R&D
expenditures in the two countries: 16.5 percent in the United States and 13 per-
cent in Germany. It should be noted, however, that health-related R&D claims a
much larger fraction of the U.S. government’s nondefense R&D spending (37
percent) than it does of the German government’s nondefense R&D budget (15
percent). Publicly funded health-related research has greatly benefited the bio-
medical device and instrumentation sector as well as the pharmaceutical indus-
tries in both countries. However, in the United States, the therapeutics and diag-
nostics biotechnology sector also has been a major beneficiary of government
R&D investments.
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In Germany, the category of “general university funds” has been introduced
in Table 1.3 because of statistical problems with associating university base funds
with specific socioeconomic objectives.® At the same time, the large share of
this category is suggestive of the preeminent position universities occupy among
all German research institutions with respect to their draw on the public R&D
purse. In this context, it is noteworthy that about 43 percent of all German public
R&D funds goes to universities, whereas in the United States, universities and
colleges receive only 20 percent of public R&D funds. The relatively smaller
claim of the U.S. academic research enterprise on U.S. public R&D funds is
largely explained by the fact that roughly half of U.S. government R&D spending
is directed to the development, testing, and evaluation of weapons and other sys-
tems for military use, work not done predominantly within academia.

The relatively large share of German public R&D funding allocated to the
advancement of research, or basic research, is partly a consequence of differences
in the classification of the German and U.S. data. Because most U.S. public
funds are channeled through federal mission agencies, a large portion of U.S.
government-funded basic research is statistically subsumed under specific socio-
economic objectives. Nevertheless, the separate classification of basic research
in the German public R&D portfolio and the large claim of German academic
research on total public R&D funds testify to the comparatively heavy emphasis
German research policy places on basic research.

All in all, German public R&D funds are more evenly distributed among
major socioeconomic objectives than are U.S. public monies. Moreover, there is
more equal involvement of the German federal government and the state govern-
ments in funding and shaping the nation’s public R&D portfolio than is the case
in the United States. In the United States, a small amount of federal R&D fund-
ing is passed through state governments. Many U.S. states allocate a significant
fraction of their budgets to doctorate-granting state universities for support of
research. Such funds provide faculty salaries and support research facilities asso-
ciated with faculty-directed research activity. Direct support by U.S. states of
applied-research projects has, up to now, been concentrated in selected fields,
including agriculture, transportation, labor relations, and public health. How-
ever, over the past decade, some states have moved to broaden their support to
industrial fields (Coburn, 1995). By contrast, in Germany, the central govern-
ment and the federal states are often jointly engaged in funding and administering
public research institutions.

COMPARISON OF MAJOR TECHNOLOGY
TRANSFER INSTITUTIONS

Functional Similarities: An Overview

Despite the many significant structural differences between the German and
American R&D systems, many individual elements of the two national systems
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are functionally comparable and appear to face similar challenges and opportu-
nities.

German and American research universities have the primary functions of edu-
cation and research, with a focus on basic research. They perform most of same
technology transfer functions and wrestle with many of the same issues, such as
the tension between new and traditional university missions, conflict-of-interest
concerns, differences between academic and industrial cultures, and so on.

The large German Helmholtz Centers and large federal laboratories in
America perform basic and applied research in areas of public interest. They face
similar demands to diversify their research portfolios and downsize in response to
a contraction of their original national missions. The German Blue List (Blaue
Liste) institutes, departmental research institutes, and independent state institutes
seem to be comparable to the smaller U.S. federal and state-level laboratories.

The Max Planck institutes are characterized by their public base funding and
their near-exclusive basic research orientation. Although they have no real insti-
tutional counterpart in the United States, their functional equivalents can be found
in several publicly funded, U.S. university-affiliated basic research institutes (in-
cluding federally funded research and development centers), basic research ac-
tivities of certain U.S. federal laboratories (e.g., National Institutes of Health),
and private institutes, such as the Howard Hughes Medical Institutes. Again,
there is a uniformity of German institutions across the spectrum of research fields
that is not found in the United States.

The highly networked, semipublic German Fraunhofer institutes conduct pri-
marily applied research and development and pursue the mission of technology
transfer to industry. There is no single institutional counterpart (public or semi-
public) to the Fraunhofer Institutes in the United States. Instead, many of the
contract R&D and technology transfer functions of the Fraunhofer institutes are
performed in the United States by a large, diverse, and dispersed population of
public and privately held for-profit and nonprofit organizations. Most prominent
among the latter are the large independent engineering research institutes. Fraun-
hofer institutes and U.S. independent engineering research institutes also face
several comparable challenges, for example meeting the technology transfer needs
of small companies and competing and cooperating effectively with other nonin-
dustrial technology transfer institutions in their respective national R&D systems
(e.g., national laboratories, university-affiliated institutes).

In the two countries, industrial enterprises conduct the largest share of R&D,
primarily applied research and development. Cooperative industrial research,
including that conducted by R&D consortia, is well established in both Germany
and the United States. The technology transfer challenges faced by industrial
R&D consortia in the two countries are similar in many respects.

Table 1.4 gives an overview of these functional counterparts in German and U.S.
research institutions. The following sections provide a more detailed comparative
analysis of technology transfer institutions and mechanisms in the two countries.
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TABLE 1.4 Functional Similarities Between Research Institutions in the
United States and Germany

Primary Functions

United States

Germany

Education, basic research

Basic research

Public mission,
public interest

Applied research,
technology transfer

Applied research,

Universities

University-affiliated institutes

Select federal labs and federally
funded R&D centers

Some independent research
institutes

Large national laboratories
Smaller federal laboratories
State-level institutes

Independent engineering
research institutes
UIRCs

Industrial consortia
Industrial R&D collaborations

Universities

Max Planck institutes

Helmbholtz centers
Blue List institutes
Departmental institutes
State-level institutes

Fraunhofer institutes
An-Institutes
BMBF’s cooperative programs

AiF cooperative research
Industrial R&D collaborations

development

NOTE: UIRCs = university-industry research centers; An-Institutes = Institute an der Universitit
(literally, institutes at the university); BMBF = Bundesministerium fiir Bildung, Wissenschaft,
Forschung und Technologie (Ministry for Education, Science, Research and Technology); AiF =
Arbeitsgemeinschaft industrieller Forschungsvereinigungen (Federation of Industrial Research Asso-
ciations).

Technology Transfer from Higher Education Institutions

The primary missions of German and U.S. universities are education and
research directed at the advancement of knowledge. However, engineering
schools and engineering departments in both countries have long performed a
considerable amount of applied as well as basic engineering research. The prin-
cipal contribution of universities to the technical needs of industry is human capi-
tal, that is, well-educated, learning-skilled science and engineering graduates.
Thus, movement of science and engineering graduates to other sectors of a
nation’s innovation system must be considered the most important technology
transfer channel of universities. Although German and U.S. universities are in-
volved increasingly in the generation and licensing of intellectual property, the
primary research output of German and American academic research remains
nonproprietary new knowledge that is disseminated widely through publications
and conferences. Because of the nonproprietary, or “public goods” nature, of
much of its output, academic research is funded primarily by the public sector in
both countries.
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DIFFERENCES OF SCALE AND STRUCTURE

There are major differences in the scale of the German and American aca-
demic research enterprises. The volume of U.S. academic R&D is roughly four
times that performed by German institutions of higher education. Likewise, the
output of U.S. academic researchers, measured in terms of the publication of their
work in the world’s science and engineering literature is about four times that of
their German counterparts. (See Table 1.2, above.) Again, however, these differ-
ences reflect the different sizes of the two countries’ economies and populations.

The U.S. academic research enterprise also appears to be much more hetero-
geneous and decentralized in its administration and management than its German
counterpart. The “nonsystem” of U.S. research universities and colleges is a
highly autonomous population of public and private institutions, each established
and developed in response to some unique combination of local, regional (state),
and national needs and opportunities. These institutions vary considerably in the
size of their research budgets, the general orientation of their research (some are
more basic, others are more applied), the reputation (quality and productivity) of
their research activities, the scope and intensity of their technology transfer ac-
tivities, and their administration and accounting practices. By comparison, Ger-
man academic research institutions are fewer in number, larger, and more homo-
geneous in size, administration, and management as well as in the overall breadth
of their research portfolios. With few exceptions, all German universities have a
public status.

FUNDING OF ACADEMIC RESEARCH

Government funds the vast majority of academic research in both Germany
and the United States (Table 1.5). However, in Germany, about 74 percent of all
academic research is supported by general-purpose, or base-institutional, funds
provided by state (Ldnder) governments, which are responsible for education
under the nation’s constitution and fund the public universities within their juris-
diction. By contrast, agencies of the U.S. federal government contribute the larg-
est share of U.S. academic research funding (60 percent); the share of support
provided by U.S. state and local governments is significantly smaller.” U.S.
private universities, which represent an important, highly productive part of the
nation’s academic research enterprise, depend much more heavily on federal
R&D funds than do public universities, which receive both targeted research fund-
ing and general-purpose appropriations from state governments. In 1993, federal
agencies funded roughly 56 percent of all research at public universities and 74
percent of research performed at U.S. private universities (National Science
Board, 1996). Private companies provide comparable shares of total research
funding at German and U.S. universities. U.S. academic institutions rely more
heavily on nonprofit organizations for research support than do their German
counterparts.
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TABLE 1.5 Support for German and U.S. Academic R&D,
Percentage Share by Contributing Sector, 1994

Sector Germany United States
Federal government 17.2 60.1
State and local governments® 73.5 7.6
Industry 8.30 6.9
Academic institutions® — 17.9
All other sources? 1.0 74

4German states (Lénder) provide general-purpose funds to their universities for
education and research. About DM 10 billion of these general-purpose funds were
used for academic research in 1994. Only 10 percent of all research support pro-
vided for German universities by the Linder was project related. By contrast, the
percent share of total U.S. academic R&D funded by U.S. state and local govern-
ments reflects only funds targeted specifically for academic R&D activities and
does not include general-purpose appropriations used for separately budgeted re-
search or to cover unreimbursed indirect costs. See note c, below. (National Sci-
ence Board, 1996)

bIncludes industry-financed foundations. Without foundations, the share of in-
dustry support is 7 percent.

¢Since German universities determine how much of the general-purpose fund-
ing they receive from state governments will be spent on research and in which
fields, most German state and local government R&D funding could be classified
alternatively as academic institutional funds. The major sources of U.S. academic
institutional R&D funds are general-purpose state or local government appropria-
tions; general-purpose grants from industry, foundations, or other outside sources;
tuition and fees; endowment income; and unrestricted gifts. (National Science
Board, 1996)

9Includes grants from nonprofit organizations and international organizations,
restricted gifts by private individuals, and other sources not elsewhere classified.

SOURCES: Bundesministerium fiir Bildung, Wissenschaft, Forschung und
Technologie (1996), National Science Board (1996).

Since 1970, funding for U.S. academic research from the industrial sector
has increased faster than funding from other sources. U.S. academic institutions
also increased their share of total research funding during this period, while the
shares of funding from federal and state government declined. In Germany, like
in the United States, industrial support of academic research has increased faster
since 1970 than has support from other sources. Recent statistical data show that
in Germany, industrial funding of academic research has increased substantially
since 1989, to roughly an 8-percent share of total academic R&D support. Fund-
ing provided by the German federal government for university research is prima-
rily project oriented and has increased considerably since 1970.

As of the early 1990s, the distribution of academic research expenditures
among major research fields in Germany and the United States reveals several
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TABLE 1.6 Research Expenditures at Universities in the
United States and Germany, Percentage by Disciplinary Field,

1993

Discipline United States Germany
Engineering 15.8 19.0
Life sciences 54.4 37.0
Other natural sciences? 21.7 23.0
Social sciences, humanities? 6.3 19.0
Other sciences 1.9 2.0

4The other natural sciences encompass the physical, mathematical, computer,
and environmental sciences. Unlike the U.S. data, German data on academic
research in the other natural sciences cannot be disaggregated by discipline.

bFor purposes of comparison, research spending in psychology is included in
this category.

SOURCES: Bundesministerium fiir Bildung, Wissenschaft, Forschung und
Technologie (1996); National Science Board (1996); Wissenschaftsrat (1993a);
calculations by the Fraunhofer Institute for Systems and Innovation Research.

significant differences (Table 1.6). These data have to be interpreted with cau-
tion, however, as the matching of U.S. and German disciplinary fields is prob-
lematic. In any case, the life sciences (i.e., the agricultural, biological, and medi-
cal sciences) accounted for 54 percent of U.S. academic research expenditures
and only 37 percent of German university research spending. The social sciences
and humanities claimed a significantly larger share of total German expenditures
than was the case in the United States, and engineering and “other natural sci-
ences” (i.e., the chemical, physical, mathematical, computer, and environmental
sciences) accounted for slightly larger shares of total academic research spending
in Germany than they did in the United States.

Public Funding of Academic Research

In Germany, a majority of academic R&D is financed with general, or base
institutional, funds provided by the states (Ldnder). Contract and grant funds for
German academic R&D come primarily from the German Research Association
(Deutsche Forschungsgemeinschaft [DFG]), the Ministry for Education, Sci-
ence, Research, and Technology (Bundesministerium fiir Bildung, Wissenschafft,
Forschung und Technologie [BMBF]), and, increasingly, the European Commis-
sion. Contracts and grants generally cover only direct costs of personnel and
additional equipment. As a result, the overhead costs related to research sup-
ported by these funds must de facto be covered by institutional base funds pro-
vided by the states. Therefore, in terms of personnel and time, academic research
depends heavily on external sources: roughly half of all German academic re-
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search relies on contracts and grants if the related overhead funds covered by the
states are included.!?

The share of public base funds in U.S. universities is quite low. Instead, the
vast majority of U.S. academic research in science and engineering is sponsored
directly by nonacademic institutions, primarily federal government agencies, via
grants or contracts that include money for overhead costs. The main funding
sources are the National Institutes of Health, the National Science Foundation
(NSF, comparable to the German DFG), the Department of Defense, the National
Aeronautics and Space Administration, the Department of Energy, and the De-
partment of Agriculture. The National Institutes of Health is the largest federal
contributor to university research, accounting for almost half of these funds.

Most research performed by higher education institutions in Germany and
the United States is either basic or long-term applied research. Nevertheless,
because federal agencies sponsor the vast majority of academic research in the
United States, even basic research in many academic fields is directed toward the
applied needs of federal agencies.

Both German and U.S. academic researchers must compete for research fund-
ing on a project-by-project basis via peer-reviewed proposals. However, U.S.
researchers depend on this competitive process for a significantly larger share of
their total research support than do their German counterparts.!! This competition
for research grants requires a great deal of paperwork and grant management (i.e.,
non-research-related) effort by the principal investigator, who may serve as both a
grant applicant and “volunteer” reviewer of the grant proposals of other research-
ers. This system both encourages intensive competition among researchers and fos-
ters rapid dissemination of research ideas within the research community.

In contrast to the situation in the United States, until recently German aca-
demic researchers could rely on a relatively high and stable level of base funds to
support the majority of their research activities. Hence, they were able to devote
most of their nonteaching time to self-determined, long-term research and spend
minimal effort seeking research support. However, in recent years, the pressure
on German academic researchers to tap external sources of funding has increased
due to stagnation in the growth of public base funding. Contracts and grants
currently fund about 40 percent of all direct research costs (excluding overhead)
in the engineering sciences. This share is likely to increase over time. As already
noted, German universities have to cofinance the overhead costs related to re-
search contracts and grants with institutional base funds. This means that 70-to-
80 percent of all costs associated with engineering research activity at German
universities depends on contracts and grants, if the related overhead costs cov-
ered by institutional base funds are included.

Industry Funding of Academic Research

Both German and U.S. universities receive research funding from private
industry. In 1994, industry support accounted for about 8 percent of total German
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academic R&D expenditures and 7 percent of U.S. academic R&D expenditures.
However, the nature of this funding differs in the two countries. The preferred
mechanism of German industrial support for academic research is a research con-
tract with clearly specified deliverables. In the United States, most industrial
funding of academic R&D takes the form of grants, more open-ended arrange-
ments without specifically defined research deliverables but with intensive in-
volvement of the sponsors in decision making about the research orientation.
Considering these differences and the perspectives of its university-based mem-
bers, the panel judges university-industry research interaction in Germany to be
more heavily oriented toward short-term, incremental problem solving (or less
engaged in basic or long-term applied research) than university-industry linkages
in the United States.

Although no aggregate data exist regarding the distribution of industrial fund-
ing of academic research by industry in the two countries, patterns of university
patenting in Germany and the United States reveal significant differences in the
industrial orientation of German and American university research. U.S. univer-
sity patents are concentrated in the areas of biotechnology, medical technology,
pharmaceuticals, and agriculture and food process technology, whereas most
German university-related patents are in various fields of mechanical engineering
and chemistry (Henderson et al., 1994; Schmoch et al., 1996). In other words, the
composition of industrially relevant research at U.S. and German research uni-
versities reflects the relative specialization of U.S. and German industries as re-
vealed in industrial patent and trade statistics.

TYPES OF UNIVERSITY-INDUSTRY TECHNOLOGY TRANSFER

German and American universities have moved more aggressively in the last
2 decades to develop closer ties with industry through establishment of patent
licensing and technology transfer offices, affiliated institutes and research centers,
high-tech incubators, and research parks. U.S. government policies have contrib-
uted to this trend in both countries. In consequence, German and American univer-
sities today are engaged extensively in technology transfer to private industry and
have developed a wide range of mechanisms to execute or facilitate that transfer.

Informal Contacts, Consulting, and Personnel Exchange

In both systems, informal contacts between university researchers and indus-
try researchers and managers via meetings, telephone conversations, and so forth
are critical to successful technology transfer. Such contacts promote the discus-
sion and exchange of research results and lay the groundwork for more formal
types of cooperation such as grants or contracts.!?

Similarly, consulting by faculty members is an important channel of technol-
ogy transfer in both countries. U.S. and German science and engineering faculty
are allowed to spend roughly 20 percent of their time on outside activities, includ-
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ing consulting with industry. Faculty in both countries see consultancies with
industry as important personal learning opportunities. Consultancies also enable
faculty to earn extra income, cultivate industrial funding sources of research, and
create opportunities for graduate student theses. In the United States, regular
consultancy by professors with multiyear contracts seems to be an effective means
for establishing long-term relationships with industrial partners. In Germany,
faculty consulting generally has more of a short-term orientation; that is, it is
usually directed at solving discrete technical problems of a firm. This observa-
tion applies especially to professors at German polytechnical schools.

Arguably, there are greater incentives for U.S. university-based researchers
to consult with and seek research support from private industry than there are for
German university researchers. U.S. faculty are paid on a 9-month basis and are
expected to make up the 3-month salary gap as well as fund most of their research
with grants. German faculty are civil servants paid on a 12-month basis, and their
research is supported in large part by base institutional research funds. Neverthe-
less, the opportunity for additional personal income serves as a strong incentive
to German faculty members to engage in secondary consulting activity.

Another effective instrument of university-industry technology transfer is
the exchange of research staff. Such exchanges are done differently in Germany
than in the United States. In the United States, leading research universities often
engage in temporary exchange of research personnel with private industry in the
context of collaborative research projects. In Germany, however, such exchanges
are rare, in large measure because of German civil-service and public employ-
ment regulations. Additional disincentives to this type of transfer activity include
the relatively high job security of public employees compared with those in in-
dustry and the fact that it is impossible to transfer supplementary public pension
entitlements (Versorgung des Bundes und der Linder [VBL]) to private employ-
ment. At the same time, German technical universities have a long-standing
tradition of appointing as professors high-level researchers from industry. Once
appointed, these faculty members maintain close ties to their industries of origin
through consultancies and contract research. This practice leads to more prac-
tice-oriented education and close relations between universities and industry.

Finally, at both German universities and leading U.S. research universities,
industrial research personnel often play valuable roles as technical advisors to
masters- and doctoral-level students and as members of advisory groups for whole
departments. However, in the United States, university faculty almost always
assume primary supervisory responsibility for their students. At German institu-
tions, industrial personnel may be more directly involved in supervising student
research.

Cooperative Research

At German and American universities, cooperative research with private
companies is an increasingly important means of technology transfer to industry.
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Public-sector funding has been a major catalyst of university-industry coopera-
tion in both countries.

The institutional framework that has structured most university-industry re-
search collaboration in the United States in recent years is the university-industry
research center (UIRC) (Cohen et al., 1994). UIRCs are an organizationally di-
verse set of institutions that facilitate industry access to university research re-
sults, engage industry in the definition of a research portfolio, and otherwise pro-
mote technology transfer to participating firms in exchange for sustained general
or targeted funding (primarily grants) from companies. In most instances, this
support is at least matched by funds from public sponsors. Among the many state
and federal government entities that support these collaborative research centers,
the NSF has assumed the leading role. Indeed, the U.S. panel considers the ex-
panding networks of NSF-sponsored industry-university cooperative research
centers, engineering research centers, and science and technology centers to be
very cost-effective mechanisms for forging university-industry research partner-
ships.13

UIRC:s account for roughly 50 percent of all industrial funding of U.S. aca-
demic research and rely on public funds for nearly half of their research budgets.
The centers provide a framework for ongoing collaborative research and technol-
ogy transfer relationships between universities and industry. UIRCs vary consid-
erably with respect to their research orientation (i.e., basic or applied) as well as
their disciplinary or technological focus. However, most industrial support of
UIRC:s appears to be directed at more basic and long-term applied research. The
more autonomous university-affiliated research institutes are concentrated in the
health and life science fields, where the distinction between basic and applied
research is more blurred.

While many leading U.S. research universities have developed effective poli-
cies, practices, and institutional frameworks (such as UIRCs) for engaging pri-
vate companies in mutually beneficial cooperative research, there is ample evi-
dence that a great many more U.S. research universities are still struggling to put
effective policies and practices in place (Government-University-Industry Re-
search Roundtable, 1996).

In Germany, the dominant form of collaborative research is cooperation of
regular university institutes with industrial enterprises on projects funded by the
BMBF. The number of such cooperative projects funded by BMBF has increased
considerably during the past decade, paralleling the proliferation of UIRCs in the
United States. Recently, researchers involved in the special research areas
(Sonderforschungsbereiche) funded by the DFG in university engineering de-
partments have been encouraged to collaborate with industrial partners. In both
the BMBF- and DFG-sponsored research, collaboration is directed generally at
more long-term, precompetitive activities.

In Germany, a specific institutional response to the growing demand for
increased technology transfer from academia to industry are the An-Institutes
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(Institute an der Universitdt, literally, institutes at the university), whose budgets
are equivalent to about 15 percent of the total external R&D funding of the uni-
versities.!* An-Institutes are legally defined as independent entities in order to
achieve more administrative flexibility than regular university institutes. As a
result, they can adapt more easily to the needs of industry. Both An-Institutes and
UIRC:s rely on industry funding for roughly one-third of their total research sup-
port. However, in contrast to UIRCs, most industrial support of An-Institute
research takes the form of contracts, not grants.!>

In summary, UIRCs and other U.S. university-affiliated research institutes
and the German An-Institutes represent similar institutional responses to the op-
portunities for increased interaction with industry and the constraints, or prob-
lems, associated with pursuing such activities within the traditional framework of
academic departments. Industry-sponsored research at the German An-Institutes
seems to be more oriented toward short-term applied research and problem solv-
ing and is more contract-driven than is true for industry support of American
UIRCs. 16

Patent Licensing

During the last 2 decades, German universities with technical faculties and
U.S. research universities have begun to establish many new technology transfer
units. Since passage of the 1980 Patent and Trademark Amendments (P.L. 96-
517), more commonly know as the Bayh-Dole Act,'” most American universities
with substantial research activities have established special offices that support
the patenting of inventions and the active marketing of these patents. There is
great diversity among U.S. research universities with respect to their approach to
patenting and technology licensing. Some universities, public institutions in par-
ticular, lay claim to all research output generated in their labs; others are more
flexible in negotiating the disposition of intellectual property resulting from re-
search on their campuses. Likewise, some institutions look to their technology
licensing offices to generate revenue, and others see these units as instruments for
building long-term relationships with private companies as research patrons or
partners. Only a small number of institutions can claim success concerning either
objective. Many research universities are still searching for effective ways to
manage and grow their R&D and technology transfer activities with industry.

At present, most German universities are equipped with technology transfer
offices. However, their primary function is to build relationships between small
and medium-sized enterprises and faculty members, not to license patents. Only
a few of these offices are actively engaged in licensing activities. The current
lack of a broad patenting and licensing function at German universities is due to
various factors. Among the most important are that under German law, the right
to exploit inventions resulting from university-based research supported by insti-
tutional base funds rests exclusively with the individual professor or inventor
involved, not with the inventor’s host institution;!® most universities have neither
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funds nor infrastructure to support patenting and licensing activities; inventions
resulting from federally funded academic research generally can only be licensed
on a nonexclusive basis to interested industrial partners; and a portion of any
licensing income earned from inventions developed with federal government
funds must go to the funding agency.

Start-Up Companies

With the option of establishing or working for a high-tech start-up company,
U.S. academic researchers have an additional important vehicle through which
they can transfer as well as have a direct hand in commercializing the results of
their own research or technologies originating elsewhere—a vehicle largely un-
available to their German counterparts.!® This means of technology transfer has
proved to be very effective in highly science-based, technically dynamic indus-
tries such as software and biotechnology. This difference between the German
and American transfer systems is very important and is discussed in more detail
in the section “Selected Technology Transfer Issues in a Comparative Context,”
later in this overview.

Technology Transfer from Government Laboratories

OVERVIEW OF MAJOR PLAYERS

Government laboratories perform 8 percent of all German R&D and 15 per-
cent of all American R&D.2% To date, their measurable contribution to technol-
ogy transfer to private industry has been small relative to the size of their R&D
budgets. However, government laboratories are seeking to play a more important
role in technology transfer in both countries.

The U.S. federal government maintains about 720 laboratories. However,
fewer than 100 of these laboratories have sufficient resources and capabilities to
engage in significant technology transfer to the civilian economy. The major
laboratory sponsors and administrators are the Department of Defense, the De-
partment of Energy, the Department of Agriculture, the National Aeronautics and
Space Administration, the Department of Health and Human Services/National
Institutes of Health, and the National Institute of Standards and Technology. The
budget for federally funded R&D facilities represents about one-third of the total
federal R&D expenditure. More than half of the budget of U.S. federal R&D
facilities is spent for defense purposes.

The 16 German Helmholtz Centers (formerly called Grofiforschungseinricht-
ungen [GFEs]) are comparable in size and organization, though not necessarily in
research portfolios, to the large federal laboratories in the United States. The
BMBEF is responsible for these large facilities. They receive 90 percent of their
base funds from the federal government and the remaining 10 percent from the
states. The total spent by Helmholtz Centers on R&D is equivalent to about 20
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percent of all public support for nonuniversity research and development. The
German counterparts to the smaller and medium-sized U.S. federal and state
laboratories are the departmental research institutes (Ressortforschungseinricht-
ungen), which serve the missions of specific federal ministries, and the institutes
of the Blue List (Blaue Liste), the latter being independent bodies financed equally
by the federal government and the states.?! R&D spending by these institutions
represents another 11 percent of public research and development spending out-
side universities. The institutes of the Max Planck Society (Max-Planck-Gesell-
schaft [MPG]) also are financed equally by the federal government and the states;
in this regard, they are comparable to the Blue List institutes. The MPG budget is
equivalent to 7 percent of total public R&D spending outside universities.

TECHNOLOGY TRANSFER ACTIVITIES

In recent years, many government-financed national research facilities in the
United States and Germany have experienced increasing pressure to engage in
technology transfer to private companies. In particular, the large mission-ori-
ented national laboratories in both countries (U.S. national laboratories and Ger-
man Helmbholtz Centers) are in the stage of considerable reorientation and re-
structuring. In the United States, declining funding for defense and civilian
nuclear research and demands from Congress during the 1980s to harness the
federal laboratories more effectively in the service of industrial competitiveness
and environmental technologies encouraged national laboratories to diversify into
new research areas, including more commercially relevant fields, and to become
more involved in technology transfer to private industry. Likewise, in Germany,
the Helmholtz Centers have been encouraged to diversify their research portfo-
lios and expand their interactions with private companies in response to declining
demand and funding for research in fields related to civilian nuclear energy, the
former primary mission of the largest Helmholtz Centers.

U.S. Federal Laboratories

For U.S. federal laboratories, the Cooperative Research and Development
Agreement (CRADA) is the most heavily used mechanism for engaging in coop-
erative R&D with industrial partners. The CRADA, created by acts of Congress
in 1986 and 1989, has a number of important advantages over other types of
cooperative R&D agreements that were used prior to its creation. Foremost
among these is the authority it gives participating laboratories to protect from
disclosure any intellectual property relevant to the agreement. CRADASs consti-
tute the only mechanism by which the federal government can define in advance
the disposition of intellectual property rights in government-industry collabora-
tions not involving a government contract. In addition, CRADAs authorize labo-
ratories to contribute staff and equipment to a CRADA project with a private-
sector partner. Importantly, participating firms can contribute staff, equipment,
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and funds for CRADA-related activities, but laboratories cannot transfer CRADA
funds to a private-sector partner. An interesting aspect of CRADAs is that they
can be initiated by industry and do not necessarily have to be defined by a federal
laboratory. Department of Energy laboratories have accounted for a majority of
CRADAS negotiated by federal agencies since 1987.22

In addition to cooperative research, U.S. federal laboratories employ other
instruments of technology transfer, in particular licensing of intellectual property
rights. These licensing activities are based on the Stevenson-Wydler Technology
Innovation Act (P.L. 96-480) and Bayh-Dole Act of 1980 and subsequent legisla-
tion that allow federal laboratories to grant exclusive licenses and to use license
revenues for their own purposes.?? A primary thrust of recent U.S. technology
transfer laws has been toward providing these laboratories and individual labora-
tory researchers with more incentives and entrepreneurial-like decision-making
powers for technology transfer. For example, federal inventors now get at least a
15-percent share of the royalties, and the responsible department also receives
some licensing income. Thus, the internal incentives for patenting are high. In
addition to the acts mentioned above, many other regulations for supporting tech-
nology transfer have been introduced (e.g., the requirement that each federal labo-
ratory has to set aside 0.5 percent of its budget for technology transfer activities).
As a general tendency, the laboratories and the individual researchers have got
more incentives and entrepreneur-like decision-making competencies for tech-
nology transfer. Currently, the National Institutes of Health account for the lion’s
share of all licensing revenues earned by federal agencies for technologies devel-
oped within their laboratories.

German Helmholtz Centers, Blue List Institutes, and Departmental Institutes

The main instrument of technology transfer for German Helmholtz Centers
is formal cooperation with industrial partners on projects of common interest.
Each partner pays for the work it performs; that is, the Helmholtz Centers gener-
ally receive no funding from their industrial collaborators. However, public R&D
budget constraints are placing increased pressure on Helmholtz Centers to attract
additional contract and grant funding.

In recent years, several Helmholtz Centers have instituted patent policies,
and some Helmholtz Centers have established their own patent and licensing of-
fices, which actively market their technologies to private firms. This develop-
ment was initiated in the early 1980s by the introduction of new regulations con-
cerning licensing of Helmholtz-generated intellectual property. Prior to that time,
license revenues did not increase the Helmholtz Centers’ budgets, because public
base funds were reduced by the same amount. At present, two-thirds of license
income can be used for technology transfer projects (e.g., for the industry-ori-
ented development of technical concepts). One-third of license income still has
to be transferred to the government; however, the Helmholtz Centers are pres-
ently seeking a ruling that will allow them to use all license income for technol-
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ogy transfer. Present regulations generally limit the exclusiveness of licenses to
5 years, a period so short that in most cases it acts as an impediment for industrial
cooperation with Helmholtz Centers. In practice, therefore, most exclusive li-
censes are extended.

In the case of Blue List institutes and independent state institutes, patent and
license regimes are comparable to those of the Helmholtz Centers, but only few
institutes have instituted a more active patent policy.

The departmental research institutes have no common and consistent policy
for technology transfer to industry. Only a few of these institutions have at-
tempted to foster technology transfer. In many respects, their current legal situa-
tion with respect to intellectual property rights is comparable to that of federal
laboratories in the United States prior to the Stevenson-Wydler and Bayh-Dole
Acts of 1980. Specifically, these institutions may not grant exclusive licenses to
industrial firms and must transfer any license revenue back to the government.
Thus, neither these institutions nor private companies have much incentive to
engage each other in technology transfer through patent licenses. However, some
departmental institutes have close relations with industry and are performing ef-
fective technology transfer in an informal way.?*

Max Planck Society

The German MPG primarily conducts long-term basic research and, to a
lesser extent, applied research in various areas to achieve and maintain scientific
excellence, advance knowledge, and serve German societal goals. In this way, it
has a research orientation comparable to that of universities, but the research
teams and facilities are generally larger and it has no higher-education obligation.
(However, many Max Planck scientists hold university professorships.) The larg-
est part of Max Planck institute budgets comes from public base institutional
funds. Thus, the institutes are able to set their research agendas independently
according to researchers’ interests (within the general framework of a disci-
pline).?

Although the primary mission of the MPG is maintaining German excellence
in all fields of basic research, the requirement for technology transfer has recently
begun to play an increasing role. The society has a special patent and licensing
office that actively looks for appropriate industrial partners to exploit the society’s
research results. In addition, many Max Planck research projects in strategic
technological areas, such as biotechnology, material sciences, and organic chem-
istry, are conducted in cooperation with industry. The success of these industry
contacts, however, depends largely on the initiative of the individual Max Planck
scientists.

In the United States, most of the functions performed by Max Planck insti-
tutes are distributed among research universities, select federal laboratories, and
a diverse population of privately held university-affiliated and independent re-
search institutes.
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FUTURE CHALLENGES

The diversification strategies of German and American government labora-
tories, particularly their efforts to engage in more collaborative R&D with private
industry, have spawned intense policy debate in both countries. In the United
States, there is general recognition that, in principle, many labs are a valuable
element of the nation’s R&D enterprise. However, no consensus exists regarding
how these capabilities might be matched to the needs of private industry.26 This
matching will be highly dependent on defining the mission of the laboratories,
something that has yet to be done. For this reason, U.S. policies regarding the
technology transfer activities of federal laboratories are likely to remain in a state
of great flux for the foreseeable future. In Germany, the importance of all types
of national R&D institutions in areas of public interest is widely recognized.
However, as the severe restructuring process related to the decline of nuclear
energy has shown, continuous reflection about the content, extent, and orienta-
tion of public missions is necessary. Furthermore, there is disagreement about
the appropriate level of collaboration with private industry and the division of
labor with other institutions.

A question that must be answered is whether it makes more sense for the
large U.S. defense-oriented federal laboratories and the German Helmholtz Cen-
ters to be downsized to fit their reduced traditional public missions or to be diver-
sified or reoriented instead. Clearly, these laboratories are equipped with large
numbers of highly trained R&D personnel and, in many cases, are unique facili-
ties housing valuable equipment. Some of these labs are at the forefront in areas
of basic and applied research that are relevant to both public missions and private
industry and have successfully engaged in technology transfer to private compa-
nies. Many, however, have traditionally performed R&D that has little direct
relevance to most civilian industries, have had limited experience dealing with
private companies as clients,?’” and are likely to remain more bureaucratically
encumbered than other major R&D performers by virtue of their continuing pub-
lic-mission focus and management structures. At a time of increasingly con-
strained public R&D budgets and shifting national R&D needs, maintaining these
laboratories at or near their present size denies resources to other public R&D
performers that may be better equipped to take on the new R&D priorities. Given
the large size of these facilities in Germany and the United States and their result-
ing economic and employment importance to their host states or regions, how-
ever, the political impediments to their downsizing are likely to remain formi-
dable.

Given the present trends on the part of government laboratories in both Ger-
many and the United States toward research diversification and increased interac-
tion with private companies, it is not surprising that the other major technology
transfer sectors in both countries are concerned about the impact this reorienta-
tion of mission will have on their long-term ability to compete fairly for public
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and private research funding. Perhaps more than any other issue facing the two
countries’ technology transfer systems, the fate of German and U.S. government
laboratories has focused the attention of policymakers on the need to reconsider
the traditional division of labor among the major elements of their national R&D
systems. Ultimately, both nations will have to assess the relative strengths and
weaknesses of these competing sectors of their technology transfer systems and
seek to define the most productive role for each sector, while attending carefully
to the potential for greater collaboration among them.

Technology Transfer from Contract Research Institutes

Germany and the United States have a variety of research institutes that per-
form contract research for both industrial and government clients. However, in
Germany, these institutes play a considerably larger role in serving the R&D
needs of private industry than do their counterparts in the United States.

THE FRAUNHOFER MODEL

In Germany, contract research is conducted mainly by the 46 institutes of the
semipublic Fraunhofer Society, which receives about 1 percent of the total na-
tional R&D budget. Fraunhofer institutes receive between 20 and 30 percent of
their budgets in the form of base institutional funds from the federal government;
the exact amount depends on their success in generating sufficient contract work
for public and private clients. Thus, the research orientation of the Fraunhofer
institutes is heavily demand driven. Another characteristic feature of Fraunhofer
institutes is their close relationship to universities, institutionalized through the
joint appointment of Fraunhofer directors as university professors.2® Thus, the
Fraunhofer society is a significant bridging institution between academic and in-
dustrial research.

Other typical channels of technology transfer from Fraunhofer institutes are
on-the-job training of graduate students and an active patent policy. In recent
years, Fraunhofer institutes have assumed a more active role in the establishment
of spin-off companies, a highly effective yet still relatively underutilized instru-
ment of technology transfer in Germany. Presently, the Fraunhofer Society is
seeking to develop new instruments for technology transfer, especially through
the establishment of for-profit “innovation centers,” each associated with a non-
profit institute. The mission of the innovation centers is to develop the research
results of the institutes further to industrial products, and to introduce them into
the marketplace.

The competence of the institutes is largely sustained and advanced by re-
search projects for public clients that are medium or long-term in orientation and
by public institutional base funds used for self-determined research in new strate-
gic areas. The success of the Fraunhofer model depends on the roughly equal
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contribution of institutional base funds, contracts for public clients, and contracts
for industrial clients to the institutes’ research budgets.

The organization of the Fraunhofer institutes into one society allows for stra-
tegic cooperation among different institutes working in the same technological
cluster and joint investment in costly facilities (e.g., demonstration centers). In
the special case of microelectronics, the six related institutes cooperate closely
with industry through the microelectronics alliance, which coordinates their re-
search activities with the needs of potential applicants.

In the Fraunhofer institutes, Germany has a dense infrastructure of publicly
funded contract R&D institutions that are geared toward serving the R&D needs
of both traditional manufacturing and new high-tech industries. These institutes
are geographically distributed, networked, and perform a lot of general and in-
dustry-targeted production and manufacturing R&D (e.g., industrial engineering,
mechanical engineering, materials engineering) as well as R&D in highly dy-
namic technology areas. Decisions regarding the reallocation of roles and mis-
sions is generally the responsibility of the individual institutes, which have to
continually adapt their research portfolios to the needs of the market. This adap-
tation is also coordinated between different Fraunhofer institutes.

The An-Institutes, previously discussed in the context of universities, also
perform contract research for firms and engage in activities similar to those of
Fraunhofer institutes. However, An-Institutes are not organized in a network.

INDEPENDENT AND AFFILIATED RESEARCH INSTITUTES IN
THE UNITED STATES

In the United States, there is no system of industry-oriented contract R&D
institutions (publicly or privately funded) that is truly comparable to the German
Fraunhofer institutes. Instead, most of the combined contract R&D and technol-
ogy transfer functions performed by the Fraunhofer institutes in Germany are
carried out in the United States by a large, diverse, and highly dispersed popula-
tion of nonprofit and for-profit R&D organizations, including a plethora of pri-
vately held affiliated and independent nonprofit institutions, several large private
R&D and management consulting firms, and the research units of some U.S.
industrial consortia.

The vast majority of U.S. privately held affiliated and independent research
institutions receive most of their funding from federal mission agencies or private
foundations and conduct primarily basic research. More than half are concentrated
in the health and medical fields, and these organizations collectively account for a
significant share of all health and medical R&D performed in the United States.
While the R&D activities of many institutions constitute a critical link in U.S. drug
testing and evaluation and directly benefit health- and medicine-related industries in
many other ways, the research agendas of these institutes are not driven or shaped to
any significant extent by the day-to-day R&D needs of these industries.
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Even within the relatively small population of private independent and affili-
ated engineering R&D organizations, many of which were established originally
to serve the needs of regional industries, there are today relatively few whose
R&D activities are substantially geared to the applied R&D needs of private in-
dustry. Five of the seven largest independent engineering R&D institutions per-
form the vast majority of their R&D to address the needs of federal agency mis-
sions, not the needs of private companies. Unlike the Fraunhofer institutes, these
independent engineering institutions are sustained exclusively by contract re-
search, are not networked, and are only marginally linked to U.S. universities.
Moreover, U.S. independent engineering research organizations appear to be less
targeted or specialized in terms of areas of technical expertise than are the
Fraunhofer institutes.?

Technology Transfer by Industrial R&D Consortia

Cooperative industrial research, whereby independent industrial enterprises
join together to conduct research projects of common interest, is an important
vehicle of technology transfer in Germany, the United States, and other parts of
the world. Although no hard data are available on the volume of cooperative
R&D in Germany and the United States, such activity is estimated to represent in
excess of 4 percent of the total industrial R&D in both countries.3* Formal indus-
trial R&D consortia, though responsible for only a subset of all cooperative R&D
performed by German and American companies, are nonetheless substantial ways
of technology transfer in both countries. R&D consortia have a longer history
and a more established role in Germany than they do in the United States.

Consortia appear to be organized in different ways in the two countries. In
Germany, there are about 100 industrial research associations, representing about
50,000 enterprises, joined under the umbrella organization of the Federation of
Industrial Research Associations (Arbeitsgemeinschaft industrieller Forschungs-
vereinigungen [AiF]). A characteristic feature of the AiF is its bottom-up ap-
proach to selecting research projects. A group of companies, generally small
and medium-sized enterprises, define a project of common interest. Each project
is suggested by a different group of companies. The projects are selected by the
associations and carried out by the most appropriate research establishments.
About half of the projects are executed within the associations’ own institutions,
the rest are contracted out to universities and other public or private organiza-
tions. Two-thirds of the projects are financed by the associations and one-third
by the Federal Ministry of Economics. For projects sponsored by the Federal
Ministry of Economics, AiF assumes responsibility for evaluating the project
and administering the funds. The results of the projects are published and made
available to all members of an association. However, the enterprises involved
directly in the definition and execution of AiF projects tend to profit the most
from this type of technology transfer. The cooperative projects of the industrial
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research associations represent about 1 percent of total German industrial R&D
spending.

In the United States, there has been unprecedented growth in industrial coop-
erative research since the early 1980s. As of December 1995, 575 joint research
ventures had been registered with the U.S. Department of Justice, and evidence
suggests that these account for but a fraction of the research alliances U.S. com-
panies have entered into since the early 1980s (Hagedoorn, 1995; Vonortas,
1996).3!  Compared with the level of company participation in Germany, how-
ever, U.S. firms are less involved in consortia-related activity.

U.S. consortia are likely to include independent R&D organizations, univer-
sities, and federal laboratories in addition to private firms. During the early-to-
mid 1990s, a growing number of consortia across a wide spectrum of industries
were organized around the technological capabilities of U.S. federal laboratories.
This growth has leveled off in recent years, however, as federal laboratories have
refocused on their core missions.3> Many U.S. industrial R&D consortia receive
at least some public funding. A few, such as Semiconductor Manufacturing Tech-
nology Research Corporation (SEMATECH) and the National Center for Manu-
facturing Sciences, receive core funding from the federal agencies that helped
establish them in the 1980s. The vast majority of U.S. industrial consortia, how-
ever, are strictly private-sector undertakings that derive most of their research
support from member companies. These consortia (e.g., Electric Power Research
Institute, Gas Research Institute) compete for federal research funding on a
project-by-project basis but receive little or no core funding from the federal
government. The mechanisms or channels by which U.S. industrial R&D con-
sortia solicit R&D funding from the federal government are more ad hoc, decen-
tralized, and diverse than those used by AiF member companies.

Because of the many different organizational types of U.S. consortia, it is
difficult to generalize about the way U.S. consortia define and execute R&D
projects or transfer technology. U.S. consortia appear to differ from the AiF in
that they involve the cooperation of a relatively stable group of firms that define
a series of common research projects, which are then carried out or outsourced by
a separate consortium-managed research institution.

Another aspect of U.S. consortia that distinguishes them from AiF consortia
is that the research entity established by a U.S. consortium can itself suggest new
research projects to the consortium membership. The advantage of this type of
organization is that it facilitates the building of mutual confidence among consor-
tium members, a decisive prerequisite for successful technology transfer. How-
ever, consortium research organizations can also develop an agenda and a dyna-
mism of their own that lead them to generate projects of less interest to their
constituent member firms.

Finally, in part because of their diversity and highly autonomous natures,
there has been remarkably little sharing of organizational and operational prac-
tices among the rapidly growing population of U.S. R&D consortia.3* By con-
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trast, the more comprehensive, institutionalized character of the German AiF ap-
pears to facilitate organizational learning among participating industries and con-

sortia.

SELECTED TECHNOLOGY TRANSFER ISSUES
IN A COMPARATIVE CONTEXT

Role of Start-Up Companies in Technology Transfer

Start-up companies play a critical role in the transfer and commercialization
of fast-moving, science-based technologies in the United States via movement, or
“spin-out,” of researchers and technology from universities, large established
companies, and government laboratories. There is no counterpart in Germany to
the prominent role that start-up companies perform in the commercialization of
new technology in the United States.

Many factors have enabled high-tech start-up companies to perform their
unique roles in the U.S. innovation system.3* The following are among the most
important.

The existence of sophisticated financial markets, particularly access to a
large volume of venture capital and highly developed public equity mar-
kets.

The large scale and technological intensity of relatively homogeneous seg-
ments of the U.S. domestic market.

The large size, high mobility, accessibility, and entrepreneurial orienta-
tion of the U.S. technical workforce.

The sheer scale and accessibility of U.S. publicly funded nonproprietary
research, particularly university-based research.

The scale of federal government procurement combined with explicit pref-
erences or set-asides for small and medium-sized vendors and suppliers.
A history of regulatory and public policy commitments conducive to high-
tech start-up companies, including the competition-oriented or technol-
ogy-diffusion-oriented enforcement of intellectual property rights and an-
titrust law (competition policy), as well as the relatively risk-friendly
system of company law, particularly bankruptcy law.

A highly individualistic, entrepreneurial culture nurtured in industry and
many U.S. research universities by private practices, public policies, and
various institutional mechanisms such as technology business incubators
and venture capital firms that encourage risk taking.

Many, if not most, of these supporting factors are either muted or nonexistent
within the German innovation system. German venture capital markets and pub-
lic equity markets are underdeveloped.3 Entrepreneurial activity and career
mobility of much of the German technical workforce are circumscribed by civil
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service regulations and institutional practices (e.g., reward structures, compensa-
tion schedules, conflict of interest restrictions) that govern university and other
public-sector scientists and engineers. Unlike their counterparts in U.S. universi-
ties or federal laboratories, most university- or public-laboratory-based German
researchers/entrepreneurs lack access to the institutional resources needed to pur-
sue and defend patents.3® German public policies in the areas of company law
(including bankruptcy law), taxation, capital markets, and so forth are decisive
disincentives to the establishment of high-tech start-up companies and entrepre-
neurial risk-taking behavior in general.

The U.S. experience shows that many start-up companies fail and only a very
few are extremely successful. Therefore, venture capital firms have to invest in a
sufficiently large number of start-up companies to produce a “winner” and must
count on the few highly profitable outliers to compensate them for losses incurred
throughout the rest of their portfolio (Scherer, 1996). This type of high-risk—
high-potential yield strategy is rare in the German business culture.

Technology Transfer to Small and Medium-Sized Enterprises
in Technologically Mature3’ Industries

The R&D and technology transfer needs of German small and medium-sized
enterprises (SMEs) in more technologically stable manufacturing industries are
supported by a dense, comprehensive, and highly institutionalized network of
industry-oriented R&D institutes and non-R&D-performing technical organiza-
tions. These institutions support the technology transfer, technology commer-
cialization, and industrial modernization requirements of many SMEs. By con-
trast, the U.S. R&D and technology transfer infrastructure serving SMEs in these
industries is relatively piecemeal, fragmented, and weak.

German SMEs in technologically mature industries are served by highly net-
worked, publicly funded R&D institutions and industry-organized R&D consor-
tia that are heavily oriented toward the incremental product and process R&D
needs of a national industrial base dominated by technologically mature indus-
tries. While many of these publicly funded R&D institutions serve the needs of
technologically dynamic industries, the institutes of the Fraunhofer Society, state
laboratories, and institutes based at or affiliated with universities also perform
near-term, industry-specific, applied contract research for large companies and
SMEs in traditional areas of German industrial strength such as mechanical and
electrical engineering. Moreover, through participation in robust industrial asso-
ciations, which have a significant influence on public R&D policy at the state,
federal, and European Commission levels, German SMEs are considerably in-
volved in the shape and resource allocation of their national R&D enterprise.

A large population of industry-led organizations, including the Chambers of
Industry and Commerce, industrial associations, Technical-Scientific Associa-
tions (Technisch-wissenschaftliche Vereine und Gesellschaften), the Organiza-
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tion for the Rationalization of German Industry (Rationalisierungskuratorium der
Deutschen Wirtschaft), and the Steinbeis Foundation, provide SMEs with a wide
range of industry-tailored technology-related services. However, various studies
show that SME:s still make insufficient use of these rich opportunities for support
(Beise et al., 1995).

At least some of the German institutions that support SMEs have counter-
parts in U.S. professional and technical societies. Services provided by the Ameri-
can societies include technical and business consulting, technology brokering,
workforce training, and apprenticeships, as well as testing and evaluation facili-
ties and the establishment of new-business incubators. However, compared with
their German counterparts, U.S. SMEs in technologically mature manufacturing
industries operate on the periphery of the nation’s R&D enterprise. The R&D
portfolios of U.S. research universities, federal laboratories, and most nonprofit
research institutes do not overlap very much with the process and product R&D
needs of U.S. SMEs (or of large U.S. firms, for that matter) in these industries.
Factors that have helped disconnect SMEs in many industries from the nation’s
research enterprise include the high-tech, public-mission orientation of federal
R&D funding; the fragmented structure and low levels of industrial self-organi-
zation of many technologically mature U.S. industries; and changes in the indus-
trial composition of the U.S. economy (i.e., the increasing shares of total U.S.
industrial output accounted for by service and high-tech manufacturing indus-
tries).

Similarly, the technology transfer infrastructure supporting U.S. SMEs in
more stable industries appears to be much less well developed than its German
counterpart. Indeed, the poor performance of U.S. companies relative to firms
(SMEs in particular) based in other advanced industrialized countries in adopting
advanced manufacturing technology and production techniques has been widely
documented (National Academy of Engineering, 1993; National Research Coun-
cil, 1993). U.S. SMEs in most manufacturing industries have traditionally relied
on large industrial customers, vendors of hardware and software, and to a lesser
extent on private consultants as primary sources of new technology, technical
assistance, and advice. For the most part, U.S. industrial and trade associations
and chambers of commerce have provided very little in the way of technical-
extension and industrial-modernization services to their memberships.

In recent years, several industry-led initiatives, some with limited public
funding, have begun to address innovation and technology diffusion challenges,
particularly those related to manufacturing, that face SMEs as well as larger firms
in a number of technologically mature U.S. industries. For example, in response
to new “lean” retailing strategies enabled by advances in information technology,
segments of the U.S. textile and apparel industry have orchestrated (through in-
creased industry self-organization and support from federal agencies and university-
based researchers) a revitalization of their entire design, supply, and marketing
chain through effective application of modern information technology (Abernathy
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etal., 1995).3 Similarly, many of the manufacturing challenges facing the U.S.
automotive industry in the late 1970s and early 1980s have been addressed effec-
tively through a combination of firm-specific and industrywide initiatives, often
in partnership with federal agencies or academic researchers.?® Other examples
of successful or promising industry-led efforts to meet the manufacturing and
other technology diffusion needs of SMEs include the National Center for Manu-
facturing Sciences and SEMATECH’s work with semiconductor equipment and
material manufacturers.40

Of the many industry-led initiatives in this area to date, the committee con-
siders the technology road mapping exercise of the Semiconductor Industry As-
sociation begun in the early 1990s to be a particularly promising instrument for
advancing both the development and diffusion of new technology in industries
where technological advance is more evolutionary than revolutionary (Rea et al.,
1996). By inventorying the industry’s sources of technology and forecasting
technological needs throughout the industry’s value-added chain, the semicon-
ductor industry technology road map has been successful, in the view of U.S.
panel members, at focusing the attention and resources of the industry and the
federal government on a shared conception of technological challenges and op-
portunities.

In addition to these industry-specific initiatives, state and federal govern-
ments have attempted to strengthen the existing but relatively weak network of
private and public service providers with more comprehensive industrial-mod-
ernization and technical-extension programs.*! To date, however, the level of
public resources dedicated to these programs and their current reach measured in
terms of the number of companies they serve remain quite modest (National Acad-
emy of Engineering, 1993; Shapira, 1997).

Intellectual Property Rights and Technology Transfer to Industry

A wide range of government laws and policies shape the dynamic of technol-
ogy transfer in Germany and the United States. These include, among others,
R&D and technology transfer policies proper, bankruptcy law, competition policy,
intellectual property law, different regulatory environments, labor law, and laws
structuring capital markets. The U.S. and German country reports consider how
these policies and laws interact in different ways in different sectors. Of the
many public policies that affect technology transfer, those concerning intellectual
property rights have a particularly important impact.

The U.S. and German governments have taken steps since the early 1980s to
remove legal and administrative impediments to private-sector commercializa-
tion of technology developed with public funds. However, to date, the U.S.
government’s actions in this regard have been more comprehensive and, argu-
ably, more effective than those of its German counterpart. In the judgment of
U.S. panel members, the Bayh-Dole Act of 1980, the Technology Transfer Act of
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1986, and subsequent U.S. legislation affecting the disposition of intellectual
property developed with public funds in research universities, federal laborato-
ries, and other R&D institutions have removed impediments to and provided an
important stimulus for technology transfer and R&D collaboration between U.S.
public R&D performers and U.S. companies.

In Germany, the initiatives for removing legal and administrative barriers to
the transfer of publicly funded R&D results from universities and government labora-
tories to private industry have been less aggressive and less consistent. On the
one hand, German university professors are allowed to exploit their inventions
privately, if the inventions are the result of research financed by base funds. In
particular, they can sell their patents or give exclusive licenses to industrial firms.
On the other hand, they can grant only nonexclusive licenses if the research was
funded by the federal government, especially the BMBF.#? Furthermore, licens-
ing income earned on inventions based on research funded by the federal govern-
ment must be partly transferred to the original funding agency. The contradictory
requirements also apply to Helmholtz Centers, Blue List institutes, and depart-
mental research institutes.*> These restrictive policies regarding the transfer of
intellectual property rights are obviously not consistent with the explicit focus of
many public R&D programs on industrial technology and technology transfer.

An important advantage of the U.S. system is the existence of a grace period
for patent applications, a particular advantage for researchers, who often publish
first and decide to patent later (Becher et al., 1996; Straus, 1997). As the Euro-
pean patent system has no grace period, even U.S. researchers cannot use their
national grace period if they intend to file their patents abroad.** German panel
members believe that the absence of a grace period in Germany is a significant
barrier to technology transfer from scientific institutions to industry in fields
where proprietary rights are considered critical to the subsequent development
and commercialization of innovations by private firms.

Since the early 1980s, the U.S. government has taken a number of steps both
domestically and in international forums to strengthen the legal claims of patent
and copyright holders and develop more effective (sui generis) legal protection
for new types of intellectual property in areas such as software, biotechnology,
and microelectronics. These efforts have been paralleled in Europe by efforts to
strengthen intellectual property regimes at the national and European Commis-
sion levels. Yet, in some technology fields, most notably software and biotech-
nology, significant differences remain in the extent of protection for intellectual
property rights in the United States and Europe.

There are other general differences between the German/European and U.S.
patent systems, such as the U.S. first-to-invent versus the European first-to-file
approach, differences in the interpretation of patent claims, and differences in
disclosure requirements. Although both the European and American systems
provide effective incentives for innovation and technology transfer, their differ-
ences create obstacles to transatlantic technology transfer. Because of these dif-
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ferences, inventors who wish to seek intellectual property protection on both sides
of the Atlantic are required to accommodate the often conflicting/competing le-
gal requirements and standards of the two patent systems.

A decisive shortcoming of the European patent system is the fragmented
responsibility of national and international authorities. For patent applications at
the European Patent Office, only the application and granting procedures are rec-
ognized transnationally; the granted patents are valid only in the designated coun-
tries. As a result, there are no central European courts with jurisdiction over
cases of patent challenges or infringement; national courts are responsible. Fur-
thermore, the European Patent Organization is not an organ of the European
Union; other non—European Union countries are members. Therefore, the Euro-
pean Commission has an advisory, rather than an executive, function and has a
limited influence on the development of European patent protection. Legal
changes are within the competence of the member countries of the European
Patent Organization; however, in many cases, forging consensus among member
countries in support of such changes has proved extremely difficult. This frag-
mentation of authority leads to administrative barriers, legal uncertainty, and enor-
mous costs associated with patent protection, for both European and non-Euro-
pean patent applicants (Straus, 1997).

International R&D Collaboration and Technology Transfer

Comparative analysis of the technology transfer systems of the United States
and Germany has underscored the potential for mutually beneficial transnational
collaboration in various areas of R&D and technology transfer. The cooperation
between the two countries cannot be viewed in isolation from the general process
of internationalization, which was not the focus of the present study. Therefore,
this topic will be addressed only briefly.

The internationalization of R&D and technology transfer is a trend with con-
siderable momentum. There are many past and current examples of successful
international technology transfer and R&D collaboration. The recent history of
the internationalization of industry through foreign direct investment, trade, and
the proliferation of transnational technical alliances is rife with examples of tech-
nology transfer and collaborative R&D involving firms based in different coun-
tries. Growth of international collaboration among university-based researchers
in science and engineering is well documented by the explosion in the number of
jointly authored research papers. Government-to-government collaboration is
well established in certain areas of basic research such as the human genome
project, fusion, and global climate change. Development of international stan-
dards and conformity assessment regimes by collaborating public and private
standards bodies from different countries also has a long history. There has even
been limited international collaboration involving governments and industry in
precompetitive research such as the intelligent manufacturing systems initiative.
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The international production and diffusion of knowledge by public and pri-
vate research institutions are important and growing. In some areas (e.g., world-
wide computer networks), the frontier between national and international activity
is completely blurred. National R&D and technology transfer policies have to
take this situation into account.

There are many benefits to international collaboration in R&D and technol-
ogy transfer. These include synergies as well as economies of scale and scope in
R&D:; risk and cost sharing; accelerated diffusion of new technology; more open
markets with an accompanying stimulus to international trade, investment, and
economic development; and the ability to tackle cross-border public R&D chal-
lenges (e.g., global environmental challenges).

This comparative study suggests that there are promising opportunities for
mutually beneficial collaboration between public and private German and U.S.
R&D organizations in areas of precompetitive applied research and technology.
At the same time, there are significant impediments to international collaboration
in these areas, particularly when public and private partners are directly or indi-
rectly involved. Indeed, the negotiation of successful collaborative projects be-
tween public- and private-sector entities in areas of industrially relevant research
is complex enough within the confines of a single national innovation system.
Issues that must be resolved relate to such things as the appropriate division of
labor between public and private institutions, who pays for which part of the
related R&D activities, and who will own the results of the research and under
what conditions. However, when such collaboration is pursued at the interna-
tional level, many other obstacles come into play. These include lack of aware-
ness of opportunities due to inadequate exchange of information, differences in
intellectual property regimes and practices, and the existence of different fund-
ing, accounting, and administrative requirements and practices.

In this context, new public policy challenges include capturing the economic
benefits of public R&D spending, ensuring equitable access to other countries’
public R&D investments, and ensuring adequate quid pro quo from foreign firms
and foreign countries that gain access to a country’s public R&D (National Acad-
emy of Engineering, 1996b). Given these factors, it is not surprising that funding
for transatlantic or international projects oriented toward applied research or tech-
nology transfer is scarce. The absence of more explicit international policies or
agreements is a significant impediment to transatlantic technology transfer.

CONCLUSIONS AND RECOMMENDATIONS

General Conclusions and Challenges

This comparative assessment of major sectors of the German and U.S. tech-
nology transfer systems reaffirms that many deeply interrelated factors shape the
organization, conduct, and performance of technology transfer in an advanced
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industrialized country. Among the most important of these factors are the size
and technical intensity of the nation’s domestic market, the composition and dy-
namics of its industrial base, the organization and performance of its capital and
labor markets, its societal goals and priorities as expressed in its allocation of
public monies, its public policies and established private-sector practices, and the
culture of its people.

The comparative study has helped the binational panel better appreciate simi-
larities and differences of function, form, and context of the R&D and technology
transfer activities in the two countries. Further, it has enhanced the panel’s un-
derstanding of the relative strengths and weaknesses of the two national systems.
In so doing, it has focused the panel’s attention on a limited number of country-
specific as well as shared opportunities for enhancing the performance of the two
national systems.

OBSERVATIONS REGARDING THE NATURE OF TECHNOLOGY
TRANSFER

Effective technology transfer is greatly facilitated by the close interaction of
individuals involved in the development and/or application of the technology
transferred. In spite of the global communications revolution and the prolifera-
tion of multinational companies, technology transfer remains first and foremost a
“contact sport,” involving close, sustained interaction of individual scientists and
engineers from different organizations.*

Mobility of technical personnel among institutions is an important facilitator
of technology transfer. Indeed, one of the most important means of technology
transfer in rapidly evolving technical fields is the movement of people (scientists
and engineers) among organizations—whether through temporary exchange or
permanent transfer.

Technology transfer is highly industry and technology specific. The pre-
ferred mechanisms of technology transfer vary depending on the characteristics
of the technology being transferred, the industry involved, and the rate of techno-
logical change affecting the industry at the time. For example, patent licensing is
a critical instrument of technology transfer in sectors where the time to commer-
cialization is long (e.g., biotechnology). However, patent licensing is relatively
less important in microelectronics, where current technology life cycles are short.
Research publications, conferences, and the movement of research personnel from
academic and related institutions to industrial research organizations are primary
modes of technology transfer in highly dynamic, science-based industries such as
biotechnology and software. However, they are relatively less important avenues
of technology transfer in technologically more slowly advancing or mature sec-
tors such as the automotive or electrical machinery industries. In these areas,
industrial associations and contract research are effective instruments for the dif-
fusion of knowledge.
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MAIJOR SIMILARITIES BETWEEN THE GERMAN AND U.S. SYSTEMS

There are many similarities between the German and U.S. technology trans-
fer systems. The R&D portfolios of both countries are highly diversified and
span the full spectrum of science and engineering fields. Technology transfer
systems in both countries support a wide range of technologically nascent and
well-established industries. The overall structure of the two national systems, as
well as the functional roles of many of the major institutional players in each
system, are roughly comparable.

Comparable institutions in the two countries face many similar challenges.
German and American research universities wrestle with reconciling new and
traditional university missions, conflicts of interest, and tensions between aca-
demic and industrial research cultures. To cope with these problems, universities
in both countries have established special transfer-oriented research entities in
addition to supporting traditional faculty research. In the United States, these
include a diverse population of university-industry research centers. In Germany,
the An-Institutes were created as legally independent bodies that could operate
outside of the heavily regulated environment of universities.

In both countries, the industry-oriented research institutes must try to meet
the transfer needs of small companies, adapt to new demands of their clients,
build competencies in emerging areas, and compete and cooperate effectively
with other nonindustrial technology transfer institutions within their respective
national R&D systems.

The large German Helmholtz Centers and large U.S. national laboratories
(Department of Defense and Department of Energy) are both under pressure to
diversify their research portfolios and downsize in response to a contraction of
their original national missions. These concerns were addressed at great length
(and inconclusively) in several major recent studies*® but were considered by the
binational panel to be beyond the scope of the current study. Nevertheless, the
panel believes it is only logical that laboratories, which in the pursuit of their
public missions conduct R&D of potential relevance to industry, have policies
and procedures in place that facilitate technology transfer and collaborative R&D.
In both countries, the large public laboratories have made positive strides toward
improving the organizational and policy framework for collaboration with indus-
try. However, the German and U.S. delegations believe that much more needs to
be done in this area.

These common challenges suggest the potential for greater mutual learning
among functionally comparable institutions in the two countries.

MAIJOR DIFFERENCES BETWEEN THE GERMAN AND U.S. SYSTEMS

At the same time, comparison of the two nations’ technology transfer sys-
tems underscores major differences in their scale, structure, organization, opera-
tion, and performance.
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The scale and openness of the U.S. economy and innovation system overall,
as well as the large size and technological intensity of relatively homogeneous
segments of the U.S. domestic market, create more opportunities than exist in
Germany for technology-driven firms. Despite significant progress toward inte-
gration of national economies within the European Union during the past decade,
European markets for many technology-intensive products and services still re-
main much more fragmented by different national policies and practices than do
U.S. markets. Per capita consumption of high-tech products and services is sig-
nificantly higher in the United States than it is in Germany or the European Union
as a whole.

The German technology transfer enterprise is relatively stable, structured,
and homogeneous within sectors compared to its U.S. counterpart. In general,
the German technology transfer system relies heavily on organizations and insti-
tutions that are national in scope, highly differentiated by industry and technol-
ogy area, and, in many instances, well interconnected or coordinated. These
characteristics are reinforced by the relatively stable composition of the German
industrial production and R&D base over time. The integrated structure and sta-
bility of the German system (compared with the U.S. system) have yielded en-
hanced communication and cross-institutional learning among organizations, as
well as rapid incremental innovation and technology diffusion in several techno-
logically mature industries. To summarize: The German innovation system is
organized to excel in the application of new technologies that increase the perfor-
mance of existing industries.

The U.S. technology transfer enterprise is more highly diversified, less coor-
dinated, more flexible, and more rapidly evolving than its German counterpart.
Technology transfer in the United States relies heavily on the movement of indi-
vidual researchers between organizations and within and between different sec-
tors of the nation’s technology enterprise. Operational responsibility for technol-
ogy transfer in the United States resides within a very large, highly distributed,
rapidly evolving, and weakly coordinated set of organizations. The structure and
dynamics of the U.S. system afford it greater flexibility than its German counter-
part and thus make it better able to react to changing conditions. This flexibility
has provided advantages to the United States, particularly in fast-moving fields.
The major shifts in the sectoral composition of industrial production and indus-
trial R&D in the United States during the past 20 years attest to the system’s
dynamism. To summarize: The U.S. innovation system is structured to excel in
opening up new technological frontiers and launching new industries.

In general, the science and engineering R&D workforce is more mobile in
the United States than it is in Germany, particularly when movement between
public and private institutions is considered.*’ This reflects broad differences in
the structure, culture, and regulation of labor markets in the two countries. In the
United States, public policies and private strategies pose fewer barriers and offer
more incentives and opportunities for the movement of research scientists and
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engineers between academic, government, and commercial organizations than
they do in Germany. In Germany, the inflexible regulation of civil service and
public employment is substantially responsible for the low mobility of the sci-
ence and engineering workforce. To a certain extent, the German system com-
pensates for the limited intersector mobility of scientists and engineers through
more extensive interinstitutional linkages, such as the dual appointment of out-
standing researchers as research institute directors and university professors.

High-technology start-up companies play a critical role in the transfer and
commercialization of technology developed in universities, government labora-
tories, private-research institutes, and large private companies in the United States
but not in Germany. Many factors have contributed to the special role of start-up
companies in the United States. Among the most important of these have been a
highly mobile technical workforce; the availability of private venture capital; the
existence of sophisticated public equity markets; and the large scale and high-
technology intensity of relatively homogeneous segments of the U.S. domestic
market. There is no counterpart in Germany to the prominent role that start-up
companies perform in the commercialization of new technology in the United
States. This is due to a range of social, legal, structural, and cultural factors in
Germany, many of which have very little to do with the performance of German
R&D and technology transfer institutions proper. These factors include weak
venture capital and limited public equity markets; unsupportive labor, company,
and bankruptcy laws; and impediments related to the tax code and other regula-
tions.

Small and medium-sized enterprises (SMEs) in technologically mature in-
dustries have greater access to new technology in Germany than they do in the
United States. The R&D and technology transfer infrastructure for technologi-
cally evolving industries in Germany is relatively comprehensive in scope and
well coordinated. It is sustained by a high degree of industrial self-organization
and a significant level of public-sector support. By contrast, the U.S. R&D and
technology transfer infrastructure for technologically mature industries is much
more uneven, fragmented, and diversified in its organization, conduct, and per-
formance.

German industrial R&D consortia are generally structured within the frame-
work of broad industry associations and organizations. The industrial R&D con-
sortia in the United States are organizationally more differentiated, less wide-
spread, and less comprehensive in scope than their German counterparts. They
are ad hoc in character and, until recently, have been more limited to capital-
intensive industries than have consortia in Germany.

The German contract research institutes are more tightly networked and
uniform with respect to size, organization, and administration across technology
areas than their U.S. counterparts. Moreover, individual contract research insti-
tutes in Germany appear to be more targeted to particular industries than such
institutes are in the United States. The semipublic German Fraunhofer Society
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is an effective institution of technology transfer that has no direct organizational
counterpart in the United States. Only a few of the private independent engi-
neering research and technology transfer institutions in the United States are
oriented toward industrial clients to a comparable extent. The Fraunhofer insti-
tutes are more targeted to specific areas of technical expertise, more networked,
and more closely linked to universities than the U.S. independent engineering
institutes.

Overall, the federal and state governments in the United States are much less
involved financially and organizationally in industrially relevant, civilian applied
R&D and technology transfer and diffusion than is the German public sector.
Public attitudes toward the role of government in civilian R&D and technology
transfer differ greatly in Germany and the United States. Government support of
R&D in the United States is heavily concentrated in the defense and health areas
(and associated industrial sectors). Outside of the health area, the U.S. federal
government has invested few resources in direct support of the diffusion and use
of industrially relevant civilian technology. The German public R&D portfolio is
distributed over a larger number of public missions and industrial sectors than is
the U.S. one. Civilian industrial development is a major objective of German
public R&D spending. Moreover, German government support of effective dif-
fusion and use of technology by industry is extensive.

The technology transfer activities of publicly funded individual R&D-per-
forming institutions in Germany appear to be more targeted to particular indus-
tries than is true in the United States. Even the relatively small volume of state
and federally funded R&D and technical-extension activities in the United States
directed explicitly at the objective of industrial development tends to be oriented
more toward regional economies and multiple broad technical fields than toward
the needs of specific industries. Individual U.S. federal laboratories subordinate
support for any particular industry to their broader public mission and tend to
serve a broader population of industries through Cooperative Research and De-
velopment Agreements, licensing, and other technology transfer activities than
their German counterparts. In Germany, the semipublic Fraunhofer institutes
have the explicit mission of technology transfer; many departments of the large
Helmbholtz Centers work in areas that are strategically relevant for industry, and
many R&D programs of the Federal Ministry for Education, Science, Research,
and Technology have an explicit focus on technology transfer through university-
industry collaboration.

CHALLENGES TO THE GERMAN AND U.S. SYSTEMS

Drawing on their combined assessment of the relative strengths and weak-
nesses of the German and U.S. technology transfer systems, the two delegations
to the binational panel each identified priority challenges for their respective na-
tional systems.
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The German delegation sees one primary challenge:

* to change aspects of the nation’s cultural and legal framework that cur-
rently discourage innovation, commercialization of new technology, risk
taking, R&D workforce mobility, and entrepreneurial activity generally
within Germany.

The U.S. delegation sees two primary challenges:

* to preserve and further leverage the core strengths of the U.S. technology
transfer system, namely, its flexibility, adaptability, and diversity; and

* to better meet the technology transfer needs of SMEs and the “infra-
structural” and “pathbreaking” R&D needs of technologically mature in-
dustries.*

The recommendations of each delegation, presented in the next section, ad-
dress specific aspects of these general challenges.

Recommendations

This comparative study has shown that the national institutional framework
for technology transfer is very rich and diverse in both Germany and the United
States. More important, the study has increased the binational panel’s under-
standing of the relative strengths and weaknesses of the two nations’ technology
transfer systems and highlighted important opportunities for both German and
U.S. stakeholders to further diversify and strengthen their respective systems.
Accordingly, the German and U.S. delegations to the panel have each arrived at a
short list of recommended actions (addressed to public and private policymakers
within their respective countries) designed to exploit the opportunities and ad-
dress a number of the major challenges facing their respective national technol-
ogy transfer systems. In addition, the full binational panel has developed a lim-
ited number of joint recommendations aimed at expanding mutually beneficial
international collaboration in basic and applied R&D and technology transfer
among Germany, the United States, and other nations.

RECOMMENDATIONS OF THE GERMAN DELEGATION

The German delegation to the panel notes that efficient technology transfer
is very important for the competitiveness of an economy and suggests a variety
of related measures for Germany. At the same time, the delegation acknowl-
edges the fundamental importance of basic, noncommercial research and the
need to guarantee its future as prerequisites of successful and innovative tech-
nology transfer.
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General Recommendations

1. The delegation recommends that German research policymakers foster
cooperation between German and U.S. R&D institutions in the area of
applied, transfer-oriented research.

The delegation is aware of various funding sources for supporting German-
U.S. cooperation in the area of basic research. However, obtaining support for bi-
national applied R&D and transfer-oriented projects is problematic. To solve this
problem, the German-American Academic Council Foundation should support these
types of projects more intensively and establish a permanent committee to look for
appropriate funding sources. (Specific suggestions for joint German-U.S. projects
are made in the “Joint German-U.S. Recommendations” section, below.)

2. The delegation recommends that, beyond improving institutional mecha-
nisms of technology transfer, changes be made in German cultural and legal
frameworks in order to encourage individual professional mobility, risk tak-
ing, entrepreneurial activities, and acceptance of technology.

Changes should be considered in such areas as the social security system,
enterprise law, and tax regulations. In addition, the delegation recommends that
the government and industrial associations organize public campaigns to improve
public acceptance of new technology, encourage more risk taking, and develop
an improved entrepreneurial spirit.

Specific Recommendations

3. The delegation believes that new technology-based firms are an impor-
tant instrument for fostering the transfer and commercialization of technolo-
gies that find their origins in universities, research institutes, and established
companies. Therefore, the delegation suggests that incentives to foster such
spin-offs be improved through changes in the German legal, tax, and finan-
cial frameworks.

The delegation recommends the creation of special tax deductions for and
public reinsurance of venture capital, equivalent to the existing system for for-
eign investment. In addition, the private liability of enterprise founders should be
abolished, and the opportunities for small firms to go public should be improved.
Furthermore, the delegation recommends introducing special tax deductions or
even tax exemptions for new technology-based firms, especially in the first few
years after their establishment.

4. The delegation believes that technology transfer is enhanced significantly
by the temporary transfer of personnel from research institutes and universi-
ties to industrial laboratories and vice versa. To foster this professional
mobility, the delegation recommends that German regulations regarding civil
service and public employment be made more flexible.
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Existing regulations affecting the ability of civil service and public employ-
ees to take temporary leave to work in private institutions are very rigid. The
related administrative procedures are complex and a clear disincentive for this
very efficient instrument of technology transfer. Improved regulations in this
area should include the possibility for civil servants to participate actively in
private enterprises.

5. The delegation believes that the U.S. model of industrial grants to univer-
sities fosters creativity in research and technology transfer. Therefore, the
delegation recommends that special tax incentives be introduced to support
this form of open university-industry cooperation in addition to the presently
dominant system of contract research.

The delegation believes that industry grants in support of academic research
have certain advantages over contract-supported R&D. For example, although
deliverables may not be specified ahead of time, grant-supported research typi-
cally involves the sponsors in determining the orientation of the research. Special
tax incentives should be introduced to foster research grants. These should in-
clude some mix of tax deductions (deductions from taxable income) and tax cred-
its (direct deductions from taxes owed) for sponsored research, similar to the tax
treatment of donations to political parties. In addition, the upper tax limits for
donations to scientific institutions should be raised.

A very interesting American model is the Industry-University Cooperative
Research Centers program, which is cofunded by the National Science Founda-
tion and a group of industrial enterprises through grants. German decision mak-
ers should investigate whether a similar model can be introduced at German uni-
versities.

6. The delegation recommends that contract research at universities and
other research institutions be stimulated by special tax deductions.

The recent decision of the Federal Financial Court (Bundesfinanzhof) that no
tax deductions can be applied to contract research at public research institutions
is very detrimental to technology transfer. The related regulations (i.e., Abgaben-
ordnung) should be amended as soon as possible in order to avoid problematic
long-term effects.*® The delegation does not agree with some policymakers who
want to impose sales taxes on the contract research of universities.

7. The delegation sees the need to enhance the entrepreneurial spirit in
public and semipublic research institutions. To achieve this goal, the del-
egation recommends increasing the flexibility of the public wage system.

The delegation sees the need for more incentives for research staff to work
on contract research, as efficient technology transfer requires entrepreneurial be-
havior of the involved researchers, which has to be supported by appropriate
wage structures. The entrepreneurial spirit of young researchers should also be
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supported by the establishment of more chairs and professorships for innovation
management. Up to now, only a few university business departments have estab-
lished these positions.

8. The delegation supports German initiatives to increase the commitment of
all public or semipublic R&D institutions to conduct contract research. The
delegation, however, recommends that equitable conditions for all these in-
stitutions be ensured to prevent unintentional distortions of the contract re-
search market.

Present political initiatives encourage various types of institutions to engage
more actively in contract and cooperative research. The delegation believes that
the competition provided by these institutions will enhance the quality of technol-
ogy transfer. However, these institutions have different frameworks regarding
base funding, overhead costs, research infrastructure, facilities, and so forth. A
balanced framework will be necessary to prevent unintentional distortions of the
research market—in particular through cross-subsidies of contract research at in-
stitutions with high levels of base funds.

9. The delegation suggests that legal and financial requirements be changed
to support a more active role for universities and public research institutions
in the area of intellectual property rights and licenses.

Due to lack of an appropriate infrastructure and financial incentives, most
German universities do not protect adequately the intellectual property devel-
oped by their researchers, nor do they promote effectively the commercial ex-
ploitation of research results emanating from their laboratories. The delegation
believes that universities and polytechnical schools need to get special funds and
personnel to actively apply for patents and market licenses. In addition, the
government should consider whether university professors should share in li-
cense revenues, according to the law for employed inventors (Arbeitnehmerer-
findungsgesetz, ArbEG), instead of being subject to the present personal exploi-
tation privilege.

Like American universities, German universities should be able to obtain full
title to inventions developed with public support, be completely relieved of return
flows of license fees to publicly sponsored institutions, and should be allowed to
license patents exclusively to private enterprises.

The delegation also recommends a more active patent policy for departmen-
tal research institutes and Blue List institutes, based on measures similar to those
suggested for universities. In Helmholtz Centers, the present patent policy can be
improved by allowing centers to completely retain license revenues and giving
them more flexibility to use those revenues.

For general support of patents at research institutions, the grace period for
patents should be reintroduced, comparable to the present patent law in the United
States.
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RECOMMENDATIONS OF THE U.S. DELEGATION

This comparative study has deepened the U.S. delegation’s understanding of
the fundamental strengths and weaknesses of the U.S. technology transfer sys-
tem. Specifically, the delegation recognizes that the greatest strengths of the U.S.
system are its large size, diversity, and decentralized and distributed organiza-
tion; the high mobility of resources critical to R&D, technological innovation,
and technology transfer (i.e., science and engineering personnel, capital, and other
factors of production); and the system’s extraordinary flexibility and adaptability
to changing circumstances. At the same time, comparison with Germany has
heightened the U.S. delegation’s awareness of the relative weakness of the U.S.
system in meeting the R&D and technology transfer needs of technologically
mature industries—small and medium-sized enterprises in particular.

In an effort to reinforce and leverage the fundamental strengths of the U.S.
enterprise and address areas of weakness, the U.S. delegation makes six specific
recommendations.

1. The U.S. delegation recommends that the federal government do more to
facilitate privately led initiatives aimed at strengthening the R&D base and
technology transfer infrastructure of both technologically emerging and tech-
nologically mature industries. In particular, the government should seek to
further encourage collaborative industrial R&D, including industrial R&D
consortia, in technology areas that are precompetitive, noncompetitive, or
related to standards.

The U.S. R&D and technology transfer infrastructure for American industry,
particularly for technologically mature industries, is highly uneven, fragmented,
and diversified in its organization, conduct, and performance. Recently, through
self-organization often augmented by limited financial and technical support from
government and universities, several major technologically mature U.S. indus-
tries have revitalized their R&D-base and technology transfer infrastructure.
However, there are many other U.S. industries in which such a revitalization is
needed.

Steps toward this objective could include the development of technology
road maps by federal agencies, working in collaboration with industry, that would
encourage private industry to engage in similar exercises® (see Recommenda-
tion 2, below); working with industry associations to identify regulatory changes
that might promote the collective definition and diffusion of best practices in
regulated industries; and amendments to the R&D tax credit that would foster
collaborative R&D in technology areas, including those defined above.

2. The U.S. delegation encourages more U.S. industries to prepare dynamic
technology road maps similar to the one prepared by the U.S. semiconduc-
tor industry.
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In 1994, the U.S. Semiconductor Industry Association published The Na-
tional Technology Roadmap for Semiconductors, which inventoried the industry’s
various sources of technology (e.g., raw material suppliers, equipment vendors,
universities, federal labs), forecast technological needs and developments for all
elements of the industry’s value-added chain, and prioritized the industry’s basic,
precompetitive, noncompetitive, and standards-related research needs. Both the
development of the road map and the ongoing follow-up to the initial exercise
have been deemed successful and constructive by all parties involved (see Rea et
al., 1996). The U.S. delegation believes that for many industries (particularly
industries based on technologies that are more established and advancing incre-
mentally) technology road map exercises such as this can be very useful for fo-
cusing the industry’s attention on changing technological opportunities and chal-
lenges as well as for encouraging public- and private-sector investments to exploit
or address them.>!

3. The U.S. delegation recommends that industrial leadership organizations
such as the Council on Competitiveness, the Business Roundtable, and the
National Association of Manufacturers do more to assess and disseminate
lessons regarding the value and effective organization and operation of in-
dustrial R&D consortia in the United States.

During the past decade, industrial R&D consortia have become increasingly
important vehicles of industrial technology transfer in the United States. Despite
their proliferation across a growing number of industries, there has been remark-
ably little knowledge transfer concerning successful organizational and opera-
tional practices among the diverse, highly distributed, and relatively autonomous
population of consortia. While the task of cross-industry or cross-institutional
learning is complicated by the sheer diversity of the organizational types of such
consortia, the documented experiences of a few highly publicized consortia sug-
gest that there are many generalizable lessons to be learned. In the absence of a
national “clearinghouse” for cross-industry learning in this area, like the German
AiF, the U.S. delegation believes that U.S. organizations with significant industry
participation such as the Council on Competitiveness, the Business Roundtable,
and the National Association of Manufacturers are particularly well equipped to
document, assess, and disseminate lessons learned to U.S. industry.

4. The U.S. delegation encourages all U.S. research universities to define
policies to guide technology transfer and research collaboration with indus-
try that are transparent and predictable. Such policies must be attuned to
the diverse needs and circumstances facing different industrial sectors as
well as different academic institutions (e.g., medical schools versus engi-
neering schools) and the schools and departments within them. To this end,
the delegation recommends that the National Academies’ Government-Uni-
versity-Industry Research Roundtable address the issue of establishing a
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national effort to collect and disseminate information regarding the diversity
of university good practices in this area.

A number of U.S. research universities or constituent graduate schools ap-
pear to have developed effective policies and practices for managing their R&D
and technology transfer interactions with industrial partners. However, consider-
able evidence suggests that many more of the nation’s research universities are
still struggling to develop policies and practices that will engage industry more
extensively in mutually beneficial research and technology transfer. For this rea-
son, the delegation believes that academic research institutions need to work to-
gether to identify, develop, and disseminate the variety of good policies and prac-
tices that support effective university-industry collaboration.

The U.S. delegation considers the current diversity and decentralized nature
of the U.S. university research enterprise to be sources of strength. Accordingly,
the delegation does not believe that a one-size-fits-all approach to best practices
in university-industry technology transfer or collaborative R&D makes sense. At
the same time, the delegation recognizes that the very diversity and decentralized
character of the university research enterprise make cross-institutional learning
difficult to achieve. The delegation believes that the charter of the Government-
University-Industry Research Roundtable and its previous work, particularly in
the area of university-industry partnerships, well equip it to take the initiative in
advancing the learning process in this area.>?

5. The U.S. delegation recommends that the National Science Foundation
expand the existing network of collaborative university-industry research
centers (e.g., Industry-University Cooperative Research Centers, Engineer-
ing Research Centers, Science and Technology Centers) and continue to ex-
periment with other institutional and organizational forms.

The U.S. delegation believes that university-based multidisciplinary centers
sponsored by the NSF have on the whole proved to be cost-effective mechanisms
for promoting university-industry research collaboration. For a relatively small
federal investment, they can provide high educational value, contribute to the
research needs of a broad spectrum of industries (both technologically dynamic
and technologically mature), and provide valuable technical-extension services
to regional industry. The federal government should be relatively unconcerned
about some industries being served by more than one center, provided there is
sufficient industry support for additional centers and there is a clear demand for
more graduates in the field supported. Moreover, NSF should experiment and
encourage others to experiment with new institutional and organizational modes
that promote university-industry research collaboration. In this regard, the struc-
ture, conduct, and performance of the German independent, university-linked
An-institutes and Fraunhofer institutes would seem worthy of further study and
analysis.
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6. The U.S. delegation recommends that all federal agencies—no matter the
extent to which their mission relates directly to private industry—develop
more effective mechanisms for ensuring appropriate industrial input into the
formulation, execution, and evaluation of federal laboratory R&D and tech-
nology transfer activities.

The U.S. delegation recognizes that virtually all federal agencies with R&D
portfolios are coming to rely more and more heavily on private-sector R&D capa-
bilities and outputs to advance their public missions. Irrespective of whether a
given federal laboratory considers the development and diffusion of industrially
relevant technology a central, ancillary, or negligible part of its overall public
mission, it is increasingly critical that the laboratory develop the capability for
drawing effectively on private-sector R&D and R&D management and evalua-
tion capabilities, as well as contribute to those capabilities.

Joint German-U.S. Recommendations for Fostering Transatlantic
Collaboration in R&D and Technology Transfer

The binational panel believes significant opportunities exist for building on
the learning process initiated by this study. The panel recommends that steps be
taken in both countries to facilitate and enhance the exploitation of these opportu-
nities. Specifically, the panel encourages mutually beneficial collaboration be-
tween German and U.S. public- and private-sector institutions in areas of basic
and applied R&D and technology transfer.

The panel acknowledges that various impediments to transatlantic collabora-
tion in the area of technology transfer remain. These include simple lack of
awareness of opportunities; obstacles posed by different funding, accounting, le-
gal, and administrative practices in different countries; differences in intellectual
property regimes and practices; and structural as well as public-policy-induced
barriers. The panel believes that many of these impediments are surmountable
and that transnational R&D arrangements are, in the long run, a necessary com-
ponent of free trade in a global economy.

The following three recommendations are aimed at fostering mutually ben-
eficial transatlantic (European Union—United States) as well as global coopera-
tion in R&D and technology transfer.

1. The panel recommends that the German and U.S. governments catalyze
transatlantic efforts to develop a set of mutually agreed-upon principles that
will help the United States and member states of the European Union to
recognize and implement arrangements for mutually beneficial transatlantic
collaboration involving public and private institutions in R&D and technol-
ogy transfer.

The panel recognizes that many of the seemingly intractable impediments to
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enhancing collaboration between Germany and the United States involve mani-
fold differences in national law and public policy in such areas as intellectual
property rights; competition and antitrust policy; corporate law; health, safety,
and environmental regulations; international trade and investment policy; and
R&D, technology, and industrial policies. Many of these policy differences and
the associated obstacles they pose to international collaboration are often poorly
understood. Moreover, the international policy challenges raised by these na-
tional differences are weighted differently by different countries, and viewed as
tightly interconnected.

For these reasons, the panel believes that these policy-related impediments
will and should be addressed at the bilateral or multilateral level as intercon-
nected policy challenges.”®> The ongoing negotiations among member states of
the Organization for Economic Cooperation and Development to develop a Mul-
tilateral Agreement on Investment could be an appropriate location for the devel-
opment of such principles. The panel believes that successful negotiations within
these forums would serve as a useful starting point for more comprehensive glo-
bal negotiation of these policy challenges within the World Trade Organization,
the World Intellectual Property Organization, international standards-setting or-
ganizations, and other relevant international organizations.

2. The panel strongly urges public- and private-sector institutions that per-
form and fund R&D in Germany and the United States to adhere mutually to
the generally accepted principles of national treatment (nondiscrimination
on the basis of nationality) and transparency (full disclosure of terms) in
their interactions with organizations based in other countries.

The panel believes that mutual observance of these principles by German
and U.S. organizations will help overcome many of the impediments to mutually
beneficial transatlantic collaboration in R&D and technology transfer identified
above and will encourage R&D-funding and R&D-performing institutions based
in other countries to follow their lead.

3. The panel recommends that research and technology transfer organiza-
tions in Germany and the United States be encouraged to experiment with a
number of different types of transatlantic collaborative activity. The panel
believes that, in the near term, experimentation with specific participant-
driven collaborative projects (i.e., learning by doing) is the most promising
approach to understanding and overcoming obstacles to enhanced bina-
tional, transatlantic, and global collaboration, particularly in the areas of
applied research and technology transfer. In this context, the panel believes
that the German-American Academic Council Foundation could play a con-
structive role in both fostering and evaluating participant-driven experiments
with transatlantic collaboration, as well as in identifying and disseminating
best practices in this area.
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To this end, the panel has identified several types of binational, transatlantic,
and international collaboration, both prospective and ongoing, that it considers
particularly promising in the German-U.S. context. In some cases, the panel
recommends specific actions to facilitate experimentation with a particular type
of collaboration. In others, the panel merely identifies an opportunity or a proof
of existence to illustrate the potential of a particular mode of collaboration.

Establishment of transatlantic networks of R&D institutes for the shared use of
facilities and infrastructure, especially information infrastructure. As an ex-
ample of what form such collaboration might take, two panel members developed
a brief prospectus for a joint project to facilitate involvement of small and me-
dium-sized companies in the development of computer-supported cooperative
work (CSCW) applications to exploit emerging high-speed global telecommuni-
cations networks. (See Annex I.) Here again, the panel views limited transatlan-
tic initiatives such as this as a useful starting point for more extensive global
initiatives.

Transatlantic collaboration of university-based institutions in the areas of ap-
plied, transfer-oriented research. In particular, the panel sees promising oppor-
tunities for mutual learning through collaboration between the U.S. UIRCs and
the German An-Institutes. Both sets of institutions represent efforts to overcome
some of the administrative and cultural barriers to closer university-industry re-
search collaboration. Admittedly, there are significant organizational and fund-
ing differences between these two groups of institutions (not to mention profound
differences among the highly heterogeneous population of U.S. centers). An-
Institutes are legally independent of the universities and rely primarily on re-
search contracts with industry and government agencies. The diverse assembly
of U.S. UIRCs, by contrast, tends to be more closely tied administratively with
host universities and rely almost exclusively on research grants to support its
work. Because of these differences, the panel views transatlantic collaboration
between UIRCs and An-Institutes as a particularly promising opportunity for
cross-institutional learning.

Development of a transatlantic network of technical information centers. The
panel believes that Germany, the United States, and other countries would benefit
significantly from the development of a transatlantic network of technical infor-
mation centers that could develop common technical standards and interfaces,
enable interconnection, foster collaboration in database building, and so forth. Bi-
national and multinational initiatives linking centers based in the United States, Ger-
many, and the rest of the European Union could serve as a stimulus (demonstration
projects) to enhanced interconnection of technical information centers based in other
countries worldwide. (See, for example, the panel’s suggestion in Annex I for devel-
oping linkages between the U.S. Department of Defense, Information Analysis
Centers, and corresponding German technical information centers.)
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International collaboration in R&D and technology transfer related to health,
safety, environmental, and other technical standards. International collaboration
in these areas currently involves a multiplicity of public- and private-sector orga-
nizations worldwide, including national and international standards bodies, pro-
fessional societies, government agencies, industrial associations, and international
organizations. An example of this type of collaboration is the industry-sponsored
International 300 mm Initiative, which is developing standards for 300-mm wa-
fers for microcircuits.

Transatlantic collaboration of industrial R&D consortia and industrial research
associations on research projects of common interest. The panel believes there
are opportunities for mutually beneficial binational and international collabora-
tion of industrial R&D consortia and industrial research associations in areas of
generic application-oriented research, generally of a precompetitive character. A
binational effort to enhance information exchange regarding cooperative indus-
trial R&D activities in Germany and the United States could serve as a stimulus
to further transatlantic as well as global collaboration among national consortia
and research associations on generic precompetitive research projects of common
interest. A member of the German delegation has prepared a list of specific
projects suggestions in this area. (See Annex I.)

Transatlantic collaborations of small and medium-sized enterprises and R&D
institutions. Considering the relative strengths and weaknesses of the German
and American technology transfer systems, the panel believes that transatlantic
collaboration involving SMEs in one country with R&D institutions based in the
other could be mutually beneficial. Large companies are already engaged in
transatlantic R&D collaboration of this type. However, SMEs are generally less
well informed about the capabilities of foreign research and technology transfer
institutions, let alone specific opportunities for collaboration with them. A bina-
tional effort to disseminate information to German and American SMEs regard-
ing the research and technology transfer capabilities of R&D institutions in the
two countries could facilitate mutually beneficial collaboration as well as encour-
age other nations to engage in such information exchanges.

Concluding Observations

The results of this joint study confirm the many important roles that the pub-
lic sector plays in the R&D and technology transfer systems of advanced industri-
alized nations. Of the many technology-transfer-related issues facing the Ger-
man and U.S. governments, the panel believes that special attention should be
given to the issue of public funding for R&D that is of an infrastructural, or long-
term nature. In the panel’s view, this type of R&D activity is critical to a nation’s
economic growth and industrial competitiveness but tends to be underfunded by
private-sector organizations because its outputs—new knowledge, know-how,
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skills, and generic technology—are broadly diffused without direct compensa-
tion to the R&D performer.

Furthermore, given the pace and magnitude of efforts currently under way in
both Germany and the United States to adapt their respective technology transfer
systems to rapidly changing political, economic, and technological circumstances
at home and abroad, the panel encourages the German-American Academic Coun-
cil to consider sponsoring a reexamination of the two countries’ technology trans-
fer systems 5 years hence and expand the comparison to include one or two other
countries.

The present study has documented the role that effective technology transfer
institutions, mechanisms, policies, and practices play in the competitiveness of
industrial nations. The comparison of the German and U.S. technology transfer
systems has helped the panel appreciate and understand the strengths and weak-
nesses of the two nations’ systems and has suggested new approaches to specific
technology transfer challenges faced in each country. Equally important, the
binational study has underscored the potential for continued mutual learning be-
tween U.S. and German technology transfer institutions and has identified sev-
eral promising opportunities for mutually beneficial transatlantic and international
collaboration in applied research and technology transfer.
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Suggestions for Transatlantic/International

Collaborative Projects

TRANSATLANTIC COOPERATIVE COMPUTER
APPLICATIONS OVER GLOBAL NETWORKS

The ability of an international team to rapidly design, prototype, and manu-
facture a product is a key requirement for globally active firms. The new pres-
sures on business include:

Reduced product life cycles. Time-to-market is becoming an ever more
significant factor contributing to the ability to achieve market share, prof-
itability, and even survival.

Increased cost pressures. The need to control costs, with the correspond-
ing desire to improve productivity, continues unabated with renewed em-
phasis on the productivity of knowledge workers.

Increased demand for quality and customer service. As competition
builds, the increase in customers’ expectations for responsiveness and per-
sonalized support is beginning to change the culture and operation of many
industries.

Changing markets. The only constant for business is that things will
change. The need and ability to respond rapidly to changing market forces
continues to push firms to adopt and implement technology.

New business models. Constant change is now pushing into the very core
of many corporations with corresponding new business models emerging
for the way in which organizations and people work together. These in-
clude telecommuting, virtual corporations, collaborative product devel-
opment, and integrated supply-chain management.

There is a need to develop computer-based methods and applications to ad-
dress the challenges of a global marketplace. One major challenge is to demon-
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strate the feasibility of conducting business over transatlantic Asynchronous Trans-
fer Mode (ATM) and Integrated Service Digital Network (ISDN) networks and in
particular to show the real-world benefits of conducting the entire international prod-
uct development in such an environment. A second challenge is to enable SMEs to
become world-class companies by providing them the capabilities to effectively
synchronize, manage, and develop their resources throughout the world.

The goal of such a project should be to show to small and medium-sized
enterprises (SMEs) in the United States and Germany that private ATM- and
ISDN-based intranets will provide a reliable and secure means of transporting
data, voice, and video services among distributed firms. This will include inte-
gration of existing technologies to support the concurrent engineering method as
it is applied to the product development process. These technologies include
telemedicine, enterprise resource planning, CAD modeling, computer-supported
cooperative work, user interface design, process management and documenta-
tion, virtual reality, and ATM and ISDN wide-area networking.

A set of realistic, factory-oriented product development scenarios and quan-
titative metrics for evaluating success should be developed, and the scenarios and
metrics using the technology base developed for concurrent engineering should
be implemented. Furthermore, distributed and collaborative virtual prototyping
practices for future enterprise models should be demonstrated.

An important activity within such a project might be the development of a
distributed decision-support system for medical diagnosis and training. This
should address the following problems:

» Utilization of distributed competence centers for different diagnosis tasks
on demand,;

» Utilization of intelligent data handling and diagnosis;

* Integration of different data sources and diagnosis methods; and

* Remote training support.

Several institutions have already shown interest in such a project (e.g., in Germany,
the Fraunhofer Institut fiir Graphische Datenverarbeitung, Darmstadt, and the
Gesellschaft zur Forderung Angewandter Informatik e.V., Berlin, and in the United
States, the International Computer Science Institute [ICSI] in Berkeley, California,
and the Center for Research in Computer Graphics, in Providence, Rhode Island).

There are many companies in both Germany and the United States interested
in getting involved in and prototyping and evaluating applications developed to
run on such a platform.

SUGGESTED DEVELOPMENT OF A TRANSATLANTIC
NETWORK OF INFORMATION ANALYSIS CENTERS

The U.S. Department of Defense (DOD) has a long history of active support
for specialized information analysis. The DOD Information Analysis Centers
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(IACs) are unique organizations with the mission of collecting and disseminating
information to practicing scientists and engineers in both the government and the
private sector. As of October 1991, there were 23 IACs in operation.

The IACs’ information collection activities systematically identify, catalog,
and collect published information in specified subject areas. Many of the sub-
jects would not be suitable for a joint U.S.-German effort; however, many of the
IACs are active in areas which have broad technical interests in both countries.
To explore further the opportunities and obstacles related to joint U.S.-German
activity in this area, a study is proposed that would:

* examine the mission and authority of the existing IACs to determine if it
is within current authority to expand the client base to foreign scientists
and engineers.

* survey existing German research institutions to identify similar informa-
tion-analysis organizations in Germany;

* design a collaborative effort for information analysis on a multinational
basis;

* build collaborative relationships between U.S. Information Analysis Cen-
ters and their German counterparts; and

» evaluate the results of the collaborative effort and identify communica-
tions methods that contributed to success.

It is anticipated that a multinational information analysis center would
achieve greater effectiveness with a larger client base and realize economies of
scale. The long-term objectives of the German-American binational panel will
be advanced as a result of the experiment and collaborative effort.

COLLABORATION AMONG GERMAN AND
U.S. INDUSTRIAL RESEARCH ASSOCIATIONS

The following suggestions of possible collaborative projects were collected
by a German delegation member from member associations of the German AiF.
The project ideas differ as to their level of concreteness (i.e., concerning the
detailed definition of the project methodology and aims, the potential for support
by German and American sponsors, etc.). In any case, they show a broad interest
by German and American institutions in collaborating in the area of pre-
competitive applied research.

Project title: Integrated Supply Chain Management Program
R&D partners:  Gesellschaft fiir Verkehrsbetriebswirtschaft und Logistik,
Niirnberg

Lehrstuhl fiir Logistik der Universitit Erlangen-Niirnberg
Center for Transportation Studies, MIT, Cambridge
Sponsor(s): Amoco, AT&T, CVS, Monsanto, Proctor & Gamble, Roadway
Logistics Services, XEROX, Siemens Volkswagen, Quelle
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Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Traffic information system

Forschungsinstitut fiir Logistiksysteme in Ballungsrdumen,
Herne

California State Department of Transportation

California State Department of Transportation

Customer information system

Forschungsinstitut fiir Logistiksysteme in Ballungsrdumen,
Herne

California State Department of Transportation

California State Department of Transportation

Value management/value engineering as an instrument of inno-
vation management in small and medium-sized enterprises

Lehrstuhl Industriebetriebslehre, Universitit Dortmund

Society of the American Value Engineers (SAVE), Franklin,
Pennsylvania

AiF, SAVE

Standard production planning and control system for globally
operating production networks

Forschungsinstitut fiir Rationalisierung, RWTH Aachen

BDO Seidmann Ltd., Atlanta

N. N., U.S. research institute; N. N., production company

Possibly AiF for the German part

Tools for the design of flexible organization structures
Forschungsinstitut fiir Rationalisierung, RWTH Aachen
Laboratory for Manufacturing and Productivity, MIT, Cambridge
Possibly AiF for the German part

Analysis of cooperation in supply chains in the area of production
technology on the basis of an American-German comparison

Forschungsinstitut fiir Rationalisierung, RWTH Aachen

Sloan School of Management, MIT, Cambridge

Possibly AiF for the German part

Friction reduction at the forming edge by compressed air
lubrication

Institut fiir Umformtechnik und Umformmaschinen, Universitit
Hannover

Alcoa Technical Center, Pennsylvania

Possibly AiF for the German side
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Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):
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Pressure control of blank-holder in relation to drawing force

Institut fiir Umformtechnik und Umformmaschinen, Universitit
Hannover

Alcoa Technical Center, Pennsylvania

Possibly AiF for the German side

Pulsating pressure of blank-holder

Institut fiir Umformtechnik und Umformmaschinen, Universitit
Hannover

Ohio State University, Columbus

Possibly AiF for the German side

Determination of elastic recovery in deep drawing

Institut fiir Umformtechnik und Umformmaschinen, Universitit
Hannover

Ohio State University, Columbus

Possibly AiF for the German side

Smoke development in arc spraying processes
Forschungsvereinigung Schweiflen und Schneiden, Diisseldorf
Lehrstuhl fiir Werkstofftechnologie, Universitdt Dortmund
High Temperature Laboratory, University of Minnesota
Thermal Spray Lab, University of New York, Stony Brook
Possibly AiF for the German side

Joining of plastic and light metal parts

Forschungsvereinigung Schweiflen und Schneiden, Diisseldorf
Fraunhofer-Institut fiir Angewandte Materialforschung, Bremen
Center for Composite Materials, University of Delaware, Newark
Possibly AiF for the German side

Orbital welding of tubes with tungsten-inert gases
Forschungsvereinigung Schweiflen und Schneiden, Diisseldorf
Schweiltechnische Lehr- und Versuchsanstalt, Miinchen
Astro Arc Polysoude, Sun Valley, California

Possibly AiF for the German side

Bolt welding with lift ignition for aluminum
Forschungsvereinigung Schweiflen und Schneiden, Diisseldorf
Schweiltechnische Lehr- und Versuchsanstalt, Miinchen
TRW NELSON Stud Welding Division, Elyria, Ohio

Possibly AiF for the German side
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Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Use of neural networks for controlling welding processes

Institut fiir Schweiitechnische Fertigungsverfahren, RWTH
Aachen

N. N. (Negotiations with various American partners)

Possibly AiF for the German side

Structure and characteristics of glass melts

Hiittentechnische Vereinigung der Deutschen Glasindustrie,
Frankfurt/M.

Center of Glass Research, Alfred University, Alfred, New York

N.Y. State College of Ceramics, Alfred University

Presently: Deutsche Forschungsgemeinschaft

National Science Foundation

Problem: Orientation too basic because of requirements of
funders.

Interest in AiF support for more practice-oriented research

Revolution control of ring spinning machines

Institut fiir Textil- und Verfahrenstechnik, Denkendorf
Milliken & Company

Milliken & Company

Development of composite textiles and garment ensembles for
foul-weather protection with optimized comfort

Bekleidungsphysiologisches Institut, Hohenstein

Adidas, Herzogenaurach

W. L. Gore

Malden Mills

Pearl Izumi

In Sport

Adidas, W. L. Gore, Malden Mills, Pearl Izumi, In Sport

Production of emulsions by membranes

Institut fiir Lebensmittelverfahrenstechnik, Universitiat Karlsruhe

Department of Food Science, University of Massachusetts,
Ambherst

Possibly AiF for the German part

Forschungskreis der Erndhrungsindustrie, Bonn

Improvement of reaction flavors with respect to the original
food flavors

Deutsche Forschungsanstalt fiir Lebensmittelchemie, Garching

The State University of New Jersey, Rutgers

Forschungskreis der Erndhrungsindustrie, Bonn

Flavor Extract and Manufacturing Association
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Effects of fatty trans-acids in food on the composition of fatty
acids in human blood plasma and fatty tissue

Institut fiir Biochemie und Lebensmittelchemie, Universitit
Hamburg

U.S. Food and Drug Administration

Center for Food Safety & Applied Nutrition, Washington, D.C.

Forschungskreis der Erndhrungsindustrie, Bonn

U.S. Food and Drug Administration

Effects of phase transitions in food on deterioration of quality

Institut fiir Lebensmitteltechnologie, Technische Universitit
Berlin

Center for Advanced Food Technology, Rutgers University,
New Brunswick, New Jersey

Forschungskreis der Erndhrungsindustrie, Bonn

Application of high electric field pulses in food processing and
preservation

Institut fiir Lebensmitteltechnologie, Technische Universitit
Berlin

Department of Food Science, Ohio State University, Columbus

Forschungskreis der Erndhrungsindustrie, Bonn

The Ohio Research Foundation

Authenticity control of fruit juice flavors

Institut fiir Lebensmittelchemie, Universitiat Frankfurt

Citrus Research and Education Center, University of Florida,
Lake Alfred, Florida

Forschungskreis der Erndhrungsindustrie, Bonn

Inactivation kinetics and molecular modeling of conformational
transitions in enzymes at high pressure

Institut fiir Lebensmitteltechnologie, Technische Universitit
Berlin

Center for Advanced Food Technology, Rutgers University,
New Brunswick, New Jersey

Forschungskreis der Erndhrungsindustrie, Bonn

Investigation of the nutritional balance of cereal-based products
made from unconventional raw material

Institut fiir Lebensmitteltechnologie, Technische Universitit
Berlin

Department of Grain Science, Kansas State University,
Manhattan
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Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Project title:

R&D partners:

Sponsor(s):

Forschungskreis der Ernidhrungsindustrie, Bonn
American Association of Cereal Chemistry, St. Paul, Minnesota

Investigation of the role of resistant starch in cereal-based
products from a nutritional and a technological point of view

Institut fiir Lebensmitteltechnologie, Technische Universitit
Berlin

Department of Grain Science, Kansas State University,
Manhattan

Forschungskreis der Ernidhrungsindustrie, Bonn

American Association of Cereal Chemistry, St. Paul, Minnesota

Investigation of the shelf-life of cereal-based products enriched
with high unsaturated fatty acids

Institut fiir Lebensmitteltechnologie, Technische Universitit
Berlin

Department of Grain Science, Kansas State University,
Manhattan

Forschungskreis der Erndhrungsindustrie, Bonn

American Association of Cereal Chemistry, St. Paul, Minnesota

Investigation of the functional and nutritional properties of
B-glucans in cereal-based products

Institut fiir Lebensmitteltechnologie, Technische Universitit
Berlin

Department of Grain Science, Kansas State University,
Manhattan

Forschungskreis der Ernidhrungsindustrie, Bonn

American Association of Cereal Chemistry, St. Paul, Minnesota
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INTRODUCTION

The collective capacity of the United States to deploy technology and techni-
cal know-how constitutes the nation’s technology transfer enterprise. The enter-
prise involves all of the individuals, public- and private-sector institutions, and
other resources (financial and physical capital) involved in the movement of tech-
nology within and among organizations operating in the United States. As in
other market economies, most of the resources and operational intelligence of
this enterprise resides in private companies and is organized and driven by the
logic of markets. In 1995, industry performed over 70 percent of all U.S. R&D
and employed more than 90 percent of all U.S. scientists and engineers. Simi-
larly, the volume of technology transfer that takes place within and between pri-
vate firms dwarfs that which takes place between industry and all other sectors of
the R&D enterprise combined.! Indeed, the annual patent royalty income of just
one large U.S. high-tech company such as IBM is greater than that of all nonin-
dustrial sectors together. Nevertheless, the structure, goals, and performance of
the U.S. technology enterprise are profoundly shaped by the contributions of a
spectrum of nonindustrial R&D performers that are not themselves directly en-
gaged in the commercialization of technology.

The specific focus of this report is on the institutions and mechanisms in-
volved in the transfer of technology from nonindustrial R&D performers to pri-
vate firms, which then use this technology to create new products and services.
These institutions include nonindustrial R&D performers: universities and affili-
ated institutions, federal laboratories, and an array of public, private, and mixed
(public/private) contract R&D institutes and consortia. Also implicated are a
diverse group of organizations that perform little, if any, R&D of their own, yet
play an important role facilitating technology transfer between the nonindustrial
R&D performers and private industry.

THE R&D ENTERPRISE

A major distinguishing feature of the U.S. R&D enterprise is its colossal
size. In 1994, the United States spent roughly $169 billion, or 2.5 percent of its
gross domestic product (GDP), on research and development. Calculated in con-
stant 1987 dollars, this sum equaled the combined R&D expenditures of Japan,
Germany, France, and the United Kingdom (Figure 2.1). As of 1993, there were
roughly 963,000 scientists and engineers engaged in R&D work in roughly 41,000
U.S.-based companies, 720 federal laboratories, 875 colleges and universities,
and upwards of 2,300 other nonprofit R&D-performing organizations (e.g., re-
search institutes, hospitals, consortia, etc.) (National Science Board, 1996; Na-
tional Science Foundation, 1996°).

As a percentage of GDP, R&D spending in the United States compared fa-
vorably with that of most of its major trading partners in 1994 (Figure 2.2). How-
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FIGURE 2.1 International total R&D expenditures, 1994. SOURCE: National Science
Foundation (1996b).

ever, relative U.S. investments in R&D, estimated at 2.4 percent of GDP in 1995,
have been declining since 1991, as have those of Germany and Japan. Moreover,
international comparisons of the civilian R&D intensity of national economies
(nondefense R&D as a percentage of GDP) reveal a persistent gap between the
United States and other major industrialized countries.

R&D Funders and Performers

For statistical purposes, the U.S. R&D enterprise is divided into four major
sectors: (1) government (federal, state, and local), (2) private industry, (3) non-
profit colleges and universities, and (4) other private nonprofit R&D funders or
performers.

GOVERNMENT

Prior to 1980, the federal government was the leading source of R&D funds,
accounting for as much as 66 percent of the nation’s R&D spending in the early
1960s. During the past decade, however, with the end of the Cold War and
declining defense budgets, the federal government’s share has declined rapidly,
amounting to only 35.5 percent of the total, about $61 billion, in 1995 (Figure
2.3). Less than one-third of federal R&D funds ($16.7 billion) were used to
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FIGURE 2.2 Total and nondefense R&D spending as a percentage of GDP, by country.
SOURCE: National Science Board (1996).
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FIGURE 2.3 National R&D expenditures, by performing sector and sources of funds.
SOURCE: National Science Board (1996).

support intramural R&D (i.e., R&D performed by the roughly 750 federal agency-
operated research laboratories in 1995). The remaining two-thirds of the federal
R&D budget supported R&D performed by private industry ($20.3 billion), uni-
versities and colleges ($13 billion), a collection of industry- and university-ad-
ministered Federally Funded Research and Development Centers (FFRDCs) ($8
billion),? and other nonprofit institutions ($2.7 billion) (Table 2.1).

The federal government funded roughly 58 percent of all U.S. basic research,
36 percent of all applied research, and 29 percent of all development work in
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1995 (Figure 2.4).3 That year, federal government laboratories performed 9.1
percent of all U.S. basic research ($2.7 billion), 12.3 percent of applied research
($4.9 billion), and 9 percent of development ($9.1 billion). In 1993 the federal
government employed over 60,000 scientists and engineers in R&D activity (Na-
tional Science Foundation, 1996b).

For the most part, national R&D statistics shed little light on the volume and
character of R&D funding and performance by U.S. state and local governments.
Nonfederal government entities collectively funded roughly 2 percent of all R&D
performed in the United States in 1993 (National Science Board, 1996). Most
state and local R&D monies are used to support applied research at doctorate-
granting state universities. These funds come either directly in the form of re-
search grants and contracts or indirectly in the form of general-purpose funds that
end up being used for research by the recipient academic institutions. Collec-
tively, state and local governments funded between 12 and 17 percent of U.S.
academic research in 1995, 7.4 percent (or $1.6 billion) through research con-
tracts and grants and an additional 5 to 10 percent ($0.9 to $2.0 billion) through
general purpose funds (National Science Board, 1996).

INDUSTRY

Since 1980, industry has been both the primary source of R&D funds and the
largest R&D performer in the United States, financing 59.4 percent ($101.7 bil-
lion) and performing roughly 71 percent ($121.4 billion) of all U.S. R&D in 1995
(Figure 2.3). Industry performs the overwhelming majority of the research that it
funds, $99.3 billion in 1995, with the remainder, $2.4 billion, going to support
research in colleges and universities and other nonprofit research institutions.
Industry performed an additional $20.3 billion worth of R&D supported by fed-
eral funds in 1995; most of this was defense-related development work financed
by the Department of Defense (DOD).* In addition to R&D performed directly
by private firms, federal agencies also funded about $1.8 billion of R&D at indus-
try-administered FFRDCs that year.

In 1995, industry funded 70.4 percent of all development work, 56.8 percent
of all applied research, and 25.3 percent of all basic research performed in the
United States. In turn, industry performed about 86 percent ($87.6 billion) of all
development work, 67 percent ($26.7 billion) of all applied research, and 24.2
percent of basic research ($7.2 billion) that year. Roughly 764,500 scientists and
engineers were engaged in R&D in U.S. industry in 1993.

COLLEGES AND UNIVERSITIES

Colleges and universities (both private and public) performed 12.6 percent,
or $21.6 billion worth, of R&D in 1995. That year, university-administered
FFRDCs performed an additional $5.3 billion of R&D. Institutions of higher

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

68 TECHNOLOGY TRANSFER SYSTEMS IN THE UNITED STATES AND GERMANY

Performing sector
100

- Federal Government - Universities and colleges
8ol l:l Industry |:| Other nonprofit
L. 60r
C
(0]
o
[0]
o
40
20
0
Development Applied research Basic research
Character of work
Source of funds
100
- Federal Government - Universities and colleges
80 |:| Industry |:| Other nonprofit
60
€
[9]
o
[0
o
40
20
0
Development Applied research Basic research

Character of work

FIGURE 2.4 National R&D expenditures, by performing sector, source of funds, and
character of work, 1995. SOURCE: National Science Board (1996).
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education are the primary locus of basic research in the United States, accounting
for roughly 49 percent of all basic research performed in 1995. Colleges and
universities performed about 14 percent of all applied research and only 1.6 per-
cent of total U.S. development work that year. Although 875 institutions of higher
education reported performing R&D in 1995, the 100 largest of these accounted
for 80 percent of all academic research conducted in the United States (National
Science Board, 1996).

The federal government has long been the primary source of academic R&D
dollars (Table 2.2). Although the federal share has fallen significantly since the
early 1970s, when it accounted for more than 70 percent of academic research
funds, federal agencies still financed over 60 percent of all academic research in
1995. Private universities, which represent an important, highly productive part
of the nation’s academic research enterprise, depend much more heavily on fed-
eral R&D funds than do public universities, which receive both targeted research
funding and general-purpose appropriations from state governments. In 1993,
federal agencies funded roughly 56 percent of all research at public universities
and 74 percent of research performed at U.S. private universities (National Sci-
ence Board, 1996). The second largest source of research funding for colleges
and universities is their own institutional funds. This collection of general pur-
pose state or local government appropriations, general purpose grants from out-
side sources, tuitions and fees, endowment income, and unrestricted gifts totaled
roughly $3.9 billion in 1995. The share of academic research supported by insti-
tutional funds increased from 13.8 percent in 1980 to 18.1 percent in 1995. In
addition to their indirect investment in academic research through general pur-
pose appropriations to colleges and universities, state and local government di-
rectly funded 7.4 percent of U.S. academic research in 1995. Other nonprofit
institutions funded an additional 7.4 percent of the total. Industry accounted for
the smallest share (6.9 percent) of academic research support in 1995. However,
since the mid-1980s, industry support has increased more rapidly than any other
source of academic R&D funding.

TABLE 2.2 Support for U.S. Academic R&D, Percent Shares by Sector

1970 1980 1990 1995 (est.)
Federal government 70.5 67.5 59.2 60.2
State and local government 9.4 8.2 8.1 7.4
Industry 2.6 3.9 6.9 6.9
Academic institutions 104 13.8 18.5 18.1
All other sources 7.1 6.6 7.3 7.4
TOTAL 100.0 100.0 100.0 100.0

SOURCE: National Science Board (1996).
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In 1993, universities and colleges employed nearly 150,000 doctoral scien-
tists and engineers, 10,500 individuals with professional degrees, 5,500 scien-
tists and engineers with degrees at the master’s and bachelor’s level, and roughly
90,000 graduate students in R&D activity (National Science Board, 1996).

OTHER NONPROFITS

The least well-documented and well-measured sector of the U.S. R&D enter-
prise is that comprising a diverse population of “other nonprofit” R&D funders
and performers. Led by private nonprofit foundations, such as the Howard
Hughes Medical Institute, “other nonprofit” organizations funded 1.8 percent of
total U.S. R&D in 1995 (National Science Board, 1996). That year, these organi-
zations funded 5.5 percent of all basic research, 2.6 percent of all applied re-
search, and less than 0.5 percent of development work in the United States. In
1995, private nonprofit foundations, independent R&D institutes, private research
hospitals, independent medical research centers, consortia, and their affiliates
(more than 2,300 institutions altogether) performed about 3.5 percent of all U.S.
R&D. In 1995, other nonprofits conducted 7.5 percent of basic research ($2.2
billion), 4.8 percent of applied research ($1.9 billion), and less than 2 percent of
development ($1.9 billion). Other nonprofit research institutions are particularly
prevalent in medical- and health-related research. In 1994, more than 45 percent
of all R&D funded by other nonprofit institutions was in the area of health, as was
nearly 42 percent of R&D performed by other nonprofit institutions. Other non-
profit institutions employed 10,200 scientists and engineers in R&D activities in
1993 (National Science Foundation, 1996b).

Distribution of Publicly Funded R&D

Since the 1940s, the federal government has focused its support of the
nation’s technology enterprise on mobilizing technical resources to further spe-
cific national missions. These missions, championed by various federal agencies,
have included national security, the cure of disease, space exploration, food pro-
duction, and world leadership in basic science. National economic development
and international competitiveness have rarely been explicit objectives of federal
technology policies and investments.

THE DEFENSE IMPERATIVE

A defining feature of the U.S. government’s R&D portfolio has long been its
heavy commitment to the needs of national security. In 1955, during the height
of the Cold War, defense-related R&D claimed over 85 percent of all federal
R&D dollars. During the 1980s, national security accounted for nearly two-thirds
of federal R&D spending and one-third of total national (public and private) R&D
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expenditures. In spite of a significant decline in defense spending during the past
5 years, defense-related R&D still accounted for 55 percent of federal R&D
spending, or roughly one-quarter of all R&D spending in 1995 (Table 2.3).5 Al-
though federally funded R&D as a share of total industrial R&D has declined
rapidly since the late 1980s, from 33 percent in 1988 to 17 percent in 1995, DOD
remains the source of over 80 percent of all federal R&D dollars spent by private
industry.

During the past 4 decades, defense-related R&D and procurement have fos-
tered the development of important “dual-use” technologies (technologies having
both civilian and defense applications) and provided a powerful stimulus to inno-
vation in a select number of high-tech civilian industries such as microelectron-
ics, software, and aerospace.® As of 1994, federal R&D dollars (predominantly
DOD funds) still accounted for 61 percent of industrial R&D in the aerospace
sector (Table 2.3). Nevertheless, the overwhelming majority of this defense-
related R&D (an estimated 90 percent as of the early 1990s) has been for the

TABLE 2.3 U.S. Defense-Related R&D, Various Comparisons

1955 1960 1970 1980 1990 1995

Share of federal R&D that is
defense related 85 80 58 51 63 55

Share of total U.S. R&D that is
defense related 48 52 33 24 26 23

Share of federal support of academic
engineering research that is defense
related * * 454 55 44 450

Share of all government-funded R&D
in U.S. industry that is defense related® * 81 68 63 83 80

Federal share of total R&D funds in
aerospace industry 884 89 77 72 76 61¢

Federal share of total R&D funds in
electrical machinery and communications 664 65 52 41 38 14¢

*Data not available.

1971 data.

51993-1995 average federal academic research obligations.
“Department of Defense only, data for 1962, 1981, and 1989.
41957 data.

€1994 data.

SOURCES: National Science Foundation (1990; 1991; 1992a,b; 1994; 1996b).
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“development, testing, and evaluation” of weapons and other systems that have
no markets other than the military’ (Alic et al., 1992).

National security has also long been the focus of government support for
engineering R&D in U.S. universities and government laboratories. Although
DOD accounted for only 12.2 percent of federal funding for all fields of academic
R&D in 1995, the agency remains a major funder of university-based engineer-
ing research. As of 1994, DOD accounted for over 49 percent of all federal
obligations for academic research in math, computer sciences, and all fields of
engineering combined. This included 60 percent of federal funds for academic
electronics and electrical engineering research, 54 percent for metallurgy and
materials research, 52 percent for aerospace engineering research, 41 percent for
mechanical, 47 percent for civil, and 4 percent for chemical engineering research®
(National Science Foundation, 1997).

Finally, the demands of national defense have largely determined the struc-
ture and objectives of the government’s system of federal laboratories, particu-
larly in the physical sciences and engineering research. In 1995, DOD accounted
for nearly half of all obligated expenditures of federal laboratories and, as of
1993, employed more than half of all federal laboratory R&D scientists and engi-
neers® (National Science Board, 1996; National Science Foundation, 1995a).

GOVERNMENT CIVILIAN R&D PRIORITIES

Between 1987 and 1994, the share of federal R&D funds dedicated to civil-
ian or nondefense-related agency missions increased from 31 percent to 45 per-
cent (Table 2.4). In 1994, over 60 percent of the federal civilian R&D portfolio
was allocated to the missions of health and civilian space exploration. The shares
of federal civilian R&D funds dedicated to the missions of health, energy, the
“advancement of research,” and agriculture all declined slightly between 1987
and 1994. These declines were offset by increases in the shares allocated for
research related to civilian space, infrastructure, environmental protection, and
industrial development. Of these four mission areas, industrial development R&D
has grown most rapidly since the late 1980s, albeit from a very small base.

More than two-thirds of federal civilian R&D funds went for basic and ap-
plied research in 1995. In contrast, 90 percent of federal defense-related R&D
went for exploratory development (Figure 2.5). The vast majority of federal
support for basic research flows from a few civilian agencies. The Department of
Health and Human Services (DHHS), more specifically its National Institutes of
Health, is overwhelmingly the largest funder of basic research—DHHS obliga-
tions in 1995 were $6.3 billion, three or more times those of the National Science
Foundation (NSF) ($2.0 billion), NASA ($1.8 billion), and the Department of
Energy ($1.7 billion). By way of comparison, DOD’s obligations for basic re-
search were $1.2 billion in 1995 (National Science Board, 1996). Likewise, that
year, civilian agencies accounted for over 78 percent of all federal obligations for
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TABLE 2.4 Distribution of Government R&D Appropriations by
Socioeconomic Objective in the United States, 1987 and 1994

Percent of Public R&D Funds

Total Funds Civilian Funds
Percent change
in share
Objective 1987 1994 1987 1994 1987-1994
Agriculture 2.3 2.5 7.3 5.6 =23
Industrial development 0.2 0.6 .6 1.3 117
Energy 3.6 4.2 115 9.4 -18
Infrastructure 1.8 2.9 5.7 6.5 14
Environmental protection 0.5 0.8 1.6 1.8 13
Health 11.9 16.5 37.9 36.9 -3
Civilian space 6.0 10.9 19.1 24.4 28
Defense 68.6 55.3 — — —
Advancement of research 3.6 4.0 11.5 8.9 -23
General university funds?® — — — — —
Not elsewhere classified — 2.3 5.1

SOURCES: National Science Board (1989, 1996).

applied research. Nearly half of all federal obligations for basic research and a
third of those for applied research went to support research in the life sciences
(biological, agricultural and medical sciences) in 1994 (Figure 2.6).

Until recently, direct support by states of applied research projects (predomi-
nantly at academic research institutions) appears to have been concentrated in a
relatively small number of fields or mission areas, including health, agriculture,
and transportation. Although data regarding the distribution of state and local
government R&D funds are fragmentary, it is estimated that between 60 and 75
percent of all of research supported with nonfederal government dollars in 1994
was health related. During the past decade, however, some states have broadened
their R&D portfolios to support industrial and economic development more ex-
plicitly and aggressively (Coburn, 1995).

NEW FEDERAL INDUSTRIAL R&D INITIATIVES

The small claim of industrial development on the federal R&D budget testi-
fies to the weak commitment of the federal government to economic develop-
ment as an explicit mission of public R&D and technology policy. Indeed, the
federal government and the private sector have long maintained a stark division
of roles with regard to the funding of research versus the funding of development
and deployment of technology for most sectors of the nation’s economy.!? Basic
research and the development and application of technology relevant to accepted
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FIGURE 2.5 Federal obligations, by agency and type of activity, 1995. SOURCE:
National Science Board (1996).

federal agency missions (though conducted principally by private-sector actors)
have been regarded as legitimate activities for funding by the public sector. The
identification, development, and adoption of technology for commercial products
and services not directly associated with public missions has been seen as the
preserve of the private sector. Until relatively recently, the only notable excep-
tion to this division of labor was the technical support (standards, testing, and
evaluation) provided by the Department of Commerce’s National Institute of Stan-
dards and Technology (NIST, formerly the National Bureau of Standards).
During the 1970s and 1980s, growing concerns regarding the health and com-
petitive performance of the U.S. commercial technology enterprise prepared the
way for a number of new initiatives by the federal government that would engage
it explicitly, however tentatively, in support of civilian technology for national
economic development. A series of laws were passed to promote government-
industry partnerships and to foster technology transfer and collaborative R&D
between and within sectors of the nation’s technology enterprise. The 1980 Patent
and Trademark Amendments (P.L. 96-517), known as the Bayh-Dole Act, per-
mitted recipients of federal grants and contracts to retain title to inventions devel-
oped with government funds. Bayh-Dole provided a major impetus for universi-
ties and colleges in particular to get into the business of patenting and licensing
technologies developed on their campuses.!! Similarly, the Stevenson-Wydler
Technology Innovation Act of 1980 (P.L. 96-480) and subsequent amendments
to it during the ensuing decade were directed at engaging federal laboratories
more extensively in the transfer of technologies to private firms as well as foster-
ing cooperative research among federal laboratories, state and local governments,
universities, and private firms. The Federal Technology Transfer Act of 1986
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(P.L. 99-502) amended Stevenson-Wydler to authorize cooperative research and
development agreements (CRADAS) between federal laboratories and other enti-
ties, including state governments.'? In 1984, Congress passed the National Co-
operative Research Act (P.L.98-462), which fostered the proliferation of indus-
trial R&D consortia and joint ventures by removing the threat of treble damages
under U.S. antitrust law for firms that filed with the Department of Justice infor-
mation concerning their involvement in such activities.!3

In addition to these changes in law, Congress funded a range of programs
designed to foster industrial technology development and technology transfer
during the 1980s and early 1990s. Coburn (1995) identifies five basic types of
federal and state cooperative technology programs that were established during
the past 10 to 15 years. These include programs directed at technology develop-
ment (i.e., those that support the development and application of new or enhanced
industrial products or processes); programs focused on industrial problem solv-
ing, particularly for small business, through the diffusion of technology and best-
practice applications; technology financing programs involving public capital or
facilitated access to private capital; start-up assistance, primarily through public
support of technology incubators and research parks; and feaming, or assistance
in forming partnerships.

Major federal technology development programs include the National Sci-
ence Foundation—sponsored portfolio of university-industry research centers—
Industry/University Cooperative Research Centers (begun in 1973), Engineering
Research Centers (1985), Science and Technology Centers (1987), Materials Re-
search Science and Engineering Centers (1993), Supercomputer Centers (1986)—
each designed to serve different objectives yet sharing a commitment to facilitate
university-industry research cooperation and technology transfer.!4 Another tech-
nology development initiative is NIST’s Advanced Technology Program (ATP),
established in 1989 to fund businesses, especially SMEs, in the research and de-
velopment of generic, precompetitive technologies to foster high-risk, high-po-
tential products, processes, and technologies. ATP’s budget reached a high of
$340.5 million in 1995, but has since declined to $225 million in fiscal 1997.
With the advent of a Republican-controlled Congress following the election of
1994, ATP has been under constant threat of elimination. Other technology de-
velopment programs include DOD’s Manufacturing Technology Program and
SEMATECH (now totally privately funded), the Department of Transportation’s
Intelligent Vehicle Highway Systems and Maglev programs, and multiagency
initiatives such as the Technology Reinvestment Project and the Small Business
Technology Transfer Program.!>

Primary federal industrial problem-solving initiatives include the Department
of Agriculture’s (USDA) long-standing agricultural extension service, set up in
the 1914 to diffuse results of USDA research and modern farming technology
and methods, and NIST’s Manufacturing Extension Partnership (MEP). MEP
was conceived initially in 1988/89 as a system of manufacturing technology cen-
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ters designed to transfer advanced production technology from NIST’s research
facilities and other federal laboratories to small and medium-sized enterprises
(SMEs). By the early 1990s, however, the focus of the program shifted to the
provision of technical extension/industrial modernization services for SMEs
through what would become a nationwide network of extension centers and
agents. MEP centers assist SMEs with adoption of improved manufacturing tech-
nologies, training, management, and networking. MEP’s budget in fiscal 1997
was $95 million. (For further information on MEP, see Annex II, pp. 207-209.)

Although no federal programs provide direct general-purpose financing of
technology-based companies, there are several federal grant programs that help
finance the development and commercial application of technologies relevant to
federal agency missions. Most notably, in 1982, the Small Business Innovation
Research (SBIR) program was created to direct a small share (initially not less
than 1.25 percent, now 2.5 percent) of each major mission agency’s total annual
R&D budget to fund R&D at small and medium-sized firms and to stimulate the
commercialization of new products and services (National Science Board, 1996).
Other programs that help finance the commercialization of technology by private
companies include NASA’s Aerospace Industry Technology Program, and the
Environmental Protection Agency’s Environmental Technology Initiative.

Four federal agencies, the Department of Commerce, DOD, the Department
of Labor, and NASA, sponsor “teaming or network-building” programs that pro-
vide assistance to industry through information dissemination, networking, and
databases. Start-up assistance in the form of technology incubators and research
parks remains the exclusive preserve of state and local governments.

Coburn (1995) estimates that the federal investment for all cooperative tech-
nology programs grew from $1.7 billion in fiscal 1992 to $2.7 billion in fiscal
1994. Forty percent of federal spending on cooperative technology programs in
fiscal 1994 was for technology development initiatives, 28 percent for technol-
ogy financing, and 25 percent for industrial problem solving (Table 2.5).

Although the proliferation of federal cooperative technology programs dur-
ing the past decade has been impressive, collectively these programs amounted to
less than 4 percent of the fiscal 1994 federal R&D budget. Furthermore, since
the Congressional elections of 1994, several major federal cooperative technol-
ogy programs have ended (e.g., TRP and DOD funding for SEMATECH!®), or
are on the verge of being eliminated (ATP) by a more skeptical Republican con-
trolled Congress. In other words, at the federal level at least the role of govern-
ment in direct financial support of industrially relevant civilian R&D and tech-
nology transfer is still seeking potential legitimacy.

STATE INDUSTRIAL TECHNOLOGY PROGRAMS

In contrast with the federal government, state governments traditionally have
had few political reservations about using public funds to actively promote indus-
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trial and economic growth within their borders. Most of the 50 states sponsor
economic development programs, the earliest of which date from the late 18th
century (Coburn, 1995). The use of internal technology resources to foster eco-
nomic development was first promoted by North Carolina in the early 1960s, an
effort that led to the creation of the Research Triangle Park complex. Other states
have followed suit, and now all 50 states have technology-based development
programs of one sort or another.

Coburn (1995) estimates that state governments spent just over $384 million
in fiscal 1994 on cooperative technology programs. Of this, approximately one-
third was used for technology development, mostly matching support for univer-
sity-industry technology centers funded primarily by federal initiatives (Box 1).
One-quarter went to support technology financing, about 60 percent of which
went to projects and 30 percent to companies. Fifteen percent of state coopera-
tive technology funds were used for industrial problem solving, predominantly
for technology extension and deployment programs (state initiatives as well as
MEP matching funding). Twenty-one percent of state funds went to educational
programs at institutions of higher education that sponsor the development, diffu-
sion, and use of technology and improved practices to benefit specific companies.
As of 1994, 42 states had some form of industrial problem solving!” and technol-
ogy-financing program in place; 31 had technology development programs; 18
supported start-up assistance incubators or industrial technology parks; 21 funded
teaming (Coburn, 1995).

North Carolina, one of the pioneers, invests the most of any state in coopera-
tive technology programs ($37 million in 1994), followed by Pennsylvania ($34
million), Texas ($30 million), Georgia ($30 million), Connecticut ($27 million),
Ohio ($27 million), New York ($23 million), New Jersey ($20 million), Michi-
gan ($14 million), and Maryland ($13 million). The highest per-capita invest-
ments are made by Arkansas, Connecticut, Nebraska, North Carolina, and South
Dakota (Coburn, 1995).

The Industrial R&D Enterprise

The U.S. industrial R&D enterprise is distinguished by its large size, both in
terms of R&D volume and the number of firms involved; its dynamism as re-
flected in the changing sectoral distribution of R&D activity over time; and its
capacity for spawning new technology-based products and industries.

In 1995, over 18,000 manufacturing and 23,000 nonmanufacturing compa-
nies reported performing a total of $102 billion of R&D in the United States.!8
Collectively, these firms employed 764,500 scientists and engineers in R&D ac-
tivity in 1993 (National Science Foundation, 1996b). The vast majority of indus-
trial R&D spending is concentrated in a small number of firms. In 1993, for
example, the 20 largest R&D spending companies accounted for one-third of all
industrial R&D expenditures; the 200 largest firms accounted for 71 percent
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BOX 1
State Spending, by Category,
on Cooperative Technology Programs, 1994
($000s)
Technology Development (34 percent)
University-Industry Technology Centers $104,606
University-Industry Research Partnerships 12,118
Government-Industry Consortia 4,810
Equipment and Facility Access Programs 5,965
Technology Financing (26 percent)
Project Financing $62,172
Company Financing 30,861
Small Business Innovation Research 3,185
Technology Reinvestment Program/
Advanced Technology Program 5,593
Related Educational Initiatives (21 percent)
and Other $82,635
Industry Problem Solving (15 percent)
Technology Enterprise Divisions $54,851
Federal Technology Application Programs 3,805
IMPs 850
Start-Ups (2 percent)
Incubators $7,238
Research Parks not available
Teaming (2 percent)
Networks $4,376
Databases 1,531
TOTAL $385,000
SOURCE: Coburn (1995).

(National Science Board, 1996). In 1994, 19 companies each spent more than
$1 billion on R&D, and another 49 spent more than $200 million.

SHIFTING SECTORAL DISTRIBUTION OF R&D ACTIVITY

There has been significant change in the sectoral distribution of U.S. indus-
trial R&D in recent decades, reflecting changes in the composition of the nation’s

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

TECHNOLOGY TRANSFER IN THE UNITED STATES 81

industrial base, changes in the relative R&D intensity of different industries over
time, and changes in the way U.S. industrial R&D activity is measured (Figure
2.7). The most notable change over the past 10 years has been the rapid increase
in the share of R&D claimed by nonmanufacturing (predominantly service) in-
dustries. Until fairly recently, nonmanufacturing industries were believed to ac-
count for less than 5 percent of all industrial R&D spending. Since the early
1980s, however, their share of the total has increased rapidly, from 5.1 percent in
1983 to 26.7 percent in 1993. Much of the increase in nonmanufacturing R&D
over this period can be attributed to changes in NSF’s survey of industrial R&D
in 1991, which changed and greatly expanded the sample of companies surveyed,
thereby incorporating more accurate information on the R&D performance of
smaller firms and firms classified in the nonmanufacturing sector. According to
NSF, these changes resulted in an upward revision of total nonmanufacturing
R&D in 1991 from roughly $10 billion previously reported to $21 billion. That
year, an additional $7 billion of R&D was reclassified from manufacturing to
nonmanufacturing categories. Much of this latter shift is believed to accurately

Industrial Chemicals

Pharmaceuticals

Fabri d Metal - 1998
abricated Meta
Products []1983

Nonelectrical []11973
Machinery

Motor Vehicles f

Aerospace I— )

Electrical Machinery
and Apparatus
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and Computers
Electronic and Communi- z—‘

cation Equipment

Instruments
Other Manufacturing

Nonmanufacturing

T
0 5 10 15 20 25 30
Percent

FIGURE 2.7 U.S. industrial R&D spending, by sector, 1973, 1983, and 1993. SOURCE:
Organization for Economic Cooperation and Development (1996a).
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reflect changes in the output mix of companies formerly classified in manufactur-
ing industries (National Science Foundation, 1995b).

Three industries account for the majority of nonmanufacturing R&D: com-
puter programming and related services, including software (8.1 percent of total
R&D in 1993); communications services (4.4 percent); and research, develop-
ment, and testing services (1.5 percent) (National Science Board, 1996).19

Two manufacturing industries—pharmaceuticals and professional and scien-
tific instruments—have also significantly increased their share of total industrial
R&D expenditures during the past 2 decades. Notably, the growth of these indus-
tries’ share of industrial R&D tracks the growth in the share of federal R&D
dedicated to health-related research as well as the associated growth of the nonin-
dustrial research base in the life and medical sciences during the period. (See
Figure 2.6, p. 75.)

Four manufacturing industries—aerospace, electronics and communications
equipment, office machinery and computers, and electrical machinery—have seen
their shares of total industrial R&D contract dramatically during the past 10 to 20
years. Historically, these industries, particularly aerospace, have been the benefi-
ciaries of DOD R&D and procurement, which has declined dramatically during
the past decade. As of 1988, the aerospace industry absorbed more than 60 per-
cent of all federal R&D funds for industry. However, by 1994, industrial aero-
space R&D amounted to about 39 percent of the total (National Science Founda-
tion, 1996a). Moreover, data from the Aerospace Industry Association (1994)
also indicate a 25-percent decrease in revenues from sales of military-related hard-
ware from 1990 and 1993.

CHANGES IN THE COMPOSITION AND ORGANIZATION OF
INDUSTRIAL R&D

Changes in the sectoral distribution of industrial R&D spending over the past
2 decades have been accompanied by compositional and organizational shifts.

Relative Decline in Industrial Basic and Applied Research

First, there has been a change in the character of industrial R&D (i.e., basic
research, applied research, and development) since 1991. While the inflation-
adjusted industrial R&D expenditures overall declined 5.9 percent between 1991
and 1995, industrial performance of basic and applied research declined more
than did industrial exploratory development. Since 1991, industrial basic re-
search as a share of total industrial research has declined from 6.7 percent to 5.9
percent,?0 that of industrial applied research declined from 23.5 to 22.0 percent,
while that of industrial development increased from 69.8 to 72.2 percent. These
shifts are explained, in part, by the dismantling of several companies’ large cen-
tral research facilities and a general movement in several industries away from
long-term fundamental research toward more short-term applied research and
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development in order to meet intensifying international competition (National
Science Board, 1996). Accompanying this latter trend have been an increased
emphasis on R&D as a tool for scanning for and exploiting knowledge generated
or applied beyond national boundaries, as well as closer integration of R&D with
activities farther downstream in the value-added process (i.e., changes designed
to leverage scarce R&D dollars and speed commercialization of new technology)
(National Academy of Engineering, 1993, 1996b).

Increased Cooperative R&D and R&D Outsourcing

Second, there has been an increase in both cooperative R&D and R&D
outsourcing among firms as well as between firms and nonindustrial R&D per-
formers during the past decade. This is in part explained by the rapid growth in
the number of R&D consortia, joint ventures, and other forms of strategic alli-
ances in R&D at the hands of U.S.-based companies during the past decade.?!
Though by no means a measure of all U.S. R&D consortia and joint venture
activity, the number of “joint research ventures” (JRVs) registered each year with
the Department of Justice (DOJ) has grown significantly since passage of the
1984 National Cooperative Research Act (P.L. 98-462). As of 1995, more than
565 JRVs had been registered with the DOJ (Vonortas, 1996). Likewise,
Hagedoorn (1995) has documented a marked increase in the level of U.S.-firm
participation in international strategic technology alliances since the early 1980s
(Figure 2.8).

500
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FIGURE 2.8 Number of new strategic technology alliances, by industry and region.
SOURCE: National Science Board (1996).
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Between 1985 and 1995, industry funding of R&D at universities and col-
leges (in inflation-adjusted dollars) nearly doubled, and industry research fund-
ing at other nonprofit organizations grew nearly 65 percent. During the same
period, company-financed R&D performed within industry grew less than 27
percent in constant 1987 dollars. Consistent with these trends has been a signifi-
cant increase in the level of industrial involvement in collaborative research with
academic researchers via university-industry research centers as well as rapid
growth (albeit from a very small base) in the volume of technology licensed by
industry from academic research institutions during the past decade (Association
of University Technology Managers, 1996; Cohen et al., 1994).22 Similarly,
there has been rapid growth in the number of CRADAs between companies and
federal laboratories since the mid-1980s.23

Yet another indicator of the growth of research collaboration between indus-
try and nonindustrial research institutions is the rapid increase in the share of
scientific and technical articles that are coauthored by individuals in industry and
researchers based at nonindustrial research institutions. Between 1981 and 1993,
the share of scientific and technical articles that had industry-based authors grew
from 27.3 percent to 47 percent (National Science Board, 1996). Most of this
increase was accounted for by growth in the volume of academic-industry coau-
thored literature.

Internationalization of U.S. Industrial R&D

Third, the past 2 decades have witnessed a growing internationalization of
U.S. industrial R&D activity, predominantly at the hand of foreign direct invest-
ment (multinational companies) and international strategic alliances (National
Academy of Engineering, 1996b). Between 1985 and 1993, U.S.-owned compa-
nies increased their investment in overseas R&D three times faster than their
investment in U.S.-based R&D activity. As of 1994, these investments amounted
to roughly 10 percent of all company-financed R&D in the United States. Even
more pronounced has been the growth of foreign participation in the U.S. indus-
trial R&D enterprise since the early 1980s (Figure 2.9). From 1984 to 1994,
R&D spending by the U.S. affiliates of foreign-owned companies?* increased as
a share of all company-financed U.S. R&D from 9 percent to nearly 16 percent.
As of 1994, foreign-owned companies financed roughly 2 percent of all research
conducted at U.S. universities and federal laboratories (National Academy of
Engineering, 1996b).

THE SPECIAL ROLE OF START-UP COMPANIES

A unique feature of the U.S. industrial technology enterprise is the critical
role start-up companies play in the transfer and commercialization of fast-mov-
ing, science-based technologies. This happens generally via movement, or “spin-
out,” of researchers and technology from universities, large established compa-
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FIGURE 2.9 R&D spending by U.S. affiliates of foreign-owned firms as a percentage of
all privately funded U.S. R&D, 1982-1994. SOURCES: National Science Board (1996)
and U.S. Department of Commerce (1996a).

nies, and government laboratories. U.S.-based high-tech start-ups are credited
with commercializing the technologies that launched the new biotechnology and
computer software industries. Although growth in the number of new U.S. high-
tech companies established during the past decade is considerably slower than
that from the mid-1970s to the mid-1980s, nearly half of all U.S. high-tech com-
panies operating in 1994 were established during the past 15 years (Table 2.6)
(National Science Board, 1996). More than one-quarter of all new businesses
started since 1980 (and operating in 1994) were software companies, and soft-
ware continues to create more new start-ups than any other technology field.?>
Similarly, the rate of formation of new firms dedicated to the exploitation of one
or another aspect of recent advances in biotechnology has been phenomenal: 800
new enterprises were founded in the 1980s, and the industry currently includes
more than 1,200 firms. A few of these firms have become large, successful oper-
ating companies (e.g., Amgen), however, the vast majority are still small, inves-
tor-funded ventures. From 1980 to 1994, the shares of start-ups in computer
hardware, advanced materials, photonics, optics, and telecommunications also
increased.?¢

High-tech start-ups have played important roles in the U.S. technology enter-
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TABLE 2.6 High-Tech Companies Formed in the United States, 1960-1994

All High- Auto- Biotech- Computer Advanced
Period Formed Tech Fields  mation nology Hardware Materials
Number of Companies
1960-1994 29,358 1,939 735 2,845 1,045
1980-94 16,660 917 546 1,907 487
1980-84 7,727 483 213 842 212
1985-89 6,510 331 225 756 194
1990-94 2,423 103 108 309 81

Percentage of all high-tech companies formed during each period

1960-1994 100.0 6.6 2.5 9.7 3.6
1980-94 100.0 55 33 11.4 29
1980-84 100.0 6.3 2.8 10.9 2.7
1985-89 100.0 5.1 35 11.6 3.0
1990-94 100.0 43 45 12.8 33

Percentage of all U.S. high-tech companies

1960-1994 100.0 100.0 100.0 100.0 100.0
1980-94 56.7 473 74.3 67.0 46.6
1980-84 26.3 24.9 29.0 29.6 20.3
1985-89 222 17.1 30.6 26.6 18.6
1990-94 8.3 5.3 14.7 10.9 7.8

40ther fields are chemicals, defense related, energy, environmental, manufacturing equipment,
medical, pharmaceuticals, test and measurement, and transportation.

SOURCE: National Science Board (1996).

prise because they can accept a level and type of risk that larger companies usu-
ally cannot. Able to serve highly dynamic niche markets, start-ups often serve as
a “test-bed” for new products and services, a few of which might develop into
large-volume businesses (National Academy of Engineering, 1995c). Further-
more, start-ups are considered particularly adept at drawing effectively upon new
product ideas of customers, suppliers, universities, research laboratories and oth-
ers as well as at rapidly commercializing innovations.?’

Many factors have enabled high-tech start-up companies to perform their
unique roles in the U.S. innovation system.?8 The following are among the most
important:

* the existence of sophisticated financial markets, particularly access to
a large volume of venture capital and highly developed public equity
markets;
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Photonics Electronic Telecom- Other
and Optics Software Components munications Fields?
977 7,661 2,923 1,556 9,677
507 5,196 1,293 933 4,874
221 2,467 629 408 2,252
191 1,962 508 370 1,973

95 767 156 155 649

33 26.1 10.0 5.3 33.0

3.0 31.2 7.8 5.6 29.3

2.9 31.9 8.1 5.3 29.1

2.9 30.1 7.8 5.7 30.3

39 31.7 6.4 6.4 26.8
100.0 100.0 100.0 100.0 100.0

51.9 67.8 44.2 60.0 50.4
22.6 32.2 21.5 26.2 23.3
19.5 25.6 17.4 23.8 20.4

9.7 10.0 5.3 10.0 6.7

the large scale and technological intensity of relatively homogeneous seg-
ments of the U.S. domestic market;

the large size, high mobility, accessibility, and entrepreneurial orientation
of the U.S. technical workforce;

the sheer scale and accessibility of U.S. publicly funded nonproprietary
research, particularly university-based research;

the scale of federal procurement combined with explicit preferences or
set-asides for small and medium-sized vendors and suppliers;

a history of regulatory and other public policy commitments conducive to
high-tech start-up companies, including the competition-oriented or tech-
nology diffusion—oriented enforcement of intellectual property rights and
antitrust law (competition policy), as well as relatively risk-friendly sys-
tem of company law, particularly bankruptcy law; and

a highly individualistic, entrepreneurial culture nurtured in industry and
many U.S. research universities by private practices, public policies, and
various institutional mechanisms such as technology business incubators
and venture capital firms that encourage risk taking.
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COMPARATIVE STRENGTHS AND WEAKNESSES OF THE INDUSTRIAL
R&D ENTERPRISE

The U.S. technology enterprise excels in the development and exploitation
of new commercial technologies. Major shifts in the sectoral composition of
U.S. industrial R&D and industrial production during the past 2 decades, as well
as the large and rapidly expanding population of U.S. high-tech start-up compa-
nies, attest to this fact. Further evidence of the dynamism and future growth
orientation of the U.S. industrial technology base is offered by the U.S. patent
and export statistics.

The patent activity of U.S. companies encompasses a broad spectrum of tech-
nologies and new product areas. However, recent patenting by U.S. companies
demonstrates a strong emphasis on technologies or fields—medical and surgical
devices, telecommunications, aeronautics, electricity transmission, advanced
materials, biotechnology—that are expected to serve as engines of future eco-
nomic growth?® as well as technologies associated with the extraction and use of
the nation’s abundant natural resources (Table 2.7). Not surprisingly, these areas
of patent emphasis reflect the competitive strength of U.S. industry in global
high-technology product markets. In 1994, 25 percent of U.S. manufacturing
exports were high-tech manufactured goods, and 3 of the 10 classifications of
high-technology products accounted for nearly 85 percent of these technology
exports: information technology (computers, software, and communications)
(35.5 percent), aerospace (29.0 percent), and electronics (21.3 percent) (National
Science Board, 1996). By way of comparison, U.S. patent activity by German
companies in 1993 indicates an emphasis on technology areas associated with
heavy manufacturing industries (motor vehicles, printing, power generation, and
new chemistry and materials) that have long been a source of German compara-
tive industrial strength in world markets.3°

In contrast to the relative strength of the U.S. industrial R&D enterprise and
its supporting nonindustrial R&D infrastructure in opening up new technological
frontiers and launching new industries, the U.S. enterprise appears to be less ef-
fective than some of its trading partners at serving the R&D and technology trans-
fer/diffusion needs of technologically mature industries.

In particular, U.S. companies in many technologically mature manufacturing
industries appear to operate increasingly on the periphery of the nation’s nonin-
dustrial R&D system. The R&D portfolios of U.S. research universities, federal
laboratories, and most nonprofit research institutes have not overlapped much
with the process and product R&D needs of firms, particularly small and me-
dium-sized firms, in these industries. Many observers have noted gaps in the
R&D portfolios of major technologically mature industries (Competitiveness
Policy Council, 1993; National Academy of Engineering, 1993). Of particular
concern have been perceived emerging gaps in these industries’ “infrastructural”
R&D portfolios—R&D directed at the discovery and development of low-techni-
cal-risk, difficult-to-appropriate technologies that have the potential to enhance
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TABLE 2.7 Top 20 Most-Emphasized U.S. Patent Classes for Inventors from

the United States and Germany, 1993

Ranking
of class United States Germany
1 Wells Fluid-pressure brake and analogous systems
2 Mineral oils; processes and products Plant protecting and regulating compositions
3 Surgery, patent class 604 Printing
4 Surgery, patent class 606 Internal combustion engines
5 Chemistry, hydrocarbons Organic compounds?
6 Special receptacle or package Synthetic resins or natural rubbers?
7 Surgery: light, thermal, and electrical Organic compounds®
applications
8 Chemistry: analytical and immunological ~Conveyors: power-driven
testing
9 Fluid handling Organic compounds?
10 Liquid purification or separation Winding and reeling
11 Error detection/correction and fault Organic compounds?®
detection
12 Illumination Land vehicles
13 Chemistry: natural resins or derivatives Plastic articles
14 Receptacles Organic compounds®
15 Amusement devices: games Synthetic resins or natural rubbers?
16 Communications: directive radio wave  Organic compounds?®
systems and devices
17 Information processing system Fluid sprinkling, spraying, and diffusing
organization
18 Surgery Organic compounds?
19 Hydraulic and earth engineering Compositions: coating or plastic
20 Supports Material or article handling

4Part of the class 532-570 series.
bPart of the class 520 series.

SOURCE: National Science Board (1996).

the performance of a broad spectrum of firms within an industry or related indus-
tries. Also of concern are gaps in these industries’ “pathbreaking” R&D base—
R&D aimed at discovering and developing high-technical-risk technologies with
the potential for transforming existing industries (Alic et al., 1992).

Factors that have helped weaken the connection between firms in many in-
dustries and the nation’s nonindustrial research enterprise include the highly con-
centrated (by industry and technology field) and mission-driven nature of federal
R&D funding; the fragmented structure and low levels of industrial self-organi-
zation of many technologically mature U.S. industries; and changes in the indus-
trial composition of the U.S. economy (i.e., the increasing shares of total U.S.
output accounted for by service and high-tech manufacturing industries). Nu-
merous federal industrial technology initiatives of the past decade have sought to
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strengthen government-university-industry R&D cooperation as well as foster
industrial consortia in selected industries (e.g., semiconductors, automotive).
However, the volume of federal R&D dollars devoted to these initiatives has been
small, and it is not yet clear whether these programs have been effective at forg-
ing tighter linkages between industrial and nonindustrial R&D performers in es-
tablished technologically mature industries.

Another relative weakness of the U.S. industrial R&D/technology transfer
enterprise is its limited capacity for diffusing new technology and know-how,
particularly manufacturing or production technology, within technologically ma-
ture industries and SMEs in particular (National Academy of Engineering, 1993).
In recent years, there has been a concerted effort at both the federal and state
levels to develop a more far-reaching network of private- and public-sector pro-
viders of technical extension/industrial modernization services to SMEs. Ex-
amples of this are NIST’s manufacturing extension partnership and related state
initiatives. (See Part II, pp.76-79, and Annex II, pp. 205-209.) There are indica-
tions that a growing percentage of U.S.-based manufacturers are adopting ad-
vanced manufacturing technologies more rapidly (National Science Board, 1996).
Nevertheless, compared with its German counterpart, the U.S. infrastructure for
diffusion of production technology and other technologies to established indus-
tries is much more uneven and fragmented.

Technology Transfer to U.S. Industry in Context

In order to begin to place technology transfer from nonindustrial R&D per-
formers to U.S. industry in context, it is important to recognize that the volume of
technology transfer that takes place internally among divisions of large private
firms and externally between firms is by far the largest segment of U.S. technol-
ogy transfer. This activity occurs through formal measures (such as mergers and
acquisitions, and licensing of patents, software, and trade secrets) as well as
through less formal mechanisms (such as sharing technical know-how, exchanges
of personnel, and technical and marketing assistance). Data collected by the U.S.
Internal Revenue Service show that in 1992, corporate royalty income in the U.S.
manufacturing sector alone was almost $33 billion, roughly 100 times the royalty
income of all of U.S. universities and federal laboratories combined. Indeed, that
year several large technology-intensive firms reported royalty incomes of over $1
billion (e.g., IBM, Texas Instruments, and Bellcore).

Several recent surveys of R&D-intensive companies shed light on the per-
ceived relative importance of industrial and nonindustrial sources of commercial-
izable ideas and technology. A 1992 survey by Roessner (1993) of member
companies of the Industrial Research Institute (mostly large, research-intensive
firms) found that respondents considered other companies (U.S. and foreign) to
be the most significant sources of external technology, with universities second,
private databases third, and federal laboratories fourth. Similarly, a 1994 pilot
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study of U.S. industrial innovation by the NSF and the U.S. Bureau of the Census
found that the three most important sources of information leading to the devel-
opment and commercial introduction of new products (according to the “innovat-
ing firms™3! that responded to the survey) were internal sources, clients and cus-
tomers, and suppliers of materials and components (National Science Board,
1996). This study found that the least important sources of such information
were government laboratories, technical institutes, and consulting firms.

The NSF/Census study also revealed that the channels used most frequently
by innovating firms to access new technology were hiring skilled employees,
purchasing equipment, and using consultants. Likewise, the channels used most
often by innovating firms to transfer new technologies to other organizations
included communication with other companies, mobility of skilled employees,
and R&D performed for others (National Science Board, 1996).

The following sections explore in greater detail the organization and dy-
namic of technology transfer to U.S. industry within the three major sectors of the
nation’s nonindustrial R&D enterprise: research universities and colleges, fed-
eral government laboratories, and the diverse population of privately held, non-
academic, mostly nonprofit organizations (e.g., independent and affiliated R&D
institutes, consortia, incubators and research parks, and technical and professional
associations).

TECHNOLOGY TRANSFER FROM HIGHER
EDUCATION TO INDUSTRY

There are over 3,600 publicly and privately funded colleges and universities
as well as 6,900 vocational and technical institutions offering post-secondary edu-
cation in the United States. Only about 875 public and private universities and
colleges conduct science and/or engineering research, and of these, the 100 larg-
est account for 80 percent of all academic R&D (National Science Board, 1996).
It is this latter, highly diverse subset of 100 public and private institutions that
constitute the heart of the U.S. basic research enterprise and the main object of
analysis in this chapter.

To understand the structure and dynamic of technology transfer from these
institutions of higher education to industry, it is useful to review briefly several
major distinguishing characteristics of the U.S. academic research enterprise as
well as an overview and the history of university-industry technology transfer in
the United States.

Distinguishing Characteristics of the Enterprise

SCALE

One major distinguishing feature of the U.S. academic research enterprise is
its size. In 1995, U.S. universities and colleges performed $21.6 billion worth of
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research and development,3? or 12.6 percent of all R&D conducted in the United
States that year. This expenditure was roughly the same as that by all federal
laboratories and FFRDCs ($25 billion in 1995) and was nearly half of total Ger-
man R&D spending in 1994. Academic institutions performed 49 percent of all
basic research, 14 percent of all applied research, and less than 2 percent of all
development work performed in the United States in 1995. In 1993, U.S. univer-
sities and colleges employed over 149,800 doctoral scientists and engineers
(S&E), 10,500 individuals with professional degrees, and 5,500 S&Es with S&E
degrees at the masters and bachelors levels in R&D activities. In addition, nearly
90,000 full-time graduate students (27 percent of total full-time enrollment) re-
lied on research assistantships as their primary source of support (National Sci-
ence Board, 1996).

U.S. universities and colleges graduate roughly 24,000 Ph.D. scientists and
engineers each year. In 1993, these institutions received nearly 6,600 invention
disclosures and applied for over 3,000 patents (including roughly 2,000 new pat-
ents). In 1993, U.S. academic researchers authored nearly 100,000 articles in
professional journals, representing 25 percent of the world’s scientific and tech-
nical literature.33

DIVERSITY

A second distinguishing feature of U.S. research colleges and universities is
their diversity. There is no U.S. university “system” in the formal sense of the
term. Rather, the academic research enterprise is a heterogeneous, highly au-
tonomous population of research colleges and universities, each of which was
established and has evolved in response to a unique combination of local, re-
gional (state), and national needs. Some are public, state-owned institutions;
others are privately owned. Although all institutions that receive federal funding
must comply with common federal rules and regulations, each institution, or state-
run system of institutions, has a distinct governing body, administration, account-
ing practices, and mission statement.

U.S. academic research institutions differ greatly in size and research focus.
Some institutions perform significant amounts of industry-sponsored research,
while others do very little (Table 2.8). The distribution of R&D spending by
science and engineering field of the top 20 research universities illustrates how
diverse their research portfolios are (Table 2.9). (These 20 institutions conducted
roughly a third of all U.S. academic research in 1993.) Some universities main-
tain research portfolios that are more national or international in scope and repu-
tation. Others conduct research that is more heavily weighted to the needs of
local industries or their region’s or state’s economy. Some remain focused al-
most exclusively on their traditional missions of education and research, while
others have become deeply involved in a broad spectrum of technology transfer
and outreach activities.
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TABLE 2.8 Industry-Sponsored Research as a Share of Total Academic
Research Expenditures at the Top 20 Research Universities, Fiscal Year 1994

Industry
Industry Sponsored as
Total Research Sponsored Percentage of
Expenditures Research Total Research

Institution and Ranking (thousands of $) (thousands of $) Expenditures
Johns Hopkins University 784,043 10,418 1.33
University of Michigan 430,778 26,732 6.21
University of Wisconsin-Madison 392,718 13,729 3.50
Massachusetts Institute of Technology 363,918 55,500 15.25
Texas A&M University 355,750 28,576 8.03
University of Washington 343,910 33,199 9.65
University of California-San Diego 331,901 9,764 2.94
Stanford University 318,561 14,714 4.62
University of Minnesota 317,865 23,726 7.46
Cornell University 312,683 17,199 5.50
University of California-San Francisco 312,393 10,977 3.51
Pennsylvania State University 302,997 45,408 14.99
University of California-Berkeley 289,632 12,547 4.33
University of California-Los Angeles 279,869 13,394 4.79
Harvard University 289,4594 10,228 3.53
University of Arizona 269,939 15,053 5.58
University of Texas-Austin 260,602 4,268 1.64
University of Pennsylvania 251,461 12,107 4.81
University of Illinois-Urbana 245,407 13,527 5.51
Columbia University 236,417 1,632 0.69
TOTAL 6,679,303 372,698 5.58

NOTE: Because of rounding, figures may not add to the totals shown.
4Estimated

SOURCE: National Science Foundation (1996a).

SPONSORED RESEARCH

A third distinguishing feature of U.S. academic research is the way in which
it is funded. The vast majority of U.S. academic research in science and engi-
neering is sponsored directly via grants or contracts from federal mission agen-
cies. In other words, it is not supported by public “general university” or “base
institutional” funds as is the case in Germany, Japan, and other advanced indus-
trialized countries. In 1995, federal government agencies funded 60.2 percent of
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TABLE 2.9 R&D Expenditures at Universities and Colleges, by Science and

Engineering Field, Fiscal Year 1994 (dollars in thousands)

Physical Environmental
Institution and Ranking Total Engineering Sciences Sciences
Johns Hopkins University 784,043 210,522 117,188 40,593
University of Michigan 430,778 88,837 22,972 20,823
University of Wisconsin-Madison 392,718 55,021 39,838 21,898
Massachusetts Institute of Technology 363,918 153,530 95,154 16,094
Texas A&M University 355,750 82,565 21,890 80,878
University of Washington 343,910 20,332 19,375 57,912
University of California-San Diego 331,901 15,806 35,450 102,266
Stanford University 318,561 92,946 44,030 6,192
University of Minnesota 317,865 30,625 15,802 11,560
Cornell University 312,683 41,416 45211 4,389
University of California-San Francisco 312,393 0 0 0
Pennsylvania State University 302,997 129,313 22,486 21,360
University of California-Berkeley 289,632 61,654 59,996 4,466
University of California-Los Angeles 279,869 29,544 24,069 14,130
Harvard University 278,459¢ 6,027¢ 31,7184 9,7144
University of Arizona 269,939 20,659 91,765 20,861
University of Texas-Austin 260,602 106,743 64,108 25,826
University of Pennsylvania 251,461 11,918 23,245 801
University of Illinois-Urbana 245,407 51,634 38,500 27,052
Columbia University 236,417 14,407 21,433 39,786
TOTAL 6,679,303 1,223,499 834,230 526,601

NOTE: Because of rounding, figures may not add to the totals shown.

4Estimated

SOURCE: National Science Foundation (1996a).

U.S. academic R&D, state and local governments 7.4 percent, industry 6.9 per-
cent, individuals and nonprofit institutions 7.4 percent, with the remaining 18.1
percent coming directly from academic institutions themselves.3* Most federal
funds for academic research are awarded on a competitive basis to individual
investigators or to research teams. Researchers submit project proposals that are
then peer reviewed according to “best-science” principles. This approach de-
mands that principal investigators invest a great deal of time in grant manage-
ment (i.e., non-research-related) activities, both as grant applicants and “volun-
teer” reviewers of the grant proposals of other researchers. However, it also
fosters intensive and valuable competition among ideas and rapid exploitation of
new research directions and concepts within the academic research community.
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Math & Com- Life Social Other
puter Sciences Sciences Psychology Sciences Sciences
119,297 270,314 1,021 9,784 15,324

19,186 212,198 9,098 51,094 6,570
10,031 222,482 11,540 31,028 880
18,514 37,690 8,503 8,179 26,254
6,963 141,130 1,570 17,547 3,207
6,516 218,998 7,321 10,675 2,781
13,542 156,724 3,998 4,115 0
14,513 152,104 3,710 5,066 0
218 219,241 6,970 11,852 0
23,614 184,425 3,670 9,958 0
0 312,393 0 0 0

3,518 96,520 6,393 10,409 12,998

4,836 122,182 6,617 24,830 5,051

8,291 178,014 7,514 18,307 0

4,1694 168,1434 3,117¢ 46,4804 9,0914

7,296 116,202 2,546 8,666 1,944

15,897 23,584 3,961 16,183 4,300

8,408 183,502 2,296 21,291 0

15,395 55,519 6,305 14,096 36,906

4,637 148,100 2,386 5,668 0

326,438 3,219,465 98,536 325,228 125,306

Most research performed by U.S. universities and colleges is basic or long-
term applied in nature. Basic research accounted for 67 percent of total academic
R&D in 1995, applied research 25 percent, and development only 8 percent.
Nevertheless, because of the way it is funded, U.S. academic research (even so-
called basic research) in many fields is shaped largely by the applied needs of
federal agency missions.

The distribution of U.S. academic research expenditures by field shows a
heavy emphasis on the life sciences, particularly the medical sciences (Table
2.10). In 1993, the medical and biological sciences consumed 45 percent of all
academic research dollars. All engineering disciplines together accounted for
less than 16 percent of the total.

Despite the fact that U.S. funding of academic research has not kept pace
with the financial demands of a growing population of academic researchers,
U.S. academic research expenditures grew faster than those of any other major
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TABLE 2.10 R&D Expenditures at Universities and
Colleges, Percent Share by Major Science and Engineering
Field, Fiscal Year 1994

Source and Field 1994

Engineering, total 15.77
Aeronautical and Astronautical 1.03
Chemical 1.31
Civil 1.86
Electrical 3.44
Mechanical 2.34
Metallurgical and materials 1.51
Other, n.e.c. 4.27

All sciences, total 84.23
Physical sciences 10.30
Environmental sciences 6.76
Mathematical sciences 1.32
Computer sciences 3.13
Life sciences 54.65
Psychology 1.70
Social sciences 4.51
Other sciences, n.e.c. 1.86

NOTE: Because of rounding, figures may not add to the totals shown.
n.e.c. = not elsewhere classified.

SOURCE: National Science Foundation (1996a).

R&D performing sector during the 1984—-1994 period. During this period, aca-
demic research grew at an average annual rate of 5.8 percent, compared with 2.8
percent for FFRDCs and other nonprofit laboratories, 1.4 percent for industrial
laboratories, and 0.7 percent for all federal laboratories (National Science Board,
1996).

History of University-Industry Relations

The history of U.S. university-industry interaction with respect to research
and development and technology transfer can be divided roughly into three peri-
ods: from the mid-1800s to the eve of World War II; from the early 1940s through
the mid-1970s; and from the late-1970s to the present.

During the first of these periods, the development of U.S. higher education
and research was influenced heavily by the more immediate, practice-oriented
training and technical problem-solving needs of U.S. agriculture and industry.
Although this era witnessed the emergence of a small number of elite research
universities whose faculties engaged in basic research, it was during this period
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that U.S. colleges and universities made their greatest strides in the applied sci-
ences and engineering disciplines, largely in response to the demands of local or
regional industries.

Government at both the state and federal levels had a strong hand in shaping
the practical, regional economic orientation of higher education and research dur-
ing the period. Indeed, many public universities were founded by state govern-
ments with an explicit mandate to support the technical needs of the regional
economy. In 1936, state governments funded 14 percent of all U.S. academic
research. Throughout this time, federal government support of academic research,
education, and extension activities was concentrated in areas critical to the tech-
nological development of large sectors of the U.S. economy that lacked a pri-
vately funded R&D base, in particular agriculture, forestry, and mining.3> Uni-
versity-based agricultural research and extension activity alone claimed about 40
percent of federal research funds during the mid-1930s (Matkin, 1990; Mowery
and Rosenberg, 1993).

By the eve of World War II, the federal government accounted for no more
than one-quarter of total academic research funding. Private foundations funded
the majority of academic R&D during this second period. The R&D-intensive
industries of the day, such as electrical manufacturing and chemicals, helped to
develop the research and training capabilities of select U.S. universities, but
mainly as a complement to the extensive in-house R&D efforts of the companies
themselves (Matkin, 1990).

World War II represented a watershed in the relationship between U.S. re-
search universities and the federal government. Academic research was enlisted
very effectively in service of the war effort and was instrumental in the develop-
ment of new technologies such as atomic energy and radar, and new fields like
aeronautics. This greatly enhanced the public reputation of academic research
institutions and engendered a new appreciation for the importance of basic and
long-term applied research for U.S. military security and economic prosperity, as
well as other national interests. Accordingly, academic research assumed a cen-
tral role in the new federal science policy articulated during the mid-1940s—a
policy based on a new ‘“social contract” that explicitly harnessed the academic
science community in service of national objectives through greatly increased
federal support for academic research and its associated infrastructure (Bush,
1945).

By the early 1950s, agencies of the federal government, led by the Depart-
ment of Defense, had become the principal patrons of U.S. academic research,
sponsoring 60 percent of all academic R&D in 1955. In the decades to follow,
the academic research community would be enlisted in support of a broad range
of federal agency missions, including national defense, energy independence, the
cure of disease, space exploration, as well as the broader goal of achieving U.S.
preeminence in virtually all fields of science and engineering.

With the shift in the funding base of U.S. academic research came a corre-
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sponding shift in the orientation of much academic research and graduate educa-
tion in science and engineering. Rather than focusing on the more immediate
practical and applied R&D needs of private industry, academic research became
more concerned with the basic and long-term applied research agendas of the
federal agencies.3® A majority of academic research funds were now allocated
by federal agencies through a system of peer-review evaluation, which was
guided by “best-science” principles. This new funding environment fostered a
more pronounced division of labor between universities and industry with re-
gard to basic and applied research, and reinforced differences between the two
sectors’ research cultures.’” Academia rewarded research faculty primarily for
the originality of their research; the quality, number, and timeliness of their re-
search publications; and their success in competing for research funding from
government agencies and nonprofit foundations. Accordingly, the academic re-
search community placed a premium on the openness, free exchange, and rapid
dissemination of new knowledge and ideas. By contrast, industry-based re-
searchers continued to be rewarded according to the standards of the market-
place (e.g., the number and value of patents received, the successful commer-
cialization of technologies). In short, private industry concerned itself with
capturing and protecting the economic value embodied in new ideas through
intellectual property and trade secrets.

Throughout this second period, the transfer of technology from academic
research institutions to industry was treated generally as an ancillary activity by
most major research universities. These institutions considered their primary
contributions to the technological capabilities of American industry to be well-
trained graduates, published research results, and faculty consultants.

The third and current phase of university-industry interaction dates from the
late 1970s and is characterized by a renewed interest in collaborative research
and technology transfer between the two sectors. This changing dynamic is the
result of several factors. First, the 1970s heralded the commercial take-off of
industries with strong technological roots in academic research, including micro-
electronics, software, and biotechnology. These successes generated a new wave
of industrial interest in particular areas of academic research and expertise. Sec-
ond, the emergence of major new challenges to the competitiveness of many U.S.
technology-intensive industries during the 1970s prompted federal and state ef-
forts to harness the capabilities and outputs of the U.S. academic research enter-
prise to serve the R&D and technology needs of American industry more effec-
tively. Finally, although federal funding of academic research has grown rapidly
in absolute terms throughout the period, the increased cost of research and an
expanding population of academic researchers have made competition for federal
support tighter than ever. These trends have encouraged university-based re-
searchers to look increasingly to the private sector for sources of research support.

At the federal level, two changes in policy fostered the shift to a more col-
laborative era in U.S. university-industry relations. First, in 1980, Congress
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passed the Bayh-Dole Act, which made it possible for universities, other
nonprofit organizations, and small businesses to retain rights to most of their
federally funded inventions. Under the terms of the act, academic research
institutions are granted considerable autonomy in licensing or otherwise com-
mercializing intellectual property they develop with public funds, as long as
they (a) give preference to businesses located in the United States, particularly
small companies, when licensing such intellectual property; and (b) grant exclu-
sive rights or sell this intellectual property to companies willing and able to
manufacture substantially in the United States products embodying the inven-
tion or produced through application of the invention (U.S. General Accounting
Office, 1992).38

The federal government has also sought to promote greater university-indus-
try collaboration by funding university-based research centers that engage aca-
demic and industrial researchers in collaborative, often multidisciplinary, re-
search. Most prominent among these are the National Science Foundation’s
Industry-University Cooperative Research Centers (begun in 1973), Science and
Technology Centers (1987), Engineering Research Centers (1985), and Materials
Research Science and Engineering Centers (1993).3° Recent federal industrial
technology initiatives such as the Advanced Technology Program of the National
Institute of Standards and Technology or the multiagency Technology Reinvest-
ment Project have also included provisions supportive of university-industry col-
laborative research.*0

State governments, too, have tried to promote closer ties between public uni-
versities and their host region’s economies and industrial base. The 1980s wit-
nessed a shift to increasingly science-and-technology-driven economic develop-
ment strategies among most of the 50 states. Public universities stand at the
center of many of these new initiatives, as state governments seek to recreate the
success of Route 128, the high-tech corridor around Boston said to have been
spawned and nurtured by the technical capabilities of MIT (Etzkowitz, 1988;
Feller, 1990).

Technology Transfer by Research Universities and Colleges

Recent surveys of R&D-performing companies attest to the fact that the most
valued output of U.S. research universities from the perspective of corporate
America is the human capital they generate in the form of well-trained scientists
and engineers.*! For the most part, the value of science and engineering gradu-
ates to a firm (or the economy at large) is defined by the research and learning
skills these individuals have acquired through their academic training, rather than
by the volume of specific (and often rapidly outdated) knowledge they have
amassed during their course of studies.

Researchers based at universities and colleges account for over 70 percent of
all U.S. scientific and technical articles (see Figure 2.10). In certain fields the
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Nonprofit 7% Other 2%

FFRDCs 3%

Federal
government 8%

Industry 8% Academia 71%

FIGURE 2.10 Distribution of U.S. scientific and technical articles, by sector, 1993.
FFRDC = federally funded research and development center. SOURCE: National Science
Board (1996).

research literature represents an important source of highly specialized knowl-
edge of direct relevance and value to the technology strategies of companies in
some industries. In recent years, citations of research literature on the first page
of U.S. patent applications (an indication of the potential contribution of pub-
lished research to patentable inventions) have risen rapidly. About half of all
publications cited were papers from academic institutions (National Science
Board, 1996). In most industry sectors, the most valuable contribution of funda-
mental academic research is its role in helping companies understand existing
technologies better and in exposing promising paths for and enhancing the pro-
ductivity of industrial applied research and development (David et al., 1992;
Pavitt, 1991). Indeed, university research is usually more useful for improving
on inventions already made than for making them (i.e., one has to thoroughly
understand how and why an invention works before one can have a strategy,
other than pure trial and error, for improving on it).

The U.S. panel accepts that the production of graduates and new knowledge
remain the primary contribution of American higher education to the technical
needs of U.S. industry. It also acknowledges the important role academic re-
search publications play in the transfer of highly specialized knowledge in a num-
ber of industries. However, in this report, the panel focuses primarily on those
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activities that, though related to the missions of education and research, involve
the intentional or “directed” transfer of intellectual property or specific knowl-
edge (i.e., “proto-technology”) from universities and colleges to industry.

Even within this narrower definition, university technology transfer encom-
passes a wide range of transfer mechanisms. Some can be defined and measured
relatively easily (e.g., the transfer of codified technology or proto-technology via
patents, copyrights, and research publications). Others are little more than prox-
ies for actual technology transfer and are very difficult, if not impossible, to quan-
tify. These mechanisms include faculty consulting; the movement of graduates
and faculty from academia to industry; university investments in the transfer and
commercialization of technology; industry-sponsored or collaborative academic-
industrial R&D; and a range of other market-making activities by industry and
academia directed at the commercially valuable outputs of academic research.

TECHNOLOGY TRANSFER MECHANISMS

There are three types of mechanisms for technology transfer from academia
to industry in the United States.*?> The first includes such things as faculty con-
sulting and the transfer of university intellectual property and proto-technology
embodied in graduates and faculty who are hired by private companies. These
mechanisms, closely related to the education and research missions of universi-
ties and colleges, were the predominant modes of technology transfer prior to the
mid-to-late 1970s. The second type, also linked to the traditional missions of
universities, has only seen extensive use or significant growth in use since the late
1970s (the third phase of university-industry relations). These mechanisms in-
clude patent licensing, university acquisition of private-sector licensees, and vari-
ous approaches for enhancing industry access to and sponsorship of university-
based research. The third type includes activities, such as technical assistance
programs and technology business incubators, associated with commercializing
research or improving university-industry relations more generally. These mecha-
nisms, which have also seen significant growth since the late 1970s, are more
ancillary to the traditional missions of the research university.

The following sections review each of these mechanisms separately. It is
well to remember, however, that universities and individual academic researchers
employ many of these mechanisms in concert in order to take advantage of the
synergies and complementarities among them.

Faculty Consulting

No aggregate data exist on the number of U.S. academic research faculty
involved in consulting with private industry or the number of scientist or engineer
man-hours academic researchers devote to consulting with industry each year.
Nevertheless, panel members estimate that more than half of the academic engi-
neering faculty at the top 20 U.S. research universities spend 10 to 15 percent of
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their time consulting with industry.*> Each consultant might work for 1 to 10
clients; the type of work relationship varies widely. Academic consultants are
generally paid hourly or daily fees for their services. Annual retainer fees are
uncommon. Perhaps the best measure of the effectiveness of a consultancy ar-
rangement is whether it is terminated or continued by the client firm.

Academic researchers and industry are attracted to consultancy for different
reasons. For university faculty, consultancies offer important learning opportuni-
ties, additional sources of support for their research (both material and intellec-
tual), as well as opportunities for placing their students with client organizations.
This latter benefit enables faculty to attract the best students and ensure ongoing
bi-directional technology transfer with the client firms. Industry, in turn, receives
solutions to specific technical problems and enhanced access to academic re-
search results and highly trained graduates. The fact that U.S. university faculty
are salaried for only 9 months out of the year and rely heavily on external sources
of funding for their research also provides a strong incentive for them to engage
in consultant work.

Movement of University-Based Researchers to Industry

The movement of academic researchers—graduates, postdoctoral fellows,
and faculty—to private industry is an important transfer mechanism for technol-
ogy, proto-technology, and highly specialized knowledge and skills. It is ex-
tremely difficult, however, to come up with useful measures of this type of tech-
nology transfer.

Proxies such as the number of newly minted science and engineering Ph.D.’s
that are hired by private companies each year (roughly two-thirds of the total) or
the number of Ph.D. scientists and engineers that move from academic to indus-
trial employment (more than 12,000 between 1988 and 1993) shed some light on
the importance of this mechanism (National Research Council, 1993b). More-
over, leading U.S. research universities often temporarily exchange research per-
sonnel with private industry in the context of collaborative research projects.

Data on the number of start-up companies founded by university graduates
or research staff do not exist.** However, it is fair to assume that a respectable
share of many high-tech start-ups in science-based industries, such as biotechnol-
ogy, have been built directly on the intellectual capital of university-based research-
ers.* Numerous case studies, including several prepared by the panel, demonstrate
the many ways in which university graduates and research staff have brought
technology or proto-technology to new or established companies (Box 2).

Patent Licensing

Prior to the early 1970s, patent licensing was a fairly limited tool of technol-
ogy transfer for American universities. In 1965, only 96 U.S. patents were granted
to 28 U.S. universities or related institutions. However, the commercial success
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of new science-based industries in the fields of microelectronics, information
technology, biotechnology, and advanced materials, along with passage of the
Bayh-Dole Act in 1980, fueled rapid growth of university patenting during the
following 2 decades.

By 1995, more than 127 U.S. universities had patent portfolios and were
aggressively involved in the business of technology licensing, according to a sur-
vey by the Association of University Technology Managers (1996). These 127
institutions collectively employed 618 full-time equivalent (FTE) professional
staff in licensing university intellectual property and in technology transfer ac-
tivities. This represented roughly a 27 percent increase in professional FTEs over
1992. In 1995, these institutions received nearly 7,427 invention disclosures,
applied for 5,100 patents (including 2,373 new patents), and executed 2,142 li-
cense options. Gross annual royalty receipts for the 127 universities were roughly
$274 million in 1995, over ten times those of federal laboratories but only one-
hundredth those of industry.*®

Many universities have established in-house offices of technology transfer or
technology licensing, whose primary activities focus on locating, patenting, and
licensing university-developed intellectual property and less frequently on spin-
ning off inventions to start-up companies. Other universities have established
semiautonomous technology transfer organizations to pursue some or all of the
university’s patenting, licensing, and technology transfer functions. These orga-
nizations are usually established in the nonprofit sector, although some are profit
making. Some examples are ARCH (for Argonne-Chicago) which manages in-
ventions from the University of Chicago and the Argonne National Laboratory,
which Chicago manages for the Department of Energy, and WARF (Wisconsin
Alumni Research Foundation).

Along with establishing technology transfer offices, many universities have
developed financial incentive programs to encourage their research faculty to
innovate. At Stanford, for example, 15 percent of license revenues goes to sup-
port the technology licensing office. (Revenues in excess of the office’s expenses
go into a research incentive fund to assist researchers without sponsorship.) The
remaining 85 percent or royalties are then divided among the inventors, their
department, and the school of medicine.*’ A similar policy is in effect at MIT and
the University of California at Berkeley.

There is great diversity among U.S. research universities with respect to their
approach to patenting and technology licensing. Some universities, public insti-
tutions in particular, lay claim to all research output generated in their labs; others
are more flexible in negotiating the disposition of intellectual property resulting
from research on their campuses. Likewise, some institutions look to their tech-
nology licensing offices to generate revenue, and others see these units as instru-
ments for building long-term relationships with private companies as research
patrons or partners (Box 3). To date, however, only a small number of institu-
tions can claim success meeting any of these objectives. Many research universi-
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BOX 2

Cree Research, Inc.: From a Ph.D. Thesis to a
World-Class Company in 10 Years

Until relatively recently, scientists and electrical engineers could not
create silicon electronic devices that operated at elevated temperatures
or, if used as light emitting diodes (LEDs), that produced blue light. Cal-
culations showed that if semiconductor-grade silicon carbide (SiC) were
available, it would overcome these limitations and open up additional
opportunities in power and high-frequency electronics. Companies like
Bell Labs, Hewlett-Packard, IBM, GE, or Motorola and universities such
as Harvard and Stanford might be expected to discover the secret of how
to make SiC devices, but that was not the case.

Rather, a team at North Carolina State University headed by Profes-
sor Bob Davis in the Materials and Science Engineering Department
began solving some of the tough problems associated with growing per-
fect crystals of SiC. In the early 1980s, Eric Hunter participated in this
research program as a student. His brother Neal was also acquainted
with the project, although he was studying mechanical engineering. On
graduation, they both found jobs in conventional industries and forgot
that SiC even existed.

After a few years, however, they realized that their real desire was to
start their own company. Meanwhile, Eric reestablished contact with the
SiC program at NCSU, and when John Edmond, one of the stars of this
program, announced that if no one was going to make a business out of
SiC, he would take his Ph.D. and go elsewhere, the Hunter brothers,
along with two other star members of the project, Calvin Carter and John
Palmour, decided that the best new business opportunity was to use SiC
to produce blue diodes.

One would think venture capital firms found this opportunity attractive.
None did. So, Neal and Eric pooled their own funds and, by selling stock
at $0.18 a share, raised $20,000 from family members and friends. They

ties are still searching for effective ways to manage and grow their R&D and
technology transfer activities with industry.

As of the late 1980s, drug and medical device patents accounted for about 35
percent of all university patents among five broad classes of technologies defined
by Henderson et al. (1995) (Figure 2.11). Chemical patents accounted for 25 to
30 percent, electronic and related patents for 20 to 25 percent, mechanical patents
for 10 to 15 percent, and all other patents for 5 percent. Since the early 1970s,
university-based inventors have been much more focused on drugs and medical
technologies and much less focused on mechanical technologies than their coun-
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BOX 2—Continued

promised John Edmond at least 4 months of work if he would refrain from
joining an established company. In September 1987, they successfully
negotiated with the University Research Office of North Carolina State
for the one SiC patent the university was planning to file as well as for all
other SiC technology that the newly formed company, Cree Research,
felt more excited about patenting than did the university. In exchange,
the university received $10,000 plus repayment of their patent expenses
and 5 percent of the stock of the new company.

Benefiting from the entrepreneurial spirit invading the North Carolina
Research Triangle, the company was able to raise $400,000 from four
private investors, after having been turned down by professional venture
capital groups. By this time, the firm had an after-market value of $6
million even though it had not yet made its first blue diode. Over the next
6 months, with help from Professor Davis, the young research team
achieved a very faint blue diode. In March 1988, with this proof that the
technology worked, private investors put in $3 million. A year later, Gen-
eral Instrument and Polaroid agreed to purchase $1 million worth of the
diodes. By the summer of 1990, the company had raised another $3
million and, when that ran out, it raised another $5 million. Then, in
February 1993, the company went public and raised $11,000,000 at $4.12
a share, giving the business a market value of $45,000,000.

In recent years, the company has established partnerships with major
companies around the world that are excited about working with Cree’s
SiC wafers in a wide range of electronic applications. Government agen-
cies have contracted for over $20 million worth of research. In the last 5
years, annual sales of SiC wafers and blue diodes have grown to $6
million. Meanwhile, the stock has gone as high as $31.00 a share, giving
the company a price-to-earnings ratio of infinity, and a price-to-sales ratio
of over 50 to 1.

SOURCE: Walter Robb, Vantage Management Services.

terparts from other sectors of the U.S. R&D enterprise (compare Figure 2.11 to
Figure 2.12).

Despite rapid growth over the past 20 years in the number of universities
involved in patenting, university patent activities remain highly concentrated.
Although patents were awarded to over 150 universities and related institutions in
1991, the top 20 institutions accounted for about 70 percent of all patents granted,
with MIT alone receiving 8 percent of the total (Henderson et al., 1995).

University royalty income is distributed very unevenly. In fiscal 1995, only
six institutions received more that $10 million in gross royalties—the University
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BOX 3
Computer-Aided Design for Microelectronics

Well into the 1970s, designers created the complex geometric pat-
terns needed to manufacture microelectronic chips using manual or com-
puter-based drafting tools. As chip complexity increased, it became
nearly impossible to complete error-free designs in one attempt. Design-
ers sought computer aids to enforce rules linking the functional and elec-
trical specifications required for a chip, and the geometric mask patterns
used for its manufacture. Engineers at many semiconductor manufactur-
ers, and researchers at a few universities, understood this problem.
Better computer-aided design (CAD) tools for microelectronics became a
necessity.

Incremental improvements in existing computer-based drafting tools
proved to be an inadequate approach. Several firms developed propri-
etary software for chip design and verification based on mainframe com-
puters. These individual efforts were costly, however, and each propri-
etary CAD package had its particular strengths and weaknesses. A
critical problem was adapting the design tools rapidly enough to match
the rapid advances in semiconductor technology.

To meet needs for research and instruction at the University of Cali-
fornia at Berkeley, faculty members and graduate students developed
several generations of software for design tasks including circuit analy-
sis, chip layout, design-rule verification, and pattern generation. Stu-
dents were the “guinea pigs” who used the prototype software as a part
of class assignments. A vision gradually emerged of modular design
software. The university team adopted the UNIX software-development
environment because it enabled rapid iterative refinements in the design
software.

During the 1970s, progress in CAD software development acceler-
ated due to close working relations between faculty members and CAD
engineers at several leading electronics companies, many of whom were
graduates of the Berkeley program. After several stages of software
refinement by university scientists, colleagues in industry agreed to evalu-
ate the software. The university received valuable feedback from several
industrial laboratories.

In the early stages of these collaborations, disagreements arose often
concerning intellectual property rights. Faculty members believed that
restrictions on intellectual property would inhibit the open exchange of
ideas and prototype software. The university team adopted a policy of
making source code available to others and of placing its work in the
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BOX 3—Continued

public domain. Experiences like this indicate that, apart from copyrights,
protections on intellectual property rarely are important to successful
software development.

Leading firms in the U.S. semiconductor industry established the
Semiconductor Research Corp. (SRC) in 1982. Soon thereafter, the fed-
eral government became an SRC sponsor. The goal of SRC is to foster
graduate education and research in fields relevant to the semiconductor
industry. The UC Berkeley CAD program received one of the first major
SRC grants. Additional research support came from the Advanced Re-
search Projects Agency. With these new resources, research and proto-
typing of new, improved CAD tools accelerated. A parallel industry
initiative, the Computer Aided Design/Computer Aided Manufacturing
Consortium, provided $18 million in cash and computers to construct
and equip a large new research facility on the UC Berkeley campus.

Direct design synthesis of chips from formal specifications became an
additional goal. Berkeley continued to distribute software, including
source code, to sponsoring firms. Feedback from many users contrib-
uted importantly to the evolution of improved tools.

No one expected that the university could be the long-term provider of
support, documentation, training, and service for industrial software.
Semiconductor manufacturers recognized it would be wasteful for every
user of CAD software to create their own software development and sup-
port capability. Vendors of earlier computer-based drafting software did
not aggressively pursue the new generation of design software. So,
about 1985, entrepreneurs including several graduates of the Berkeley
CAD program established a successful new business supplying CAD soft-
ware and support. Several other similar firms subsequently entered the
market. Even today, many of the commercial CAD software modules
have roots in the early Berkeley prototypes.

Berkeley’s research and graduate program in electronic CAD contin-
ues. Technical goals have evolved to include process and device mod-
eling, multichip assemblies, boards, and miniaturized interconnection
technologies. Other focus areas are performance-driven design and
very-low-power design for portable equipment. The patterns of sponsor-
ship and interaction with industry continue much as they have in the past.
The graduates of this program are leaders and major technical contribu-
tors to the world’s top CAD vendors.

SOURCE: David Hodges and Donald Pederson, University of California
at Berkeley.
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FIGURE 2.11 University patents by broad fields. SOURCE: Henderson et al. (1995).

of California system ($57 million), Stanford University ($39 million), Columbia
University ($34 million), Michigan State University ($15 million), and Univer-
sity of Wisconsin-Madison/Wisconsin Alumni Research Foundation ([WARF]
$12 million). Yet these six institutions accounted for over 56 percent of total
gross royalties received by U.S. universities. Only 25 of the 117 universities that
reported gross royalty receipts to AUTM in 1995 received more than $2 million
in royalties, whereas 82 institutions reported less than $1 million in royalties.
Universities with “home-run” inventions often have order-of-magnitude higher
royalty income streams than universities that lack such blockbusters. For ex-
ample, as of 1993, WAREF received $99 million in license royalties for vitamin D
and related technologies; the University of California system and Stanford shared
$97 million in royalties on the Cohen-Boyer gene splicing technique;*® Michigan
State earned $86 million in royalties on cisplatin; the University of Florida brought
in $33 million in royalties related to Gatorade; and Iowa State received $27 million
in licensing fees for fax technology. Some universities that encourage the formation
of new companies and spin-offs often take equity in these new ventures in lieu of
some or all of the royalties to which they would be entitled from license fees for
a patented process or product. When these equities are eventually sold, universi-
ties receive additional income, sometimes years after the original invention.

Equity Ownership in Start-Up Companies

It is estimated that academic licensing has contributed to the establishment
of 1,633 new companies since 1980, 464 (or 28 percent) of these were established
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FIGURE 2.12 All U.S. patents by broad fields. SOURCE: Henderson et al. (1995).

in 1994 and 1995. Although a small number of universities have a long history of
taking equity positions in companies engaged in the commercialization of new
technology, it is only recently that significant numbers of universities have en-
gaged in this type of technology transfer activity. As of 1995, over 50 universi-
ties had reported negotiating more that 560 licenses with equity, 99 of these in
1995 alone (Association of University Technology Managers, 1996).

There are many reasons why universities have chosen in recent years to enter
into the venture capital business.*® First, although not without substantial risks,
acquiring equity in start-up companies founded to exploit university-generated
intellectual property holds the promise of a much larger financial return than
could be earned from licensing alone. Second, acquiring equity in companies can
be a way to hedge against the risk of having university-owned patents infringed
upon or rendered obsolete. Third, by accepting stock in licensee companies in
lieu of royalties, universities are able to negotiate mutually beneficial deals with
cash-strapped start-ups. Fourth, some universities view their venture fund activi-
ties as a way to attract and retain high-powered faculty (this is said to be particu-
larly important for medical schools). Fifth, taking equity in companies often
provides universities with increased opportunity for sharing research instruments
and facilities. And last, but by no means least, by acquiring equity stakes in local
start-up companies, universities are able to make a highly visible commitment to
the local or regional economy, thereby generating good will with current or po-
tential future patrons within state administrations or legislatures.

There are two main avenues by which universities invest in start-up compa-
nies: through portfolio investment of the university’s endowment and through
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administratively separate or independent organizations established specifically
for this purpose. The first route, wherein a university’s treasurer makes invest-
ments solely according to standard investment criteria, is fairly “arms length” in
nature. MIT, for example, is said to invest roughly 10 percent of its endowment
in venture capital projects. The second route, the establishment of administra-
tively separate or independent organizations, provides a mechanism that (a) al-
lows the university to bring in outside venture-capital expertise unfettered by
university policies, (b) offers an effective structure within which participants in
new business ventures can communicate and negotiate, and (c) helps shield the
university from commercial concerns (financial risks, perceived conflicts of in-
terest , etc.). Examples of successful university ventures of this type include the
University of Rochester’s nonprofit University Ventures, and Johns Hopkins
University’s for-profit Triad Investors Corporation (Matkin, 1990).50

Industry-Sponsored Research

Between 1980 and 1995, private industry’s share of funding for research at
American universities and colleges increased from 3.9 percent to 6.9 percent. As
of 1994, of the 200-plus universities and colleges that reported conducting some
amount of industry-sponsored research and development, 39 institutions received
$10 million or more of industry support. As noted in Table 2.8, there is signifi-
cant variation in the extent of industry-sponsored research among different uni-
versities. While the average industry share of total sponsored academic research
was 6.9 percent, MIT and Pennsylvania State University both received roughly
15 percent of their total research budgets from private industry in 1994. Mean-
while, total research funding at other top-20 research universities, including the
University of Wisconsin at Madison, the University of California at San Fran-
cisco, the University of California at San Diego, and the University of Texas at
Austin, averaged industry shares of less than 4 percent.

Company-sponsored research at U.S. universities frequently is carried out
via contracts or grants. The distinction between the two instruments is subtle and
varies among institutions. In general, research contracts, more than research
grants, obligate university-based researchers to provide their corporate sponsor
with more-frequent and more-formal reports on their progress. Contracts also
usually specify particular deliverables, whereas grants are generally more open
ended. National statistics on the sponsorship of academic research do not distin-
guish between contracts and grants because of the definitional vagaries and re-
porting inconsistencies among institutions. However, at several top-ranked insti-
tutions, including MIT and the University of California at Berkeley, the vast
majority of industry-sponsored research is in the form of grants (National Acad-
emy of Engineering, 1996b).

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-
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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 (National Academy of Engineering, 1996b).

In addition to contracts or grants with individual academic researchers or
research teams, industry sponsorship of university research can involve the estab-
lishment of formal university-industry research centers; research consortia in-
volving other universities/departments, multiple firms, government laboratories,
and other nonprofit research organizations; and “support-for-research-access”
initiatives such as industrial liaison or affiliate programs. Each of these is dis-
cussed below.

Formal University-Industry Research Centers>!

A 1994 study by Cohen et al. defined university-industry research centers
(UIRCs) as university-affiliated research centers, institutes, laboratories, facili-
ties, stations, or other organizations that conducted research and development in
science and engineering fields with a total budget (1990 dollars) of at least
$100,000 and with part of that budget consisting of industry-sponsored funds.

More than 1,000 centers located at more than 200 universities and colleges
throughout the United States are thought to have met those criteria in 1990. More
than half of these centers had been established since 1980 (Figure 2.13). In 1990,
UIRCs spent $2.53 billion on R&D involving approximately 12,000 faculty,
22,300 Ph.D.-level researchers, and 16,000 graduate students. That same year,
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FIGURE 2.13 UIRC foundings by decade, 1880-1989, for UIRCs existing in 1990.
SOURCE: Cohen et al. (1994).
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BOX 4

The Engineering Research Center in Data Storage
Systems at Carnegie Mellon University

The Data Storage Systems Center (DSSC) traces its beginnings to a
1982 workshop organized by Carnegie Mellon University (CMU) profes-
sor Mark Kryder. Attending the workshop were a dozen key technical
managers from various firms in the U.S. data storage industry and a
similar number of faculty from CMU who had experience in magnetics
technologies. At the time, outside of CMU, there were only a few aca-
demic researchers in the United States who worked in magnetics—even
though the magnetic recording industry, which relied heavily upon ad-
vances in magnetic materials and devices, was comparable in size to the
semiconductor industry. The goal of the workshop was to identify topics
suitable for Ph.D. thesis research.

Based upon the list of suggested topics, Professor Kryder wrote a
proposal for a university-based Magnetics Technology Center, which
would conduct research on magnetic storage technologies, including
magnetic recording, magneto-optic recording and magnetic bubble
memories. The privileges of membership in the center would vary ac-
cording to the amount a firm contributed. Intellectual property was to be
owned by the center and provided royalty free to associate members
paying $250,000 per year, while affiliate members paying $50,000 per
year were to be given the right to license intellectual property for a reason-
able fee. This arrangement would make it possible for the center to pursue
patents and copyright protection for intellectual property, and provide that
benefit to its industrial sponsors, without requiring the segregation of the
research projects for individual sponsors. Thus, all sponsors would gain
access to the research in the center in proportion to their contributions.

The CMU administration was highly supportive of the effort and com-
mitted to build a clean room for the center. Throughout the remainder of

the average number of companies participating in each center was 17.6; the me-
dian number was 6.

UIRC:s vary significantly in size, whether measured in terms of overall re-
search budget or the number of academic researchers or industrial partners in-
volved. Large centers, such as the Engineering Research Center for Data Storage
Systems at Carnegie Mellon University (Box 4) and Stanford University’s Center
for Integrated Systems, involve dozens of firms as sponsors, operate with budgets
in excess of $10 million per year, and support 50 or more faculty researchers
across multiple departments. Nearly 23 percent of all centers, however, had bud-
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BOX 4—Continued

1982 and into 1983, Professor Kryder, Angel Jordan (then dean of engi-
neering at CMU), and Richard Cyert (then president of CMU) worked
together to solicit industry support. In May 1993, IBM and 3M joined at
the associate member level, committing to provide $750,000 each over a
3-year time frame. A number of other corporations joined at the affiliate
and associate member levels. By April 1984, the Center had over $3
million per year in funding, most of it coming from industry and most
committed for 3 years.

Professor Kryder used this funding to seed research efforts by CMU
faculty who had expertise relevant to magnetic data storage technolo-
gies. Some of the faculty had a background in magnetics research, but
the majority had never worked on magnetic-storage technologies before.
Most learned the requirements of magnetic storage technologies very
quickly and have since become experts in the field. By 1988, the center
had an annual budget of over $5 million, most of it from U.S. industry. In
1990, CMU obtained funding from the NSF for an Engineering Research
Center (ERC) in data storage systems. The NSF award has amounted to
between $2 million and $3 million per year.

Following the initial NSF award, the industrial sponsors of the center
formed the National Storage Industry Consortium (NSIC), with the goal of
providing leveraged funding for research on data storage technologies.
Professor Kryder worked with NSIC to obtain several Advanced Technol-
ogy Program awards and an ARPA grant for work on advanced data
storage technologies (magnetic disk, magnetic tape, and optical disk).
As a result of the collaboration with NSIC, funding for the center has risen
to over $10 million per year, with over 40 percent of this coming from
industry.

SOURCE: Mark H. Kryder, Carnegie Mellon University.

gets of less than $500,000 in 1990, and roughly 45 percent of all centers involved
less than 6 companies as participants (Cohen et al., 1994).

Forty percent of the research conducted by UIRCs is basic research, 40 per-
cent is applied research, and 20 percent is development work. In other words,
UIRC:s perform a significantly higher proportion of applied research and devel-
opment than do universities. On average, UIRCs devoted two-thirds of their
effort to R&D and one-fifth to education and training.

As a group, UIRCs receive 46 percent of their funding from public sources
(34 percent from federal government and 12 percent from state governments), 31
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TABLE 2.11 UIRC Research by Discipline, 1990

Discipline Number of UIRCs Percent of UIRCs

Basic science:

Chemistry 192 38.6
Biology 169 34.0
Physics 120 24.1
Geology and earth sciences 98 19.7
Mathematics 54 10.7
Engineering:
Materials 171 344
Electrical 159 32.0
Mechanical 155 312
Chemical 137 27.6
Civil 103 20.7
Industrial 87 17.5
Aeronautical and astronautical 58 11.7
Applied science:
Materials 145 29.2
Computer science 130 26.2
Agricultural 106 21.3
Medical sciences 93 18.7
Applied math and operations research 57 11.5
Atmospheric 45 9.1
Oceanography 27 54
Astronomy 6 1.2

NOTE: Total number of UIRCs reporting was 497. Many of the centers had more than one disciplin-
ary focus.

SOURCE: Cohen et al. (1994).

percent from private industry, and 18 percent from universities themselves. Some
70 percent of all industry support for academic R&D was channeled through
UIRCs in 1990. The vast majority of public and private support for research at
UIRCs comes in the form of grants. Most industrial support of UIRCs appears to
be directed at more basic and long-term applied research. In addition to direct
funding, industry contributions to individual centers also include equipment, in-
strumentation, and internship opportunities for students.

The goals and missions of individual centers vary considerably, as do their
disciplines (Table 2.11), technology (Table 2.12), and industry orientation, and
their organizational form. Collectively, these centers engage a broad range of
traditional and high-technology industries in their research (Table 2.13). Some
centers are more focused on industry’s immediate needs, for example product
and process improvements. Other centers are focused on more traditional aca-
demic objectives, such as education and the advancement of knowledge (Table
2.14).
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TABLE 2.12 UIRC Research by Technology Area, 1990

Number Percent
Technology Area of UIRCs of UIRCs
Environmental technology and waste management 147 29.8
Advanced materials 135 27.3
Computer software 129 26.1
Biotechnology 109 22.0
Biomedical 108 21.9
Energy 100 20.2
Manufacturing (industrial, automotive, and robotics) 98 19.8
Agriculture and food 89 18.0
Chemicals 77 15.6
Scientific instruments 67 13.6
Semiconductor electronics 64 13.0
Aerospace 61 12.3
Pharmaceuticals 61 12.3
Computer hardware 50 10.1
Telecommunications 48 9.7
Transportation 37 7.5

NOTE: Total number of UIRCs reporting was 494. Many of the centers had more than one technol-
ogy focus.

SOURCE: Cohen et al. (1994).

The primary impetus for establishing nearly three-quarters of all UIRCs in
existence in 1990 came from university-based researchers themselves. Govern-
ment and industry each took the initiative in 11 percent of all centers established.
The most aggressive federal sponsor of UIRCs during the 1980s was the NSF,
which helped establish a raft of university-based centers, including Engineering
Research Centers, Science and Technology Centers, Industry-University Coop-
erative Research Centers, Materials Research Centers, and Supercomputer Cen-
ters. NSF provided seed money for these centers with the expectation that the
host institutions would raise matching funds from industry, state and local gov-
ernments, and internally. While the objectives of these centers’ programs vary in
many respects (research focus, relative emphasis on research, education, and tech-
nology transfer, etc.), all share a commitment to facilitate industry access to uni-
versity research results, engage industry in the definition of a research portfolio,
and otherwise promote technology transfer to participating firms.

Recent assessments of the NSF centers indicate that, on the whole, they are
effective mechanisms for forging university-industry research partnerships.3? In
aggregate, UIRCs graduated an average of four to five Ph.D.’s and seven to eight
master’s recipients per year (Table 2.15). On average, roughly 6 students from
each UIRC found permanent employment with a participating company during
the 2-year period 1989-1990. UIRCs accounted for 211, or about 20 percent, of
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TABLE 2.13 UIRC Research by Industry, 1990

Number of Percent
Industry UIRCs of UIRCs
Chemical/Pharmaceutical 213 41.7
Computer 179 35.0
Electronic equipment 148 29.0
Petroleum and coal 144 28.2
Software and computer services 133 26.0
Food products 110 21.5
Fabricated metals 107 20.9
Agriculture 102 20.0
Utilities 100 19.6
Rubber and plastics 88 17.2
Transportation 86 16.8
Transportation equipment 79 15.5
Mining 78 15.3
Communications 78 15.3
Industrial/Commercial machinery 78 15.3
Lumber and wood 71 15.0
Primary metals 76 14.9
Paper and allied products 75 14.7

NOTE: Total number of UIRCs reporting was 511. Many of the centers engaged more
than one industry in cooperative research.

SOURCE: Cohen et al. (1994).

the 1,174 patents granted to universities in 1990. The nature and level of UIRC
performance varies by technical field and funding source and is heavily influ-
enced by the mission orientation of the particular center. Moreover, the scope
and type of UIRC outputs is influenced heavily by the area of technology special-
ization (Cohen et al., 1995). For example, UIRCs focused in the fields of bio-
technology and advanced materials lead in the production of patents. UIRCs
emphasizing biotechnology develop the most new products, whereas those spe-
cializing in software lead in the development of new processes.

Nevertheless, some observers have expressed concern that the benefits resulting
from deepening academic ties with industry through UIRCs and other mecha-
nisms may come at a cost to core comparative strengths of the U.S. academic
research enterprise—in particular, its capacity for basic research and its relative
openness—that is unacceptable (Dasgupta and David, 1994; Rosenberg and
Nelson, 1994) In fact, recent empirical studies indicate that university faculty
receiving support from industry tend to conduct research that is more applied on
average and to accept restrictions on the dissemination of their research findings
(Blumenthal et al., 1986a,b; Cohen et al., 1994; Morgan et al., 1994a,b). While
these documented changes appear to offer benefits to firms directly involved in UIRC
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TABLE 2.15 Output per UIRC, 1990

Mean“

(N=425) Mean? (N) Median® Median?
Research papers 42.47 43.60 (414) 20 20
Invention disclosures 1.60 2.11 (321) 0 1
Copyrights 1.09 1.73 (268) 0 0
Prototypes 1.00 1.49 (286) 0 1
New products invented 0.69 1.06 (277) 0 0
New processes invented 0.92 1.39 (281) 0 0
Patent applications 1.08 1.39 (330) 0 0
Patents issued 0.50 0.68 (311) 0 0
Licenses 0.38 0.53 (301) 0 0
Ph.D.’s 4.38¢ 4.60 (410) 2 2
Master’s degrees 7.03¢ 7.53 (402) 3 3

4Computed assuming blank responses signify zero, as long as there is a response to at least one of
the category items.

bComposed assuming blank responses are missing values.

‘N =431

SOURCE: Cohen et al. (1994).

collaborative research, they may weaken channels of communication and redirect
resources away from areas of basic research that benefit firms more broadly.

Industrial Liaison Programs

Industrial liaison programs (ILPs) charge membership fees to companies in
return for providing them with facilitated access to the results of university re-
search, to researchers, and to laboratories in specified fields. ILP members are
generally entitled to receive research publications (some prepublications) from
university-based researchers; to attend workshops, lectures, and conferences on
research topics of interest; and to participate in an annual conference at which
faculty and student research is formally presented and summarized. Some ILPs
are universitywide in scope (i.e., a corporate member receives facilitated access
to a broad range of university research for a fee that is added to the university’s
unrestricted funds). Most ILPs, however, are focused on a narrowly defined re-
search area involving individual academic departments or research clusters, or, in
some cases, individual UIRCs.33 These more typical ILPs involve closer interac-
tion between academic researchers and technical staff from industry and a higher
level of faculty engagement overall in their management. Accordingly, corporate
membership fees go to the sponsoring academic department or UIRC.

As part of its 1992 survey of 35 leading U.S. research universities, the U.S.
General Accounting Office (GAO) (1992) gathered information on the growth of
industrial liaison programs. Thirty of these institutions had at least one ILP.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

TECHNOLOGY TRANSFER IN THE UNITED STATES 119

Carnegie Mellon University alone accounted for 59 of 278 such programs that
were identified. Eighteen of the universities surveyed provide liaison program
members, domestic or foreign, with access to the results of federally funded re-
search before those results are made generally available, while the other 12 insti-
tutions do not.

Research Consortia

Research consortia involve a university, academic research department, or
UIRC with multiple corporate sponsors, and often state and federal government
funding agencies, in the sponsorship of a specific field of academic research.
Examples of such consortia include the Biotechnology Process Engineering Cen-
ter Consortium at MIT (Box 5) and the Computer Aided Design/Computer Aided
Manufacturing Consortium at the University of California at Berkeley. (See Box
3, pp. 106-107.) As in the case of formal UIRCs, consortia partners from indus-
try and government are involved directly in helping define the research agenda of
the academic research performer. Moreover, research consortia, like UIRCs, may
also encompass targeted industrial liaison programs.

Technical Assistance Programs

Technical assistance programs are designed to serve small and medium-sized
enterprises (SMEs) within a defined geographic region by providing them with
technical advice and problem-solving capabilities usually related to manufactur-
ing and production issues. Technical assistance programs may have a permanent
staff of assistance providers or merely serve a broker function by putting compa-
nies in contact with expert consultants, including university faculty.

Most technical assistance programs are associated with universities. As of 1992,
all but 8 of 75 members of the National Association of Management and Techni-
cal Assistance Centers were associated with college or universities. Included
among the population of university-affiliated programs are the several hundred
small-business development centers in community colleges established by the
U.S. Small Business Association, the various technical and management assis-
tance centers in universities funded by the Department of Commerce (such as the
Manufacturing Extension Partnership and the Manufacturing Technology Cen-
ters), as well as many of the 42 centers funded by the U.S. Department of Trans-
portation that provide technical advice to state departments of transportation.

As one observer has noted, these technical assistance programs ‘“‘are public
service activities and rarely have strong alliances with teaching or fundamental
research. They require heavy subsidies and therefore must be attentive to the
purposes and requirements of funding agencies. . . .[and they] exist on the periph-
ery of the university, uncertain of their place and often unsupported by the admin-
istration” (Matkin, 1990). Whether such activities are worth the diversion of
effort from the core missions of the university is an open question. Nevertheless,
as in the case of equity investments in start-up companies, these activities may
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BOX 5
The MIT Biotechnology Process Engineering Center

The Biotechnology Process Engineering Center (BPEC) at MIT is a
pioneering program in education and research for the biotechnology in-
dustry (Biotechnology Process Engineering Center, 1995). BPEC takes
an innovative, cross-disciplinary approach to biotechnology, integrating
life sciences and bioprocess engineering with the goal of producing ad-
vanced manufacturing technologies. Established at MIT in 1985 by the
National Science Foundation, the BPEC maintains active collaborative
ties with the biotechnology industry.

A team of 14 faculty members with complementary areas of expertise
lead the research and educational programs of BPEC. The faculty are
from the MIT departments of chemical engineering, biology, chemistry,
electrical engineering and computer science, and the Harvard University
department of chemistry. Undergraduate and graduate students, post-
doctoral fellows, visiting scientists, and industrial associates are integral
participants in the center’s activities. The center’s vision is to establish,
through research and education, the advanced manufacturing concepts
and processes that will ensure the competitiveness of the U.S. biotech-
nology industry.

The research thrust of BPEC is the production of complex therapeutic
proteins, specifically in areas of generic needs expressed by the indus-
trial manufacturing sectors. One particular goal is to develop proteins in
high concentration (quantity) and with high productivity (rate). A second
major goal is to ensure the stability, formulation, and delivery of the thera-
peutic protein during processing and delivery.

The Biotechnology Process Engineering Center Consortium offers in-
dustry the opportunity to exchange information and personnel, share
equipment and facilities, and perform collaborative research with the
BPEC or with other consortium members. Consortium members keep in
contact with BPEC faculty and students and receive advance notice of
new technologies developed in the center's laboratories. Presently,
nearly 60 companies from the chemical, pharmaceutical, and biotechnol-
ogy industries are members of the consortium. The Consortium program
puts on workshops for the purposes of information and technology ex-
change. Technology and information transfer also are accomplished via
an annual symposium, publications, seminars, theses from center stu-
dents, and consortium workshops. Direct industrial collaborations be-
tween industry and the center’s students, research staff, and faculty have
also been quite active.

SOURCE: Arthur Humphrey, Pennsylvania State University.
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help buy sponsoring universities continued political/financial support within state
legislatures. More importantly, as underscored by Armstrong (1997), such pro-
grams have the potential for exposing basic researchers in academia to other in-
stitutional cultures in the technological innovation system, to the benefit of all
parties involved.

TECHNOLOGY BUSINESS INCUBATORS

The purpose of university-based technology business incubators is the care
and feeding of start-up ventures through their early phases of development. Gen-
erally, incubators provide laboratory or building space at below-market rental
rates, as well as a variety of technical and general business services. The incuba-
tors’ principal service is to provide clients with access to academic researchers,
including faculty, postdocs, and graduate students. In early 1997, there were
more than 100 technology business incubators operating in the United States.
Roughly half of these were affiliated with research universities (Association of
University-Related Research Parks, 1997; National Business Incubators Associa-
tion, 1997).>4

ASSESSING TECHNOLOGY TRANSFER FROM UNIVERSITIES
AND COLLEGES

The preceding review of the major technology transfer mechanisms of U.S.
universities and colleges testifies to the dynamism, flexibility, and innovativeness
of the nation’s academic research enterprise in this area. Since the early 1980s
there have been strong fiscal and public-policy-related incentives for academia to
engage industry more intensively as a research partner and client. In this context,
the highly diverse and autonomous population of U.S. research colleges and uni-
versities and their research faculties have had great latitude to experiment with
new institutional arrangements to this end. Responding to the economic develop-
ment challenge, academic research institutions have expanded their portfolio of
technology transfer activities to encompass collaborative research centers, con-
sortia, proactive technology licensing offices, venture capital funds, and techni-
cal extension programs.

While it is difficult to assess the aggregate impact of or attribute specific
causality to these experiments, the past 10 to 15 years have witnessed a number
of significant readily documented changes in university-industry research inter-
action that are at least consistent with the logic of these initiatives. Industrial
support for academic research has grown more rapidly than funding by any other
sector since 1980. The number of academic research publications cited in U.S.
patent applications has increased markedly in the last 5 years. University licens-
ing revenues have grown rapidly in the past decade, albeit from a small base.
Although most academic researchers involved in collaborative work with indus-
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try still view the advancement of knowledge as their primary research objective,
the more entrepreneurial among them are now faced with greater opportunities
(and incentives) to become involved directly in the commercialization of tech-
nologies developed or seeded within the academy through start-up companies or
other mechanisms. Through more intense research collaboration, firms in a num-
ber of industries have gained enhanced access to academic researchers—faculty,
postdocs, and graduate students—with highly specialized knowledge.

With respect to the impact of academic research and technology transfer on
industrial performance there are clearly significant inter-industry variations in
experience. As the survey of UIRCs suggests, the relative importance of differ-
ent technology transfer mechanisms varies widely according to the nature of the
technology being transferred and the industry being served. The extent and
nature of a given research university’s contribution to the technology needs of a
particular industry or company depends largely on the specific characteristics of
that industry’s key technologies (e.g., whether they are highly science-based or
not, whether they are relatively new and dynamic or more mature and stable,
whether intellectual property rights are central or tangential to their successful
commercialization, etc.). For example, patent licensing is a critical instrument
of technology transfer in biotechnology, where control of intellectual property
rights is essential for the long and expensive development/commercialization
cycle of human therapeutic compounds. Yet patents are much less important in
software or microelectronics, where the pace of technology life cycles is much
shorter.

Research universities, which constitute the locus of most basic research in
molecular biology and computer sciences in the United States, are considered the
most important nonindustrial source of external technology for the relatively new,
highly science-based biotechnology and software industries (see Annex II). Yet
aside from their critical contribution of well-trained, learning-equipped science
and engineering graduates, U.S. research universities have not figured promi-
nently as a source of new technology or proto-technology for more technologi-
cally mature or established industries (e.g., automobiles, machine tools).

Surveys of industrial researchers by Nelson and Levin (1986) and related
research by Mansfield (1995) have shown that there are only a few industries
where technology transfer from universities in the form of codified intellectual
property, or the direct contribution of academic research to the commercializable
products and processes are perceived to be important. Here again, software and
biotechnology (i.e., new technologies where the step from basic research to appli-
cation is direct) are the only two areas where corporate managers see universities
as major sources of “invention.” From the perspective of most other technology-
intensive industries, academic research mainly stimulates and enhances the power
of R&D performed by private companies. Those who produce nonbiotech phar-
maceuticals assert that they look to academic research primarily to improve their
understanding of technologies, particularly new technologies, yet only rarely
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for new products. Likewise, electronics manufacturers view academic research
as an important source of radically new designs and concepts, but as a relatively
insignificant contributor to incremental technological advance in their industry
(Rosenberg and Nelson, 1994). Yet even in less “science-based” industries, bet-
ter understanding of technologies, illuminated by academic research, may enable
industrial researchers to search more efficiently for incremental changes. In other
words, academic research helps identify a much wider range and variety of op-
tions for incremental improvement, but the selection among these options for
further pursuit can be better done by industrial researchers more intimately famil-
iar with all the surrounding constraints and requirements (many of them non-
technical).

Our understanding (both quantitative and qualitative) of the current nature
and dynamics of university-industry partnerships in individual industries and re-
search fields remains very limited. However, the large degree of variation in com-
pany practices, in the demands of technology in different industries, and in the
nature and practices of universities documented in these and other case histories
makes it clear that no single set of approaches will fit all situations.

From a U.S. perspective, an effective system of collaboration among uni-
versities and industry is a keystone of technology policy for economic growth.
It is clear that companies and universities are good at different aspects of re-
search, development, demonstration, and commercial innovation and that the
process of allocation of effort and resources should reflect those differing capa-
bilities. It is not clear, however, that either companies or universities know how
to be good partners. In many partnerships, the missions, cultures, norms, and
concerns of the two organizations could not be farther apart. Corporate technol-
ogy strategies call for justifiable R&D expenditures and focus on speeding the
contribution of new technology to commercial success. University mission state-
ments and culture value contributions to education, learning, and long-horizon
fundamental research. Because of these differences, partnerships can be strained,
with neither party being particularly satisfied. Indeed, increased emphasis on
applied research at universities and growing limitations on the disclosure of aca-
demic research results, both fueled by deepening university-industry research
ties, may be undermining core strengths of the academic research enterprise and
its capacity for serving the less proprietary, more long-term knowledge/research
needs of industry.

Amidst rising public enthusiasm for and expectations of university-industry
partnerships, companies, universities, and public policymakers are faced with a
number of critical questions. For companies, there are a host of operational ques-
tions as to what can and cannot be accomplished working with universities and
which practices work best. For universities, there is an equally complex set of
operational questions—about how best to serve companies as clients—made even
more difficult by the educational mission of universities and a long-standing his-
torical remove of many universities from commercial concerns. For example,
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what intellectual property policies guide successful collaborations in different
industries and fields of research? And how can conflicts of interest and exploita-
tion be avoided? For policymakers at the state and federal levels there are impor-
tant questions regarding, among others, the opportunity costs of diverting re-
sources and effort from traditional university missions to strengthen industrial
outreach and research collaboration for economic growth, the structure and effec-
tiveness of programs designed to foster such university-industry collaboration,
the allocation of public research monies more generally, and the disposition of
intellectual property generated with public funds.

These questions have given rise to a substantial body of research focused on
measuring the rate of return of academic research to specific industries, evaluat-
ing the performance of particular institutional modes of university industry col-
laboration, or extracting generalizable lessons concerning effective strategies and
practices for university-industry collaboration from multi-industry, multidisci-
plinary surveys, and patent data.>> Nevertheless, the pace of cross-institutional
learning remains slow. Many leading U.S. research universities appear to have
developed effective policies, practices, and institutional frameworks for engaging
private companies in mutually beneficial cooperative research. There is, how-
ever, considerable evidence that a great many more U.S. research universities are
still struggling to put effective policies and practices in place.

U.S. FEDERAL LABORATORIES AND TECHNOLOGY
TRANSFER TO INDUSTRY*

Overview

The U.S. federal government maintains over 720 laboratories, encompassing
more than 1,500 separate R&D facilities. These facilities were established and
developed to support the public missions of federal agencies, such as national
security, energy independence, the cure of disease, food production, or science
and engineering research. Federal laboratories and research facilities are the sec-
ond largest segment of U.S. R&D enterprise, performing nearly $25 billion worth, or
14.4 percent, of all U.S. R&D in 1994. These institutions perform roughly 18 per-
cent of all basic research, 16 percent of all applied research, and 13 percent of all
technology development in the United States. Collectively, they employ roughly
100,000 scientists and engineers nationwide>® (National Science Board, 1996).

Federal laboratories vary widely in their size, mission, organization, and
management. Although the total number of federal laboratories is large, most
federal laboratories are either very small, or have a very narrow technical mis-
sion. Fewer than 100 federal laboratories have the technologies and resources to

*This section draws extensively on a background paper prepared by Robert K. Carr (1995) for the
U.S. delegation to the binational panel.
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engage in significant technology transfer activities. Included among these are all
of the large multiprogram laboratories3’ of the Department of Energy, many of
the Defense Department’s laboratories, most field centers of the National Aero-
nautics and Space Administration (NASA), as well as facilities of the USDA, the
Public Health Service, including the NIH, and NIST.

As agents of technology transfer to industry, federal laboratories rank a dis-
tant third behind universities and private companies as measured by licensing
revenues. The roughly $19 million in royalties and fees received by federal labo-
ratories in 1993 represented less than 8 percent of the total collected by U.S.
universities ($250 million) (Association of University Technology Managers,
1995) and less than 0.1 percent of licensing royalties and fees earned by private
companies in 1992 ($33 billion) (Internal Revenue Service, 1993). Most federal
labs designate only a small percentage, if any, of their total R&D budget to tech-
nology transfer and related activities. A recent survey of technology outsourcing
by large U.S. firms found that federal laboratories rank fourth as sources of exter-
nal technologies after other firms, universities, and private-sector research data-
bases (Roessner, 1993).

THREE TYPES OF FEDERAL LABORATORY MANAGEMENT

Most federal laboratories are governmental-owned, government-operated fa-
cilities, referred to often by the acronym GOGO. Their land and facilities are
usually owned by the federal government, and their employees and managers are
career civil servants. A second category of federal research facility, the federally
funded research and development centers (FFRDCs), contractor-operated and
mostly contractor-owned research facilities established at the request of federal
agencies with congressional authorization, draw over 70 percent of their funding
from the federal government. FFRDC employees and managers are not civil
servants. An important subset of FFRDCs is a small group of large government-
owned, contractor-operated laboratories, or GOCOs. Their land and facilities are
usually owned or leased directly by the federal government, but the labs them-
selves are operated for the government by private contractors, including compa-
nies, universities, and nonprofit institutions. Most GOCO laboratories are ad-
ministered by the Department of Energy.

Because GOCO laboratories and FFRDCs operate largely outside the govern-
ment’s personnel and contracting systems, they are freed from many of the regu-
latory and administrative requirements by which GOGO labs must abide. Be-
cause of their special status, FFRDCs are often used by federal agencies to execute
new federally funded R&D programs that require rapid start-up.>®

FEDERAL LABORATORY R&D EXPENDITURES

Federal laboratories spend fully one-third of all federal dollars devoted to
research and development (Figure 2.14). In 1994, GOGO labs (and other intra-
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Total Federal R&D Expenditure

$69.6 billion
Government Facilities? Nongovernment Facilities
$22.8 billion $46.8 billion

GOGO Labs FFRDCs Industry U&C Other
$17‘.2B $5.6B $31B $11.9B $3.9B

DOD NASA HHS USDA Other DOD NASA Other

$8.8B $2.6B $2.2B $.9B $2.7B $23.5B $4.3B $3.2B
GOCO Labs? Other FFRDCs? HHS DOD NSF Other
$4.38 $1.38 $6.3B $1.7B $1.7B $2.2B

DOE? NASA? Other?
$3.4B $.8B $.1B

DOD?  Other?
$9B  $.4B

FIGURE 2.14 Federal R&D funds by selected categories of performers, estimated val-
ues for FY 1994. “Includes costs associated with the administration of intramural and
extramural programs by federal personnel as well as actual intramural performance.
bAuthor’s estimates based on NSF data for all FFRDCs. NOTE: U&C = universities and
colleges; DOD = Department of Defense; DOE = Department of Energy; HHS = Health
and Human Services (primarily the National Institutes of Health); NASA = National Aero-
nautics and Space Administration; NSF = National Science Foundation; and USDA =
Department of Agriculture. SOURCE: Carr (1995).

mural facilities) received $17.2 billion in federal R&D support, and FFRDCs an
additional $5.6 billion. Of this latter figure, GOCO labs received an estimated
$4.3 billion, and other FFRDCs approximately $1.3 billion.

Federal Laboratories by Major Mission Area

DEFENSE LABORATORIES

In this chapter, “defense laboratories” refers to the laboratories of the mili-
tary services and the Department of Energy’s (DOE’s) three nuclear weapons
laboratories (Los Alamos, Lawrence Livermore, and Sandia).
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Department of Defense Laboratories

DOD and the Departments of the Army, Navy and Air Force collectively
own and operate 81 GOGOs, many of which are grouped for command and man-
agement purposes into larger entities. In fiscal 1994, DOD and the service agen-
cies funded $35.6 billion worth of R&D, yet only $8.8 billion, or 25 percent of
this total, was performed by the 81 intramural facilities. The vast majority of
DOD-funded R&D is performed extramurally by private companies, universities,
and FFRDCs. DOD-funded basic research is done primarily in universities, and
most DOD technology development is performed by private defense firms. DOD
intramural laboratories perform mainly exploratory development.

Since the end of the Cold War, the U.S. defense laboratory system has come
under increasing pressure to downsize. In recent years, the Air Force and Army
have consolidated their laboratory structure, forming a smaller number of “super
labs.” However, few facilities were closed and few positions eliminated. In 1994,
the Defense Science Board (Defense Science Board, 1994) recommended that
DOD laboratory personnel be reduced by 20 percent and that “vigorous program-
ming of outsourcing of defense laboratory activities” be pursued. Yet, the Base
Realignment and Closure Commission has recommended closing only a few R&D
facilities. Although rationalization of the defense laboratory system has been
slow, the system is certain to involve fewer, smaller laboratories in the future.

DOE Laboratories

The three DOE defense laboratories, Los Alamos and Sandia National Labo-
ratories in New Mexico, and Lawrence Livermore National Laboratory in Cali-
fornia, are the largest federal laboratories. Although their annual budgets are declin-
ing, the three labs still spend nearly $1 billion each on R&D, and each employs
many thousands of scientists and engineers. Los Alamos and Livermore National
Laboratories are both managed by the University of California. Their early work
focused almost exclusively on nuclear weapons design. However, in the past 50
years, their missions have broadened to include many diverse technology areas.
R&D at the two labs is divided roughly equally among weapons R&D, nonde-
fense nuclear work, nonnuclear defense work, and nondefense, nonnuclear R&D.

Sandia National Laboratories, operated by Lockheed Martin, are engineering
laboratories whose mission is to “weaponize” the nuclear weapons designs cre-
ated at Los Alamos and Livermore. As is the case with the other defense labs,
Sandia has also developed a broad array of technology capabilities in addition to
its weapons-related functions. Sandia is perhaps the most industry-oriented of
the three nuclear labs.

Like the DOD R&D system, DOE’s defense laboratories are also faced with
excess capacity. In recent years, these facilities have experienced a steady reduc-
tion in their nuclear weapons design work and other programs, with a correspond-
ing reduction in personnel. However, they seem less likely to be subject to the
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same percentage reductions as the DOD laboratories, particularly given their new
mission for “science-based stewardship” of the U.S. nuclear stockpile.

CIVILIAN LABORATORIES

Department of Energy

In addition to its defense laboratories, the DOE operates a number of other
multiprogram laboratories, most of these under the aegis of the department’s En-
ergy Research Program. The largest of these laboratories (all GOCOs) are de-
scribed below.

Argonne National Laboratory in Chicago, Illinois, encompasses engineering
research (advanced batteries, fuel cells, and advanced fission reactor); physical
research (materials science, physics, chemistry, high-energy physics, mathemat-
ics and computer science); the Advanced Photon Source, (the nation’s most bril-
liant X-ray beam); and energy and environmental science and technology.

Brookhaven National Laboratory, located on Long Island, New York, main-
tains user facilities for investigation in a multitude of scientific disciplines, in-
cluding experimental and theoretical physics, medicine, chemistry, biology, envi-
ronmental research, engineering and many other fields.

The Idaho National Engineering Laboratory, located near Idaho Falls, special-
izes in natural resource processing and environmental management, spent nuclear-
fuel management, environmental technology development, mixed-waste character-
ization and treatment, non- and counterproliferation, advanced manufacturing,
alternate energy supply and energy efficiency, and transportation technologies.

Lawrence Berkeley Laboratory in Berkeley, California, which conducts re-
search in advanced materials, biosciences, energy efficiency, detectors, and ac-
celerators, focuses on national needs in technology and the environment.

The National Renewable Energy Laboratory in Denver, Colorado, is the
nation’s primary federal laboratory for renewable energy research. It focuses on
alternative fuels, analytic studies, basic sciences, buildings and energy systems,
industrial technologies, photovoltaics, and wind technology.

Oak Ridge National Laboratory in Oak Ridge, Tennessee, has major pro-
grams in energy conservation, materials development, magnetic-fusion energy,
nuclear safety, robotics and computing, biomedical and environmental sciences,
medical radioisotope development, and basic chemistry and physics.

Pacific Northwest Laboratory in Richland, Washington, focuses on resolving
environmental issues, such as waste cleanup and global climate change. Other areas
of research activity include molecular science, advanced processing technology, bio-
technology, global environmental change, and energy technology development.

The National Institute of Standards and Technology

NIST, formerly the National Bureau of Standards, was established by Con-
gress “to assist industry in the development of technology . . . needed to improve
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product quality, to modernize manufacturing processes, to ensure product reli-
ability . . . and to facilitate rapid commercialization . . . of products based on new
scientific discoveries” (National Institute of Standards and Technology, 1997).
An agency of the U.S. Department of Commerce, NIST’s primary mission is to
develop and apply technology, measurements, and standards and to promote U.S.
economic growth. It carries out this mission through work in four areas:

* research planned and implemented in cooperation with industry and fo-
cused on measurements, standards, evaluated data, and test methods;

* the Malcolm Baldrige National Quality Award and an associated quality-
outreach program;

* the Advanced Technology Program, which provides cost-shared grants to
industry for the development of high-risk technologies with significant
commercial potential; and

* the Manufacturing Extension Partnership, which helps small and medium-
sized companies adopt new technologies.

As a GOGO laboratory, NIST’s staff of more than 3,200 scientists, engi-
neers, technicians, and support personnel are federal employees (National Insti-
tute of Standards and Technology, 1997). In addition, some 1,200 visiting re-
searchers work at NIST each year. In fiscal 1994, about 46 percent of NIST’s
R&D budget went for intramural work. Nearly all of the remainder (52 percent)
of the budget supported R&D in private industry. NIST’s intramural R&D and
related activities are performed at principally two sites, one in Gaithersburg,
Maryland, and the other in Boulder, Colorado. The main areas of research pur-
sued by these laboratories are electronics and electrical engineering, manufactur-
ing engineering, chemical science and technology, physics, materials science and
engineering, building and fire-prevention research, computer systems, and com-
puting and applied mathematics.

National Aeronautics and Space Administration

NASA’s in-house research and development is carried on in a number of
field centers, all of them GOGOs with the important exception of the Jet Propul-
sion Laboratory, a GOCO operated by the California Institute of Technology.
The field centers conduct about one-third of all R&D funded by the agency. In
addition to in-house research, an important function of the centers is the manage-
ment of NASA contractors, principally aerospace firms, that perform roughly
half of all NASA-funded R&D. NASA'’s principal research centers and their
missions are described below.

* Ames Research Center in Moffett Field, California, focuses on fluid dy-
namics, life sciences, earth and atmospheric sciences, information, com-
munications, and intelligent systems and human factors.

* Dryden Flight Research Center in Edwards, California, specializes in aero-
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dynamics, aeronautics, flight testing, thermal testing, and integrated sys-
tems and validation.

* Goddard Space Flight Center in Greenbelt, Maryland, is NASA’s center
for earth and planetary sciences missions, LIDAR, cryogenic systems,
tracking, telemetry and command.

» Jet Propulsion Laboratory in Pasadena, California, conducts work in near-
and deep-space mission engineering, microspacecraft, space communica-
tions, information systems, remote sensing, and robotics.

» Johnson Space Center in Houston, Texas, has technological strengths in
artificial intelligence and human computer interface, life sciences, human
space flight operations, avionics, sensors, and communications.

* Kennedy Space Center, near Cape Canaveral, Florida, is the principal
NASA launch site and also specializes in emissions and contamination
monitoring, sensors, corrosion protection, and biosciences.

* Langley Research Center in Hampton, Virginia, focuses on aerodynam-
ics, flight systems, materials, structures, sensors, measurements, and in-
formation sciences.

* Lewis Research Center in Cleveland, Ohio, specializes in aeropropulsion,
communications, energy technology, and high temperature materials re-
search.

* Marshall Space Flight Center in Huntsville, Alabama, has strengths in
materials, manufacturing, nondestructive evaluation, biotechnology, space
propulsion, controls and dynamics, structures, and microgravity processing.

» Stennis Space Center in Hancock County, Mississippi, specializes in space
propulsion systems, testing and monitoring, remote sensing, and non-
intrusive instrumentation.

NASA has recently reviewed the activities of its research centers with the
goal of reducing technology overlap and bringing more focus to their activities.

The National Institutes of Health

Begun as the Laboratory of Hygiene in 1887, the NIH is one of eight health
agencies of the Public Health Service, which, in turn, is part of the U.S. Depart-
ment of Health and Human Services. NIH is made up of 24 separate institutes,
centers, and divisions, with a total R&D budget of more than $10 billion in 1994.
As of 1992, NIH funded roughly 80 percent of all biotechnology-related R&D
supported by the U.S. federal government (National Research Council, 1992d).

Eighty-one percent of NIH-funded R&D is performed by extramural institu-
tions, three-fourths of this by universities and colleges. Only about 11 percent of
the NIH R&D budget supports research within in its own laboratories. NIH on-
campus research facilities include:

» the Research Hospital and its laboratory complex, containing a 470-bed
facility where patients participate in clinical studies;
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* the Outpatient Clinic and the Ambulatory Care Research Facility and
laboratories, supporting the NIH Clinical Center’s outpatient programs;

* the Mary Woodard Lasker Center for Health Research and Education, the
location for the NIH-Howard Hughes Medical Institute research program
for medical students; and

 the National Library of Medicine, the world’s largest medical library, with
a collection of 5 million items and its computerized index, MEDLINE.

The agency’s off-campus facilities include:

¢ the National Institute of Environmental Health Sciences, located in Re-
search Triangle Park, North Carolina;

» the NIH Animal Center in Poolesville, Maryland;

» the National Institute on Aging’s Gerontology Research Center in Balti-
more, Maryland;

* the Addiction Research Center of the National Institute on Drug Abuse, in
Baltimore, Maryland; and

» the National Institute of Allergy and Infectious Diseases’ Rocky Moun-
tain Laboratories in Hamilton, Montana.

In addition to its own research, NIH maintains active and long-standing partner-
ships with universities, independent research institutions, private industry, and vol-
untary and professional health organizations through which research programs and
product development activities based on federally funded research are transferred.

Environmental Protection Agency

In 1994, the Environmental Protection Agency (EPA) had an R&D budget of
$557 million. At that time, work within EPA’s intramural laboratories accounted
for only one-fifth of the agency’s total R&D spending. Academic institutions and
state and local governments each received another 20 percent of the R&D budget,
while the remaining 40 percent was awarded to private firms. EPA has recently
consolidated 12 laboratories and 7 field centers into 3 national laboratories and 2
national centers, all GOGOs, employing a total of 800 scientists and engineers.
These reorganized facilities will focus on a redefined science mission based on
the National Academy of Science’s risk assessment/risk management model (Na-
tional Research Council, 1983, 1994). In a complementary move, EPA is seeking to
increase the role of the extramural science community in environmental research.

The laboratories and centers in EPA’s new R&D structure are

» the National Risk Management Research Laboratory in Cincinnati, Ohio,
which is the principal EPA research laboratory responsible for environ-
mental risk management;

» the National Health and Environmental Effects Research Laboratory in
Research Triangle Park, North Carolina, which is the EPA focal point for
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toxicological, clinical, epidemiological, ecological, and biogeographic
research;

* the National Exposure Research Laboratory, also in Research Triangle
Park, which has the task of reducing and quantifying the uncertainty in the
EPA’s exposure and risk assessments for all environmental stressors;

» the National Center for Extramural Research and Quality Assurance lo-
cated near Washington, D.C., which is responsible for managing the
agency’s extramural research grant programs, the Environmental Tech-
nology Initiative, small business innovation research grants, quality as-
surance policy and oversight, and conduct of peer reviews; and

» the National Center for Environmental Assessment located near Wash-
ington, D.C., which is responsible for risk assessment research, methods,
and guidelines; health and ecological assessments; development, mainte-
nance, and transfer of risk assessment information and training; and set-
ting research priorities.

Department of Agriculture

In fiscal 1994, the USDA spent $1.4 billion on R&D, including about $900
million for work performed intramurally and $450 million for research in U.S.
universities and colleges. The Agricultural Research Service (ARS), which con-
ducts more than two-thirds of all USDA in-house R&D, oversees some of the
oldest federal research facilities in the United States. The ARS is treated as a
single entity for the purpose of technology transfer, although it operates a number
of small and a few large research facilities. The total number of ARS R&D sites is
around 110; some of these facilities are being closed in response to budget pressures.

With a staff of 350 scientists, the Beltsville Agricultural Research Center in
Beltsville, Maryland, is the largest ARS laboratory. ARS has five regional labo-
ratories that are focused on finding new uses for agricultural commodities. There
are also two large animal-disease research centers and a series of smaller labora-
tories, each with a narrow focus such as a particular crop. In addition, nearly
every land grant college has an ARS facility, usually integrated into the research
facilities of the institution’s academic departments.

ARS research falls into six categories:

* soil, water, and air (conservation, management, reduction of agricultural
environmental impacts, and efficiency of use)

* plant productivity (crop productivity and quality)

* animal productivity (productivity and health of farm animals)

* commodity conversion and delivery (converting raw agricultural com-
modities into food, textiles, industrial materials, and other products)

* human nutrition and well-being (nutrients in foods, how nutrients work in
humans, what nutrients are needed by humans, and what nutrients are
provided by foods)
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* systems integration (integrating scientific knowledge into systems that
improve the efficiency of resource use and enable technology transfer
from laboratory to farm).

Federal Laboratories and Technology Transfer: History and Legislation

The current era of federal technology transfer began in 1980 with passage of
the Bayh-Dole (P.L. 96-517) and Stevenson-Wydler (P.L. 96-480) Acts. Al-
though these legislative endeavors marked new directions in federal policy, they
were based on nearly a century of federal cooperation with the private sector and
on earlier legislation that encouraged technology transfer. These precursors of
current federal technology cooperation include still-ongoing programs to support
important sectors of the U.S. economy.

In 1862, Congress passed the Morrill Act, which provided resources to the
states to develop colleges offering practical instruction in agriculture and the
mechanical arts. Twenty-five years later, the 1887 Hatch Act created a system of
state agricultural experiment stations under the auspices of the land grant colleges
and universities. In 1914, the Smith-Lever Act created the Cooperative Agricul-
tural Extension Service, a partnership among federal, state, and county govern-
ments to deliver the practical benefits of research to citizens through an extension
service. The Smith-Lever Act represents the first U.S. law to promote intention-
ally technology transfer from federally funded research activities. As late as
1940, research by USDA and state agricultural extension programs accounted for
almost 40 percent of the federal R&D budget. Reflecting the changed position of
agriculture in the U.S. economy, USDA’s share of the federal R&D budget has
fallen to 2 percent in recent years. However, the Department of Agriculture re-
mains the only federal agency that explicitly allocates a large share (roughly half)
of its overall R&D budget to the dissemination and transfer of technology to the
private sector.

The U.S. Geological Survey (USGS), established by Congress in 1879, pro-
vided technical support critical to the development of the nation’s natural re-
source industries. Placed within the federal Department of the Interior, the USGS
was charged with the “classification of the public lands, and examinations of the
geological structure, mineral resources, and products of the national domain.”
During the late 1800s and early 1900s, the Survey’s mining geology research
program served as a primary research base for U.S. minerals industries, and was
a major factor in the development of economic geology as a distinct field in
geology (Rabbitt, 1997).

The National Advisory Committee on Aeronautics (NACA), the predecessor
to NASA, was created in 1915, the result of an early competitiveness concern.
NACA'’s charge was “to supervise and direct the scientific study of the problems
of flight, with a view to their practical solutions” (Bilstein, 1989). NACA re-
search in the post—-WWI era was focused on civil aviation and was closely coordi-
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nated with the U.S. aircraft industry, to which much of the resulting technology
was transferred. The 1958 Space Act (P.L. 85-568), which created NASA, incor-
porated NACA and its operations into the new structure. It specifically required
that NASA engage in technology transfer, and for many years, NASA had the
most active federal technology transfer program outside the USDA.

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 mate-
rials laboratories. These new facilities opened the laboratory system increasingly
to U.S. and foreign researchers from industry and academe. Throughout this
period, federal agencies relied heavily on the R&D capabilities of academic insti-
tutions and private companies to advance public missions, contracting or collabo-
rating with a large number of private-sector R&D-performing institutions. In the
process, a number of federal labs transferred significant amounts of know-how
and other uncodified technology to private firms. Nevertheless, relatively little in
the way of codified government-owned intellectual property was commercialized
by private companies prior to the 1980s.

Through the end of the 1970s, the philosophy behind the dissemination of
federally funded research was that if the public paid for the research, the resulting
intellectual property should be made equally available to all interested parties.
While universal access is a normal feature of most government programs, it is not
a typical feature of the business world. Hence, few businesses were willing to
risk substantial sums to develop government technologies into commercial prod-
ucts when competitors also had free access to the same intellectual property.

In 1980, Congress changed that philosophy in the belief that more could be
done to increase the contribution of federal research to national competitiveness.
The Bayh-Dole and Stevenson-Wydler Acts provided federal laboratories flex-
ibility in granting individual companies varying degrees of exclusive access to
federal intellectual property. The laws have been subsequently amended and
supplemented with new legislation to support additional federal laboratory tech-
nology transfer activities. A brief review of the four principal technology transfer
laws now on the books follows.

The Bayh-Dole Act of 1980 gave nonprofit organizations such as universi-
ties, as well as small businesses, the right to take title on inventions they devel-
oped with federal support; granted GOGO laboratories the authority to grant ex-
clusive licenses to inventions that they patented; and protected inventions from
public dissemination under the Freedom of Information Act, to allow for patent
applications to be filed. Although Bayh-Dole did not originally apply to any of
the DOE contractors responsible for laboratory management and operations, the
law was subsequently amended to include them.

The Stevenson-Wydler Technology Innovation Act of 1980 mandated that fed-
eral laboratories actively seek to conduct cooperative research with state and lo-
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cal governments, academia, nonprofit organizations, or private industry and dis-
seminate information about their activities and research. It established the Center
for the Utilization of Federal Technology (CUFT) at the National Technical In-
formation Service and required each federal laboratory to set up an Office of
Research and Technology Applications (ORTA). These offices received a set-
aside equal to 0.5 percent of each laboratory’s budget to fund technology transfer
activities. This act also established the National Medal of Technology.

The Federal Technology Transfer Act of 1986 (P.L. 99-502) amended
Stevenson-Wydler to accelerate technology transfer by requiring that personnel
evaluations of federal laboratory scientists and engineers include information about
their support for technology transfer activities and that GOGO laboratories pay in-
ventors a minimum of a 15-percent share of any royalties generated by the licensing
of their inventions. It gave directors of GOGO laboratories authority to enter into
Cooperative Research and Development Agreements (CRADAs), to license inven-
tions that might result from CRADAs, to exchange laboratory personnel, services,
and equipment with research partners, and to waive their rights to inventions and
intellectual property developed in their labs under CRADAs. The act allows federal
employees to participate in commercial development with private firms, if there is
no conflict of interest, and it created a charter and funding for the Federal Laboratory
Consortium (FLC), a 20-year-old grouping of federal laboratories.

The National Competitiveness Technology Transfer Act of 1989 (P.L.
101-189) further amended the Stevenson-Wydler Act to allow for the protection
against disclosure of information, inventions, and innovations contained in
CRADAs for a period of 5 years. It also established a technology transfer mis-
sion for the nuclear weapons laboratories and clarified that GOCO laboratories
could execute CRADAs and enter into other technology transfer activities.

The Federal Laboratories and Technology Transfer: Mechanisms

The federal laboratories fall into two general categories with respect to the
technologies they develop. The first group includes federal laboratories that de-
velop technologies that will ultimately be used in the private sector. The best
examples are the ARS, NIH, NIST, and the DOE’s National Renewable Energy
Laboratory. Technology transfer from these labs is sometimes described as “ver-
tical” (developed as a direct result of the principal mission), and almost all activi-
ties of these laboratories are potentially fertile areas for technology transfer to
and cooperative R&D activities with the private sector. The second category of
laboratories develops technologies that are more or less exclusively for govern-
ment consumption (i.e. technologies not generally useful in the private sector).
Commercially valuable technology transfer from these labs tends to be horizon-
tal, that is, developed as a by-product, or spin-off, of the principal mission. The
best examples of labs in this category are the military service laboratories and the
DOE weapons laboratories. While the primary outputs of these laboratories—
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defense-specific technologies—are not intended to contribute to the commercial
technology base of the nation, commercially useful technology transfer and coop-
erative R&D occur in many technology areas that support the lab’s primary de-
fense missions.

MECHANISMS OF TECHNOLOGY TRANSFER

Analyses of technology transfer programs tend to focus on technology li-
censing and cooperative R&D. This is understandable, since these two activities
generally involve the transfer of intellectual property and are the most formalized
mechanisms. However, there are a number of other ways in which federal tech-
nology transfer benefits industry.

Licensing

Licensing is the traditional way technology is transferred from federal labo-
ratories to industry. Licenses convey access to intellectual property arising from
in-house laboratory research. Cooperative R&D programs also may generate
licenses. Since passage of the Federal Technology Transfer Act (FTTA), there
has been only a modest increase in the number of exclusive licenses issued by the
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FIGURE 2.15 Federal laboratory licensing activity, 1987-1994. NOTE: 1991 “bump”
represents a one-time AIDS-test payment. SOURCE: Carr (1995).
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federal laboratories (Figure 2.15). Exclusive licensing is usually essential in cases
in which the licensee will have to invest in considerable additional R&D to bring
the technology to market. However, from the late 1980s onward, the number of
nonexclusive licenses negotiated by federal laboratories and the revenue gener-
ated by these licenses have increased significantly, albeit from a relatively small
base.

DOE accounted for nearly three-fourths of all nonexclusive licenses and one-
half of all exclusive licenses granted by federal agencies and laboratories in fiscal
1994. The Department of Health and Human Services (HHS)/NIH accounted for
another 20 percent of nonexclusive licenses. However, HHS/NIH received about
75 percent of all licensing income (royalties and fees) earned by federal agencies
and laboratories that year.

Cooperative Research and Development and CRADAs

Federal laboratories have engaged in cooperative activities with the private
sector through a variety of legal mechanisms long before the passage of the 1986
FTTA and the advent of CRADAs. These have included Space Act Agreements
(authorized for NASA in the 1958 Space Act), various types of agreements au-
thorized for the Department of Agriculture’s ARS, and cooperative agreements
under federal procurement legislation. In addition, three of the DOE laboratories
have a joint cooperative R&D agreement with industry to support the Supercon-
ductivity Pilot Centers at Los Alamos, Argonne, and Oak Ridge National Labora-
tories. The agreements establishing these centers predate FTTA and have been
described as proto-CRADAs. In addition, many earlier cooperative R&D agree-
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FIGURE 2.16 Active CRADAs at federal laboratories, 1987-1994. “Does not include
NASA data. NOTE: 1994 data are estimated. SOURCE: Carr (1995).
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TABLE 2.16 Active CRADAs by Federal Agencies and Laboratories,
1987-1994

Agency 1987 1988 1989 1990 1991 1992 1993 1994
Energy“ 0 0 0 1 43 244 478 935
Defense:

Air Force 0 2 7 13 26 50 126 176

Army 3 8 27 80 115 212 260 289

Navy 0 0 2 20 52 59 72 142
Commerce 0 9 44 82 115 194 311 414
Agriculture 9 51 98 128 177 237 273 276
Health and Human Services 22 28 89 110 144 149 184 209
Interior 0 0 1 12 11 38 56 87
Environmental Protection Agency 0 0 2 11 31 40 50 34
Transportation 0 0 0 1 9 18 26 33
Veterans Affairs 0 0 1 2 8 6 7 9
Housing and Urban Development 0 0 0 0 0 3 4 3
TOTALS 34 98 271 460 731 1,250 1,847 2,607
NASA? 75 95 127 147 244 N/A 328 869

4Most DOE laboratories are GOCOs, which were not covered under the Stevenson-Wydler Act
until 1989.

SNASA has chosen to remain under the provisions of the Space Act with regard to its technology
commercialization program. That Act permits NASA to enter into both reimbursable and nonreim-
bursable cooperative research and development agreements that are similar to those authorized under
the Stevenson-Wydler Act.

These agreements are included separately because they do not fall under the terms of the Stevenson-
Wydler Act.

NOTE: Data for 1994 are estimated.
SOURCE: U.S. Department of Commerce (1996b).

ments were negotiated between firms and federal laboratories without specific
authority in the law. Several other contractual technology transfer mechanisms
are used primarily in the health and medical sciences area. They include clinical
trial agreements, screening agreements, and material transfer agreements.

As of 1992, only about one-third of cooperative agreements between firms
and federal labs were CRADAs (Roessner, 1993). Nevertheless, growth in the
number of CRADAS since 1987 has been impressive (Figure 2.16).° As of 1994,
an estimated 3,500 CRADAs had been negotiated between federal laboratories
and private companies. DOE accounted for the largest share, nearly a third, of all
active CRADAs in 1994, followed by the Department of Commerce/NIST, which
claimed another 12 percent (Table 2.16).

Limited data on the distribution of DOE CRADAs across technology/mis-
sion areas show that two categories, “manufacturing” and “advanced materials
and instrumentation,” account for the largest shares (18 percent in each case ) of
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the total. These are followed by CRADAS in the field of “energy” (16 percent),
“information and communication” (16 percent), “pollution minimization and
remediation” (12 percent), “aerospace and transportation® (8 percent), “biotech-
nology and life sciences” (6 percent), and all other technical fields (8 percent).0

The CRADA has a number of advantages over other types of cooperative
R&D agreements that were used prior to its inception. Foremost among these is
the authority CRADAS give participating laboratories to protect any intellectual
property relevant to the agreement from disclosure under the Freedom of Infor-
mation Act. CRADAs constitute the only mechanism by which the federal gov-
ernment can define the disposition of intellectual property rights in advance. In
addition, CRADAs provide authority for laboratories to contribute staff and equip-
ment to a project undertaken with a private-sector partner. Participating firms
can contribute staff, equipment, and funds (which can be transferred to a labora-
tory for CRADA-related activities), but laboratories cannot transfer CRADA
funds to a private-sector partner.

CRADAs are intended to benefit the laboratory’s own mission as well as the
private-sector partner, and therefore they are generally funded from the lab-
oratory’s R&D budget. The DOE is the only federal agency that has received
CRADA funding as an individual line item in its appropriations, an amount that
has averaged $300 million per annum in recent years. Congress eliminated the
line item from DOE’s fiscal 1996 appropriations.

The federal laboratories have a mixed record implementing CRADAs. NIST,
USDA, and some DOD laboratories have been able to execute CRADASs within a
relatively short period of time, sometimes weeks. Initially, DOE had consider-
able difficulty executing CRADAs in a timely manner, with some agreements
taking more than a year to be approved. In the past few years, DOE has signifi-
cantly reduced the average processing time for CRADAs.%!

Start-Up or Spin-Off Companies

Federal laboratories, led by DOE, have spun off at least 250 new technology-
driven companies in the past 15 years.5? Many of these companies have been
started by former employees in some cases commercializing ideas or technolo-
gies developed in their laboratory research. Most of these spin-offs have in-
volved no formal transfer of intellectual property—employee-entrepreneurs sim-
ply took ideas or know-how with them when they left the 1ab.93> These employee
start-ups usually operated on a shoestring budget. Many failed, but a few have
succeeded and flourished. Among the better known are Amtech (spun out of Los
Alamos National Laboratory) and EG&G-ORTEC (spun out of Oak Ridge Na-
tional Laboratory). In general, federal laboratories have been slow to provide
support to their spin-off companies, and some have taken a hands-off approach to
start-ups to avoid problems related to conflict of interest and fairness of access to
public technologies. This attitude has recently begun to change in some agencies,
perhaps most notably within NASA.%4
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Information Dissemination

Large, comprehensive databases of federally developed technologies have
been created during the last several decades. The largest, Federal Research in
Progress (FEDRIP), is maintained by the Department of Commerce’s National
Technical Information Service (NTIS). FEDRIP provides information about more
than 150,000 research projects under way and contains summaries of U.S. and
foreign government-funded work in progress, as well as information about which
agencies are providing funding. The database focuses on projects in the health
and life sciences, physical sciences, agriculture, and engineering. Each FEDRIP
entry describes a research project, its objectives and, when available, its funding
and intermediate findings. Project descriptions include project title, starting date,
principal investigator, performing and sponsoring organization, and a detailed
abstract. Although FEDRIP’s coverage is not complete, the scope is very broad.

Other databases or collections of databases that facilitate access to technolo-
gies developed by federal laboratories have been created and maintained by fed-
erally sponsored organizations and, to a lesser extent, by universities and the
private sector. NASA operates the largest network of technology-referral and
information organizations, consisting of the National Technology Transfer Cen-
ter (NTTC), located in Wheeling, West Virginia, and six regional technology
transfer centers (RTTCs), located across the United States. While the centers are
funded by NASA, their technology focus spans the entire federal laboratory sys-
tem. The NTTC’s mission is to create a user-friendly system with a single point
of contact that will permit business, government, and the general public to locate
information on science and technology in the federal laboratory system and be-
yond. The NTTC has acquired and created a large set of databases, with more
than a million records, that list the technologies and expertise available in federal
laboratories and elsewhere. The center’s technology agents use these databases
to provide information to clients who reach the NTTC through a toll-free tele-
phone number and, more recently, through the Internet and other electronic means.

Since the NTTC’s Gateway service and its toll-free number (1-800-678-NTTC)
opened for business in October 1992, the Center has received over 10,000 requests
for assistance in accessing federal technologies; requests are currently coming in at
the rate of over 4,000 per year. Just over 60 percent of the requests have been from
small businesses (those with fewer than 100 employees), 9 percent have come from
medium-sized business (with 100-499 employees), and the balance have come
from large firms (500 or more employees). Requests span a range of technolo-
gies. The top five areas are materials science (16 percent); manufacturing tech-
nology (9 percent); computers, control and information (9 percent); electro-
technology (8 percent); and environmental pollution and control (7 percent).

The RTTCs were established by NASA in 1992, replacing an older network
of industrial application centers. The RTTCs do not build databases as the NTTC
does, but rather use existing sources of information to create contacts between
federal labs (particularly NASA centers) and private firms. In addition, they
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engage in a number of other activities to “move technologies to the marketplace.”
To this end, they facilitate the marketing of technologies developed at NASA
centers by helping to develop and then negotiate deals with commercial firms.

RTTCs reported handling over 6,000 requests for technical assistance (database
searches, referrals, technical studies, technical problem solving, etc.) in a recent 12-
month period. During that same time, RTTCs handled over 4,000 requests for
commercial assistance (business plans, technology and market assessments, capi-
tal sourcing, and consortium building), assisted with over 100 technology-licens-
ing deals, and played a role in over 200 technology-partnership agreements.

In addition to the NASA-funded technology transfer information system, the
Federal Laboratory Consortium provides a similar function. The consortium op-
erates a locator service, which is designed to link potential technology users in
industry, government, or academia with federal laboratory capabilities. The FLC
has built and maintains a database of federal laboratory expertise and uses a net-
work of FLC regional and laboratory representatives to assist it in pinpointing
expertise and technologies. During 1994, the locator system handled 832 re-
quests, of which 296 sought advice about the technology transfer process and 531
sought technical information from labs. Small businesses were the principal user
of the locator system (responsible for 81 percent of requests in 1994), followed
by the federal government, including other federal labs (7.5 percent), and large
business (5 percent). The consortium is supported by the federal government
according to a formula that gives it a small percentage of federal funds appropri-
ated for R&D.

Finally, a number of individual federal agencies and laboratories have estab-
lished databases and retrieval systems for their laboratories’ technologies. DOD,
DOE, NASA, NIH, and USDA are the principal agencies publishing databases of
their own technologies. The DOE has recently created the Technology Informa-
tion Network, which makes its technology database available on an Internet home
page, <http://www.dtin.doe.gov>.

Technical Assistance

Most technical assistance provided by federal laboratories is aimed at solv-
ing technical problems encountered by mostly small companies located in the
same state or region as the laboratory. Technical assistance is often mediated by
an intermediary, such as one of the many state technical extension programs or, at
the national level, by the FLC or NTTC. NIST’s Manufacturing Extension Pro-
gram centers frequently use federal laboratories as resources to provide assis-
tance to businesses in their region. DOE estimates that its labs are involved in
several thousand technical assistance projects each year.

Exchange Programs

Exchange programs, as the term implies, promote the short- or long-term
exchange of research personnel between federal laboratories and private firms.
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Exchange programs have considerable technology transfer potential since they
involve the most effective transfer agent, people. However, they are not much
used. The number of researchers exchanged for significant periods between in-
dustry and federal laboratories is measured in the hundreds. Although there is an
impetus to increase the number and size of exchange programs, there is a natural
reluctance on the part of both management and staff to do so. Managers are
reluctant to lose their best staff, and staff are fearful that a prolonged absence will
hurt their chance of advancement in their home organization.

Work for Others and Use of Facilities

Reimbursable work for others consists of R&D services performed by a fed-
eral laboratory on behalf of a customer, in most cases another federal lab or
agency. Other customers include state and local governments and private firms.
Work for others is generally undertaken because the customer wants to take ad-
vantage of highly specialized scientific expertise and facilities in a federal labora-
tory that cannot be otherwise obtained.

The use of a federal research facility may or may not be reimbursed by the
customer. A small but growing level of federal laboratory activity is devoted to
cost-reimbursed projects. In some cases, the work is performed by the customer’s
staff, in others, by the federal laboratory scientists and engineers. In recent years,
DOE’s success with CRADAs has been attributable to a growing volume of in-
dustry-funded “work-for-others” business in its laboratories. Between 1992 and
1996, the volume of total “work-for-others” performed by DOE laboratories fluc-
tuated between $1.1 and $2 billion. Yet over the 5 year period, the share of total
“work-for-others” accounted for by non-federal entities (predominantly private
companies) nearly doubled, from 6.5 percent to 12 percent.®

Consulting

Consulting is an important form of technology transfer between universities
and industry. However, consulting is not as common between federal labs and
industry. Most federal laboratory scientists are federal employees and are pro-
hibited from working outside the government. To a lesser extent, the same is true
for scientists working in GOCO laboratories. Some consulting does take place
between firms and federal laboratories, but in these instances consulting staff
continue to function as laboratory employees without extra compensation. Such
arrangements are very similar to work-for-others arrangements. GOCO staff em-
ployees are generally allowed to engage in remunerated consulting activities with
other public and private sector clients as long as they do it on their own time.

Collegial Interchange, Workshops, and Conferences

Collegial interchanges are important in fostering person-to-person contact,
the primary channel through which technology transfer occurs. This mechanism
is often said to be, in the aggregate, the most important form of technology trans-
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fer between federal labs and industry. These interactions involve informal con-
tacts among researchers from the two sectors at a wide range of events, including
technical workshops, laboratory tours, and conferences. The resulting exchange
of information and technology can have considerable value for all sides, although
that value is exceedingly difficult to describe, particularly with quantitative mea-
sures. Very often, these informal contacts lead to other, more formal, technology
transfer activities.

The Special Case of Small and Medium-Sized Firms

Federal technology transfer legislation has been particularly supportive of
increased interaction between labs and small and medium-sized enterprises
(SMESs). The 1986 FTTA requires federal laboratory directors to give preference
to small businesses when choosing CRADA partners or when licensing patents.
The growth of technology transfer intermediaries, such as the National Technol-
ogy Transfer Center and state economic development and technology assistance
networks, has provided a new way for SMEs to find and access federal laboratory
resources. Based on the recent experience of several agencies, it appears that
these and other mechanisms have make it possible for some federal laboratories
to serve SMEs effectively. As of 1994, 40 percent of NIST’s 250 CRADAs were
with small companies. DOE estimates that its national laboratories alone engage
SMEs in several thousand technical assistance projects per year.5

LIMITS TO FEDERAL LABORATORY TECHNOLOGY TRANSFER

There are a number of factors that make technology transfer more difficult
for federal laboratories than for private-sector organizations. Several of these are
described below.

National Security

Particularly for defense laboratories, the classification of some technologies
limits possibilities for technology transfer. Nevertheless, the procedures now in
place for the commercialization of technologies from classified research pro-
grams, while lengthy, are reasonably well understood. Moreover, with the end of
the Cold War, national-security concerns pose only a minor constraint to technol-
ogy transfer for the defense laboratories.

Economic Performance and Reciprocity Requirements

The 1986 FTTA specifies that in the negotiation of CRADAs and licensing
agreements, preference be given to business units located in the United States,
and, when CRADAs are negotiated with foreign-owned companies, the home
governments of these firms must permit American firms to participate in coop-
erative R&D programs in their country. The 1989 National Competitiveness
Technology Transfer Act tightens these provisions and requires that any partici-
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pating private firm, U.S. or foreign-owned, commit to undertake in the United
States further design, development, and “substantial” manufacturing of products
and processes embodying intellectual property resulting from the CRADA. If a
firm is foreign-owned, additional reciprocity requirements are imposed. Many
U.S. multinationals have voiced strenuous objections to the “substantial” U.S.
manufacturing requirement. In response, DOE has relaxed these requirements
somewhat in its CRADA agreements.®’

Fairness of Opportunity

FTTA gives federal laboratories authority to negotiate terms and conditions
of CRADAs. However, Congress also enacted a law requiring fair, or equal,
access to federal technology transfer programs. Procedures for implementing
this requirement have never been spelled out, and labs have adopted a wide
range of practices to assure fairness. Although the selection of CRADA partners
is not required by law to be competitive, particularly if a firm initiates the project,
many laboratory technology transfer offices engage in extensive publicity and
advertising prior to deciding on partners for licenses or CRADAs. While such
publicity does increase awareness of federal laboratories’ cooperative research
activities, it adds additional delay to the CRADA negotiation process. More-
over, publicity sometimes discourages firms from engaging in partnerships, since
they may not want their research aims to become public through a response to a
public solicitation.

Conflict of Interest

In the federal government, conflict-of-interest laws and regulations devel-
oped over the past 20 years have placed limits on certain types of employee ac-
tivities. While important, these limits have slowed the process of technology
transfer, since administrators must focus more on conflict-of-interest issues at the
expense of more productive activities, such as technology marketing.

Measuring the Performance of Federal Laboratory Technology Transfer

Many in government are asking whether increased technology transfer ac-
tivities and increased spending on technology programs have had a significant
impact on the economy and whether that impact was high relative to the federal
dollars spent. The question is important but difficult, perhaps impossible, to an-
swer fully.

MEASUREMENT OF ACTIVITIES UNDER THE STEVENSON-WYDLER
AND BAYH-DOLE ACTS

On the surface, there is evidence that Bayh-Dole and Stevenson-Wydler have
produced the desired results. The number of CRADAs and license agreements,
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as well as royalties resulting from such agreements, are increasing steadily (Fig-
ures 2.15 and 2.16). Several studies support the conclusion of preliminary suc-
cess, with one major survey of large R&D-intensive firms concluding that “the
tech transfer legislation has ‘worked’ in the sense that companies are increasingly
tapping the knowledge, expertise and facilities in federal labs” (Roessner, 1993).
Nevertheless, aside from demonstrating an increase in the number of transactions
between companies and federal laboratories, the activity data say little about the
economic or social impact of federal technology transfer activity. To probe the
economic impacts of technology transfer and other technology programs requires
more sophisticated collection, organization, and interpretation of data.%8

Over the past decade, a number of studies have attempted to find ways to
detect economic benefits resulting from federally funded basic research. In addi-
tion, a few private firms have undertaken efforts to determine the impact of and
returns from corporate R&D activities and internal technology transfer. While
these two categories of investigation look at phenomena different from technol-
ogy transfer, they nonetheless use techniques and produce a body of knowledge
that are useful to the study of the economic value of federal laboratory technology
transfer.

Anecdotal Evidence

Much of the early evidence of effectiveness of federal laboratories’ technol-
ogy transfer activities has been anecdotal. While anecdotes do not permit one to
engage in cost/benefit or other systematic analyses, they do provide a form of
“existence proof” that most people can relate to. Anecdotal evidence is particu-
larly useful in a political context, especially if it can be focused to support the
interests of individual politicians.

All of the early evidence for the benefits from federal technology transfer
came in the form of anecdotes about spin-offs (primarily from work by NASA
labs) (Doctors, 1971). Much of the conventional wisdom attributing specific
space-age products (e.g., Teflon and Tang) to NASA is erroneous, but there were
some significant outcomes in terms of individual products and, more importantly,
the development of new technology areas. For example, the impact of NASA
projects on electronics miniaturization (now widely diffused throughout the com-
mercial sector) cannot be underestimated. In the past, anecdotes of technology
transfer successes were common features of federal agencies’ publicity about
their technology transfer activities. However, recently this type of evidence has
taken a back seat to the promise of more systematic analysis.

Formal Evaluations

In the past 3 years, federal agencies have begun to establish measurement
and evaluation systems for their technology transfer programs. In addition, the
Office of Management and Budget has been collecting basic data on technology
transfer for several years as part of the federal budget process.®
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From 1993 to 1995, a federal interagency working group chaired by the De-
partment of Commerce met to define data elements describing technology trans-
fer activities in most federal R&D agencies. However, the working group ceased
its activities in mid-1995, and no data were ever collected using the draft data
format it created. Such data could have lead to the creation of a government-wide
technology transfer database that would have permitted government-wide identi-
fication and analysis of the activities under the Stevenson-Wydler and Bayh-Dole
Acts. The working group’s data elements were activity measures that would have
provided only inferential evidence of economic impacts. However, the collection
of activity measures constituted an essential beginning. Without comprehensive
data on individual technology transfer claims or “events” as the working group
called them, it is extremely difficult to design, collect, and interpret additional
information that gauges impact.

A number of individual agencies and laboratories are collecting information
about and evaluating the impacts of their technology transfer programs. As part
of this effort, some agencies are beginning to survey their laboratories’ private-
sector R&D partners to gauge their satisfaction with the technology transfer pro-
grams. Very few of the results of these activities have been published, however.

These surveys also shed light on the relative importance R&D-intensive
firms assign to the various technology transfer mechanisms employed by federal
laboratories. Most survey respondents ranked cooperative R&D as the most
likely means of achieving promising payoffs from interactions with federal labs.
This was followed by workshops and seminars, visits to labs, technical consul-
tation, contract research, and use of facilities, in that order. Licensing and em-
ployee exchange were ranked as least likely to have future payoffs (Roessner,
1993).

A 1995 study (Bozeman et al.) sponsored by NSF surveyed 219 private com-
panies to get their views on the benefits and costs of working with federal labora-
tories. The responses covered a number of technology transfer mechanisms, in-
cluding CRADAs, cooperative R&D other than CRADAs, technical assistance,
and, to a lesser extent, licensing, use of facilities, and exchanges of research per-
sonnel.

Private-sector R&D partners reported mostly positive results from their ex-
periences with federal laboratories. Twenty-two percent reported that the inter-
action had already led to a new product, 38 percent said that a product was under
development, and 24 percent said that a product was improved. Overall satisfac-
tion with the interactions was generally high, with 89 percent reporting that the
interaction was a good use of company resources, and many responding compa-
nies were repeat customers.

Responding companies were asked to estimate in dollar terms the costs and
benefits of their federal laboratory interaction. Firms reporting both costs and
benefits received an average benefit of $1.8 million and experienced an average
cost of $544,000, a three-to-one return on investment. These averages are highly
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skewed by a few big winners, however. Interestingly, the big winners were dis-
proportionately basic research projects, demonstrating once again the high-risk/
high-payoff nature of this type of inquiry. The survey found that the net impact
of the interactions on job creation/retention was essentially zero, although most
of the big winners, not surprisingly, reported job creation.

The Future of Federal Laboratory Technology Transfer

A number of agencies have ongoing processes to review and revise their
technology transfer programs in response to stimulus from internal reviews, the
administration, and Congress. This continuing analysis is likely to persist for
some time, and the outcome of future reviews will depend heavily on the success
of efforts to evaluate technology transfer. The most significant reassessment
activities are reviewed below.

CONGRESS

The tenor of Congressional opinion about technology programs changed dra-
matically with the Republican victory in the November 1994 elections and their
majority in the 104th Congress. Once enjoying modest bipartisan support, federal
technology programs such as the Advanced Technology Program and the Penta-
gon’s Technology Reinvestment Project came under attack. In spite of their
public hostility toward the ATP and TRP, the Republican majority did not ex-
press significant opposition to federal laboratory technology transfer activities,
including licensing and CRADASs.”? Bipartisan legislation (H.R. 2196) spon-
sored by Rep. Connie Morella (R-Md.) and Sen. Jay Rockefeller (D-W.V.),
which amended the Stevenson-Wydler Act to enhance the incentives for com-
mercializing technologies developed at government labs, passed the 104th Con-
gress and was praised by both Republican and Democratic leaders.

NIH and USDA

The technology transfer programs at NIH and USDA remain relatively stable.
There have been some administrative changes at NIH to improve the processing
of technology transfer agreements, and measured reductions, which have a minor
impact on technology transfer, are occurring in the ARS laboratory structure.

DEPARTMENT OF DEFENSE

The Defense Authorization Act of 1992 (P.L. 102-484) required the secre-
tary of defense to encourage technology transfer between the DOD laboratories
and research centers and federal agencies, state and local governments, colleges
and universities, and the private sector. That same legislation created the Office
of Technology Transition in the Directorate of Defense Research and Engineer-
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ing to monitor and encourage technology transfer from defense laboratories. The
legislation also created the Federal Defense Laboratory Diversification Program
to encourage greater cooperation between defense laboratories and private indus-
try. In addition, an exhaustive study was conducted to assess the technology
transfer potential of all defense laboratories and recommend ways each could
promote additional transfer.

In June 1995, the secretary of defense issued a follow-up memorandum stat-
ing that domestic technology transfer and dual-use technology development were
“integral elements of the Department’s pursuit of its national security mission”
(Perry, 1995) The memorandum required all R&D elements of the Defense
Department to “make domestic technology transfer and dual-use technology de-
velopment a priority element in the accomplishment of their science and tech-
nology missions” and gave the DOD’s Office of Technology Transition increased
oversight authorities. In a sense, these new DOD activities do little more than
assure full implementation of the provisions of the 1986 and 1989 technology
transfer acts by the military services and their labs. The very high level impetus
provided by the secretary’s memorandum should serve to accelerate the process,
however.

DEPARTMENT OF ENERGY

The Department of Energy has recently shifted substantially the emphasis in
its technology transfer program. The focus now is on activities that support the
DOE mission, particularly those with potential for “spin on.” In a September
1994 policy statement and review of technology transfer activities called “Our
Commitment to Change,” DOE focused almost exclusively on partnerships as a
means to enhance U.S. industrial competitiveness (U.S. Department of Energy,
1994).

One year later, however, the DOE’s statement of objectives and principles
demonstrated a significant turnabout, noting that its first objective for technology
partnerships was “to contribute to the Department’s missions by leveraging the
Department’s resources with those of others” (U.S. Department of Energy, 1995).
The statement also said that DOE would adhere to a series of principles, the first
of which is that “All cost-shared DOE cooperative research and development
partnerships will support DOE missions.””! One catalyst for these changes was
the so-called Galvin Report (Secretary of Energy Advisory Board, 1995), which
recommended that the department no longer pursue industrial partnerships or the
development of industrial technologies as a core mission.”? Another was the
election of a Republican-controlled Congress that viewed DOE’s industrial com-
petitiveness activities in a less favorable light than its Democratically controlled
predecessor. In 1995, Congress eliminated DOE’s line-item appropriation for
CRADAs at DOE weapons labs, citing excessive bureaucratic rigidity in admin-
istering the funds from DOE headquarters (i.e., the objection was not to CRADAs
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per se). While there is little doubt that DOE, like all other federal R&D perform-
ing agencies, will continue to engage in CRADAs by drawing on regular labora-
tory program funds, the amount of funds available for DOE technology transfer
has been reduced by Congress’s action.

NASA

In response to a highly critical internal review (Creedon, 1992), NASA has
begun to radically restructure its technology transfer programs. Among other
things, NASA has committed to increase the commercialization of technologies
developed by its private-sector contractors, who perform the majority of NASA’s
R&D.”3 Indeed, NASA now considers “the Commercial Technology Mission . . .
a primary NASA mission, comparable in importance to those in aeronautics and
space” (National Aeronautics and Space Administration, 1994). NASA contin-
ues to accelerate its efforts to work with industry in order to meet the Admin-
istration’s goal of devoting 20 percent of its R&D budget to industrial partner-
ships. NASA is also taking steps to move its technologies to industry through
more aggressive use of licensing. Finally, NASA has formed partnerships to
establish three business incubators near NASA centers to provide assistance to
entrepreneurs spinning off NASA technologies.

In summary, most federal agencies will continue to conduct technology trans-
fer using mechanisms that have been employed since the 1980s and before. NIH
and USDA, in particular, are likely to continue what are considered to be success-
ful programs. Downsizing and reduced congressional appropriations are likely to
limit technology transfer in the DOE weapons laboratories, and downsizing at the
DOD laboratories may have the same effect, although the department is attempt-
ing to move the defense laboratories in the opposite direction (i.e., placing in-
creased emphasis on dual-use research and technology development). Only
NASA is involved in a major process of change in its technology transfer pro-
gram. The program is ambitious and seeks to make NASA a leading player in
federal technology transfer activities.

Conclusions

Until the 1980s, technology transfer from federal laboratories was tightly
linked to the primary missions of the sponsoring federal agencies and, for the
most part, involved closely related industries or regions. The Stevenson-Wydler
Technology Transfer Act of 1980 and subsequent amendments throughout the
decade provided a new technology transfer mandate. This new mandate encour-
aged licensing of technologies developed in government labs and allowed entre-
preneurially minded lab directors (of some agencies) more discretion to enter into
collaborative research with industry in fields less closely related to their agen-
cies’ traditional public missions.
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For civilian agency laboratories that have long engaged in technology trans-
fer to private industry as an integral part of their missions, the implications of
these changes have not been as profound as they have been for defense laborato-
ries. However, for some DOD and DOE defense laboratories faced with surplus
capacity at the end of the Cold War, this new mandate seemed to offer a justifica-
tion for significantly reorienting some of their activities and technological capa-
bilities to serve commercial industries and thereby avoid downsizing. Questions
surrounding the changing role of these latter institutions, particularly the three
very large DOE defense laboratories, have fueled much of the debate over what
the proper division of labor should be among federal laboratories, academic insti-
tutions, private industry, and other institutions in a U.S. innovation system widely
perceived to be in a period of rapid and significant change.

Clearly, these laboratories are equipped with large numbers of highly trained
personnel and in many cases are unique facilities housing valuable equipment.
Some of these labs are at the forefront in areas of basic and applied research that
are relevant to both public missions and private industry and already have suc-
cessfully engaged in technology transfer to private companies. Many federal
labs, however, have traditionally performed R&D that has little direct relevance
to most civilian industries, and have had limited experience dealing with private
companies as clients. For the most part (there are some notable exceptions),
federal laboratories are more bureaucratically encumbered than other major R&D
performers by virtue of their continuing public-mission focus and management
structures (Secretary of Energy Advisory Board, 1995). At a time of increasingly
constrained public R&D budgets and shifting national R&D needs, maintaining
these laboratories at or near their present size may not be the most effective way
to meet the nation’s new public R&D priorities (i.e., other publicly or privately
funded R&D performers may be better equipped to take these on). Given the
large size of some of these facilities and their resulting economic and employ-
ment importance to their host states, however, the political impediments to their
downsizing are likely to remain formidable. Ultimately, the nation will have to
assess the relative strengths and weaknesses of its federal laboratories and other
sectors of the U.S. R&D enterprise and seek to define the most productive role for
each sector, while attending carefully to the interfaces between sectors and the
potential for greater collaboration between them.”*

At the same time, while there is no consensus concerning the appropriateness
or cost-effectiveness of more federal laboratories getting into the business of tech-
nology transfer to private industry, all federal agencies with significant R&D
portfolios are coming to rely more and more heavily on private-sector R&D capa-
bilities and commercial components to advance their public missions. In many
technology areas, commercial companies operating in competitive international
markets are increasingly setting the pace of technological advance in areas criti-
cal to federal R&D missions. Yet, some federal agencies, particularly in the areas
of defense and space, admit freely that they have much to learn about effectively
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harnessing private-sector technology and R&D to advance agency and national
objectives.” Moreover, there is agreement in many quarters of the nation’s R&D
enterprise that many federal laboratories and their parent agencies have yet to
develop effective mechanisms for ensuring appropriate industrial input into the
formulation, execution, and evaluation of federal laboratory R&D and technol-
ogy transfer activities (Secretary of Energy Advisory Board, 1995). In addition,
the federal laboratories are often faulted for being unable to carry out technology
transfer and partnership activities in a more businesslike and less bureaucratic
manner.

Finally, from the standpoint of potential industry partners, the reliability of
the federal laboratories as partners has been called into question by recent dra-
matic cuts in technology transfer funds for the Department of Energy laborato-
ries. These cuts have been mostly limited to the three DOE weapons laboratories,
forcing these labs to scale back and cancel cooperative R&D activities (including
the high profile PNGV and Amtex partnerships). Nonetheless, there has been a
strong spillover effect, strengthening the underlying perception that the entire
federal laboratory system is a partner of uncertain reliability.

TECHNOLOGY TRANSFER BY PRIVATELY HELD,
NONACADEMIC ORGANIZATIONS *

Overview

This section examines the scope and nature of technology transfer activities
performed by a diverse population of privately held, nonacademic organizations
(i.e., entities whose R&D and technology transfer activities fall outside those of
the three major sectors of the U.S. technology transfer enterprise).”® This “fourth
sector” of the enterprise consists primarily of two types of institutions: those that
transfer technology they have had a hand in developing and those that transfer or
facilitate the transfer of technology developed by others. Included in the first
group are independent and affiliated’”” R&D institutes and R&D consortia, pre-
dominantly nonprofit organizations. The second group includes providers of tech-
nology transfer referrals and information; technology business incubators and
research parks; technology brokers, technology transfer consultants, law firms,
and technology transfer conference organizers; and technical/professional asso-
ciations, societies, and academies.

The R&D activities of privately held, nonacademic organizations, measured
in dollar terms, are relatively small compared with the investments of other play-
ers in the R&D enterprise. These organizations perform somewhere between $8
billion and $12 billion worth of R&D annually, or about half the amount per-
formed by academic institutions or federal laboratories and less than one-tenth of

*This section draws extensively on a background paper prepared by Robert K. Carr and Christo-
pher T. Hill (1995) for the U.S. delegation to the binational panel.
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the R&D conducted by U.S. industry.”® As a group, fourth-sector institutions
also account for significantly fewer patents and royalties than do any of the other
three R&D-performing sectors.

However, aggregate quantitative measures understate the overall importance
of fourth-sector organizations to U.S. technology transfer enterprise. First, many
of these organizations perform significant R&D in several critical sectors, par-
ticularly in health and medical science. Second, many fourth-sector institutions
perform strategic technology bridging and assistive technology transfer functions,
often facilitating technology transfer among the three major R&D performing
sectors. The panel believes that these services could become increasingly impor-
tant to the nation’s technology transfer enterprise as more and more U.S. firms
are compelled to seek and use technology developed beyond their institutional
boundaries in order to compete effectively in international markets.

Organizations That Create and Transfer Technology

The organizations in this category perform in-house R&D, contract for R&D,
or perform contracted or cooperative R&D and transfer primarily technology that
they have generated internally. These include independent R&D institutes, affili-
ated R&D institutes, and consortia or other private nonacademic organizations
that conduct R&D and technology transfer. The National Science Foundation
estimates that nonprofit institutes—more or less the same set as independent plus
affiliated R&D institutes—performed $5.2 billion worth of R&D in 1994.7° Of
this, $2.9 billion came from the federal government, $1.5 from the nonprofit sec-
tor (mostly philanthropic foundations), and $800 million from industry. Over half
of the 100 largest nonprofit institutes receiving federal funds are focused on re-
search in the health and life sciences. Defense-related research also figures promi-
nently among these institutions.

As of 1992, the 10 largest nonprofit recipients of federal funds were the
Universities Research Association, Inc.8% ($468 million) and SEMATECH ($98
million), both research consortia; Massachusetts General Hospital ($91 million),
ITT Research Institute ($87 million), Brigham and Women’s Hospital ($82 mil-
lion), South Carolina Research Authority ($71 million), and Scripps Clinic &
Research Foundation ($69 million), all affiliated R&D institutes; SRI Interna-
tional ($63 million) and Battelle Memorial Institute ($63 million), both indepen-
dent R&D institutes; and the National Research Council, Transportation Research
Board, which administers the Strategic Highway Research Program for the De-
partment of Transportation ($76 million).

INDEPENDENT R&D INSTITUTES

In terms of their total investment in R&D, independent R&D institutes, in-
cluding independent R&D laboratories, private research hospitals, and indepen-
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dent medical research centers, constitute one of the largest elements of the fourth
sector. Research hospitals and medical research centers comprise almost half of
the group. Information concerning the R&D activities of this group is relatively
abundant compared with that concerning the other categories studied.

Most independent R&D institutes are quite small. Only 89 institutes listed
in the Gale’s Research Centers Directory (Gale Research, 1996) had a staff of
more than 100 or an annual research budget of over $10 million. As Table 2.17
illustrates, more than half of the 85 large “hard science” R&D institutes are
focused on research in the medical and health sciences, with most of the remain-
ing institutes equally divided between those focusing on multidisciplinary sci-
ences, the biological and environmental sciences, and engineering and technol-
ogy research.

Data on the R&D budgets of these 85 large institutes are incomplete. The 35
institutes that provided budget data spent a total of $1.62 billion on research in
1994. Among the very largest independent institutes (measured in terms of re-
search budgets or total staff) are: Midwest Research Institution, SRI Interna-
tional Inc., Southwest Research Institute, Research Triangle Institute, RAND
Corporation, MITRE Corporation, Memorial Sloan-Kettering Cancer Center, Fred
Hutchinson Cancer Research Institute, Fox Chase Cancer Center, Dana-Farber
Cancer Institute, the Howard Hughes Medical Institute, and the World Wildlife
Fund (Gale Research, 1996).

In 1992, the top 5 recipients of federal R&D funds were SRI International
(with $63 million in federal funds), Battelle Memorial Institute ($63 million),
Fred Hutchinson Cancer Research Institute ($56 million), Dana-Farber Cancer
Research Institute ($50 million), and Research Triangle Institute ($50 million).

The technology transfer activities of independent R&D institutes vary widely.
Some independent institutes, particularly those focused on health and medical
science, appear to perform only basic research. The results of this research are

TABLE 2.17 Distribution of 85 Large Independent R&D Institutes by
Research Focus, 1994

Research Focus Number of Institutes Percent of Total
Agriculture, Food and Veterinary Science 2 3
Biological and Environmental Sciences 12 14
Health and Medical Sciences 43 51
Astronomy and Space Sciences 1 1
Computers and Mathematics 1 1
Engineering and Technology 12 14
Physical and Earth Sciences 0 0
Multidisciplinary Institutes 14 16

SOURCE: Gale Research (1996).
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generally disseminated via traditional paths such as publications, meetings, and
sharing among colleagues.

Other independent R&D institutes, particularly the large ones, do contract
work for clients and transfer the majority of the technologies they develop to
them. In addition, internally developed intellectual properties may be licensed to
a wider market by the institutes or the research client. Independent R&D insti-
tutes also carry out technology transfer through other mechanisms, for example,
by sharing information at conferences, providing technical assistance, and em-
ploying unique R&D facilities and capabilities.

In addition to transferring their own internally generated technologies, some
independent R&D institutes transfer technology developed by other organiza-
tions. For example, Research Triangle Institute has contracts with the Ballistic
Missile Defense Organization (BMDO) to facilitate the transfer of technologies
developed in BMDO’s R&D programs to private industry.

As is the case with R&D, comprehensive sources of data that could be used
to measure the technology transfer activities of these institutes are scarce. The 26
independent and affiliated R&D institutes that responded to a survey of the Asso-
ciation of University Technology Managers (AUTM) (1994), received roughly
$74 million in royalty income in 1993 on a total of 409 licenses. This compares
with over $242 million in royalties received on 3,413 licenses by 117 universities
reporting to AUTM.

The six largest independent, nonprofit, applied R&D/engineering institutes
in the United States are Battelle Memorial Institute, Midwest Research Institute,
Research Triangle Institute, Southern Research Institute, Southwest Research In-
stitute (SWRI), and SRI International. Originally established to provide R&D and
technical assistance to industries within a defined, local, or regional geographical

TABLE 2.18 The Six Largest Independent, Nonprofit, Applied R&D
Institutes in the United States

Number of Source of R&D
Date of Employees Funds (FY 1994)
Name of Institution Incorporation (FY 1994) (Government/Industry [%])
Battelle Memorial Institute 1929 2,599 78/22
(Columbus only)
Southwest Research Institute 1947 2,400 42/58
SRI International 1946 1,900 60/40
(Menlo Park only)
Research Triangle Institute 1958 1,450 84/16
Midwest Research Institute 1944 1,350 73/27
Southern Research Institute 1941 477 75125

NOTE: Data as of May 1995.
SOURCE: Southwest Research Institute, unpublished data, 1995.
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area, these institutes now have clients throughout the world. Although all six
perform some contract research for private companies, four rely on government
contracts for more than 70 percent of their business. Only one, SWRI, receives a
majority of its contract work from private-sector clients (Table 2.18).

These six institutes vary considerably in size. Each has its own peculiar
multidisciplinary research focus, organizational structure, and ways of doing busi-
ness. For example, SWRI, which conducts research in over 28 different fields
from automation through fluid dynamics and hydraulics, has a special organiza-
tional structure that allows other independent or federal-government-owned con-
tractor-operated labs to be integrated into SWRI as separate departments. SwRI
claims no patent rights on its output. Rather, the rights are always given to the
clients.8!

Affiliated R&D Institutes

Most of the organizations in this group are affiliated with universities, re-
search hospitals, or other medical research institutes. It is difficult to estimate the
total R&D volume of these organizations, since so few of them report their bud-
gets separately from those of their parent institutions.

As in the case of independent institutes, most affiliated institutes are small.
Only 35 have a staff of more than 100 or an annual research budget of over $10
million (Gale Research, 1996). Together, these 35 institutes spent a total of
$250.7 million on R&D in 1994. The research focus of these large institutes is
shown in Table 2.19.

Here again, half of the large affiliated R&D institutes are focused on medical
and health sciences research. Among the very large affiliated institutes are IIT
Research Institute (II'TRI), the H. Lee Moffit Cancer Center and Research Insti-
tute, and the St. Jude Children’s Research Hospital. IITRI is a separately incorpo-
rated nonprofit research organization affiliated with the Illinois Institute of Tech-

TABLE 2.19 Distribution of 35 Large Affiliated R&D Institutes by Research
Focus, 1994.

Number Percent
Research Focus of Institutes of Total
Agriculture, food, and veterinary science 0 0
Biological and environmental sciences 4 11
Health and medical sciences 16 44
Astronomy and space sciences 2 5
Computers and mathematics 1 3
Engineering and technology 6 17
Physical and earth sciences 1 3
Multidisciplinary institutes 6 17

SOURCE: Gale Research (1996).
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nology that conducts applied R&D and engineering research. Eighty-five percent
of its work is sponsored by government agencies and 15 percent by industry.

CONSORTIA AND RELATED ORGANIZATIONS

For the purposes of this report, R&D consortia are defined as groupings of
two or more organizations that fund or perform collaborative R&D. R &D con-
sortia may be permanent organizations consisting of institutions that exist prima-
rily for some other purpose but also perform R&D on behalf of their members
(e.g., trade organizations) or created specifically to engage in R&D on behalf of
the members (e.g., SEMATECH). Consortia may also be temporary organiza-
tions created for a specific R&D project or projects that dissolve when the project
is terminated.

Consortia can be formal partnerships or less-formal groupings. The non-
profit corporation is a common type, although for-profit consortia exist as well.
Consortia may perform R&D within their own facilities, coordinate R&D done in
some or all members’ facilities, contract to a nonmember to perform R&D, or
engage in some combination of all three activities. In addition to consortia fo-
cused on industrial needs, there are a number of consortia that conduct basic
research. Not surprisingly, such consortia have a large proportion of university
members.

Consortia are created for many reasons, including the desire to achieve effi-
ciencies from shared facilities and shared costs, to pool scarce talent, to increase
synergy within or diversify a participant’s technology portfolio, to facilitate stan-
dards setting, to market products, or to foster exchange of precompetitive R&D
results. It is important to note that formal consortia have become a part of the
U.S. R&D enterprise largely because they were deemed to have been successful
elsewhere, especially in Japan.8?> However, Japan may have needed consortia
more than the United States because of the different nature of informal technol-
ogy transfer in the two countries. In the United States, labor, particularly high-
tech labor, is highly mobile and much technology moves between firms by that
route. In countries where labor is less mobile (Japan being the extreme example),
other mechanisms may be required to foster technology flow.

The U.S. federal government has encouraged the formation of consortia in
recent years through changes in law and provision of financial incentives. Prior
to 1984, firms participating in collaborative R&D arrangements were exposed to
the possibility of treble damages should the arrangement be judged in violation of
U.S. antitrust laws. Not surprisingly, this legal climate dampened the enthusiasm
of many firms for collaborative R&D efforts. In 1984, Congress passed the Na-
tional Cooperative Research Act (NCRA, P.L. 98-462), which removed the threat
of treble damages for consortia that registered with the DOJ. Congress extended
this protection to joint production ventures in 1993 with the passage of the Na-
tional Cooperative Production Amendments (P.L. 103-42).
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In addition to the legislative changes, the federal government has also
used financial incentives to encourage the formation of research consortia.
SEMATECH (Box 6) was established with support from the Defense Advanced
Research Projects Agency (DARPA, now ARPA) of approximately $100 million
per year. Federal funding of SEMATECH was discontinued in 1996 by mutual
agreement of the consortium and DARPA. The federal government is a financial
and technical partner in a number of other consortia as well, such as the National
Center for Manufacturing Sciences and the Gas Research Institute. However,
most federal contributions to consortia are less than the $100 million invested in
SEMATECH.

The Technology Reinvestment Project (TRP) and the Advanced Technology
Program (ATP) encourage the formation of consortia among organizations sub-
mitting proposals to these programs.®* In addition, some agencies that engage in
CRADA s have begun to emphasize working with consortia, some of which have
been formed expressly for that purpose. This is particularly true of the Depart-
ment of Energy (DOE), which has the largest CRADA program in the govern-
ment.

Between January 1, 1985 and December 31, 1995, 575 separate JRVs (joint
research ventures), involving a total of 9,136 entities or “members,” had been
registered with the DOJ (Figure 2.17). Research on JRV findings indicate that
most JRV members (86 percent) are profitmaking companies. Private nonprofit
organizations including colleges and universities represented 10 percent of mem-
berships, and government agencies and organizations constituted 4 percent of
JRV members. About one-third of the members of JRVs are foreign based. Over
the 10-year period since passage of the NCRA, the average number of members
in a JRV has been 15.9. As of 1995, 30 percent of all registered consortia had
only 2 members, 45 percent had more than 5 members, and nearly 13 percent had
over 20 members. Participation in JRVs is highly concentrated. Whereas more
than two-thirds of all identified JRV members (roughly 8,000 of the total 9,136
entities) have participated in only one JRV, 28 entities have participated in 21-50
JRVs, and 10 entities were involved in more than 50 JRVs each (Vonortas, 1996).

Most research performed by JRVs has been process oriented. With respect
to technology focus, the largest single group of consortia was in telecommunica-
tions (22.8 percent), followed by environmental technologies (9.7 percent), ad-
vanced materials (9.2 percent), energy (8.7 percent), transportation (7.7 percent),
software (6.8 percent), chemicals (6.6 percent), and 10 other technology areas
with between 4.7 and 0.5 percent (Table 2.20). Few registered consortia are
engaged in research in areas where intellectual property rights are well enforced,
for example, biotechnology, pharmaceuticals, and medical equipment.®>  Simi-
larly, defense-related research has received attention from only a small number of
JRVs (National Science Board, 1996).

Data on the total volume of resources invested in these consortia are not
available. The amount of resources devoted to collaborative R&D in the United
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BOX 6
SEMATECH

SEMATECH is a consortium of 10 U.S. semiconductor manufacturers
representing roughly 75 percent of the semiconductor revenue in the
United States. The group was formed in 1987 as a cooperative effort
between the U.S. Department of Defense and the semiconductor indus-
try. In 1996, the consortium became entirely privately funded. There are
roughly 700 employees at SEMATECH, about 200 of whom are assigned
from member companies for periods ranging from a few weeks to a few
years. The SEMATECH budget, about $200 million per year since 1987,
dropped to $135 million in 1996.

SEMATECH programs are focused on semiconductor manufacturing
technology, hence SEMATECH’s name (SEmiconductor MAnufacturing
TECHnNology). The largest portion of its budget is spent on programs that
relate to equipment improvement. Quite often these programs are car-
ried out at equipment supplier sites or in member company sites. Teams
of SEMATECH engineers as well as on-site engineers are involved in
these programs.

The focus at SEMATECH has been to take the “transfer” out of tech-
nology transfer. This is accomplished by having researchers who have
been assigned to SEMATECH for a specific project take newly devel-
oped technology back to their own companies. The second method of
technology transfer is to perform work on equipment at the site where the
equipment is going to be developed and manufactured. This again tends
to take the “transfer” out of technology transfer. SEMATECH also pro-
duces reports and holds meetings to provide technology-related informa-
tion to its member companies. In 1994, for example, SEMATECH had
over 600 meetings and entertained over 25,000 visitors.

SEMATECH programs have been directed toward the development of
precompetitive manufacturing technology. None of the programs at
SEMATECH involve work on specific products or specific production pro-
cesses. This is the competitive arena of the consortium’s member com-
panies. Rather, SEMATECH programs are oriented toward generic
manufacturing technology.

States ranges from 1.7 percent to 7.3 percent of total U.S. company-financed
R&D.3¢ The volume of collaborative R&D appears to be increasing. It is impor-
tant to note that JRVs (consortia and other R&D joint ventures registered with the
Department of Justice) represent only a small fraction of total cooperative R&D
ventures (Hagedoorn, 1995).
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are:

BOX 6—Continued

An important part of these programs is the measurement of results.
Earlier in its history, SEMATECH established a return-on-investment
(ROI) measurement for each program.83 In recent years the average
ROI has been above 4 for member companies; the range was from about
8 ROI to about 2 ROI. In 1994, a new measurement system, based on
user satisfaction and user support, was established. The goal is to have
70 percent of SEMATECH programs receiving 50 percent or higher rat-
ings of customer support and customer satisfaction.

The key elements of the SEMATECH technology transfer approach

having company-assigned employees involved in program defini-
tion, operation, and evaluation. These users have the responsibility
for returning that technology to their member companies;
developing specific metrics for each program. Such metrics are
deemed essential for successful technology development. Pro-
grams are evaluated quarterly at SEMATECH,;

stopping what does not work. Usually senior management in the
member companies of SEMATECH are more inclined to stop pro-
grams. Engineers quite often believe that if the program can con-
tinue for only a short time longer, the problems can be solved and
the program will be of great value. The involvement of senior man-
agement is essential to getting programs stopped;

focusing on programs where there is a high return. The users of
technology are the best judges of that. Support and satisfaction are
two measures; SEMATECH also has experimented with return on
investment. There are other metrics that can be used, but these are
essential to determining which programs should be continued and
which should be stopped.

instituting processes for choosing technology development pro-
grams that are of interest to the member companies. These pro-
cesses should be continually evaluated and updated.

SOURCE: W. J. Spencer, Chairman and Chief Executive Officer,
SEMATECH.

In general, U.S. consortia have been more successful at achieving research
results than at transferring the fruits of their research back to members (and to a
lesser extent from the members to the consortium). Several studies of the Micro-
electronics and Computer Technology Corporation (MCC) have identified tech-
nology transfer as the consortium’s most serious problem (Gibson and Rogers,
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FIGURE 2.17 New joint research venture announcements. SOURCE: Vonortas (1996).

1994; Hill, 1995). Most other consortia also have problems with technology
transfer, even though R&D carried out in consortia is “demand pull,” that is,
defined by consortia members themselves according to their perceived needs.
Largely as a result of weak technology transfer links, many consortia participants
have judged their membership in consortia as not worth the cost and effort and
have expressed concerns over the return on their consortia investments.

A number of large consortia have come together as the Council of Consortia
CEOs to solve common problems. “The Council’s mission is to sustain the vital-
ity of collaborative technology development, transfer, and application as a proven
means of both maintaining and advancing North American competitiveness in
key industries” (Council of Consortia CEOs, 1997). The council currently has 16
members drawn from among the largest U.S. and Canadian R&D consortia, in-
cluding Bellcore, the Electric Power Research Institute (EPRI), GRI, MCC,
SEMATECH, and the Semiconductor Research Corporation (SRC). The council
maintains permanent and ad hoc working committees that analyze and report on
issues important to consortia management, including technology transfer. The
council itself meets twice a year at the CEO level to discuss these and other
problems faced by consortia. (See Annex II, pp. 237-240, for an interesting
consortium-based case study of successful technology transfer by the Electric
Power Research Institute.)
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In sum, consortia offer attractive ways to leverage R&D in principle. In
practice, many consortia have been deemed successful by participants as well as
outside observers, while others have failed to live up to their initial promise.
Clearly, much more remains to be learned about how to manage research consor-
tia successfully and to transfer their scientific and technological results back to
members.

Organizations That Transfer or Facilitate the
Transfer of Technology Created by Others

The second category of fourth-sector institutions is a diverse group of orga-
nizations sometimes referred to as technology transfer intermediaries. Although
some of these organizations are large, most are small. They perform a wide
variety of functions that assist the technology transfer process in some way,
mostly by providing information, expertise, and/or money. Four types of inter-
mediaries are reviewed below: organizations that provide technology transfer
referrals and information; technology brokers, technology transfer consultants,
law firms, and conference organizers; technology business incubators and re-
search parks; and organizations not otherwise classified.

PROVIDERS OF TECHNOLOGY TRANSFER REFERRALS
AND INFORMATION

This group is made up of institutions and individuals that facilitate technol-
ogy transfer among technology suppliers and buyers. These organizations are not
necessary to every technology transfer. In fact, they are probably involved in
only a small percentage of new technology transfer interactions, particularly
where transfer between private firms is concerned. In most cases of technology
transfer, the parties have met and gotten to know one another through a variety of
mechanisms (e.g., personal relationships among technical employees and manag-
ers, membership in common organizations). However, organizations (particu-
larly small organizations) that need technology or have technology to offer may
benefit from the presence of a referral or information provider. Furthermore, as
both government and industry scale back their R&D efforts, more and more com-
panies are attempting to leverage their R&D resources by seeking external sources
of technology. Technology transfer referral organizations will become increas-
ingly important to that effort.

Most referral organizations deal in information about availability of and need
for technologies, and they often create or publish technology databases to assist
in this process. They do not generally become involved in technology transfer
beyond facilitating the initial contact, and they do not generally broker technolo-
gies. (The role of technology brokers is treated separately below.) The activities
of referral organizations range from publication of technology newsletters fo-
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cused on specific technology areas to the creation and publication of technology
databases provided to clients on a self-search or assisted basis. Some of these
organizations are government funded, established primarily to facilitate access to
federal technologies; others, in the private sector, promote technologies and ex-
pertise from universities, private firms, and federal laboratories. Government-
funded information/referral organizations are discussed at pages 140-141.

Private-Sector Organizations

Databases containing information about university- and industry-based tech-
nologies and expertise tend to be relatively small, diverse, and fragmented.
University technology managers have discussed the possibility of constructing a
central repository of available university technologies, but no such project has
ever gotten off the ground. However, a number of technology transfer referral
organizations (mostly in the private sector) are independently constructing such
databases.

NERAUC, Inc., a private organization with functions similar to those of the
NTTC, has been operating since the mid-1980s. NERAC, the former NASA
New England Research Applications Center, is an independent, nonprofit organi-
zation supported by subscription fees paid by firms interested in accessing exter-
nal technologies. NERAC’s information specialists use the center’s extensive
databases to help client firms find sources of technology. NERAC began prima-
rily as an interface to technology developed by federal laboratories. More re-
cently, it has broadened its technology scanning activities to include universities,
international sources, as well as private databases and other commercial-sector
sources (NERAC Inc., 1997).

The Community of Science (COS, formerly Best, North America) maintains
a large database (50,000 entries) of university researchers and their specialties.
COS has also created two other databases, one focused on licensable university
technologies (4,500 entries) and the other on university research facilities (1,700
entries). COS provides its paying clients (primarily researchers in universities
and industry) with rapid access to the scientific expertise of other researchers.
While not focused specifically on technology transfer, the COS databases none-
theless facilitate contact that can lead to transfers.

Knowledge Express Data Systems (KEDS) is a database producer and on-
line service provider for the technology transfer community. KEDS produces
databases of technologies available for licensing from universities, firms, and
some federal laboratories and agencies. KEDS works directly with the technol-
ogy transfer offices of universities and federal laboratories to acquire information
on available technologies and capabilities. In addition, the organization uses a
number of databases developed by the NTTC. KEDS databases also contain
information on the needs and capabilities of high-tech companies, as well as ref-
erence material and technology transfer news.

There are also a large number of small firms that provide technology data-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

164 TECHNOLOGY TRANSFER SYSTEMS IN THE UNITED STATES AND GERMANY

bases and expertise that focus on particular industrial sectors or technology areas.
These organizations generally serve as consultants to their clients (usually for a
noncontingent fee), helping to locate technologies and sometimes facilitating
deals between technology suppliers and users. Seventy-two percent of the 120
organizations listed in “Consultants & Brokers in Technology Transfer,” pub-
lished by the Licensing Executives Society (LES) (1993), engage in finding tech-
nologies, while 83 percent engage in locating potential licensees for available
technologies. Most of these organizations indicate that they work in only a few
technology areas and industry sectors. These brokers and consultants represent
only a small fraction of the total number of such organizations and individuals.
Nevertheless, the LES sample indicates that a large percentage of brokers and
consultants are engaged in locating technologies and providing referrals.58

TECHNOLOGY BROKERS, TECHNOLOGY TRANSFER CONSULTANTS,
LAW FIRMS, AND CONFERENCE ORGANIZERS

This category consists of organizations and individuals that perform some of
the many services of a technology transfer intermediary. The value they add to
the technology transfer process is thought to be substantial, although there is no
way to measure this impact except indirectly by tracking the revenue these in-
termediaries bring in. Even these figures are elusive, however.

The category includes nonprofit and for-profit organizations, sometimes per-
forming similar services. There are relatively few large organizations, primarily
brokers and patent law firms, and a large number of small organizations and
individuals. Overall, data on the activities of this category, with the exception of
the larger organizations, are scarce.

Technology Brokers

Technology brokers are organizations or individuals that market or assist in
marketing technologies developed by others, primarily through licensing and/or
formation of new companies. Brokers are compensated through contingent or
success fees, usually a portion of the royalties and/or equity in a new firm. Bro-
kers typically bear some or all of the cost of bringing the new technology to
market, including but not limited to the costs of patenting, patent defense, mar-
keting, and portfolio management. There are a few relatively large broker orga-
nizations and a much larger (but unknown) number of smaller brokers, many of
whom are individuals.

The largest and one of the oldest broker organizations is Research Corpora-
tion Technologies (RCT). RCT was spun out of its parent organization, Research
Corporation (RC), in 1987. Because of its tax paying for-profit status, RCT has
more flexibility than RC to engage in start-up ventures. Research Corporation
itself was founded in 1912 to commercialize inventions by university scientists,
using the income generated (after payment of inventors’ royalties) to fund re-
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search grants at universities. Likewise, RCT eventually intends to use its surplus
revenues to enter the grant-giving arena. RCT has relationships with a number of
universities that allow it to market some or all of their inventions. In doing so,
RCT bears all the costs of preparing an invention for commercialization, includ-
ing patenting, and it pays a portion of the royalty revenue (usually 60 percent) to
the originating university. RCT had revenues of almost $60 million in 1994, of
which $38 million was distributed to institutions and inventors. That year, RCT
had relationships with 146 universities and appraised 671 invention disclosures
from these institutions. RCT has a staff of just under 30, half of whom are tech-
nology transfer professionals.

British Technology Group, USA (BTG USA) is the U.S. subsidiary of the
former British government corporation created to market British university tech-
nologies. BTG was privatized in 1992 and now operates as a for-profit firm
traded on the London Stock Exchange. It markets a significant proportion of all
U.K. university technologies as well as technologies from the U.K. private sector.
The U.S. subsidiary was established in 1990. Typically, BTG USA takes posses-
sion of intellectual property by assignment or exclusive license and bears all the
costs of acquiring and/or maintaining the patent, marketing the technology, and
managing any revenues. In return, it receives a share of royalties from licenses or
equity in start-up companies that it launches. Generally, income is divided equally
between BTG USA and the technology source organization. BTG’s focus is
private-sector technologies and early-stage university technologies. In 1994, BTG
worldwide had revenues of over $46 million, 33 percent of which came from U.S.
sources, and it owned over 9,000 patents and 470 licenses relating to 1,300 sepa-
rate technologies. BTG deals with a wide range of technologies, including those
related to pharmaceuticals, electronics and telecommunications, dentistry, aero-
space, chemicals and plastics, and automotive and medical engineering.

Competitive Technologies Inc. (CTI) is the result of the merger of several
similar, smaller organizations. CTI was created and founded by Lehigh Univer-
sity and now exists as a private for-profit firm traded on the American Stock
Exchange. The majority of CTI’s revenues are drawn from royalties and from
gains on equities CTI holds in start-up companies. CTI has three areas of activ-
ity: (a) joint ventures with universities, which function much like university tech-
nology transfer offices in granting licenses but can also take equity and make
investments in start-up firms; (b) intercorporate licensing of private-sector technolo-
gies in which CTI serves as a licensing agent without taking title or bearing all the
costs of patent protection; and (c) participation in state-sponsored venture or seed-
capital organizations, in which CTI has both a management and an investor’s role.

In addition to the three organizations outlined above, there are a large num-
ber of smaller firms, as well as many individuals, engaged in brokerage services.
These smaller brokers are less likely to make investments in the technologies and
less likely to undertake major expenses for patent protection. However, their
reward structure (e.g., receipt of a percentage of royalties) would still be based on
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the success of the transactions they broker. Anecdotal evidence suggests that
small brokers tend to occupy tightly focused technology or market niches.

Technology Transfer Consultants

In addition to brokers, consultants are also important to the technology trans-
fer activities of their clients. As with brokers, there are a few large firms and
many more small firms and individuals. Unlike brokers, who charge contingency
or success fees, consultants are compensated on an hourly or flat-fee basis for
performing services that help companies, universities, or federal laboratories li-
cense technologies or spin them off into new firms. They perform some of the
services provided by brokers, but do so without a financial commitment. In ex-
change, they receive a guaranteed fee, but they cannot participate financially in
major technology transfer successes. The American Consultants’ League has
over 40,000 members (most in fields other than technology transfer, of course)
and estimates that the total of all consultants in the United States may exceed 10
times that number.

Consultants bring considerable expertise about one or more parts of the tech-
nology transfer process to their clients, expertise that would be difficult for all but
the largest and most active clients to develop in-house. However, there are few,
if any, consultants who are charged with independently executing the entire tech-
nology transfer process, as brokers do. After all, few technology generators are
willing to give an outside consultant complete responsibility for bringing a tech-
nology to market on a fixed-fee basis with no incentive for success or penalty for
failure.

Nonetheless, consultants perform almost every individual function in the
technology transfer process, particularly where the formal transfer of intellectual
property is involved. Consultants help ferret out marketable technologies within
their clients’ laboratories. They perform technology evaluations to estimate rela-
tive values in technology portfolios and assist in patenting decisions. They do
market assessments and surveys, carry out marketing function, help locate poten-
tial licensees, and assist in negotiating and executing licenses and intellectual
property transfer agreements.

Law Firms

Although a number of commercial firms, universities, and federal laborato-
ries have legal expertise in the technology transfer area, there is still a very active
commercial market for such legal services. A large number of law firms and
individual attorneys provide services related to technology transfer, including
patenting, licensing, and other traditional business-related legal advice. There is,
however, a much smaller yet growing cadre of law firms that offer a broader
range of new technology-related value-added services.%°

A number of U.S. and European law firms have recently formed the TechLaw
Group, a nonprofit network of major law firms that provide services for technol-
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ogy-oriented clients. TechLaw conducts educational programs, joint research
projects, study sessions, and exchanges of information and materials, and serves
a liaison function with private and government groups involved in promoting
technology. TechLaw member firms provide a wide range of technology ser-
vices to clients.

Many technology-oriented law firms have resident technical expertise on
their legal and support staff. It is not uncommon to find attorneys in these firms
who also have advanced degrees in the sciences. In addition, the firms often
employ consultants to provide specialized expertise. For the most part, law firms
are compensated by fixed fees for their technology-related services, but other
alternatives, such as outcomes-based fees (e.g., through equity positions) are be-
ing considered in this relatively new arena of the legal profession.

Technology Transfer Conference Organizers

Conferences introduce suppliers and buyers of technology and help initiate
the process of technology transfer. A few specialized technology transfer orga-
nizations sponsor conferences at which representatives from universities and federal
laboratories gather to display their wares—technology capabilities and licensable
inventions—to prospective licensees/sponsors, generally commercial firms.

Technology Transfer Conferences (TTC), a nonprofit firm located in Nash-
ville, Tennessee, is a major organizer of such conferences. TTC sponsors six
conferences per year in the United States, Canada, and abroad and has hosted 125
such meetings in the last 15 years. TTC invites universities and federal laborato-
ries as well as some small firms to display their technologies to potential buyers
from national companies. These national companies tend to be larger firms, but
smaller companies are becoming part of TTC’s clientele as well. The technolo-
gies showcased in TTC conferences include those in the life, physical, material,
and environmental sciences. Companies that attend are generally interested in
applied technologies, but TTC reports that more and more firms are investigating
sources of basic research and looking to develop contacts in specific technology
areas for future use.

Another technology transfer conference sponsor is the International Society
of Productivity Enhancement (ISPE). ISPE is a nonprofit, membership organiza-
tion founded in 1984 to accelerate the international exchange of ideas and scien-
tific knowledge. ISPE sponsors two technology transfer conferences per year,
each of which attracts between 125 and 150 participants. As with the TTC con-
ferences, ISPE events attract representatives from institutions with technologies
to sell as well as potential buyers of technologies.

TECHNOLOGY BUSINESS INCUBATORS

The National Business Incubator Association (NBIA) defines business incu-
bators as “assistance programs targeted to start-up and fledgling firms. They
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offer access to business and technical assistance provided through in-house ex-
pertise and a network of community resources; shared office, research or manu-
facturing space; basic business support such as telephone answering and clerical
services; and common office equipment including copy and fax machines. Busi-
ness incubators support emerging businesses during their early, most vulnerable
stages. They promote new firm growth, technology transfer, neighborhood revi-
talization, and economic development and diversification” (National Business
Incubator Association, 1997).

While almost all incubators have one or more high-tech firms, not all busi-
ness incubators are technology incubators. This latter term is usually applied to
incubators that are primarily focused on commercializing new technologies
through entrepreneurial ventures. According to NBIA, most technology incuba-
tors are associated with universities.”® Other technology incubators are associ-
ated with federal laboratories, high-tech firms, or some combination of these in-
stitutions.”! The NBIA estimates that of the approximately 550 incubators
operating as of early 1997, 90 to 100 were true technology business incubators.

In response to a 1991 NBIA survey (National Business Incubator Associa-
tion, 1992), incubators ranked “economic development” and “diversification of
the local economy” as their first and second most important objectives, respec-
tively. They ranked the “commercialization of research” and the “transfer of . . .
technical capabilities to local businesses” as their third and fourth most important
objectives. Furthermore, over 27 percent of all incubator clients were engaged in
“technology products” or “research and development” in 1991. The largest groups
of clients were “service firms” and “light manufacturers.” 92

According to recent work by Tornatzky et al. (1996), all technology incuba-
tors have ties to external sources of technology, since they rarely have expertise
available in house. They provide this vital service through several types of ar-
rangements. Many technology incubators have arrangements with a nearby uni-
versity; some are even sponsored by or integrated into a university. The key
service provided by incubators to their clients is access to faculty, graduate stu-
dents, and, to a lesser extent, facilities. Some incubators have similar relation-
ships with federal laboratories or high-tech firms. In a fewer number of cases,
technology business incubators are integrated into the technology commercial-
ization function of a parent R&D organization.

Some technology business incubators do more than serve as first homes for
new high-tech businesses, they actively search out potential clients. Some incu-
bator programs have developed aggressive efforts to locate potentially com-
mercializable technologies and budding entrepreneurs within the research pro-
grams of nearby laboratories. This activity takes many forms, from consciousness
raising, to establishing networks to identify research with commercial potential,
to active searches in which “ferrets” knock on laboratory doors to access the
commercial potential of ongoing R&D.

A number of federal laboratories have relationships with incubators, but
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NASA recently became the first federal agency to directly enter the incubator
business. NASA and the IC2 Institute in Austin, Texas, have entered into a 3-year
experimental joint project designed to facilitate the commercialization of NASA-
developed technologies. They have established two business incubators near the
Johnson Space Flight Center in Houston and the Ames Research Center in Sili-
con Valley, California. (A third incubator has recently been established at the
Stennis Space Center in collaboration with the state of Mississippi.) These incu-
bators (NASA calls them Technology Commercialization Centers, or TCCs) fo-
cus on the technologies from the adjacent centers that can be commercialized
within 1 to 2 years. The Johnson and Ames TCCs house start-up companies and
assist them by drawing upon a regional network of entrepreneurs, business and
technical experts, capital and market know-how, as well as the talent and technol-
ogy pool of NASA. These two TCCs currently house a total of 30 companies.
NASA currently pays the incubators’ operating expenses, but expects them to
become independent within a few years.

Research Parks

A research park is a real estate development designed to serve the needs of
research-oriented companies. Most research parks generally provide space and
facilities as part of their services. They are often located near technology sources
in universities or other high-technology institutions. Furthermore, because they
cluster growing high-technology firms together, they provide a significant oppor-
tunity for spontaneous technical interaction and technology transfer.

The Association of University-Related Research Parks defines a research
park as a property-based venture that has:

* existing or planned land and buildings specifically designed for private
and public research and development facilities, high-technology and sci-
ence-based companies and support services;

* a contractual and/or operational relationship with a university or other
institution of higher education;

* arole in promoting research and development by the university in part-
nership with industry, assisting in the growth of new ventures, and pro-
moting economic development; and,

* arole in aiding the transfer of technology and business skills between the
university and industry tenants. (Association of University-Related
Research Parks, 1997)

As of 1980, university-related research parks accounted for a minority of all
U.S. research parks. Of the 27 parks established by academic institutions between
1951 and 1980, 16 had failed, 5 were judged marginally successful, and only six
were classified as unqualified successes by the U.S. General Accounting Office
(1983). The 1980s witnessed a resurgence in the establishment of university-
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related research parks. By 1989, 115 university-related parks housed an esti-
mated 2,100 companies and 173,000 workers (Matkin, 1990). As of 1995, there
were 136 U.S.-based university-related research parks housing 4,765 companies
and employing over 253,000 people (Association of University Related Research
Parks, 1995).

TECHNOLOGY TRANSFER ORGANIZATIONS AND MECHANISMS
NOT ELSEWHERE CLASSIFIED

Technical/Professional Associations

A number of technical and professional societies conduct activities designed
to stimulate cooperative research and/or facilitate transfer technology. Relative
to the entire technology transfer enterprise, the impact of the societies is small,
but some of these programs are well established and fill an important niche in
specific fields.

The American Society of Mechanical Engineers (ASME), for example, has a
Committee for Research and Technology Development (CRTD) that has oper-
ated for 86 years. ASME does not fund R&D itself, rather it serves as a catalyst
to facilitate research activities that involve multiple performers and funding
sources. At the moment, ASME manages $15 million worth of contract research.
The committee approves a research problem for action, raises funding, and lo-
cates scientists and/or engineers to carry out the research. Historically, about half
of the funding for CRTD projects comes from industry (including industry asso-
ciations) and half from government. The performers of CRTD-sponsored R&D
are universities, federal labs, industry, nonprofits, or some combination of these.
Most of the research sponsored by ASME is “paper studies,” in which results are
transferred through publication or presentation at meetings. A few research
projects involve lab, or “metal-bending,” work. Transfer of these results occurs
via the participants themselves (who tend to be the interested parties) and through
publication.

The American Society of Heating, Refrigerating and Air-Conditioning Engi-
neers maintains a separate research arm that was founded almost a century ago.
With a research budget of $2.6 million in 1994, the society sponsors research
projects at universities and private firms in areas of interest to its members (Gale
Research, Inc., 1995). Projects include evaluation of distribution losses in hot-
water systems, filtration of indoor allergens and biological toxins, and computer
algorithms for moisture loss and latent-heat loads in bulk storage of fruits and
vegetables.

The Civil Engineering Research Foundation (CERF), an independent, non-
profit foundation created by the American Society of Civil Engineers (ASCE),
began operation in 1989. CERF’s mission is to unite diverse groups within the
civil engineering community in industry-led R&D programs by serving as the
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“facilitator, coordinator, and integrator” of civil engineering research. Although
CERF has primarily a coordinating role in civil engineering research, it adds
some of its own funds to these efforts. Since 1989, the foundation has contrib-
uted $11 million (representing money donated by ASCE members) to engineer-
ing research programs that it sponsors. CERF uses a variety of means to carry
out its objectives, including cooperative research programs, consortia, technol-
ogy evaluation centers, surveys, and prototype demonstrations. CERF orga-
nized and now administers the National Council for Civil Engineering Research,
consisting of over 60 civil-engineering-related research organizations, which
fosters cooperation to advance the interests of the civil engineering profession
through research. In 1993, CEREF led the construction-materials trade associa-
tions in launching a $2 billion to $4 billion research program with the ambitious
title, “High-Performance Construction Materials and Systems: An Essential Pro-
gram for America and its Infrastructure.” The program goal is to improve U.S.
competitiveness and revitalize the nation’s aging infrastructure by exploiting
advanced construction materials.

Engineering, Design, and Architectural Firms

Engineering, design, and architectural firms play a major role in transferring
technology, both within the United States and internationally. (See, for example,
Freeman, 1968.) Many of the larger firms were established originally as engi-
neering design departments of major manufacturing firms and were later spun off
as independent companies offering services to a wide range of clients. Over time,
these firms have become inventors and systems integrators in their own right,
assuming roles as developers of new technologies that they then market along
with their more routine design services.

Engineering design firms invest relatively little in separately identified R&D,
especially in the United States—a circumstance for which they have often been
criticized. However, they nevertheless conceptualize new technologies, and,
working in conjunction with manufacturers, reduce these to practice while retain-
ing title to the patents and know-how that result. For example, the M.W. Kellogg
Corp. for a number of years was the source of most of the new process technology
for producing synthetic anhydrous ammonia from natural gas. Kellogg designed
and built plants for numerous U.S. and international firms, often on a “turn-key”
basis.

Many engineering, design, and architectural firms specialize in process and
production technologies, as well as facilities design and construction. They are
less likely to develop or own proprietary product technology. Thus, since many
producers (e.g., manufacturers, public utilities) only infrequently build new fa-
cilities and cannot afford in-house process development and design staffs, these
firms fill an important niche in the marketplace.

In addition to developing and transferring their own technologies, engineer-
ing, design, and architectural firms are important conduits for diffusing new tech-
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nologies developed by others. They do this by specifying the use of those new
technologies within the designs they sell to their customers. In this way, they act
as gatekeepers for new technology, encouraging customers to invest in processes
that are most efficient and effective and least likely to pose undue risks of func-
tional or financial disappointment.

Some engineering, design, and architectural firms are quite large, employing
hundreds of people and annually engaging in projects whose total costs are in the
billions-of-dollars range. Bechtel, Fluor, Kellogg, A.T. Kearney, and Stone and
Webster are in or near this class. Others are much smaller, with highly special-
ized expertise in certain narrow but essential fields of technology and may sub-
contract for design work with larger firms. Some small firms may have one or
more staff who have very broad experience in a sector and can offer a one-stop
source of expertise to smaller client firms that need broad-based technical help to
solve a problem or to expand capacity or product line. There are also a number of
single-person firms and individuals who operate as consultants in this area. There
are no data that distinguish those smaller engineering, design, and architectural
firms from the many thousands of other types of consultants.

Venture Capital Firms

The classic function of venture capital (VC) firms in the technology transfer
process is to invest in the growth of new start-up or spin-off technology compa-
nies. A great many do little more than that. Most VC firms perform their own
analyses (e.g., of technologies, markets) before making a commitment to invest,
and most are prepared to take remedial actions with their companies (e.g., recruit-
ing new management) to protect their investment. However, some VC firms play
a more active role in company development.

The most important element of any new firm is the quality of its staff, par-
ticularly its management. Many VC companies assist their client firms with the
identification and recruitment of key management team members. Another
method for strengthening new company management is to create networks with
other, more experienced, firms, particularly suppliers, customers and neighbors,
who can provide informal guidance to managers of the start-up. VC firms may
also assist their client companies with other traditional business services, such as
finance and accounting, organization, and office space.

A number of VC entities limit their investment to specific technology niches.
This permits them to acquire technological know-how and to assist their client
firms in the technology arena as well as in the financial and management areas.
This assistance can take the form of expert market analysis as well as location of
sources of complementary technological expertise for the new firm’s technical
staff. Technology savvy VC firms can also measure and monitor the technologi-
cal progress of their clients better than investment firms with a more general
portfolio.

In 1996, there were more than 600 venture capital funds in the United States.
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That year, these funds collectively invested roughly roughly $10 billion in ap-
proximately 2,000 companies in all stages of growth from start-up to turnaround,
including more than 280 initial public offerings. Also in 1996, 44 percent of
venture capital went to information technology companies and another 31 per-
cent to health-care-related enterprises, and another 25 percent went to non-tech-
nology companies (Horsley, 1997; VentureOne, 1997). It is estimated that only
about one-quarter of VC-funded U.S. start-up companies succeed. Nevertheless,
the average return on investment is 20 percent for the VC industry as a whole.?

The Internet

The Internet was initially developed for the express purpose of enabling rapid
communications and the transfer of large amounts of data and visual representa-
tions for the purposes of R&D. It has performed this function admirably for over
a decade, and it is slowly acquiring a similar enabling role in technology transfer.

Most U.S. R&D-performing institutions have a presence (usually a home
page) on the World Wide Web, and most of those without home pages reported
that they were in the process of building one. The quality and utility of these
home pages vary widely. As users figure out what works and what does not work
on the Internet, and as problems of access to intellectual property and payment
for Internet-based services are resolved, more and more institutions (particularly
high-tech concerns) will establish not only a presence on the Web, but also will
provide sophisticated access to real information and other things of value.

This access will undoubtedly include some interactive functions, for example,
introducing potential providers and purchasers of technology that are key to tech-
nology transfer. Outsourcing and outplacing of technologies will be facilitated
by on-line databases using sophisticated search engines operated directly by
searchers or with the help of human intermediaries. Additional technological
advances in communications and processing will permit users to exchange 3-D
images, video, and sound over networks, significantly enhancing the quality of
presentations and available information.

SUMMARY: ORGANIZATIONS THAT TRANSFER TECHNOLOGY
CREATED BY OTHERS

As the preceding discussion makes evident, the number of privately held,
non-R&D-performing U.S. organizations involved in technology transfer to in-
dustry is huge, and the spectrum of technology transfer services they provide is
extensive. The collective performance of these diverse players, however, has
been criticized severely in recent decades. Indeed, the poor performance of many
U.S. companies in more traditional manufacturing industries, particularly small
and medium-sized enterprises (SMEs), suggests that there are significant gaps in
the scope and/or quality of technology transfer services provided to SMEs by
public-and private-sector organizations.>* The perception that this vast collec-
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tion of privately held organizations is not meeting the technology-transfer/indus-
trial-modernization needs of U.S. SMEs was a driving force behind the establish-
ment and expansion of public-sector technology-transfer/industrial-extension ini-
tiatives by state governments and federal agencies during the 1980s and early
1990s.

Conclusion

Privately held, nonacademic organizations form the smallest of the four sec-
tors of the U.S. technology transfer enterprise in terms of R&D performed or
quantitatively measurable technology transfer (patents and royalties). This sector
is also the least well documented and measured. However, its importance to the
nation’s innovation system should not be underestimated. As discussed above,
these organizations vary widely in size, function, and contribution to the U.S.
R&D and technology transfer enterprise.

The highly heterogeneous population of U.S. privately held independent and
affiliated R&D institutes fills some important gaps in the U.S. R&D enterprise,
addressing unique R&D and evaluation needs of certain industries or subsectors
(particularly in biomedical fields) that universities and federal laboratories do not
address. Nevertheless, it would be inaccurate to characterize most of these insti-
tutes as industry-oriented.

The vast majority of independent and affiliated research institutes receive
most of their funding from federal mission agencies or private foundations and
are focused primarily on basic research. More than half of these institutions are
concentrated in the health and medical fields, and these institutes collectively
account for a significant share of all health and medical R&D performed in the
United States. While the R&D activities of many institutes in this group consti-
tute a critical link in U.S. drug testing and evaluation, and directly benefit health-
and medical-related industries in many other ways, the research agendas of these
institutes are not driven or shaped to any significant extent by the day-to-day
R&D needs of industry.

Even within the relatively small population of independent and affiliated
engineering R&D institutes, many of which were originally established to serve
the needs of regional industries, there are today relatively few institutes whose
R&D activities are substantially geared to the applied R&D needs of private in-
dustry. Five of the seven largest independent engineering R&D institutes per-
form the vast majority of their R&D in service to federal agency missions, not the
R&D needs of private companies. In short, these institutes do not fill perceived
gaps in basic or applied R&D that are directly relevant to needs of more tradi-
tional, technologically mature manufacturing industries, gaps that many have
identified as a significant weakness of the U.S. R&D enterprise (National Acad-
emy of Engineering, 1993).

Industry-led research consortia, both publicly and privately funded, have as-
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sumed greater significance in the U.S. R&D enterprise in the past decade, par-
tially filling some of the aforementioned R&D gaps in selected high-tech and
technologically mature industries. However, coverage in terms of industries and
technology areas (and the share of firms within a given industry or technology
field) remains very limited, as does the claim of these consortia on public and
private R&D resources overall. Furthermore, in part because of the diversity and
highly autonomous nature of U.S. industrial R&D consortia, there has been re-
markably little knowledge transfer concerning organizational and operational
practices among the rapidly growing population of U.S. consortia.

The U.S. population of privately held, non-R&D performing organizations
involved in technology transfer to industry is large, diverse, and highly autono-
mous, and the range of technology transfer services provided is extensive, though
uneven among industrial sectors. Indeed, in the absence of significant public-
sector involvement, this diverse group of technology transfer intermediaries, to-
gether with private vendors of hardware and software and large industrial firms/
customers, have long constituted the primary sources of new technology, techni-
cal assistance, and advice for U.S. small and medium-sized enterprises (SMEs) in
most manufacturing industries.

During the past decade, however, the slow pace with which many U.S. com-
panies, particularly SMEs in more traditional manufacturing industries, have
adopted new production technology suggests that significant gaps exist in the
scope and quality of industrial-modernization services provided by this vast amal-
gam of private companies and private technology transfer intermediaries (Na-
tional Academy of Engineering, 1993; National Research Council, 1993a).

Admittedly, in recent years, several industry-led initiatives, some with lim-
ited public funding, have begun to address some of the innovation and technology
diffusion challenges that face SMEs as well as larger firms in a number of techno-
logically mature U.S. industries. For example, through increased industry self-
organization and support from federal agencies and university-based researchers,
segments of the U.S. textile and apparel industry have successfully applied mod-
ern information technology to achieve a major revitalization of their entire de-
sign, supply, and marketing chain—Ilargely in response to the new “lean” retail-
ing strategies of major retail distributors, strategies also enabled by advances in
information technology (Abernathy et al., 1995).%5 Similarly, through a combi-
nation of firm-specific and industrywide initiatives, often in partnership with fed-
eral agencies or academic researchers, the U.S. automotive industry has success-
fully met many of the manufacturing challenges that hit the industry in the late
1970s and early 1980s.9° Other successful or promising industry-led efforts to
meet the manufacturing and other technology diffusion needs of SMEs include
the National Center for Manufacturing Sciences and SEMATECH’s work with
semiconductor equipment and material manufacturers.®’

Particularly promising in the judgment of the U.S. delegation are the recent
technology road mapping exercises of the Semiconductor Industry Association
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and a coalition of organizations from the U.S. chemicals industry that inventory
the two industries’ sources of technology and forecast technological needs
throughout the industries’ respective value-added chains (American Chemical
Society et al., 1997; Rea et al., 1996). These road mapping efforts show potential
for advancing both the development and diffusion of new technology in indus-
tries where technological advance is more evolutionary than revolutionary. From
the perspective of firms involved as well some outside observers, the semicon-
ductor industry technology road map effort has been successful at focusing the
attention and resources of the industry and the federal government on a shared
conception of technological challenges and opportunities. The more recently
developed technology road map for the chemical industry was launched, in part,
by a request from the White House Office of Science and Technology Policy.”®

In addition to these industry-specific initiatives, state and federal govern-
ments have attempted to strengthen the existing but relatively weak network of
private and public service providers with more comprehensive industrial-mod-
ernization and technical-extension programs. (See Part II, pp. 76-79 and Annex
II, pp. 201-213.)%

Nevertheless, while the experience and promise of these and other private-
and public-sector (and joint public-private) initiatives are encouraging, it is im-
portant to recognize that the reach of these efforts, in terms of companies, indus-
tries, and technology areas (and the share of firms within a given industry or
technology field) remains very limited, as does their claim on public and private
R&D resources overall (National Academy of Engineering, 1993; Shapira, 1997).
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Case Studies in Technology Transfer

BIOTECHNOLOGY
Simon Glynn and Arthur E. Humphrey

Biotechnology is literally a new technology, enabled by rapid expansion of
our understanding of cell biology, especially of DNA, and the development of
techniques that use this new understanding to physically change the genetic con-
tent of cells. The United States dominates in the biomedical sciences and is the
source of the vast majority of basic information in biotechnology. The United
States has also dominated early efforts to realize the potential of biotechnology.
This paper is intended to review the technology flows that have enabled this
success.

Defining the Scope of Biotechnology

THE TECHNOLOGIES

Biotechnology is defined by technologies, not outputs. These technologies,
especially the sequencing and decoding of genes on a large scale, have trans-
formed our understanding of the function of DNA in cells. These advances also
enable researchers to manipulate genetic information in cells. For example, us-
ing recombinant DNA technologies, the human gene that codes for insulin (a
protein) can be isolated and then inserted in a bacterium. The bacterium can be
made to synthesize human insulin, which may then be used to treat diabetes.
Genetically engineered cells can produce not only human hormones such as in-
sulin or growth hormone, but also blood products like clotting factors, vaccines,
and new antibiotics.

177
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These new technologies can also be used to create a class of proteins called
monoclonal antibodies that are especially useful in diagnostics. These proteins
are not created using recombinant DNA techniques, but by fusing a tumor cell to
a white blood cell and then cloning this new cell. The resulting cells produce
antibodies that are chemically identical. Monoclonal antibodies are used widely
in research to identify the presence of specific types of molecules and to detect
the presence of disease.

HUMAN THERAPEUTICS AND DIAGNOSTICS

Data on biotechnology revenues are inconsistent, but total annual revenues
to U.S. companies from products developed using biotechnology appear to be
about $10 billion and are projected to increase 15 to 20 percent each year over the
next few years. Human therapeutics and diagnostics represent over 90 percent of
these revenues (U.S. Department of Commerce, 1993). Table A-1 shows the
number of drugs currently in development that use biotechnology techniques. In
1994, there were only 19 biotechnology-based drugs approved for use in the
United States. (See Table A-2.) These drugs as a group rely on human hormones
that were either understood or thought to be therapeutically useful in the treat-
ment of diseases such as diabetes, anemia, and multiple sclerosis. These drugs
have about $9 billion in annual global sales, or less than 5 percent of total global
sales for pharmaceuticals (Merrill Lynch, 1996). As of February 1992, 640 diag-
nostic kits using monoclonal antibodies, DNA probes, and recombinant DNA

TABLE A-1 Biotechnology Drugs in Development, 1989-1993

1989 1990 1991 1993

Approved medicines 9 11 14 19

Medicines or vaccines in development
Phase 1 26 38 48 41
Phase NI 12 13 16 22
Phase II 23 32 46 53
Phase II/IIT 8 6 7 6
Phase I1I 11 15 18 33
Phase not specified 5 3 2 4
Application at FDA for review 10 19 21 11

TOTAL medicines or vaccines in development 95 126 158 170

NOTE: Total medicines or vaccines in development reflects medicines in development for more than
one indication.

SOURCE: Pharmaceutical Manufacturers Association (1993).
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TABLE A-2 Biotechnology Medicines or Vaccines Approved for Use by the
Food and Drug Administration as of 1993

Year
Product Indication(s) Company Approved
Beta interferon Multiple sclerosis Chiron 1993
DNAse Cystic fibrosis Genentech 1993
Factor VIII Hemophilia Genentech, 1993
Genetics Institute
IL-2 Renal cell cancer Chiron 1992
Indium-111-labeled antibody  Cancer imaging Cytogen 1992
Aglucerase Gaucher’s disease Genzyme 1991
G-CSF Adjunct to chemotherapy Amgen 1991
GM-CSF Bone marrow transplant Immunex 1991
Hyaluronic acid Ophthalmic surgery Genzyme 1991
CMYV immune globulin Prevention of rejection in MedImmune 1990
organ transplants
Gamma interferon Chronic granulomatous disease Genentech 1990
PEG-adenosine deaminase Immune deficiency Enzon 1990
t-PA Myocardial infarction, pulmonary ~ Genentech 1990
embolism
Erythropoietin Anemia associated with renal Amgen 1989
failure, AIDS, cancer
Hepatitis B antigens Diagnosis Biogen 1987
Alpha interferon Cancer, genital warts, hepatitis Biogen, Genentech 1986
Hepatitis B vaccine Prevention Biogen, Chiron 1986
Human growth hormone Deficiency Genentech 1985
Human insulin Type I diabetes Genentech 1982

SOURCE: Read and Lee (1994).

techniques had been approved by the U.S. Food and Drug Administration (FDA),
including screening tests for the AIDS and hepatitis C viruses (U.S. Department
of Commerce, 1993).

The current generation of biotechnology drugs relies on major advances in
biotechnology to identify and decode genes. This large-scale sequencing of genes
is being done globally and is coordinated through gene databases on the Internet.
Sequencing of the entire human genome may be completed by 2005 (Washington
Post, 1996). Two examples of protein drugs based on these techniques are
Amgen’s obesity drug Leptin and a protease inhibitor for AIDS that has had a
dramatic clearing effect on the HIV virus (Merrill Lynch, 1996).

NONMEDICAL USES OF BIOTECHNOLOGY

Nonmedical uses of biotechnology are also apparent. Using biotechnology
techniques, researchers hope to transfer into plants specific beneficial traits (e.g.,
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resistance to pesticides, tolerance of hostile environmental conditions such as
salinity or toxic metals, or higher nutritional content) (National Research Coun-
cil, 1987). Bioprocess technologies are also expected to help in diverse sectors of
the economy. In the petroleum industry, for example, bioprocessing has potential
to degrade wastes or toxic substances (National Research Council, 1992c).

Revenues from these nonmedical uses of biotechnology (agriculture, spe-
cialties, environmental) are less than 10 percent of total revenues in biotechnol-
ogy (U.S. Department of Commerce, 1993). There are several reasons for this.
First, the use of biotechnology in areas other than human therapeutics and diag-
nostics presents unique research and technical barriers not addressed by biomedi-
cal research. Second, the use of biotechnology is constrained by economics.
Drugs developed using early biotechnology techniques have tended to be exceed-
ingly expensive. But new opportunities will require technologies to synthesize
and purify the biological products at sharply lower cost and higher capacity (Na-
tional Research Council, 1992c). Finally, commercial development in biotech-
nology in the United States (so far) is directed by the size of the opportunity. The
most immediate consequence of this is the current focus on human therapeutics
and diagnostics, where the returns to investors are expected to be largest; there is
relatively less focus on agricultural or industrial applications. For these reasons,
many of the nonmedical uses of biotechnology are not expected to be commer-
cially available before 2000 (Table A-3).

New Biotechnology Companies

Two different types of firms are pursuing the commercial potential of bio-
technology: new biotechnology firms (NBFs), started specifically to exploit
opportunities using biotechnology techniques; and large companies in pharma-
ceuticals, chemicals, and other sectors for which biotechnology has important
implications.

The biotechnology sector included 1,272 biotechnology companies in 1993,
of which 235 were public (Read and Lee, 1994). More than 100 of these compa-
nies were started in the last 2 years, and 70 percent are less than 10 years old
(Read and Lee, 1994). A large proportion of these NBFs, but certainly not all, are
developing human therapeutics and diagnostics. Compared with the larger phar-
maceutical sector, NBFs as a group are relatively small. According to a survey
by Ernst and Young (1993), revenues for biotechnology companies were about
$7 billion in 1992, compared with revenues of $114 billion for pharmaceutical
companies. The biotechnology sector is nonetheless a very large funder of bio-
medical research. According to the survey, NBFs spent nearly $5.7 billion on
R&D in 1992, about half the R&D expenditures of the pharmaceutical sector. As
is obvious from these levels of R&D spending, the overwhelming majority of
biotechnology companies are research organizations with essentially no revenues.
Nearly one-third of NBFs have no approved products, and 70 percent had rev-
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TABLE A-3 Selected Nonmedical Uses of Biotechnology

Animals
Vaccines Colibacillosis or scours (1984), pseudorables (1987),
feline leukemia (1990)
Therapeutic MAbs Canine lymphoma (1991)
Diagnostic tests Bacterial and viral infections, pregnancy, presence of
antibiotic residues
Plants
Diagnostic tests Diagnose plant diseases (turfgrass fungi)
Biopesticides (killed bacteria) Kills caterpillars, beetles (1991)
Bioprocessing
Diagnostic tests Diagnose food and feed contaminants (salmonella, aflatoxin,
listeria, campylobacter, and Yersinia entercolitica)
Chymosin or renin Enzyme used in cheesemaking (1990)
Alpha amylase Enzyme used in corn syrup and textile manufacturing (1990)
Lipase Enzyme used in detergents (1991)
Xylanase Enzyme used in pulp and paper industry (1992)
Luciferase Luminescent agent used in diagnostic tests
Environment
Diagnostic test Detect legionella bacteria in water samples

NOTE: MAbs = monoclonal antibodies.
SOURCE: U.S. Department of Commerce (1993).

enues of less than $5 million in 1992. Moreover, with very few exceptions,
development efforts in the majority of these biotechnology companies are several
years from approval.

Almost all of these small companies will run out of money before their ideas
are transferred to clinical practice. This problem becomes critical as the amount
of R&D required to move sophisticated medical technologies to commercializa-
tion increases. The investment in R&D is also risky. For example, failure to win
FDA approval for their sepsis products cost investors in three companies—
Synergen, Centocor, and Xoma—about $2.5 billion (Humphrey, 1995).

To finance their research and development efforts, the new biotechnology
firms have used a variety of funding mechanisms. The most important of these
have been investments from venture capital firms, through public financing, and
from larger companies.

VENTURE CAPITAL

The development of the U.S. biotechnology industry has largely been fi-
nanced by venture capital firms. Venture capital is available to NBFs because the
opportunity to exploit new advances in biotechnology for human therapeutics
and diagnostics creates liquidity in public markets (as initial public offerings).
Indeed, biotechnology attracted more venture capital financing—$261 million
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invested in 95 companies—than any other sector of the economy in 1992, except
software and services (Venture Economics, 1994).

Venture capital firms are an important reason for the success of NBFs in the
United States. In this country, nearly 75 percent of NBFs started as independent
firms, compared with only 5 percent of NBFs in Japan, where venture capital is
essentially nonexistent (National Research Council, 1992b). This difference may
be an advantage for U.S. firms, since venture capital allows NBFs to form earlier
and closer to intellectual capital in universities than would otherwise be possible
(Zucker et al., 1994).

PUBLIC FINANCING

Public markets have also been a valuable source of financing for the higher-
quality, larger-capitalization NBFs. In the early 1980s, several start-up biotech
firms (Genentech, Cetus) set Wall Street records when they first went public.
These firms have also been able to return to the public markets to finance produc-
tion scale-ups and clinical trials.

It is important to realize that health care reform and regulation impact the
availability of venture capital and public financing, since investors focus on the
anticipated returns on their investments. For example, regulations that require a
certain number of clinical trials to determine the expected time to market of new
drugs and therefore the cost of developing them. Health care reform efforts also
play an important role by increasing the uncertainty with regard to biotechnol-
ogy. Buyers of biotechnology-based drugs are now less often individual physi-
cians than health care corporations, and third-party payers are becoming more
restrictive, increasing the risk for investors and venture capital.

LINKS BETWEEN NBFs AND LARGE COMPANIES

Large pharmaceutical companies are an especially important source of fund-
ing for new biotechnology firms. Large pharmaceutical companies have been
investing in NBFs at an unprecedented pace. These cash infusions are especially
important for equity investors in new biotechnology companies, because they
reduce the future dilution they face.

Linkages to NBFs are important to large pharmaceutical companies for sev-
eral reasons. First, major pharmaceutical firms are looking increasingly for new,
unique drugs for which there is no analog to treat diseases for which there cur-
rently are few or no effective drug therapies. These are diseases such as cancer,
Alzheimer’s, and AIDS that account for $500 billion in medical expenses each
year in the United States (Merrill Lynch, 1996). Because the technology for
developing these drugs is concentrated in the new biotech firms, NBFs have a
comparative advantage in developing these new drugs.

Second, it is important to recognize that the distinction between pharmaceu-
tical companies and biotechnology companies is blurring as pharmaceutical firms
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are increasingly using biotechnology techniques to develop new drugs. Accord-
ing to a study by the Boston Consulting Group (BCG) (1993), 33 percent of
research projects in major pharmaceutical companies in 1993 were based on
biotechnology, compared with only 2 percent in 1980. In some larger pharma-
ceutical companies, up to 70 percent of the research projects were based on
molecular biology techniques. Equity investments have enabled larger compa-
nies to access the technology in these NBFs and to develop internal capabilities
in biotechnology.

Finally, the special strengths of the large pharmaceutical companies continue
to be in traditional drug discovery, manufacturing, marketing, and distribution.
Large pharmaceutical firms also are experienced in the drug approval process,
which is especially difficult for NBFs. Linkages to large pharmaceutical compa-
nies thus let NBFs exploit these competencies. For example, Humphrey (1993),
at the inaugural meeting of the American Institute of Medical and Biological
Engineering in 1992, observed that failure to integrate process design and engi-
neering expertise into the development process for biotechnology drugs prior to
phase III clinical trials resulted in many nonoptimal bioprocess designs that did
not use leading-edge technology.

LINKAGES TO FOREIGN FIRMS

Technological links are also expanding between new biotechnology firms in
the United States and large foreign firms. Foreign pharmaceutical companies
understand that a global orientation is required to ensure long-term competitive-
ness and financial returns, and they recognize that the United States is the world’s
largest health care market. Foreign firms also seek access to advances in biotech-
nology developed in the United States (National Research Council, 1992b). From
the perspective of NBFs, the need for cash infusions to fund R&D encourages
linkages with large, cash-rich foreign firms (National Research Council, 1992b).

These linkages so far serve to transfer technology from the United States to
foreign countries, although Japan’s strength in enzyme related bioprocessing tech-
nologies is a potential opportunity for future technology transfer from Japan to
U.S. biotechnology firms. Japan’s Kirin Brewery provided U.S. biotechnology
firm Amgen critical robotic bioprocess technologies for the production of Epogen
and Neupogen (Box 1). But the implication may be that these transfers represent
a future competitive advantage for foreign firms in the U.S. and global markets'
(National Research Council, 1992b).

The Importance of Universities

The important advances in biotechnology—so far—have been made dispro-
portionately by researchers in large U.S. research universities and then have dif-
fused to the commercial sector, usually through NBFs. In this sense, U.S. univer-
sities perform an incubator role for the biotechnology sector in the United States.
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BOX 1
AMGEN

Amgen, the largest independent biotechnology company in the world,
is headquartered in Thousand Oaks, Calif. The firm has research cen-
ters in Boulder, Colo., and Toronto, Canada; an international distribution
center in Louisville, Kentucky; clinical research centers in Cambridge,
England, and Melbourne, Australia; a fill-and-finish facility in Juncos,
Puerto Rico; and a European regional headquarters in Lucerne, Switzer-
land. Other international operating facilities are located in Australia, Bel-
gium, Canada, China, France, Germany, ltaly, Japan, the Netherlands,
Hong Kong, Portugal, Spain, and the United Kingdom.

Founded in 1980 by a group of scientists and venture capitalists,
Amgen was able to attract a prestigious scientific advisory board that
included several members of the National Academy of Sciences. In the
autumn of that year, George B. Rathmann, formerly of Abbott Laborato-
ries, was named Amgen’s chairman and chief executive officer—he was
the company’s first employee.

Amgen commenced operation in early 1981 with a private-equity
placement of approximately $19 million, involving venture capital firms
and two major corporations. The company chose its Thousand Oaks
location to be near such major research centers as the University of Cali-
fornia at Los Angeles, the University of California at Santa Barbara, and
the California Institute of Technology.

The company raised capital through public stock offerings in 1983,
1986, and 1987. Amgen’s stock is traded on NASDAQ'’s National Market
System under the symbol AMGN.

Using techniques of recombinant DNA and molecular biology to cre-
ate highly specialized health care products, Amgen scientific achieve-
ments have positioned the company at the forefront of the biotechnology
industry.

As a result of this technology, Amgen has developed several human
biopharmaceutical products. Two have been key moneymakers. Its re-

PUBLIC FUNDING OF BIOMEDICAL R&D

Health R&D now accounts for a rapidly growing share (16 percent in 1995,
or $11.4 billion) of the government’s total R&D investment (National Science
Foundation, 1994). Health research also received the single largest share—4 per-
cent—of federal basic research dollars in 1995, or $6.3 billion. In comparison,
general science, which included funding for the National Science Foundation
(NSF) and for the research portion of the now-canceled Superconducting Super-
collider, accounted for only 20 percent, or $2.9 billion, of estimated federal basic
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BOX 1—Continued

combinant human erythropoietin, EPOGEN® (Epoetin alfa), stimulates
and regulates production of red blood cells; and its recombinant granulo-
cyte colony-stimulating factor (rG-CSF), NEUPOGEN® (Filgrastim), se-
lectively stimulates the production of a class of infection-fighting white
blood cells known as neutrophils.

Amgen received its first patent for EPOGEN® on October 27, 1987,
and a product license application (PLA) was filed with the FDA 2 days
later. On June 1, 1989, EPOGEN® was approved by the FDA for treat-
ment of anemia associated with chronic renal failure.

Besides the development of key proprietary recombinant DNA meth-
ods for the production of EPOGEN and NEUPOGEN, two major process
technologies were important to the commercialization of these products.
To achieve rapid and successful commercialization of these products,
AMGEN made the decision to sharply scale up its roller-bottle technology.
To do this, it entered into a joint venture—Kirin Amgen—with Japan’s
Kirin Brewery Co., Ltd., in 1984 for the commercial development of re-
combinant human erythropoietin. Through this joint venture, robotic bot-
tling technology was adapted to roller-bottle manufacturing,

A second key factor in the firm’s success was the in-house modifica-
tion of the roller-bottle cap, allowing not only easy removal in the robotic
process but also an increase in gas-mass transfer across the cap, result-
ing in a greater than tenfold improvement in productivity.

That this joint technology transfer has been eminently successful can
be seen by the financial success of the corporation. Total AMGEN rev-
enues for the year ended December 31, 1993, were $1.4 billion, primarily
from sales of EPOGEN and NEUPOGEN. Revenues in 1992 were $1.1
billion. Net income for fiscal 1993 was $383.3 million, or $2.67 per share
on a primary basis. In just 13 years, starting from scratch, AMGEN has
become a Fortune 400 trading corporation. Adaptation of enabling tech-
nology was important to achieving this success.

SOURCES: Amgen, Inc. (various years).

research authorizations (National Science Foundation, 1994). The overwhelming
majority of this biomedical funding is directed to U.S. research universities and
academic medical centers.

To a considerable extent, this support has been concentrated on the emerging
genetic engineering techniques in biotechnology, especially for AIDS research.
In 1993, the U.S. administration, stating its intention to strengthen the FCCSET
(Federal Coordinating Council for Science, Engineering, and Technology) pro-
cess, included funding for six presidential initiatives in its initial 1994 budget
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proposal.2 The largest of these initiatives was for biotechnology research, and
more than three-quarters of this funding was controlled by the National Institutes
of Health (NIH) (National Science Board, 1993).

UNIVERSITY-INDUSTRY RELATIONSHIPS

In quite a few instances, the mechanism for technology transfer in biomedi-
cal R&D has been the establishment of (usually single-product) biotech start-ups,
often with individual scientists and their graduate students literally moving from
academia to industry. For this reason, universities have been the locus of innova-
tion in biotechnology. For biomedical firms, locating near U.S. research univer-
sities provides access to state-of-the-art research in fields essential to their contin-
ued success. Indeed, about half of all NBFs in the United States are grouped
around three major centers of academic biotechnology research: 21 percent of
NBFs are close to Stanford, University of California at Berkeley, and UC San
Francisco; 18 percent are near MIT and Harvard in Boston; and 12 percent are
located near the NIH campus in Bethesda, Md. (Humphrey, 1995).

The diffusion of basic information and expertise from U.S. universities to
new biotechnology firms is essentially complete. Indeed, these laboratory tech-
nologies are now widely disseminated, since virtually all of the research that
enables biotechnology was performed in U.S. universities and academic medical
centers using public money. There are few valuable strategic positions in these
techniques (although separation and purification techniques, and process control
are critical, as they create an economic advantage) (Gaden, 1991).

Nonetheless, quite a number of interesting case studies seem to indicate that
both the number and variety of alliances in biomedical R&D between academia
and industry are increasing dramatically. In a recent study, Cohen et al. (1994)
identified more than 1,050 research centers at U.S. universities, representing an
aggregate budget of $4.12 billion in 1990, exactly half of all federal expenditures
on academic R&D that year. Of these university-industry centers, 232, or 22
percent, conducted biotechnology research. Nearly 45 percent of expenditures
were for basic research, although this actually represents less of an emphasis on
applied research than academia as a whole (Cohen et al., 1995).

Data on individual participation suggest that relationships between research-
ers in academia and industry are even more pervasive than information on univer-
sity-industry alliances indicates. For example, many NBFs have also established
scientific advisory boards that include research scientists from U.S. universities
and academic medical centers. Blumenthal (1992) found that 47 percent of bio-
technology faculty consulted with industry, that 23 percent were involved in for-
mal university-industry relations, and that 8 percent had received equity based on
their own research.

Biotechnology companies encourage these relationships. Genentech, for ex-
ample, provides several million dollars of free recombinant materials to academic
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researchers every year. As a condition of receiving these materials, Genentech
requires that any research findings be reported to Genentech, and Genentech as-
serts the first right of refusal on any commercial applications developed (Personal
communication from H. Niall, chief scientist, Genentech, to Simon Glynn, re-
search associate, National Academy of Engineering, August 10, 1993).

These dynamics are important, because federal and industry funding of bio-
medical research are not quite the same thing. Industry and universities have
increasingly diverging research agendas in biotechnology, and this is reflected in
the priorities of academic researchers (Box 2). Of the individuals interviewed for
the Harvard biotechnology project, 30 percent of biotechnology faculty with in-
dustrial support said that their choice of research topics had been influenced by
the likelihood that results would have commercial application. This compared to
only 7 percent of faculty without commercial funding who said so. The terms of
funding are also different: For extramural grants from the NIH, 92 percent are for
3 years or longer; for industry-funded research in universities, the majority of
grants are for 2 years or less, consistent with the shorter time horizon of applied
research (Blumenthal et al., 1986b).

ECONOMIC INCENTIVES

The institutional environment in which academics live is extremely impor-
tant for technology linkages. In this respect, the changes in medicine have been
faster and more dramatic than in other areas. Few, if any, examples of basic
research in academic medical centers attracted commercial interest (unlike phys-
ics and chemistry and even music) until the early 1970s and the acceleration of
genetic research. Even then, at Stanford, there was significant culture shock (and
in some cases even outright hostility) when patents and commercial interest in-
truded into these medical departments after the first successful recombination of
DNA by Cohen and Boyer in 1973. This is in sharp contrast to the current view
of biotechnology at Stanford. Observed a prominent scientist, “The problem
[now] is not pushing technology out of the lab; the problem—and this is a prob-
lem—is pushing the technology too early. Technology advances too fast from
academia to commercialization. I have a staff of nine, and everyone has a pet
cure for cancer that they are pushing” (Personal communication from D. Botstein,
Stanford University, to Simon Glynn, research associate, National Academy of
Engineering, August 9, 1993).

A critical element in this culture is the use of programs to provide financial
incentives to support and encourage innovation by academics.> At Stanford, for
example, 15 percent is subtracted from total license revenues for the technology
licensing office budget (this is usually excessive; the excess then goes to the
Dean of Research for a research incentive fund for researchers without sponsor-
ship). The net royalties are then divided, one-third to the inventors, one-third to
their department, and one-third to the school of medicine (Personal communica-
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BOX 2
The Monsanto-Harvard Agreement

In 1982, Monsanto Corp. of St. Louis, Missouri, opened new facilities
to expand its fundamental biotechnology research program. These labo-
ratories were aimed at developing new products in animal nutrition, agri-
culture, and human health, as well as developing and expanding the basic
understanding of new biotechnology techniques. Through its program in
molecular biology, the company was seeking a window on developing
biotechnology through internally conducted research and collaborative
research with universities and small start-up companies. The latter in-
cluded such firms as Genentech, Genex, Biogen, and Collagen.

As part of the program, in 1974 Monsanto entered into a landmark
agreement with Harvard University to fund purely basic research for a
period of 12 years. The company cosponsored studies on the molecular
basis of organ development and tumor angiogenesis. The agreement
assigned publication rights to the participating Harvard researchers and
commercialization rights to Monsanto.

After the initial 12 years, the program was not renewed; rather, it was
scaled down and agreements were designed to support the research of
individual Harvard scientists whose work was of specific interest to the
company. Considerable insight was gained from the research about the
carcinogenic behavior of many compounds produced by Monsanto. How-
ever, greater commercial advantage was gained through the support of
cooperative research with small or emerging biotechnology companies.
One such cooperative venture was the joint program with Genentech to
produce recombinant bovine and porcine growth hormones.

SOURCE: Genetic Engineering News (1982).

tion from H. Wiesendanger, Office of Technology Licensing, Stanford Univer-
sity, to Simon Glynn, research associate, National Academy of Engineering, Au-
gust 10, 1993). A similar policy is in effect at MIT and UC Berkeley. These
licensing fees are an important alternative to government funding at the major
U.S. research universities and especially in the emerging field of biotechnology,
with companies supporting up to 16 percent of university research in this area
(Blumenthal, 1992). The patents on DNA recombinant techniques by Boyer and
Cohen are an example: The $14.6 million earned by the Cohen-Boyer patents in
1991 represented 58 percent of total income from all patents held by Stanford
(Personal communication from H. Wiesendanger, Office of Technology Licens-
ing, Stanford University, to Simon Glynn, research associate, National Academy
of Engineering, August 10, 1993).
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Interaction With NIH and NIH-Funded Investigators

NIH is the largest funder of biomedical research in the world. The agency
funded $3.5 billion in biotechnology-related R&D in 1992, about 80 percent of
all federal spending for biotechnology (National Research Council, 1992a). Rela-
tionships between researchers at NIH and university scientists receiving NIH fund-
ing are therefore an important dimension of technology transfer in biotechnology.

NIH helps industry to develop this research for commercial use in four ways:
participating in cooperative R&D agreements (CRADAs), licensing patented
materials, training post-doctoral students and research fellows, and publishing.

CRADAs involve NIH researchers and facilities in industry-directed re-
search. This lets NBFs leverage these NIH resources. Several important prod-
ucts have resulted from these collaborations, including the AIDS drugs AZT and
DDI, and the HIV antibody tests. Nearly 1,000 CRADAs have been negotiated
between the U.S. Department of Health and Human Services and industry since
1987 (U.S. Department of Commerce, Office of Technology Policy, unpublished
data, 1996). NIH also facilitates technology links by licensing materials devel-
oped by NIH and by training post-doctoral students and research fellows. These
technologies and researchers interested in collaboration are listed in an electronic
bulletin board funded by NIH.# NIH researchers also publish about 7,000 techni-
cal journal articles per year as well as present research at scientific meetings
(National Research Council, 1992b).

THE QUESTION OF FOR-PROFIT FUNDING AND RECIPROCITY

Funding from for-profit organizations is seen as a potential problem in these
relationships, especially if these relationships involve foreign competitors of U.S.
firms. The 1993 agreement between the Scripps Research Institute, which re-
ceives substantial NIH funding, and Swiss-based Sandoz Pharmaceuticals is an
example of this. Under the terms of the agreement, which was scheduled to go
into effect in 1997, Sandoz would give Scripps $300 million over 10 years and an
option to extend the contract for another 10 years. In return, Scripps, the largest
private biomedical research laboratory in the United States, agreed to give all its
discoveries to the Swiss firm for the next 20 years (Hilts, 1993a,b).

The Scripps-Sandoz agreement was widely attacked by NIH and Congress
for giving Sandoz substantial control over the Scripps research laboratories and
their findings, and for encouraging the commercial development of federally
funded research by non-U.S. companies. Scripps spends about $100 million per
year on research and receives $70 million of this funding from NIH. In response,
NIH announced that the exclusive rights to patents from biotechnology discover-
ies made using these federal funds would be removed. Scripps subsequently
agreed to accept a substantially reduced contribution from Sandoz and to modify
the terms of the agreement (Hilts, 1993a,b).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

190 TECHNOLOGY TRANSFER SYSTEMS IN THE UNITED STATES AND GERMANY

Importance of Fellowships, Conferences, and Specialized Journals

An assessment of the factors that facilitate technology transfer must also
give attention to the circumstances under which innovation happens. The discov-
ery of DNA cloning, for example, derived from basic research. But the discovery
occurred in quite exceptional circumstances—an environment conducive to sci-
entific discovery and the exchange of information.

Inventions almost never happen in isolation. The collaboration by Cohen
and Boyer that led to the discovery of DNA cloning was proposed at a U.S./Japan
scientific meeting held in Honolulu, Hawaii.> Technology transfer in biotechnol-
ogy depends to a very large extent on the ability of individual scientists or groups
of scientists (as opposed to institutions) involved in research to interact with each
other. Consequently, the imperative for NBFs is to create close interactions with
these academic researchers.

According to Hugh Niall, chief scientist for Genentech, this requires estab-
lishing a culture in NBFs as similar to universities as possible. Critical to this is
the ability of researchers to move back and forth between industry and academia,
and to build their academic credentials by doing this. The immediate conse-
quence of this is a large network of alumni—senior researchers who leave
Genentech are usually retained as consultants, for example. A second conse-
quence is that NBFs are able to recruit new scientists to continually renew the
research organization. For example, Genentech employed 40 to 50 post-docs (out
of 330 researchers) in 1993 in a 2-to-3 year fellowship program funded almost en-
tirely by the company. These post-docs do curiosity-driven research, and many
of them go on to careers in academia (H. Niall, personal communication, 1993).

Conferences, professional organizations, and journals are also very useful
for technology transfer. Large organizations, for example the Federation of
American Societies for Experimental Biology (FASEB), attract 15,000 to 20,000
people to their meetings (National Research Council, 1992b). Many of these
organizations also contribute to the internationalization of biotechnology. For
example, more than one-quarter of the members of the American Society for
Microbiology (ASM) come from outside the United States. These foreign mem-
bers are seen as active contributors. Japanese members are especially active in
molecular biology and fermentation technologies, for example. Foreign authors
are also significant contributors to the ASM’s many scientific journals (National
Research Council, 1992b).

Policy Questions

INTELLECTUAL PROPERTY RIGHTS

Perhaps the most important policy question in university-industry relation-
ships relates to intellectual property rights. Universities are the recipients of the
majority of federal funding in basic research, but they are not appropriate institu-
tions for the development and transfer of these findings to clinical practice. To
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address this, the 1980 Bayh-Dole Act gave universities new patent rights for all
discoveries resulting from federally sponsored research, thus recognizing a criti-
cal element in the transfer of technology: Industry must have reasonable expecta-
tions of being able to recover product development costs (which are extremely
high in biotechnology) or it will not participate. Patents and licenses on intellec-
tual property developed at universities are, consequently, an absolute prerequisite
for the transfer of biotechnology to clinical practice.

The apparent effect of this initiative on universities is impressive. Before the
enactment of Bayh-Dole in 1980, only about 4 percent of the more than 30,000
patents held by the federal government were ever licensed. Now, nearly 50 per-
cent of patents are licensed (National Research Council, 1992a). Leading re-
search universities also expanded their efforts to transfer technology to industry
and to enhance their licensing activities. Indeed, in biotechnology, universities
were more efficient in generating patents than private industry. Biotechnology
companies in the 1980s were realizing more than four times as many patent appli-
cations per dollar invested from university research than from their own labs’
investments (Blumenthal, 1992).

The problem with these patents is the requirement that patented inventions
be described in enough detail that they can be reproduced without undue experi-
mentation. Because microorganisms generally cannot be described in such de-
tail, courts have stipulated that this requirement must usually be met by submit-
ting a sample of the microorganism to a depository. But this gives competitors
direct access to the microorganism, increasing the opportunity for patent infringe-
ment. Differences between the U.S. first-to-invent system of patents and the
first-to-file system used in Japan and most other countries also create problems
(National Research Council, 1992b; Olson, 1986).

If the acquisition or enforcement of a patent seems difficult, NBFs may rely
instead on trade secrecy laws to protect a product or a process. There are several
disadvantages to trade secrecy laws, however. First, they offer no protection
against someone who independently discovers the secret. Such a discoverer may
then patent the finding and prohibit the original party from using it. Second, trade
secrecy prohibits scientists from publishing the results of their own research in
the scientific literature. Finally, theft of a trade secret is often difficult to prove
(Olson, 1986).

REGULATION

The use of recombinant DNA has been regulated since the technology’s in-
ception. In 1976, NIH issued guidelines for genetic research. These guidelines
banned certain types of experiments, reflecting the perceived risks. More typi-
cally, experiments had to be performed using various levels of physical and bio-
logical containment. As experience with recombinant DNA increased, the NIH
guidelines were successively revised. Today, the overwhelming majority of experi-
ments using recombinant DNA are exempt from these guidelines (Olson, 1986).
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Several limitations are apparent in the NIH guidelines. First, they apply only
to institutions that receive federal funds, and the penalty for violating the guide-
lines cannot extend beyond canceling this funding (although several regulatory
agencies do require that NIH guidelines be observed). Second, NIH guidelines
focus on research, not on commercial development. The scientific review pro-
cess used by NIH is inadequate to deal with the volume of commercial develop-
ment (Olson, 1986).

NIH guidelines have also come in conflict with the rules of several regula-
tory agencies. Approval for the release of genetically engineered microorgan-
isms into the environment, for example, involves regulatory channels outside the
NIH, including those of the Food and Drug Administration (FDA), the Environ-
mental Protection Agency (EPA), and the Department of Agriculture (National
Research Council, 1992b).

There are other regulatory problems, as well. These agencies, in many in-
stances, seek several distinct objectives. They have the responsibility to protect
human health and the environment from any potential dangers posed by biotech-
nology. The FDA, for example, requires pharmaceutical companies to demon-
strate through a variety of means, including clinical tests on humans, that a new
drug is “safe and effective.” In the instance of drugs developed using recombi-
nant DNA, the FDA requires them to undergo the entire approval process irre-
spective of identical approved or existing substances manufactured using identi-
cal techniques. The reason for this is concern over the possibility of undetected
contamination by drugs or chemicals, or the possibility of genetic instability in a
recombinant organism.

Receiving approval for a new drug developed using recombinant DNA tech-
niques is consequently a long and expensive process. Approval of a new drug
application (NDA) usually takes 2 years, and the average cost for FDA approval
exceeds $200 million (Humphrey, 1995; Olson, 1986). In certain instances, the
process can be accelerated. For example, important new drugs for AIDS have
recently been approved for use in less than 1 year (Reingold, 1995).

But the FDA is also increasingly under pressure to encourage and facilitate
the expansion of commercial biotechnology in the United States. By imposing
burdensome regulations, winning approval for biotechnology products will take
longer. The current lead the United States enjoys in converting the results of
biotechnology into commercial products may therefore be lost to biotechnology
firms in other countries with less restrictive regulations.

THE ORPHAN DRUG ACT AND PRICE REGULATION

The viability of the Orphan Drug Act and the pricing of emerging biotech-
nology drugs are important questions for regulation. Congress passed the Orphan
Drug Act in 1983 to encourage development of drugs that, although clinically
useful, had no commercial appeal due to very high development costs or that
were intended to treat diseases from which fewer that 200,000 people suffered
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(Tregarthen, 1992). The Orphan Drug Act provides two incentives, if the drug is
approved by FDA for use. First, a company that wins “orphan” designation for its
product may receive tax credits for up to 50 percent of the cost of developing and
marketing the drug. Second, the company receives an exclusive 7-year monopoly to
market the drug for the specific orphan disease (Mossinghoff, 1992; Tregarthen,
1992). FDA has awarded nearly 500 orphan designations. As of 1993, 60 orphan
drugs had been approved for use by the FDA (Mossinghoff, 1992).

Seeking FDA approval is risky and expensive. But several important drugs
developed under the Orphan Drug Act—for example Taxol, used to treat ovarian
cancer, and the AIDS drug AZT (Retrovir)—have demonstrated outstanding com-
mercial potential. Both of these drugs were the result of federally funded research
(Tregarthen, 1992), and Congress has expressed concern over the high prices charged
by drug companies for medicines developed in this way. In 1986, Wellcome priced
AZT at $10,000 for a year’s supply but in response to intense public pressure has
subsequently reduced the price of the drug to about $2,500 (Tregarthen, 1992;
U.S. Centers for Disease Control and Prevention, 1996; Whitehead, 1992).

The Future of Biotechnology

The current view of the future of biotechnology is of continued U.S. leader-
ship in basic research and of technology transfer out of U.S. universities and NBFs
into larger pharmaceutical companies in the United States, Japan, and Europe.

Large pharmaceutical companies will continue to expand their presence in
biotechnology as the new generation of biotechnology drugs now in development
by NBFs enters clinical trials. Many of these pharmaceutical companies will be
foreign. Swiss-based Sandoz, for example, has acquired an interest in two U.S.
NBFs (Genetic Therapy and Systemix) as well as access to advanced technolo-
gies through its long-term agreement with the Scripps Research Institute. Indeed,
virtually every European country, as well as Canada, Japan, and the Organization
for Economic Cooperation and Development, has developed programs to exploit
this “new” biotechnology (Gaden, 1991). These programs can be expected to
increase international technology transfer in biotechnology, although—with per-
haps a few exceptions—the pattern of technology transfer in these programs will
continue to represent a net flow of technology out of the United States.

THE DEVELOPMENT AND TRANSFER OF MANUFACTURING
AND PRODUCTION TECHNOLOGIES TO U.S. COMPANIES

Robert K. Carr

Introduction

Technology for manufacturing and production is difficult to discuss as a ho-
mogenous entity. Unlike software, biotechnology, and electronics, the three other
sectors studied in this document, manufacturing and production technologies
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overlap a number of traditional academic and industrial categories. Manufactur-
ing and production technologies can be product, firm, or industry specific.
Broadly defined, they can include parts of associated technologies, such as mate-
rials and environmental cleanup, and are an important feature of industries as
diverse as biotechnology, automobiles, and microchips. Furthermore, a modern
definition of production technology includes not only machinery and other hard-
ware, with associated software and computing and communications, but also a
range of “soft” technologies, including just-in-time production techniques; lean,
flexible, and agile production; total quality management; and a host of other new
ways of doing things better. Finally, while the research base for manufacturing
and production technologies is centered in engineering, it draws heavily on ad-
vances in materials, software, electronics, and other academic disciplines.

The following case study examines the infrastructure supporting the devel-
opment and transfer/diffusion of production and manufacturing technologies to
private industry in the United States. It is important to recognize from the outset
that the vast majority of the research and technology transfer of production and
manufacturing technologies takes place entirely within the private sector. The
research and technology transfer resources at the disposal of private-sector firms
will be examined only briefly, however. The focus here will be on the roles of
nonmanufacturing research institutions and intermediaries (e.g., universities, fed-
eral laboratories, and nonprofit R&D institutions) in the development and trans-
fer of production and manufacturing technologies through public-sector technol-
ogy transfer networks and other nonmanufacturing technology transfer agents.

It may be useful to distinguish between large and/or R&D-intensive manu-
facturing firms on the one hand and small and medium-sized firms (SMEs) on the
other. The majority of industrial R&D in the United States is performed by large
firms. The top 10 R&D-intensive firms perform fully 25 percent of all industrial
R&D, and all large firms (with 5,000 employees or more) perform 73 percent
(National Science Foundation, 1996¢). Furthermore, these large manufacturing
firms have their own infrastructure for developing or acquiring manufacturing
technologies and for interfacing directly with academic, government, and non-
profit R&D entities. Thus, they tend to be less involved in the organizational
frameworks that exist to support the transfer of manufacturing technology from
the government, nonprofit, and academic sectors.

On the other hand, the 375,000 or so SMEs, which constitute fully 98 percent
all of U.S. manufacturers, perform little or no R&D. Many of these firms do not
produce finished products and are not well known in the marketplace or among
U.S. exporters. Nonetheless, they are critical elements in the “food chain” of the
manufacturing sector, accounting for up to 60 percent of the cost of manufactured
goods (National Research Council, 1993). Therefore, their efficiency and pro-
ductivity have a major impact on the overall competitiveness of the manufactur-
ing sector. For this reason, the focus in this case study will be on technology
transfer programs where small and medium-sized firms are the recipients.
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Developing New Manufacturing Technologies: The R&D Base

Given the diverse nature of production and manufacturing technologies, the
wide range of industries in which they are used, and the very large number of
manufacturing firms, it should come as no surprise that gathering precise data on
manufacturing R&D poses difficulties. In academia and government, R&D tends
to be classified according to academic discipline or government mission, rather
than by crosscutting categories such as manufacturing. In industry, data on R&D
is collected (primarily by the NSF) according to industry as defined by SIC codes,
and by firm size. Nonetheless, some data for production and manufacturing R&D
can be identified.

PRODUCTION AND MANUFACTURING R&D IN INDUSTRY

Industry funds and performs the lion’s share of U.S. research and develop-
ment, providing 57 percent of all support for U.S. R&D and accounting for 72
percent of U.S. R&D performance. According to the National Science Founda-
tion (1996¢), manufacturing firms accounted for 74 percent, or roughly $87 bil-
lion, of the R&D performed by industry in 1993. However, process-oriented
R&D is not distinguished from new-product R&D in the NSF data. Furthermore,
not all process and manufacturing technology R&D is carried out in the manufac-
turing sector; service firms that support the manufacturing sector are also active
in this area.

Compared with other nations, the level of industrial R&D devoted to produc-
tion processes in the United States is low. In a 1988 study, Edwin Mansfield
stated that American firms “devote about two-thirds of their R&D expenditures
to improved product technology and about one-third to improved process tech-
nology.” He contrasted the ratio of U.S. process-to-product-oriented R&D with
that of Japan, where the proportions are reversed (Mansfield, 1988). Another
study (National Science Board, 1992) found that only 19 percent of U.S. indus-
trial R&D was devoted to process innovation. These two studies indicate that
U.S. industry performed between $23 billion and $40 billion in process-related
R&D in 1995 (National Science Foundation, 1996c¢).

Recent data from an ongoing study (Whiteley et al., 1996) by the Industrial
Research Institute and Lehigh University’s Center for Innovation and Manage-
ment Studies (CIMS) have confirmed these estimates and provided additional
survey data on the division between product and process development in several
industry areas (Figure A-1). The IRI/CIMS survey divides R&D into basic and
applied research, product and process development, and technical services (sup-
port for existing products/processes in the field). For the 87 firms surveyed in
1994, 22.5 percent of their R&D efforts were process related and 41.8 percent
were product related. Basic and applied research consumed 17.1 percent of their
efforts and technical services consumed 18.5 percent. The figures for 1993 were
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quite similar. However, as can be seen from Figure A-1, the ratio of product-to-
process-related R&D varies widely by industry group.

FEDERAL SUPPORT FOR PRODUCTION AND MANUFACTURING R&D

The federal government’s role in production and manufacturing technolo-
gies includes both funding research in the university, private, and nonprofit sec-
tors, as well as conducting process-oriented R&D within federal facilities. The
available data do not permit one to precisely separate federal funding and federal
performance of production and manufacturing R&D. However, the nature of
funding agency missions provides a general idea. In 1993, the Federal Coordi-
nating Council for Science, Engineering and Technology (FCCSET) prepared
several S&T initiatives for the FY 1994 budget. One of these initiative areas was
Advanced Manufacturing Technology, while another, Advanced Materials and
Processing, was supportive of manufacturing technology. These two initiatives
no longer exist in their former form, but the budget figures reported for FY 1994
provide a good sense of the level of federal activity in this area. To be sure, much
of federal R&D in advanced manufacturing as well as in materials was intended
to meet unique federal requirements in defense and space. Nonetheless, there
have frequently been significant spin-offs from such activity.

The FY 1994 federal total for advanced manufacturing was $1.385 billion
and for advanced materials was $2.061 billion (Federal Coordinating Council for
Science, Engineering and Technology, 1993). The agencies with the largest bud-
gets for advanced manufacturing programs were the Department of Defense
(DOD) ($596 million, including the Technology Reinvestment Project, or TRP),
the Department of Energy (DOE) ($367 million), the National Institute of Stan-
dards and Technology (NIST) ($141 million), and the National Science Founda-
tion ($130 million). In the advanced materials initiative, DOE had the largest
budget ($946 million), followed by DOD ($422 million), NSF ($328 million), the
National Aeronautics and Space Administration (NASA) ($131 million), and the
Department of Health and Human Services ($93 million). Almost all of the fig-
ures for NSF represent federal funding of extramural research. Most of the other
agencies performed the lion’s share of their advanced manufacturing and materials
research in their own laboratories, with a small part sent to external performers.

The National Science and Technology Council (NSTC), the successor to
FCCSET, changed the nature of the FCCSET initiatives, but there are still activi-
ties relevant to manufacturing technology. The Manufacturing Infrastructure Ini-
tiative is designed to support R&D and other activities that support the entire
manufacturing sector. The initiative consists largely of ongoing programs, most
of which are described separately in this section. The National Electronics Manu-
facturing Initiative (NEMI) was launched in response to industry interest in form-
ing a partnership with the federal government to assess the technology needs of
electronics manufacturing. NEMI is not a set of specific programs or projects,
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FIGURE A-1 Allocation of R&D funds for different industries: product vs. process de-
velopment, fiscal year 1994. SOURCE: Whiteley et al. (1996).

but rather a way of doing strategic planning and partnering. The Materials Tech-
nology Initiative inherited by NSTC has been folded into other NSTC initiatives
where its subcommittees provide support to other activities. For the most part,
these initiatives include few, if any, new R&D programs among federal agencies
or significant new budgets for work in these sectors. They are best thought of as
frameworks for budget presentation, coordination, and reporting of manufactur-
ing activities in diverse federal R&D programs.

Defense Manufacturing Programs

The major DOD activities in manufacturing R&D include the TRP and the
Manufacturing Science & Technology program (MS&T). TRP funded a number
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of technology extension activities in 1993 and 1994, but has recently been con-
verted to a military-specific program and no longer funds industrial extension
programs. Although the TRP funded some projects that included the develop-
ment of new production technologies, most of its activities in support of manu-
facturing were in the deployment arena. The MS&T program, a successor to the
ManTech program, consists of manufacturing R&D activities by the services, the
Defense Logistics Agency (DLA) and the Defense Advanced Research Projects
Agency (DARPA). The MS&T program is managed by the Director for Defense
Research and Engineering (DDR&E) and, in 1995, was funded at $329 million.
MS&T “matures and validates emerging manufacturing technologies to support
low-risk implementation in industry and DOD facilities.” MS&T programs are
carried out with all types of organizations, including DOD contractors, suppliers,
hardware and software vendors, industry centers of excellence, industrial consor-
tia, universities, and research institutes. Cost sharing is part of the MS&T pro-
gram, particularly with industrial partners, who may bear a considerable portion
of their own costs for an MS&T program.

Department of Energy Laboratories

Most of the large multiprogram laboratories of the Department of Energy
have manufacturing programs. Two DOE laboratories stand out in this regard:
Sandia National Laboratories and Oak Ridge National Laboratory. Sandia is
primarily an engineering laboratory, and therefore manufacturing programs (par-
ticularly those related to weapons manufacture) have been critical to its mission
for many years. Oak Ridge, particularly its Y-12 facility, has long been engaged
in manufacturing research. The Oak Ridge Center for Manufacturing Technol-
ogy has been formed to coordinate manufacturing technology programs at that
facility. DOE laboratories tend to use CRADAs to work with industry in manu-
facturing as well as in other areas. Although most manufacturing R&D in DOE
laboratories supports weapons manufacture, much of it (particularly in areas such
as precision machining) is transferable to civilian uses. DOE laboratories also
have substantial activities in the area of materials. Some of this work is unique to
government (e.g., plutonium), while other aspects of it, like advanced manufac-
turing, is transferable.

NIST Laboratories

NIST is the only federal laboratory that has industry as its principal client.
An important part of NIST’s service to industry is the Manufacturing Engineer-
ing Laboratory (MEL). With a staff of 300, MEL works with U.S. manufacturers
to develop and apply technology, measurements, and standards. MEL operates
the National Advanced Manufacturing Testbed, the successor to the Automated
Manufacturing Research Facility established over a decade ago. In addition to
the MEL, NIST also operates the Materials Science and Engineering Laboratory.
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Much of the work of this facility is relevant to production and manufacturing
technology.

National Science Foundation

NSF has a collaborative manufacturing research effort among several NSF
directorates that supports manufacturing in several ways. NSF spends about 4
percent of its budget (about $300 million in 1995) on manufacturing-related grants
and programs (National Research Council, 1995b). Investigator-initiated R&D
projects that support development of the fundamental science and engineering
base underlying manufacturing technology are part of NSF’s traditional peer-
reviewed grant program. In addition, NSF funds two types of engineering re-
search centers that support manufacturing. The centers, described below, are
expected to become fully self-supporting.

Engineering Research Centers (ERCs) are engaged in cross-disciplinary
research and education activities that are important for U.S. competitiveness.
ERC:s are located at universities and promote links between research and educa-
tion. The ERC program was begun in 1985 and currently supports 23 centers
involving 100 participating academic institutes and almost 600 nonacademic part-
ners. NSF contributed $51 million to the centers’ operation in 1995, while all
other sources contributed $96 million. Almost 5,000 people (researchers and
students) utilized center facilities in 1995. The 18 ERCs in operation at the end of
1994 were distributed according to their major technology focus as follows (Na-
tional Academy of Engineering, 1995a):

Design and Manufacturing

Materials Processing for Manufacturing
Optoelectronics/Microelectronics and Telecommunications
Biotechnology/Bioengineering

Energy and Resource Recovery

Infrastructure

— N WA W W

Industry/University Cooperative Research Centers (I/UCRCs) and
State/Industry University Cooperative Research Centers (S/IUCRC:) are also
located in universities and focus on fundamental research areas recommended by
industrial advisory boards. S/IUCRCs are similar to I/UCRCs, but are more
closely focused on state or regional economic development and are initiated by
states with industrial support. I/UCRCs have been in existence since 1973, with
the first S/IUCRC added in 1991. In 1995, NSF contributed $8 million to 67
cooperative research centers, while all other sources contributed $79 million.
Almost 2,300 people (researchers and students) utilized [/UCRC and S/IUCRC
facilities in 1995.
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PRODUCTION AND MANUFACTURING R&D IN ACADEMIA:
UNIVERSITY INDUSTRY RESEARCH CENTERS (UIRCs)

Although research relationships between industry and universities date back
to the late 19th century, the wholesale formation of centers involving industry-
university collaboration is a relatively recent phenomenon, dating from the 1970s
and 1980s. As of 1991, there were over 1,000 UIRCs with a total estimated
budget of $4.12 billion, of which $2.53 billion was devoted to R&D (most of the
balance was for educational activities) (Cohen et al., 1994). A relatively small
number of centers receive support from the NSF. Overall, government provided
46 percent of UIRC funding (federal sources accounted for 34.2 percent; state
sources for 12.1 percent) while industrial participants provided 30 percent of the
centers’ financial backing (representing over 70 percent of industry’s financial
support for academia) as well as additional noncash support.

UIRC:s are quite diverse in their size, organization, relationship to industrial
needs, and research activities. Some have a traditional academic orientation,
pursuing research for its own sake, while others (about 25 percent) are focused on
the goals of industry. According to Cohen et al. (1995), “More than one-quarter
of UIRCs conduct R&D relevant to the manufacturing sector exclusively, while
more than two-thirds conduct R&D that is relevant to both the manufacturing and
non-manufacturing sectors.”

The technology focus of UIRCs includes significant emphasis on manufac-
turing (Cohen et al., 1995). Almost 20 percent of UIRCs carried out research in
manufacturing technologies, while 30 percent of centers were involved in envi-
ronmental technology and waste management and 27 percent in advanced materi-
als, the latter two technologies being of considerable interest and concern to manu-
facturers. Another study (Dickens, 1995) identified 1,030 university-based
engineering research units (including UIRCs) at 154 universities. A survey of the
directors of these units revealed that 45 percent were working in materials, 42
percent in energy and environmental technologies, 29 percent in manufacturing,
27 percent in information and communications, 17 percent in transportation, and
13 percent in biotechnologies and life sciences.

Although UIRCs are the most visible type of university-industry research
cooperation, the establishment of a UIRC is not essential for such interaction to
occur. Many universities and their departments (particularly engineering) have
relationships with industry, receiving support for research activities and contrib-
uting knowledge to industrial sponsors.

OTHER CENTERS OF MANUFACTURING R&D

In addition to government, universities, and industry, independent nonprofit
institutions also engage in R&D related to manufacturing. They make up by far
the smallest of the four groups in terms of their numbers and R&D budgets. Their
manufacturing R&D activities are proportionately smaller, in part since over half
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of nonprofit independent R&D institutes conduct work primarily in biomedical
and other areas not directly relevant to manufacturing. Nonetheless, there are
some significant centers of excellence in manufacturing research in organizations
such as the Battelle Memorial Institute, SRI International, and Southwest Re-
search Institute. These types of institutions are frequently called upon to solve
industrial problems relating to production and manufacturing R&D.

Transferring Manufacturing Technology to Industry

There is substantial need for and substantial barriers to the acquisition of
modern technology by small firms. At the end of the 1980s, over three-fifths of
the machine tools used by U.S. manufacturers were over 10 years old, and more
than one-quarter were over 20 years old (Shapira, 1990). Furthermore, more
recent data indicate that while larger firms are modernizing, smaller firms con-
tinue to lag behind. Table A-4 shows the percentage of large and small U.S. firms
that have adopted nine key types of modern production technology. Small U.S.
firms lag larger firms substantially in this regard. Both large and small U.S. firms
lag their Japanese counterparts in all but one category. As well as lacking mod-
ern equipment, U.S. small manufacturers tend to have neither highly trained staff
nor modern operating methods. They are often content with this arrangement
because it is similar to that of their nearby competitors, and it is often still per-
ceived as sufficient for corporate survival.

Transferring Manufacturing Technology from
Federal Laboratories and Universities

Federal laboratories transfer technology through a number of mechanisms,
but three are particularly relevant to manufacturing: licensing, cooperative R&D,
and technical assistance. These three mechanisms are used to different degrees
by different laboratories. NASA centers have tended to focus on technical assis-
tance, while DOE laboratories have preferred cooperative R&D. Licensing is the
least-used mechanism, particularly for manufacturing technologies. The DOE
reported in late 1994 that manufacturing technologies accounted for 18 percent of
all DOE CRADAs. Two closely related areas, advanced materials and instru-
mentation, and pollution minimization and remediation, accounted for 18 percent
and 12 percent, respectively, of CRADAs (U.S. Department of Energy, 1994).

Many federal laboratories have active technical assistance programs for
manufacturers. While some labs have been offering technical assistance to firms
in their immediate vicinity for many years, more and more federal laboratories
are becoming technology sources in state-run industrial extension services, and
their technical assistance activities will begin to be reflected in the data collected
by these state extension services.

The National Technology Transfer Center (NTTC) refers callers (mostly from
the business community) to sources of technology in federal laboratories. In one

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

TECHNOLOGY TRANSFER SYSTEMS IN THE UNITED STATES AND GERMANY

202

“(6861) o1owwo) Jo jwaunredaq ‘S’ (P)(0)

'(6861) Ansnpu] pue opel], [euoneurdiu] jo Answrjy (q)‘(e)

‘(6 d ‘z661) T8 10 eadeys 19y :SHOYNOS

(P = (W)
“(9)/(e) = (3)
()/(P) =@
“(®)/(@) = (3)

-a10W JO seakojdwd (OS Y suwy se sastdiojud o5re] pue sookordwo
661 01 0S UM SWILY St SISLIdISIUQ [[RWS SAUIJOP JUSWUIIA0S ‘S ) Y], ‘10w Io saakojdwd (¢ Suraey se asudinuo 951 v pue saakojdwe (O¢ uey) ssof
Suraey se asudiojus SunmjornUBW [[EWS € duLjop osauede oy, ‘PISLq-JUSWYSI[LIS Ik BIBp *S'() Y} I[TYM ‘paseq-astidiojua axe vjep asaueder ay) ‘A[euon
-IpPY  *so110391e0 9Z1S JuowAo[dwe pue sUONIUIOp AS0[0UYD9) UT ISIXS SIOUIRIIP 9ouls ajewrxoidde are *§ ) oY) pue uede[ usomiaq suostreduwrod ay [,

-SHLON
'l 901 68 0¢ 0°¢¢ 6'¢ A4 €8 (s10q01 12y10) $10q01 A[qUIAsSY
8’1 I've el I'v v 6’1 6’1y 601 (feaatnal pue
93e10)s onewoine) Juswdmbe osnoyarem onewoINy
'l (! 8L 8T ey Y 9 9ce (s10qox doe[d-pue-yoid) s10qor Surpuey
60 1c €c 61 9C8 £9¢ SL et (Burroour3us popre-1ondwos pue) ugisop papre-remduwo)
6’1 'L oy L1 6'S¢ e ¥'L9 ¥'6€ (sws£s 10 S[[90 SN) 101U FUIUIYIRIN
'l 0¢ 8’1 ! 8'69 9'6¢ 6L VLS (s1003 duryoRW HND'DN) S[00} dUIYoRU PI[[ONU0D
A[[eoLIaWINU PAZIWO0ISND PUB PI[[ONUOD A[[BILIDWINN
J3re] [rews J3re] [rews (sosayyuared ur uonmIap
(W ® @ ® ®) ©® (@ ®) 'S’ 1895019) uonIURQ dsouedef
P — <0 —— 50 —— A3ojouyoo], Surrmioejnuejy MIN Jo odA L,
oney oney psesudiayug
‘S ny/ueder [rews/o81e Surnjoejnuey 9518 pue [[ews JOo

a8e1u00194 ® se s1as) ASo[ouyos],

8861 ‘sa1elS pajtun Ay pue ueder ‘SulIMIoBJNUBIAl UL AS0[OUYIQ], MAN JO 9s)  +-V AT19V.L

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

ANNEX II 203

13-month period (from June 1, 1994, to June 30, 1995), requests for assistance in
the area of manufacturing technology ranked second, accounting for 9 percent of
all inquiries, while materials sciences and environmental pollution and control
accounted for 16 percent and 7 percent, respectively. Of the firms making re-
quests during that period, over 70 percent were small businesses, most with fewer
than 100 employees.

Small Business Development Centers (SBDCs), operated by the Small Busi-
ness Administration (SBA), provide educational and research resources to small
businesses. There are over 900 SBDCs in operation, providing direct counseling
to small business owners and managers. SBDCs are initiated at the state level
and funded by state governments as well as the SBA. SBA funds go to a state
university or economic development agency, which serves as the “lead center” in
the state, with subcenters established at other educational institutions and cham-
bers of commerce. In 1995, federal funding for the SBDC program was $73.5
million, while matching state funds amounted to $81.6 million. Individual SBDCs
vary according to geographic area and in terms of clients and services offered, but
many actively support small manufacturers. SBA has a collaborative working
relationship with the Manufacturing Extension Partnership (MEP) at NIST.
Many, if not most, SBDCs are integrated into state technology extension pro-
grams and are part of the network of service providers available to small busi-
nesses. In states where active industrial extension networks resolve manufactur-
ers’ technology problems, SBDCs tend to focus on managerial issues such as
finance.

Universities transfer technology primarily through licensing, the formation
of spin-off companies, faculty consulting, cooperative R&D (particularly in
UIRC:s), and the flow of graduates to private firms. There is little information on
the technology areas of university licensing and faculty consulting, and therefore
it is difficult to know what percentage of these activities is related to manufactur-
ing. It is likely that most of the manufacturing technology flows from engineer-
ing programs through faculty consulting and graduates as well as from coopera-
tive R&D in UIRC:s. It is probable that much of this technology is at the high end,
useful primarily to large or technologically sophisticated firms. As is the case
with federal labs, some university centers and engineering departments have be-
come resources for state extension networks. Community colleges are even more
frequently involved in state industrial modernization and extension systems.

UIRC:s are active in technology transfer to their industrial sponsors. Accord-
ing to the Cohen et al. (1995) study, almost two-thirds of the UIRCs indicated
that transferring technology to industry was “important,” even though only a small
percentage of the effort of centers was specifically devoted to technology trans-
fer. The centers reported that collaborative R&D, exchange of research person-
nel, delivery of prototypes or designs, and informal contacts were the most effec-
tive technology transfer mechanisms. Although not surveyed as a technology
transfer mechanism, the flow of students to industry is clearly another important
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avenue of transfer. The 1995 study indicates that industrial sponsors of UIRCs
hire a substantial number of center graduates students.

Transferring Manufacturing Technology: Industrial Extension Programs

THE AGRICULTURE MODEL

Development of the agricultural research and extension system began in
1862, when the federal government established agricultural colleges, run by the
states, to offer practical instruction in agriculture. Fifteen years later, the federal
government established a system of state agricultural experiment stations, again
under the state auspices. Finally, the Cooperative Agricultural Extension Service
(AES), a partnership among federal, state, and county governments, was created
by the Smith-Lever Act in 1914. The AES has grown into a nationwide system
with more than 9,600 county agents and 4,600 university researchers. Funding is
spread among federal, state, and local governments.

In an era of farming by large agribusiness, some believe the extension ser-
vice no longer plays a critical role. Still, when the AES first came into existence,
farmers were small businessmen who ran into many of the same barriers to tech-
nological advancement as do small manufacturers today. Thus, when manufac-
turing extension was first considered, the Agricultural Extension Service was an
obvious model. However, in spite of the parallels, there are some critical differ-
ences between the model and the realities of modern manufacturing. For one
thing, farmers in a local area tend to have the same problems, while manufactur-
ers’ problems are often very different.

BOTTOM-UP APPROACHES: STATE AND LOCAL PROGRAMS

Some states have long recognized that small manufacturers, like farmers,
had much to gain from technical assistance. While most state efforts in the tech-
nology area initially focused on research and development, a few states created
technical assistance programs. North Carolina began such a program for manu-
facturers in 1955, and Georgia followed in 1960. Both of these programs are still
flourishing. North Carolina’s cooperative technology program is the country’s
largest, with an annual budget of $37 million, while Georgia’s now ranks fourth
at $30 million (Coburn, 1995). Pennsylvania followed suit in the mid-1960s with
the Pennsylvania Technical Assistance Program (PENNTAP). By the end of the
1970s, Maryland, Massachusetts, Michigan, New York, Ohio, and Virginia had
begun their own extension programs.

By 1994, 40 states had technology extension programs (Coburn, 1995) in
addition to other efforts to assist manufacturers. Approximately half of the state
programs were operated by educational institutions, with the balance managed by
nonprofit organizations or state agencies. These programs offer different types of
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services, including supply of technical information, seminars and workshops,
demonstrations, referral of consultants and other experts, and in-plant consulta-
tion. However, intensive field assistance (generally agreed to be the most effec-
tive technique) was provided by only a few programs (Shapira et al., 1995).

In Modernizing Manufacturing, Philip Shapira (1990) groups state industrial
extension programs into four categories:

Technology broker programs focus on providing technical information and
referrals for client firms. Typically, these programs have large numbers of re-
quests, each of which receives modest attention from program staff (generally
less than a day). In 1993, PENNTAP assisted 490 client firms (the majority of
them small firms) and handled 700 requests with a staff of eight at no cost to the
requesting firms.

University-based field office programs generally make engineers available to
assist firms in a wide range of problem areas. By virtue of being university
based, these programs can easily access engineering faculty or R&D centers for
assistance. Service is normally provided for free. One of the oldest and largest
such programs, the Georgia Industrial Extension Service, is operated by the
Georgia Institute of Technology. Founded in 1961, it has 13 regional offices
(being expanded to 17), which served over 1,000 companies and communities in
1994 using $1.55 million in state funds.

Technology centers and state-sponsored consulting services are not part of a
university, although they may have links to one. Their focus is generally on
technology modernization (i.e., technology assessments, upgrade recommenda-
tions, implementation, training, etc.). Assistance is often provided by private
consultants subsidized or paid for by the state program. Pennsylvania’s Indus-
trial Resource Centers (IRCs) are an example. Established in 1988, the IRCs are
private nonprofit corporations operated by private-sector boards. Seven of the
IRC:s serve the traditional manufacturing sector, and one is devoted to the sup-
port of the biotechnology industry. They provide assistance with their staff and
through private consultants. Initial assistance is generally free, but in-depth assess-
ments and services by outside consultants require some company payment.

Manufacturing networks are regional networks of firms that cooperate in tech-
nology diffusion, training, design, finance, and marketing. To a certain extent,
these networks have been influenced by the successful small-firm networks in
Northern Italy. In this country, the Southern Technology Council (STC) has
established networks in North Carolina and Arkansas, which involve commu-
nity colleges and economic development authorities along with local firms. The
Arkansas Industrial Networking Project was created by the Arkansas Science
and Technology Authority with a $90,000 grant from the STC. The project’s
goal is to improve the competitiveness of small manufacturers by facilitating
cost sharing for R&D, purchasing, training, and expensive technology, and en-
couraging cooperation on contract bidding. The Arkansas networks, which are
focused on the wood-products and metal-working industries, involve about 100
companies.
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Shapira (1990) surveyed state industrial extension programs for information
about the types of assistance they provided to client firms. The most frequently
offered services, in descending order of popularity, were: (1) improve/solve prob-
lem with existing production technology; (2) identify vendor of new technology/
software; (3) specify new production/process technology; (4) refer client to train-
ing source; (5) improve quality control/statistical process control; (6) improve
existing plant/layout operations; (7) identify new markets; (8) address waste man-
agement/environmental problems; and (9) improve/debug and existing product.
Service type (1) was by far the most frequently sought, while types (2), (3), and
(4) were roughly equal in importance.

In addition to industrial extension programs, the states engage in a number of
other activities in support of their technology base. Coburn (1995) identifies a
number of different models, including the following:

University-industry technology centers (UITCs), which feature interdiscipli-
nary research in areas relevant to industry. These centers are either university
based or are operated by a nonprofit in close association with a university. They
are often supported by federal agencies, as in the case of the NSF engineering
centers. Kansas, New Jersey, New York, and Ohio have strong center programs.

Government-industry consortia are groups of firms that, with other R&D in-
stitutions, such as universities, focus on research in a given area. Although some
states sponsor such consortia, they are more typical at the federal level.

University-industry research partnerships are similar to consortia but are
project centered and have a start and end date. Arkansas, Connecticut, Kansas,
and Maryland sponsor such programs.

Equipment and facility access programs provide state firms access to expen-
sive and sophisticated equipment and facilities and associated staff expertise.
Colorado, Maryland, North Carolina, and Pennsylvania, among other states, have
such programs.

Technology financing programs provide capital to firms and to specific projects
under a broad spectrum of arrangements including grants, low-cost loans, guar-
antees to third-party lenders, and investment in exchange for equity.

Start-up assistance includes state-supported incubators for new businesses as
well as research parks, where high-tech companies can obtain both research
space and (usually) access to a nearby source of technology such as a research
university.

TOP-DOWN APPROACHES: FEDERAL MANUFACTURING
TECHNOLOGY PROGRAMS

From the 1960s to the 1980s, industrial modernization programs were found
only at the state and local level. Federal manufacturing programs provided only
limited and uncoordinated support for these efforts and were focused primarily
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on basic research and the defense sector (Shapira et al., 1995). In 1988, Congress
enacted a mandate for the federal government (through NIST) to assist state in-
dustrial development efforts, and, in 1992, the Clinton administration expanded
substantially the manufacturing technology efforts that NIST had undertaken up
to that date.

Manufacturing Extension Partnership

The 1988 Trade and Competitiveness Act established at NIST a new MEP
program. By 1992, seven Manufacturing Technology Centers (MTCs) had been
established under MEP, initially with the goal of transferring advanced technol-
ogy from NIST’s Advanced Manufacturing Research Facility and other federal
labs. However, it quickly became obvious that what most manufacturing firms
needed was proven, off-the-shelf technologies. Therefore, the MTCs shifted their
emphasis to helping small and medium-sized firms adopt less-advanced tech-
nologies, including “soft” technologies such as training, management, and net-
working.

As of October 1995, 42 states and Puerto Rico had established or were plan-
ning to establish manufacturing extension centers, and over 60 individual centers
are currently affiliated with MEP. These centers employ 2,500 agents in over 250
field offices. MEP also operates the State Technology Extension Program
(STEP), which provides grants to states to plan and begin manufacturing exten-
sion services, although by the end of 1995, only a few states were still without
industrial extension programs. To assist states to evaluate and improve their
centers, MEP is developing a uniform system of program evaluation.

Since the program’s inception, the resources devoted to MEP have increased
dramatically. Direct appropriations to the MEP program can be seen in Figure A-2.
However, the total funding for extension activities, including MEP and TRP as
well as state, local, and private matching funds was over $250 million in 1994, a
threefold increase in industrialization funding from just 2 years earlier (Shapira et
al., 1995). MEP support for individual manufacturing technology centers is sup-
posed to end after 5 years, presumably after the centers have become self-suffi-
cient. However, recent evaluations have called into question whether the centers
can continue to operate for a longer (perhaps indefinite) period without federal
funding.

While each center tailors its services to meet the needs dictated by its loca-
tion and manufacturing clients, some services are common to most extension
centers. These include:

» assessment of technology and business needs
* definition of needed changes, and
* implementation of improvements.

Many centers also assist companies with quality programs, employee training,
workplace organization, business systems, marketing, and financial issues.
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MEP has created links with a number of affiliated organizations that can
provide assistance to manufacturing extension programs or directly to small busi-
nesses. For example, MEP and EPA have launched a program to assist smaller
manufacturers solve environmental problems before they become regulatory con-
cerns. MEP also conducts research to better understand the barriers to modern-
ization faced by small manufacturers and to discover additional ways to over-
come these barriers.

The Technology Reinvestment Project

The Technology Reinvestment Project (TRP), created by the 1992 Defense
Authorization Act, made a substantial down payment on the U.S. industrial mod-
ernization system. TRP had three areas of focus: technology development, tech-
nology deployment and diffusion, and manufacturing education and training. In
its first 2 years, TRP funded the majority of the manufacturing extension centers
that make up the MEP. Since 1994, TRP has ceased providing grants for tech-
nology deployment (i.e., extension) activities, but during FY 1993 and FY 1994,
TRP awarded $223 million to 95 separate projects. This funding was in addition
to MEP direct appropriations (Figure A-2). Required matching funds totaled
somewhat more than that figure, meaning that nearly half a billion dollars worth
of new technology extension activities were funded in a 2-year period as the
result of TRP grants (U.S. Department of Defense, 1995).

TRP also funded projects to increase manufacturers’ access to federal tech-
nologies, particularly those in federal laboratories. TRP no longer exists, and its
remaining activities and reduced funding were recently transferred to the Dual-
Use Technology Office of the Office of the Secretary of Defense. The new pro-
gram has been redirected toward more military-specific projects.
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FIGURE A-2 MEP appropriations, including 1995 recision and 1996 continuing resolu-
tion. NOTE: 1997 figure is from President’s budget. SOURCE: Unpublished data from
National Institute of Standards and Technology.
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Federally Sponsored Consortia

Federally sponsored consortia include groups such as SEMATECH, a con-
sortium of microchip manufacturers that has received funding for about half its
operating costs from DARPA, as well as the National Center for Manufacturing
Sciences (NCMS), which receives funding from the Defense Department’s
MS&T program and elsewhere. Both of these consortia are working to develop
new production technologies in different industry sectors. Although federal labo-
ratories play an active role in the research of these consortia, the primary federal
input is money. Technologies developed by these consortia are transferred to
their member firms. Although the members are generally active in planning con-
sortia R&D activities and are presumably interested in the results, effectively
transferring the results of those activities has proved to be a difficult management
issue. Most federally funded consortia are registered under the National Coop-
erative Research Act of 1984 (P.L. 98-462), although they represent a small per-
centage of all the ventures so registered.

The National Cooperative Research Act

The National Cooperative Research Act of 1984 grants special antitrust treat-
ment to joint research and development ventures and consortia that conduct re-
search, analysis, experimentation, or testing. Industrial participants can protect
themselves from possible treble damages imposed under antitrust laws by regis-
tering with the Department of Justice. In 1993, the act was amended (P.L. 103-42)
to add the same antitrust protection to industrial participants in joint production
ventures. This legislation has facilitated the formation of several R&D consortia,
including the federally funded consortia described above, that are engaged in
research related to manufacturing. The NCMS is one example of a consortium
whose formation was made possible by the act.

TRANSFER OF MANUFACTURING TECHNOLOGY WITHIN
THE PRIVATE SECTOR

Several mechanisms exist for the transfer of production and manufacturing
technologies within the private sector. The most commonly used are:

* Vendors and suppliers of manufacturing technology, which are often an
excellent source of information and assistance for their clients. Obvi-
ously, their interests are not always identical to those of their clients, since
they are primarily interested in selling their equipment. Many smaller
manufacturers do not know how to evaluate proposals from vendors and
have difficulty making an informed choice among many competing sup-
pliers. However, if a choice can be made, suppliers are often the source of
considerable assistance in plant reorganization, training, and other changes
that will let customers take full advantage of new equipment, even though
their support tends to diminish with time.
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Professional and trade associations, which are a potential source of tech-
nical information for some firms. Professional associations (particularly
engineering associations) have considerable information about advanced
manufacturing technologies. For example, the Society of Manufacturing
Engineers produces and markets a newspaper, a refereed academic jour-
nal, two trade magazines, seven special-interest technical newsletters,
hundreds of video-based training programs and reference books, and thou-
sands of technical papers. The society also features a manufacturing-
oriented library and an on-line electronic information service. However,
as noted above, many manufacturing engineers do not belong to profes-
sional and trade associations.

Consultants and service firms, which are a major source of new process
technology for U.S. manufacturers. Such firms tend to be hired by larger
manufacturing companies, and thus their approach to problem solving will
tend to reflect solutions appropriate to larger manufacturers. Firms at the
smaller end of the spectrum are often not able to afford such consultants,
and those that can are often not able to implement the consultant’s recom-
mendations without continuing assistance. As noted above, some state-
sponsored manufacturing extension programs fund or subsidize private
consultants to deliver services. The state of New York spends several
million dollars annually on private consultants for small manufacturers
(National Research Council, 1993).

Supplier development programs, which have been used by a number of
large manufacturers to improve the quality and efficiency of their suppli-
ers. Since as much as 80 percent of the cost of products such as airplanes,
automobiles, and computers may be purchased from outside suppliers,
large manufacturers have a strong interest in the performance of the sup-
plier community. Studies indicate that close relationships between sup-
pliers and their customers may induce suppliers to adopt more modern
technology (National Research Council, 1993). Although supplier devel-
opment programs can be an excellent source of assistance in adopting
new technologies, they generally do not reach below the first tier of the
supplier chain. The nature of these customer-led programs varies widely,
from general reviews of supplier progress and advice to comprehensive
customer-mandated programs to help suppliers meet mandated quality and
other standards.

The American Supplier Institute (ASI) was formed in 1981 to provide
training to suppliers to the automotive industry and is now chartered as a
nonprofit educational institute in Michigan. Its board of directors includes
representatives of major automotive companies and American universi-
ties. ASI focuses on quality and management improvement programs,
using the ideas of W. Edwards Deming, Genichi Taguchi, and others. It
does not provide technical assistance, per se, for manufacturers, but the
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quality and management programs generally lead to improvements in all
areas of firm activity.

Analysis and Trends

The organization of manufacturing R&D and extension services in the United
States reflects the decentralized nature of America’s governmental structure and
of the nation itself. The diverse state and federal programs designed to assist
industry have frequently been criticized as uncoordinated and confusing to ac-
cess, although states are beginning to establish single points of contact for indus-
trial modernization programs. Such actions may improve coordination from the
point of view of the company. However, on the federal level, programs are au-
thorized, funded, and operated in different areas of the government, and coordi-
nation is likely to continue on an informal level at best.

Although a model for public-sector manufacturing extension programs ex-
isted for nearly a century in the agricultural sector, no pressing need was felt to
extend it to manufacturing until global competition began to challenge U.S. eco-
nomic performance. Until that time, federal policymakers were not generally
concerned by the state of the U.S. manufacturing base, and public-sector indus-
trial modernization programs of the time were efforts of individual states to pro-
tect their firms against competition from other states. Even now, one might ask
why government should not leave the task of modernizing small firms entirely to
the private sector and the marketplace.

However, as shown in Table A-4, the market has not brought the same rate of
utilization of new production technologies to SMEs as it has to large companies.
The slow pace of small-firm modernization has an impact on the economy far
beyond the community of small manufacturing firms. Lack of modern equip-
ment, techniques, and management practices reduces the productivity and quality
of small manufacturers and, since these firms account for such a large portion of
the value of final products, of the entire manufacturing sector, a critical part of the
U.S. economy. Why is the rate of modernization among SMEs slower than among
large firms? Primarily it is because there are structural barriers to small-firm
modernization that large firms do not face.

At the firm level, these barriers include lack of financing; lack of awareness
of available proven technologies; fear of change; insufficient time to study and
implement changes; lack of skill and training of technical personnel; paradigm
shift in new equipment (numerically controlled versus mechanical); inability to per-
form comprehensive cost analysis; prior bad experience with new technologies; and
inability to select the correct product and vendor (Shapira, 1990). These typical
characteristics of small firms are not shared by larger manufacturing companies.

Furthermore, the short-term nature of most supplier relationships in the
United States and the absence of effective supplier networks is another barrier to
modernization faced by small firms, particularly in comparison with similar firms
in Germany and Japan (Shapira, 1995). Trade associations are sometimes a source
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of modernization assistance, but in the United States, associations generally fo-
cus less on technical information and assistance and more on influencing govern-
ment policies. Therefore, in the absence of public-sector industrial modernization
activities, equipment vendors are often the sole source of modernization informa-
tion for small firms. However, the vendor’s interest (closing the sale) is often
quite different from that of their clients. Small firms lack the wherewithal of
large firms to recover from an investment mistake, and, particularly for firms that
have already made a bad investment, suspicion of the impartiality of vendors and
dealers is a critical barrier. Many clients of industrial extension programs, when
surveyed, have said that impartial advice about modernization options and avail-
able equipment is one of the most valuable services provided by those programs.

Do industrial extension services work? Are they a cost-effective way of
boosting the competence and competitiveness of small manufacturers? Do they
provide what their clients need? There is a large body of anecdotal evidence
suggesting the answer to all three questions is yes. The fact that states have
begun and continued such modernization services in the face of their own finan-
cial problems supports the notion that such programs are successful. However,
the amount of systematically collected data and analysis currently is inadequate
to prove this. NSF has devoted considerable time and resources to the process of
evaluating the university-based centers it supports (including ERCs and I/UCRCs),
and a number of centers have been defunded following unsatisfactory evalua-
tions. For its part, the MEP has an active program to develop evaluation method-
ologies that can be used by state and local extension programs to evaluate their
efforts. It includes activities to define, measure, analyze, and report on short- and
long-term impacts of MEP centers on the operations of client firms.

In 1995, the General Accounting Office (GAO) issued a report based on a
survey of clients of 57 extension programs in 34 states that had received at least
40 hours of assistance in 1993. The 551 completed questionnaires covered the
most common types of MEP center services. Most manufacturers responding (73
percent) believed that MPE assistance had affected positively their overall busi-
ness performance. A minority (15 percent) said the assistance had not affected
their business performance, and the rest said it was too early to tell or they had no
way to estimate. The majority of respondents said that the impacts of MEP center
assistance had a positive effect on their use of technology (63 percent); improved
quality of their product (61 percent); and improved productivity of workers (56
percent). About half of the respondents indicated that MEP assistance had a
positive impact on their customers’ satisfaction, their profits, and their ability to
meet production schedules. In a related survey of small firms that did not use the
MEP, most (82 percent) told the GAO they were unaware of MEP services, while
another 10 percent were aware of but did not need MEP services.

Although federal technology programs (particularly the Advanced Technol-
ogy Program and the TRP) have come under fire since the election of the Repub-
lican majority in the 104th Congress, the MEP itself has relatively few critics.
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The MEP has succeeded in developing strong bipartisan support in states and
localities, which have in turn been effective in persuading their federal legislators
that the MEP should continue as an active program. While the growth of MEP
funding has slowed in the past year, the program has nonetheless enjoyed modest
increases in the face of cuts nearly everywhere else, and it has grown substan-
tially since its inception.

In spite of the apparent success of U.S. industrial extension programs, both
in the field and in the political arena, the goal of government-funded manufactur-
ing extension programs can and will probably remain modest compared with the
absolute numbers of firms in the manufacturing business. Seven years ago,
Shapira (1990) asserted that to have a significant effect, state and federal pro-
grams should move far beyond assisting a few thousand firms per year (the rate at
that time). In fact, MEP-affiliated centers are now providing some level of ser-
vice to about 15,000 new manufacturing firms per year. However, even at this
rate, another 25 years would be required to reach all the small manufacturing
firms in the United States. The National Academy of Engineering (1993) sug-
gests that the goal should be to “catalyze the development of a dense national
network of public and private providers of industrial modernization services that
is capable of meeting the diverse technical, managerial, training, and related needs
of 20-25 percent of the nation’s small and medium-sized manufacturing compa-
nies by the year 2000.”

What rate of industrial extension activity is sufficient to have a significant
impact on the technological status of small U.S. manufacturers? As implied in
the previous paragraph, it is probably not necessary to reach every small and
medium-sized firm. Many firms do not need or do not want any assistance from
government. Many others are far from the economic mainstream, in niche or local-
ized markets; their competitive position is not threatened by the world economy; or
their technological limitations detract little from the competitiveness of the United
States. Still other firms belong to private-sector supplier networks or have found
private assistance, such as consulting, on their own and are receiving the critical
assistance they need. It would be difficult to gauge the sizes of these groups, but
together they probably make up a significant part of the U.S. manufacturing sec-
tor. The key is to identify the most important sectors, geographical areas, and
firms that can benefit most from a manufacturing extension program.

MICROELECTRONICS
Simon Glynn and William J. Spencer

Microelectronics are a vital enabling technology, one that is critical to the
U.S. economy. Sales of microelectronics represent nearly 11 percent of U.S.
GDP, and the microelectronics industry is one of the fastest growing sectors of
the U.S. economy, increasing at a CAGR of 9.3 percent between 1987 and 1994
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(Council on Competitiveness, 1996). Most of the innovations in microelectron-
ics were first developed in the United States. The United States has nonetheless
faced considerable challenges in microelectronics compared with the software or
biotechnology industry, especially from Japan and the newly industrialized econo-
mies (NIEs) of Asia. This case study discusses the reasons for the United States’
success in early innovation and current technology transfer in microelectronics
intended to counter competitive challenges.

Defining Microelectronics

This paper focuses on technology transfer in two areas: semiconductors and
flat panel displays (FPDs). These two technologies are critical competencies in
microelectronics. Semiconductor content in personal computers, for example,
increased from $750 to $1,500 between 1989 and 1993. Semiconductor content
is also approaching 50 percent of the total cost of new weapons systems for the
DOD. The world market for semiconductors increased 32 percent in 1994, to
$102 billion (Council on Competitiveness, 1996).

The United States has faced considerable global competition in semiconduc-
tors. The U.S. global semiconductor market share in 1992 was 43.7 percent,
nearly equal to Japan’s 43.4 percent. This lead has widened in recent years, to 46
percent for U.S. semiconductor companies versus 41 percent for Japan in 1995
(Council on Competitiveness, 1996).

Flat panel displays are also key enablers of electronic systems and represent an
increasing share of the total cost of these systems. For example, FPDs represent 25
to 30 percent of the cost of PCs and over 50 percent of the cost of personal digital
assistants (PDAs). The world market for FPDs was $11.5 billion in 1995 and is
expected to approach $22 billion by 2000 (Council on Competitiveness, 1996).

Japanese firms control 95 percent of the world’s FPD market (Council on Com-
petitiveness, 1996). The U.S. FPD industry is very small and fragmented by com-
parison. Many large U.S. firms exited the FPD market in the 1980s. In Japan, on the
other hand, several large firms invested aggressively in today’s dominant technol-
ogy of active-matrix liquid crystal displays (AM-LCDs). In the United States, there
are some dozen small and medium-sized firms pursuing a variety of FPD technolo-
gies. A few U.S. companies have successfully positioned themselves as materials or
equipment suppliers, but there is almost no U.S. presence in the multibillion dollar
LCD market (Council on Competitiveness, 1996; Saccocio, 1996).

Research and Development
SEMICONDUCTORS

The U.S. semiconductor industry spent $3.7 billion on R&D in 1994, or 13
percent of revenues. R&D spending in the underlying semiconductor equipment
and materials industry is also estimated at about 12 to 15 percent of revenues
(Council on Competitiveness, 1996).
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Progress in semiconductors also depends—critically—on the experience of
implementing advanced technologies in new semiconductor fabrication. This
feedback influences the next set of technical goals in semiconductor R&D. Con-
sequently, advanced R&D in semiconductors also requires continuous invest-
ment in new fabrication (Borrus, 1988).

But the capital-intensive nature and ever-increasing complexity of semicon-
ductor manufacturing make large investments in R&D quite difficult. For ex-
ample, the cost of building a new world-class 16MB DRAM chip fabrication
facility, or “fab,” is now about $1 billion (Council on Competitiveness, 1996).
As many as 125 new fabrication facilities are now planned or under construction
around the world (San Jose Mercury News, 1996).

These costs create enormous pressure on levels of R&D spending. “Fab-
less” semiconductor R&D companies emerged in the mid-1980s in response to
these high capital costs. By going fab-less, these companies can increase their
R&D spending to focus on design and testing. Several companies also use
smaller, specialized “mini-fabs.” But fab-less companies are increasingly vul-
nerable as global semiconductor fabrication capacity tightens.

This dynamic is complicated by declining profit margins as each generation
of semiconductor technology becomes commoditized. This, in turn, reflects the
rapid improvement in price/performance ratio of semiconductors. (“Moore’s
Law” predicts that semiconductor performance will double every 18 months,
without any increase in price.)

In response to these dynamics, leading U.S. semiconductor manufacturers,
including Intel, Motorola, and Texas Instruments, are participating in consortia
and other cooperative mechanisms to leverage R&D, especially in generic
(precompetitive) technologies (Rosenbloom and Spencer, 1996). A generic tech-
nology (e.g., superlattice or heterostructures) typically has broad applications.
Cooperation to leverage R&D in these new technologies reduces the financial
risk for individual competitors. Cooperation also eliminates duplication of R&D
(Rosenbloom and Spencer, 1996). This approach to generic R&D largely mimics
the Japanese approach to semiconductor R&D (Borrus, 1988).

The U.S. and Japanese semiconductor industries are relying increasingly on
the equipment industries to help support the R&D and capital costs for new de-
vices. Today, semiconductor manufacturing equipment is typically developed
through cooperation between individual semiconductor component firms and their
equipment suppliers. As a result, several different technologies are used in mate-
rials and equipment, and no single industry-wide specification exists. This is a
significant problem for the industry (Council on Competitiveness, 1996).

FLAT PANEL DISPLAYS

R&D spending for flat panels is more difficult to estimate than for semicon-
ductors. There are currently no U.S. companies that compete in AM-LCDs and
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other high-volume FPD markets. The U.S. FPD sector consists entirely of a
group of small companies pursuing “technology-push” strategies. A large por-
tion of the funding for these small companies is derived from federal funding and
contracts, especially from the Advanced Research Projects Agency (ARPA)
(Saccocio, 1996).

FPDs are perhaps the highest-potential, strategically significant competency
in microelectronics. Analysts predict the integration of semiconductors directly
onto FPDs, for example. In the next decade, new applications will drive the
demand for FPDs, including PDAs, virtual reality, and portable computing.

As yet, there is no agreement on what FPD technologies will dominate these
applications. Future FPD market growth is almost entirely dependent on techni-
cal advances in FPDs. For example, FPDs with good contrast and resolution that
meet the cost and power requirements for all applications do not yet exist. Con-
sequently, different FPD technologies are being developed to address the needs
of different applications. U.S. FPD companies lead in developing many of these
technologies (Saccocio, 1996).

Early Innovation in Semiconductors®

As recently as the 1970s, the United States dominated semiconductor tech-
nology and the manufacture of semiconductors. To a considerable extent, this
dominance reflected the success of the U.S. economy is exploiting the earliest
innovations in semiconductors. This success was shaped by several factors. First,
AT&T/Bell Laboratories was extremely important for early innovation in semi-
conductors. Bell Laboratories received nearly 350 patents in semiconductors, or
more than one-quarter of all semiconductor patents between the time the transis-
tor was invented at Bell Labs in 1948 to the time the integrated circuit (IC) was
developed at Texas Instruments and Fairchild in 1958. Bell Labs’ rapid dissemi-
nation of these results helped develop the semiconductor industry. For example,
as early as 1952, AT&T provided licenses to 35 companies under its transistor
patents, even as AT&T started to fabricate germanium transistor semiconductors
for internal use. Technical symposia were also held by Bell Labs to transfer
technology and recent R&D developments—including silicon oxide diffusion and
oxide masking, which enabled large-scale semiconductor fabrication—to these
licensees.

Second, the transfer of individuals also encouraged early innovation in semi-
conductors. For example, Shockley, one of the inventors of the transistor at Bell
Labs, left to form start-up Shockley Transistor Corporation at Stanford in 1955;
researchers recruited by Shockley then left to form Fairchild Semiconductor in
1957. Fairchild itself became a source of new spin-outs, including Intel and
AMD. Texas Instruments as well as Motorola recruited Bell Labs researchers.

Third, early innovation in semiconductors was directly encouraged by de-
fense policy—especially military and aerospace demand for the new technology.
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This policy had several aspects. Defense R&D programs in semiconductors in
the 1950s and 1960s served as important technology transfer mechanisms linking
the vast number of DOD semiconductor programs in the commercial sector.
Defense funding of academic research at U.S. universities also contributed di-
rectly to early innovation. Start-ups in semiconductors tended to concentrate
around these academic programs—notably in Boston (MIT, Harvard), and San
Francisco (Berkeley, Stanford). In this way, learning in these federally spon-
sored R&D programs was transferred to commercial use.

DOD and NASA programs also created demand for advanced semiconductor
technologies. For example, the two agencies were responsible for nearly 50 per-
cent of revenues from transistor sales in 1960. This early demand was met at very
high unit costs. As innovations in processes reduced unit costs, transistor tech-
nology extended into commercial uses. For example, from 1963 to 1965, DOD
and NASA funded 14 programs that called for the use of ICs, notably the Minute-
man II missile and Apollo spacecraft guidance systems. In 1963, these programs
represented 94 percent of the market for ICs, at a unit price of $31. In 1965, DOD
and NASA procurement represented only 72 percent of demand for ICs as com-
mercial use expanded, and unit prices for ICs dropped to less than $9.

Fourth, the development of computers, and especially IBM’s development of
transistorized computers, was critical to the successful U.S. exploitation of inno-
vation in semiconductors. IBM’s enormously successful System 360 was the
first computer not based on discrete semiconductor design, but on integrated cir-
cuits as well as magnetic tape drives and flexible software architectures that were
all developed under government funding and adapted almost immediately for
commercial use. IBM and its competitors created enormous demand for new
semiconductor technologies, driving up profits and encouraging innovation.

Technology Flows

Technology flows in the U.S. microelectronics sector depend to an unusual
extent on formal relationships between companies, equipment suppliers, univer-
sities, and the federal government.

CONSORTIA

Consortia play an especially important role in semiconductors. Collabora-
tion between U.S. semiconductor manufacturers and equipment suppliers has
helped the United States compete against the Japanese vertically integrated
keiretsu (relationships between Japanese semiconductor manufacturers and
original equipment manufacturers). The most important of these consortia are
SEMATECH (for Semiconductor Manufacturing Technology) and the Semicon-
ductor Research Corporation (SRC). Consortia in FPDs, notably the Microelec-
tronics and Computer Technology Corporation, have been largely ineffective.
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SEMATECH

SEMATECH is a consortium of U.S. semiconductor manufacturers, govern-
ment, and academia. It was formed in 1987 as a cooperative effort between DOD
and the semiconductor industry in response to the perceived targeting of the U.S.
semiconductor industry by international competitors. Its purpose is to sponsor and
conduct research in semiconductor manufacturing technology. SEMATECH’s
members include Advanced Micro Devices, AT&T, DEC, Hewlett Packard, IBM,
Intel, Motorola, National Semiconductor, and Texas Instruments.

SEMATECH’s focus is on developing and diffusing precompetitive manufac-
turing technologies and processes. (See, for example, Box 1.) Early SEMATECH
programs succeeded so well that U.S. semiconductor manufacturing capabilities and
equipment can now be met domestically, except in the critical field of photolithogra-
phy. SEMATECH is now developing the next generation of semiconductor manu-
facturing technologies needed to create 300-millimeter semiconductor wafers.
SEMATECH has invited domestic and foreign firms that have fabrication facilities
in the United States to participate in the so-called 300 Millimeter Initiative. Results
will then be transferred to consortium members. SEMATECH expects four or five
U.S. companies and five or six companies from Europe and Asia to participate
(Council on Competitiveness, 1996; Spencer, 1996).

SEMATECH annually received $100 million in federal funds during the
Reagan and Bush administrations, which it matched with an equivalent amount
for a total yearly budget of $200 million. Federal funding was reduced by about
$10 million in each of 1994 and 1995 and is expected to be phased out entirely by
1997. The 300 Millimeter Initiative will be funded entirely by consortium mem-
bers (Council on Competitiveness, 1996).

Semiconductor Research Corporation (SRC)

SRC was established in 1982 by the Semiconductor Industry Association
(SIA) to plan and execute a program of R&D at U.S. universities in areas of
interest to the U.S. semiconductor industry. SRC participants include industry
and government agencies.

The SRC research program spends about $37 million annually and supports
more than half of all silicon-related generic research in U.S. universities. The effect
has been to dramatically increase research into silicon-based technology. In 1982,
only 20 to 30 graduate students were pursuing silicon-based projects. Now, SRC
funds over 350 faculty and 900 graduate students at more than 60 universities.
Coordination with SRC member companies has helped faculty focus on the areas
of highest commercial potential (Council on Competitiveness, 1996).

Microelectronics and Computer Technology Corporation (MCC)

MCC was created in 1982 by 10 major U.S. computer and semiconductor
manufacturers with the goal of maintaining the U.S. lead in computer technolo-
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gies. Members now include large companies (3M, AMD, Andersen Consulting,
AT&T, Cadence, Ceridian, DEC, Eastman Kodak, GE, Harris, HP, Honeywell,
Lockheed Martin, Motorola, National Semiconductor, Nortel, Rockwell, Westing-
house), associates (various companies, government agencies, and academic insti-
tutions), small business associates, and university affiliates. Unlike SEMATECH,
MCC was privately created.

MCC has widely been seen as a failure compared with SEMATECH. More
recently, MCC has abandoned the goal of maintaining the U.S. lead in computer
technologies and has focused primarily on two areas: a high-volume electronics
division that develops packaging, interconnect, and display technology; and an
enterprise-integration division dedicated to building a global data highway and
networking and database technologies. These initiatives have (so far) had no
impact on the U.S. FPD industry.

GOVERNMENT-INDUSTRY RELATIONSHIPS

SEMATECH is not the only example of government-industry relationships
in U.S. microelectronics. Indeed, the federal government has always played an
active role in this sector, as noted earlier for semiconductors. Federal spending
for FDP R&D over the last 5 years was about $650 million. The DOD has been
the largest funder of R&D in the areas of microelectronics seen to be critical for
national security. For example, DOD spending represents nearly 90 percent of
federal funding for FPD technology. Key FPD initiatives funded by this spend-
ing include ARPA’s High Definition Systems and Head Mounted Display pro-
grams. In 1994, ARPA awarded a 3-year, $21.4 million grant to Xerox for con-
tinued development of its AM-LCD technology (Council on Competitiveness,
1996; Saccocio, 1996).

DOD funds have also gone beyond FPD research and development. In 1994,
the DOD announced a 5-year, $500 million program to support future domestic
FPD manufacturing. In 1993, ARPA and Optical Image Systems (OIS) an-
nounced they would build a $100 million LCD plant in the United States to pro-
vide displays for military and commercial use. ARPA funding represents about
half of the costs for the fabrication facility. Also in 1993, ARPA awarded a
multiyear infrastructure development grant to the USDC, including $12 million
in the first year (Council on Competitiveness, 1996; Saccocio, 1996).

Other federal agencies are also involved in government-industry relation-
ships in microelectronics. For example, NIST has been funding research in semi-
conductor measurement technology. Many segments of the microelectronics in-
dustry are also collaborating with DOE laboratories through CRADAs. For
example, Sandia National Laboratories has worked with SEMATECH starting in
1993 under a CRADA that covers research and development in critical areas of
contamination-free manufacturing (Council on Competitiveness, 1996).
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BOX 1
Cost of Ownership Technology Transfer

The Cost of Ownership (CoO) concept can be traced to the nuclear
power industry in the 1960s. It was then that the notion of total system
cost was conceived as a way to estimate operating expenses over the
life of a nuclear power plant. Unfortunately, the implementation was not
successful, in part due to the number of variables and the lack of comput-
ing power needed to manage the large number of calculations.

Co0, in the form known today, originated at Intel Corp., where it was
used to examine the total cost of acquiring, maintaining, and operating
purchased equipment. Dean Toombs, an Intel assignee, introduced the
concept to SEMATECH. At SEMATECH, the method was first used to
evaluate different lithography technologies. Lithography is used to im-
age the semiconductor patterns onto a light-sensitive emulsion to pro-
duce the patterns that define integrated-circuit performance. The smaller
the line widths, the more critical the imaging process. Each layer in the
manufacturing of the semiconductor involves lithographic imaging.
Today’s semiconductors involve multiple layers and have requirements
for a high degree of alignment with very fine resolution.

At the time, the two competing lithography technologies were projec-
tion imaging and near-contact imaging (stepper). The projection imaging
system was relatively low-cost when compared with the stepper process.
The apparent throughput rate was also higher with the projection pro-
cess. However, the engineers, the operators, and the manufacturing
personnel knew that the projection process had a lower yield and re-
quired more maintenance. There was a need for a tool that could be
employed to permit an accurate evaluation of the process and provide a
verifiable method of analyzing the equipment. Decisions to buy equip-
ment are often based on purchase price and the cost of installation.
These costs do not consider the effect of equipment reliability, production
utilization, or product yield. Over the life of a system, these factors may
have a greater impact on CoO than the initial purchase and installation
costs. CoO was applied to this project to provide an accurate analysis of
the life-cycle costs.

SEMATECH incorporated and expanded CoO as part of quality and
equipment improvement programs. This led to the development of a
method for estimating in some detail the total life-cycle cost of owning and
operating equipment for a single semiconductor process step. This work
was transferred from Toombs to Ross Carnes, a Motorola assignee who
continued to refine the method. Joann Trego, a SEMATECH director, was
responsible for training users in the correct application of the software.

SEMATECH implemented this methodology in a spreadsheet program
and distributed it to member and supplier companies. CoO measures
the life-cycle costs of equipment improvement or purchase for both sup-
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BOX 1—Continued

pliers and users. It became possible for suppliers to measure them-
selves against their competition. Users could employ CoO to evaluate
various supplier equipment in order to determine the best selection for
their facility. CoO quickly became widely used by SEMATECH member
companies in their purchase decisions. As with any product with signifi-
cant market impact, copies began to appear. While there were a number
of them, the quality varied and the values could be manipulated by the
user. The original CoO locked critical elements of the program and pre-
vented values from being changed. In 1991, Daren Dance acquired re-
sponsibility for the CoO effort. He guided it through numerous minor
revisions and one major revision. The last version that SEMATECH pro-
duced was release B. The last release incorporates over 150 param-
eters that cover aspects of the equipment from tool usage through con-
sumables and maintenance parts and support.

The SEMATECH software became a de facto industry standard, but
the support diverted resources from other SEMATECH activities and the
quality of competing software was suspect; so, SEMATECH guided an
effort, with Semiconductor Equipment and Materials International (SEMI),
to develop standard definitions and equations for CoO. SEMATECH,
through Dance, worked to develop a consensus on the definitions and
formulation for a generic CoO standard. The resulting SEMI E35 guide-
lines were accepted by worldwide balloting.

This helped the situation but did not solve the problem. Due to the
popularity of the program, SEMATECH had over 1,200 copies of CoO in
use and was spending a significant amount to keep the software updated
and member companies trained. There was a need for a commercial
supplier to be given the responsibility for maintaining the software and
providing customer support.

Dance led the SEMATECH effort to find a commercial supplier. A state-
ment of work was developed and an open bidding process commenced.
This was completed with the selection of a commercial supplier, Wright,
Williams, and Kelly (WWK), which incorporated the SEMATECH code into
its existing interface and marketed it as TWO COOL.

The story does not end with the transfer of support responsibility.
WWHK developed a marketing strategy that was based on providing com-
panies with site licenses that bundled the support costs. SEMATECH
member companies, which had been receiving the software and support
as part of their return on investment from their dues, now had to agree to
pay an acquisition cost of less than $10,000 in order to receive the latest
software and the associated support. The transition was not easy. It
took WWK almost 6 months to make its first sale; after 1 year, the firm
had five of the SEMATECH member companies on board.

SOURCE: W. J. Spencer, Chairman and Chief Executive Officer, SEMATECH.
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UNIVERSITY-INDUSTRY RELATIONSHIPS

Industry consortia in semiconductors continue to create relationships with
leading U.S. research universities. As noted earlier, SRC is an important link
between the semiconductor industry and U.S. universities. SRC also administers
SEMATECH’s Center of Excellence program. This program directs 5 percent, or
$9 million, of SEMATECH’s $180 million budget to R&D in specific areas of
interest to semiconductor manufacturers. All but one of these centers is located
at U.S. universities. However, there are concerns at the universities that
SEMATECH support for academic research may disappear when federal funding
is phased out in 1997 (Council on Competitiveness, 1996).

In FPDs, ARPA has started several centers of excellence, including the Dis-
play Phosphor Center of Excellence at the Georgia Institute of Technology and
the National Center of Advanced Information Components Manufacturing lo-
cated at Sandia National Laboratory. Other FPD research programs at U.S. uni-
versities include the NSF Science and Technology Center on Advanced Liquid
Crystalline Optical Materials at Kent State University and research programs at
Temple University and the University of Michigan (Saccocio, 1996).

Interestingly, most of the important innovations in microelectronics—unlike
biotechnology—have derived from industry R&D, not academic research. Uni-
versity programs are nonetheless exceedingly important in microelectronics, be-
cause the speed and extent of R&D in both semiconductors and FPDs depend on
a relatively small number of students trained in these technologies. Demand for
experienced scientists and engineers is forcing U.S. semiconductor manufactur-
ers to compete for the people necessary to perform desired levels of R&D. U.S.
FPD manufacturers are also constrained by relatively few talented scientists and
engineers educated in FPD technologies in U.S. research universities.

TECHNOLOGY MAPPING IN SEMICONDUCTORS

The Semiconductor Industry Association introduced the concept of technol-
ogy mapping in the 1980s to guide investment in R&D. This map has evolved
into the National Semiconductor Technology Roadmap, which maps technology
goals for semiconductors over the next 10 to 20 years. Technology mapping has
helped to coordinate research across industry, universities, and federal laborato-
ries, although the actual fit between the technology maps and the marketplace is
quite weak (Council on Competitiveness, 1996).

SMALL FPD COMPANIES AS A SOURCE OF TECHNOLOGY

Recently, several large U.S. customers of electronic displays have formed
alliances with small U.S. FPD companies to commercialize new FPD technolo-
gies. For example, Motorola has invested $20 million in a joint venture with In
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Focus Systems to develop a new LCD technology. Rockwell International has
formed a strategic relationship with Kopin to develop AM-LCD panels based on
Kopin’s Smart Slide technology (itself a result of development with Standish,
another small FPD company, and the Sarnoff Research Center). Kopin has also
signed a broad product-development effort with Philips North America Corp.
Standish is also working with Xerox to manufacture a very-high-resolution AM-
LCD (Saccocio, 1996).

International Technology Transfer

International alliances are increasingly important in microelectronics. The
technical challenges of developing the next generation of semiconductors and the
enormous costs of fabrication facilities are driving U.S. semiconductor manufac-
turers to form technology transfer agreements with foreign competitors. Several
notable examples are described below.

* Texas Instruments and Japan’s Hitachi formed an alliance in 1988 to share
technology related to the production of 16MB DRAMs. The alliance has
subsequently evolved into an arrangement to develop 64MB and 256MB
DRAMs and to establish a joint-manufacturing arrangement (Council on
Competitiveness, 1996).

» IBM, Japan’s Toshiba, and Germany’s Siemens have established two joint
development agreements (one for 256MB DRAMs in 1992 and another
for second-generation 64MB DRAMS in 1994). IBM and Toshiba also
collaborate in other areas (Council on Competitiveness, 1996).

* In 1992, Intel and Japan’s Sharp joined forces to develop, manufacture,
and sell 8/18MB flash memory devices. Each company shares the R&D,
and each expects to expand their flash memory market presence (Council
on Competitiveness, 1996).

* Major alliances in semiconductors are also forming between Japanese
companies and the newly industrialized economies in Asia. For example,
Japan’s Hitachi and South Korea’s Goldstar are collaborating on the pro-
duction of 16MB and 256MB DRAMs (Council on Competitiveness,
1996).

These alliances are also forming in the FPD market. Numerous large U.S.
defense contractors have devoted considerable effort to develop displays for the
DOD. Hughes, for example, successfully produced a large color FPD using LCD
technology for the command and control units on Navy ships. Declining defense
spending is now forcing these companies to explore commercial uses for this
technology. For example, Hughes is reconsidering the commercial FPD market
for its liquid crystal light-valve technology developed for the U.S. Navy. In
1992, Hughes formed a joint venture with Japan’s JVC to develop, produce, and
market liquid crystal light-valve projectors (Saccocio, 1996).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

224 TECHNOLOGY TRANSFER SYSTEMS IN THE UNITED STATES AND GERMANY

Outlook for the Future

Demand for microelectronics is expected to increase at a compound annual
growth rate (CAGR) of 6 to 8 percent through the 1990s. Moore’s Law is also
expected to continue to drive the price-performance ratio in microelectronics,
demanding radical advances in semiconductor design and integration of micro-
electronics, especially semiconductors and FPDs. In semiconductors, the direc-
tion of technology advance is relatively clear (even mapped). Unless leapfrog
technologies are developed, the extensive technology flows forced by technologi-
cal challenges and very high fabrication costs make it unlikely that the competi-
tive advantage from these advances will accrue exclusively to any one company
or national economy.

In FPDs, the future is less clear. Japan controls virtually all of the FPD
market. U.S. FPD manufacturers may continue to lead in developing new FPD
technologies, but the direction of technology development in FPDs is not at all
clear. Finally, developing the infrastructure, manufacturing, and applications
needed to exploit these new FPD technologies appears exceedingly difficult with-
out Japanese involvement.

SOFTWARE
Simon Glynn

The United States has excelled in software and computers because of an
exceptional ability to develop ideas. A unique convergence of institutions and
relationships has created an environment that encourages not only new ideas, but
also their development and application. This paper is intended to introduce the
various relationships between the public and private sectors that have enabled
this.

Overview of Software Research and Development

Software is now critical to many commercial and defense technologies. In-
deed, any product or service enabled by computers depends on “embedded” soft-
ware. One informal estimate is that perhaps 70 percent of Hewlett Packard’s
development engineering is concerned with software engineering (Mowery,
1996).7 For this reason, it is difficult to communicate the scale of computer and
information technologies research and development in the U.S. economy.

Spending by the federal agencies for basic and applied research in mathemat-
ics and computer science exceeded $900 million in 1991. Of this spending, nearly
half was for basic research. Indeed, the rate of increase in funding for basic
research in the 1980s has been faster for mathematics and computer science than
for any other field—although in absolute terms the base is only 4 percent of
federal spending for basic research in 1991 (National Science Board, 1993).
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Most of this federal spending has been for academic research. Total expen-
ditures for university research in mathematics and computer science were nearly
$775 million in 1991 (National Science Board, 1993). Of this, federal spending
represented more than $500 million, or about 70 percent of all spending for aca-
demic research in mathematics and computer science in 1991. The difference,
$240 million, or 30 percent of academic spending in mathematics and computer
science, came from nonfederal sources, including industry, state and local pro-
grams, and academic institutions (National Science Board, 1993).

This apparent division of intellectual effort between universities and industry
is illuminated by data on Ph.D.’s employed in computer research and develop-
ment. Industry employs a higher percent of Ph.D.’s in computer science (58
percent) than it does Ph.D.’s from any other science field. Nearly 90 percent of
these Ph.D.’s are employed in applied research and development. In academia,
on the other hand, almost 60 percent of Ph.D.’s are employed in basic computer
science research (National Science Board, 1993). In this sense, academia contin-
ues to be the locus of basic scientific and technological learning.

Two observations deserve special attention with respect to this learning in
software. First, the development of the software sector in the United States has
been shaped by the very large contribution of federal funding to R&D in comput-
ers and software. The United States enjoys a “first-mover” advantage in soft-
ware, because it is very difficult to displace a successful first-mover in software
and because demand for new computer and software technologies developed first
in the United States (Mowery, 1996). These first-mover advantages were created
not only by commercial activity, but also by federal funding for research and
development and the early development of computer science in U.S. universities
(Steinmueller, 1996).

Second, the development of the software sector has involved the transfer of
learning and technology beyond institutional boundaries. Innovation in comput-
ers and in software has depended on the opportunity for individuals to move
among academia, the federal labs, and technology-intensive companies, for ex-
ample IBM. In this respect, new, technologically innovative software compa-
nies—and the environment that encourages them—represent an increasingly im-
portant way for individuals to transfer technology.

Size and Scope of Software Sectors

Spending for software may be divided into two types: prepackaged software
(SIC code 7372) and customized software and services (including computer pro-
gramming services, SIC 7371; and computer systems integration, SIC 7373).
Data on these sectors are presented in Tables A-5 and A-6.

Global revenues for customized software and services by U.S. companies in
1993 were estimated to be $38.7 billion and are expected to exceed $40 billion in
1994. More than 40 percent of these revenues are from markets outside the United
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TABLE A-5 Revenue Trends and Forecasts, Customized Software and
Services (dollars in billions), 1991-1997

CAGR¢ CAGR¢
1991 19924 1993% 1994¢ 1991-1994 1994-1997

Systems integration 16.2 17.7 19.3 20.9 9% 8%
Programming services 15.6 17.6 19.4 21.2 11% 9%
TOTAL 31.8 353 38.7 42.1 10% 9%

“Revised.

PEstimated.

“Forecast.

NOTE: Totals and percent changes are based on unrounded revenue data. CAGR = compound
annual growth rate.

SOURCE: U.S. Department of Commerce (1994).

States, where experience in the technologically advanced U.S. market provides a
competitive advantage. Several large U.S. players compete in these markets,
including Electronic Data Systems (1992 revenues of $7 billion) and consulting
firms such as Andersen Consulting and SHL-Systemhouse (Ferne and Quintas,
1991; U.S. Department of Commerce, 1994). More recently, large defense con-
tractors, including Boeing and McDonnell Douglas, have entered these markets
because of their expertise in developing large systems (National Research Coun-
cil, 1992b). Larger computer makers such as IBM are also focusing on systems
integration services as their customers migrate from high-end hardware to a com-
plex environment of mainframe and distributed desktop systems.

Global spending for prepackaged software (including operating systems) was
estimated to be $71.9 billion in 1993 (U.S. Department of Commerce, 1994).
The United States is by far the largest geographic market for prepackaged soft-
ware, representing 45 percent of spending ($32 billion). Japan is second, repre-
senting 9.6 percent ($7 billion). The individual markets of western Europe as a
group invested $25.7 billion, or 36 percent of global spending in 1993 (U.S. De-
partment of Commerce, 1994). U.S. software companies dominate this sector.
According to International Data Corporation (IDC), revenues to U.S. companies
were nearly $50 billion in 1992, or more than 70 percent of global spending (U.S.
Department of Commerce, 1994). Accurate estimates of revenues for PC-based
applications software are not widely available; however, they may be estimated
from 6-month data published by the Software Publishers Association (U.S. De-
partment of Commerce, 1994).8 Using these estimates, spending for PC-based
applications software in the United States and Canada totaled more than $6.6
billion in 1993.

It is important to understand that internal development is not included in
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TABLE A-6 Global Spending for Prepackaged Software Markets, 1991-1997
(dollars in millions)

CAGR¢ CAGR?
1991 1992 19934 1991-1993 1993-1997

United States 25,330 28,460 32,040 13% 13%
Western Europe® 21,091 23,850 25,699 11% 10%
Japan 5,270 5,967 6,938 15% 19%
Canada 1,078 1,188 1,374 13% 10%
Australia 941 980 1,094 8% 13%
Latin America? 1,054 1,242 1,471 18% 18%
Asia® 584 780 974 29% 21%
Other 1,674 1,846 2,094 12% 15%
WORLD 57,022 64,313 71,864 12% 13%

9Estimated.

bForecast.

‘Includes Austria, Belgium, Denmark, Finland, France, Germany, Italy, Netherlands, Norway,
Spain, Sweden, Switzerland, and the United Kingdom.

dIncludes Argentina, Brazil, Chile, Mexico, Venezuela.

¢Includes China, Hong Kong, India, Malaysia, Singapore, South Korea, Taiwan, and Thailand.

NOTE: CAGR = compound annual growth rate.
SOURCE: U.S. Department of Commerce (1994).

these estimates, and the majority of software continues to be developed inter-
nally. Spending on internally developed software code exceeded $200 billion in
1990, compared with nearly $75 billion in spending for commercially available
software (National Research Council, 1990). The preponderance of these efforts
is for incremental improvement to existing software, not the development of new
systems (Organization for Economic Cooperation and Development, 1985).

Factors Shaping Academic Computer and Software Research

Research performed in the leading U.S. research universities has effectively
defined software as an academic and engineering discipline. The creation of a
new academic discipline that is exceedingly instrument-dependent has been
shaped by large public-sector investments.

Software as a concept did not exist before the development by John von
Neumann of the conceptual architecture for computers in 1945. Indeed, even in
1959, there were virtually no formal programs in computer science. Yet, com-
puter science is now an academic discipline of substantial intellectual depth: In
1989, U.S. universities produced 531 Ph.D.’s in computer science and 3,860 doc-
toral-level researchers. There were 5,239 people with doctorates teaching com-
puter science in 1989 (National Research Council, 1992a).
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TABLE A-7 Federal Funding for Computer Science and Engineering
Research and All Science and Engineering Research, Fiscal Year 1991

Computer All Science and

Science Engineering

Research Percentage Research
Agency ($ millions) of Total ($ millions)
Defense 418.7 62 3,805
National Science Foundation 122.7 18 1,847
National Aeronautics and Space Administration 52.2 8 3,463
Energy 33.3 5 2,963
Commerce 18.4 3 444
Interior 11.4 2 549
Environmental Protection Agency 8.3 1 343
Transportation 6.1 0.9 146
Agency for International Development 3.6 0.5 290
Treasury 1.7 0.3 22
Health and Human Services 1.5 0.2 8,201
Agriculture 1.5 0.2 1,177
Education 0.9 0.1 157
Housing and Urban Development 0.2 0.03 11
Federal Communications Commission 0.1 0.01 2
Other Agencies? — — 631
TOTAL 680.6 — 24,051

40ther agencies that support some type of basic or applied research but not in computer science.
NOTE: All funding in fiscal year 1991 dollars.
SOURCE: National Research Council (1992a).

Funding for academic computer science is from NSF and DOD’s ARPA, as
well as NASA and DOE. These four agencies accounted for 92 percent of fund-
ing for computer science research in 1991, including basic and applied research
(Table A-7) (National Research Council, 1992a).

NSF is the second-largest funder of computer science research, spending
$122.7 million in 1991. Almost all of this funding went to universities. Indeed,
NSF is largest funder of individuals in academic research in computer science (as
opposed to departments or universities). These funds tend to emphasize basic
research (National Research Council, 1992a). That said, NSF-funded research
has contributed enormously to software development. The development of the
BASIC and PASCAL programming languages was funded by NSF, for example,
as well as software engineering and early object-oriented languages like CLU.
NSF also funds a large computing infrastructure. The most important compo-
nents of this infrastructure are the four NSF supercomputing centers and the
NSFNET, which supports the Internet.
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Academic computer science is also funded by ARPA. Among federal agen-
cies, the DOD continues to be the largest funder of computer science research,
spending $418.7 million in 1991; typically, about one-third of this is for aca-
demic computer science (National Research Council, 1992a). In this context,
ARPA has had an extraordinary influence in defining the research agenda for
academic computer science. In contrast to NSF support, which is mainly in the
form of grants to individuals, ARPA support for academic programs tends to be
concentrated among the leading U.S. research universities: Carnegie Mellon,
MIT, Stanford, and UC Berkeley (Mowery and Langlois, 1996). The objective of
ARPA funding has been to develop a basic research infrastructure in computer
science that may be exploited by defense agencies. This infrastructure-building
goal incorporates support for education as well as research: In 1990 one-quarter
of faculty in the 40 leading U.S. departments of computer science had received
their computer science Ph.D. from one of the three major universities supported
by ARPA (Carnegie Mellon, MIT, and Stanford) (Mowery and Langlois, 1996).

The High Performance Computing and Communications (HPCC) program is
currently a large component of this funding for academic computer science.
Started in 1992, HPCC is coordinated across all federal agencies, receiving sig-
nificant funding from NSF and ARPA. HPCC is defined in the context of spe-
cific applications of computing—a series of “grand challenges” in science and
engineering, for example modeling global climate change and weather—that can
only be solved using powerful computing. The HPCC program areas are high-
performance computing systems; advanced software technology and algorithms;
networking; and human resources and basic research. Funding for the individual
programs is included in Table A-8. If fully funded over the proposed 5 years, the
HPCC program will represent about a $2 billion investment, not including
baseline spending for 1991 (National Research Council, 1992a).

Spin-On Effects from Defense-Related Research and Development

As well as funding basic research in U.S. universities, many of the initiatives
funded by ARPA to develop new technologies have had surprising “spin-on”
effects for commercial use. What is surprising is that these research projects,
selected to complement the defense community, have had an enormous impact on
the commercial sector. Examples of this research include timesharing, parallel
processing, computer-enabled graphics modeling, and artificial intelligence.

Perhaps the best example of this is the Internet. The original concept for the
Internet may be traced to an ARPA research project on internetworking in the
early 1970s. The concept used by the Internet, of distributed computing and
communication by a technology called packet-switching, was proposed in the
1960s and developed using ARPA funding. The concept was deployed as
ARPANET, a secure communications network for military and university com-
puters. Protocols were also developed to enable different networks to connect,
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TABLE A-8 Agency Budgets by HPCC Program Components, FY 1994

Agency HPCS NREN ASTA IITA BRHR TOTAL
ARPA 151.8 60.8 58.7 — 71.7 343.0
NSF 34.2 57.6 140.0 36.0 73.2 341.0
DOE 10.9 16.8 75.1 — 21.0 123.8
NASA 20.1 13.2 74.2 12.0 35 123.0
NIH 6.5 6.1 26.2 24.0 8.3 71.1
NSA 22.7 11.2 7.6 — 0.2 41.7
NIST 0.3 1.2 0.6 24.0 — 26.1
NOAA 1.6 10.5 — 0.3 12.4
EPA — 0.7 9.6 — 1.6 11.9
ED — 2.0 — — — 2.0
TOTAL 246.5 171.2 402.5 96.0 179.8 1,096.0

KEY: HPCS = High-Performance Computing Systems; NREN = National Research and Educational
Network; ASTA = Advanced Software Technology and Algorithms; IITA = Information Infrastruc-
ture Technology and Applications; BRHR = Basic Research and Human Resources.

SOURCE: Office of Science and Technology Policy (1994).

based on a now widely used protocol, TCP/IP. By the early 1980s, the success of
ARPANET caused NSF to fund its own NSFNET using the same technologies.
As demand for advanced computing power has accelerated, other local networks
have quickly developed, linked by the NSFNET and connected to other sites and
networks around the world. These technologies, as well as the protocols and
standards, are collectively referred to as the Internet (National Academy of Engi-
neering, 1995b).

These ARPA initiatives continue to demonstrate marked spin-on effects. In
networking, to extend this example, current ARPA initiatives to develop new
technologies are concentrated in the HPCC. One of these initiatives, the National
Research and Educational Network (NREN), is expected to advance networking
technology in two phases. The first phase of NREN is to increase the communi-
cation speed of NSFNET from 1.5 million bits per second to 45 million bits per
second. The second phase involves research and development on ‘“gigabit test-
beds” to develop networking technology that will enable computer networks that
can communicate at speeds of 1 billion bits per second (one gigabit). Most of this
R&D is expected to be done in close collaboration with larger telecommunica-
tions and computer companies to encourage the transfer of these technologies to
commercial high-speed data communications networks (Office of Science and
Technology Policy, 1994; U.S. Congress, Office of Technology Assessment, 1993).

These surprising effects of the ARPA research initiatives illuminate a related
point: Research and development are relatively “closer” in computer science
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than in other disciplines. U.S. universities in this sense have provided important
channels for the dissemination and diffusion of these innovations in software
between academia and the defense and civilian research efforts in software. Digi-
tal Equipment Corporation (DEC) is an example of the importance of these tech-
nology flows. DEC’s founder, Ken Olsen, developed many of his ground break-
ing ideas for the minicomputer while working as a research assistant at MIT on
Project Whirlwind, a DOD-funded project that was the precursor of a massive
programming effort to develop the Semi-Automatic Ground Environment (SAGE)
air defense system (Lampe and Rosegrant, 1992).

Indeed, some believe that a lack of interchange between military and civilian
researchers and engineers weakened British efforts in computers. The Colossus
machine built at Bletchley Park during World War II for code breaking, for ex-
ample, was never further developed, and some aspects of it are still classified by
the British government (Grindley, 1996). The very different situation in the
United States enhanced the competitiveness of the U.S. computer and software
efforts (Mowery and Langlois, 1996).

Mechanisms to Encourage Technology Transfer
in Academic Computer Science

Other formal mechanisms have also been important in the transfer of tech-
nology from the military to the commercial sphere. For example, the federal
government influenced the development of early automatic programming tech-
niques through its support for information dissemination. The Office of Naval
Research (ONR) organized seminars on automatic programming in 1951, 1954,
and 1956. These conferences circulated ideas within a developing community of
practitioners who did not yet have journals or other formal channels of communi-
cation. The ONR also established the Institute for Numerical Analysis at UCLA,
which made important contributions to the overall field of computer science
(Mowery and Langlois, 1996).

Yet another formal mechanism for technology transfer is the Software Engi-
neering Institute (SEI) at Carnegie Mellon University. SEI was started by ARPA
in 1984. In contrast to the applications-focus of many ARPA initiatives, SEI is
intended to encourage the development and dissemination of generic tools and
techniques for use in software engineering for defense applications. (For infor-
mation on the SEI program, see their Internet home page at http://sei.cmu.org.)

Several professional societies have also influenced the development of com-
puter science, especially the Association for Computing Machinery (ACM) and
the IEEE Computer Society. The publications and conferences of the ACM and
IEEE Computer Society are the major channels for dissemination of research and
conceptual advances in computer science. The ACM has also shaped the devel-
opment of the undergraduate curriculum in computer science (National Research
Council, 1992a).
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The Importance of Defense-System Acquisitions

The federal government is also a prodigious consumer of information tech-
nology. DOD programs to develop new, very complex computer systems had a
tremendous influence on the development of U.S. software and computer compe-
tencies. Perhaps the most conspicuous example of this is the development of the
SAGE air defense system in the 1950s, which far exceeded previous program-
ming efforts. SAGE was developed from the Whirlwind project at MIT to coor-
dinate the control of radar installations into a national air-defense system. Devel-
opment of SAGE was directed by a division of the RAND Corporation, the
System Development Corporation (Mowery and Langlois, 1996).

By 1955, RAND already employed 25 people, perhaps 10 percent of the
programmers in the United States. By 1960, SDC had spun out of RAND and
hired more than 800 programmers for developing SAGE. By 1963, SDC and
SAGE had seeded the emerging software and computer industry with more than
6,000 individuals from the SAGE development effort (Mowery and Langlois,
1996). Indeed, by 1967, the Air Force had started divestiture proceedings to spin
out SDC from the federally funded research and development centers, as compe-
tition in software made this status unnecessary.

SAGE’s legacy also includes IBM’s development of transistorized comput-
ers. In 1955, IBM delivered the XD-1 (patterned after Whirlwind, which also
inspired Digital Equipment Corporation and the minicomputer) to serve as the
“brain” of SAGE. Critical to its performance was a new memory architecture,
called magnetic core memory, that later would appear in IBM’s enormously suc-
cessful System 360 computer. Also key were magnetic tape drives and flexible
software architectures, all developed under government funding and adapted al-
most immediately for commercial use. IBM also recruited Emanuel Piore, head
of the Office of Naval Research, as chief scientist, and increased research spend-
ing to 35 percent in the 1950s, and to 50 percent by the 1960s and 1970s. By the
1960s, IBM’s computer R&D budget was bigger than the federal government’s.
Even as late as 1960, defense spending represented 35 percent of IBM’s research
budget (Ferguson and Morris, 1993).

More recently, the Software Productivity Consortium (SPC) has performed
an analogous (if less dramatic) role in technology transfer to improve U.S. soft-
ware and computer competencies. SPC was established by its member compa-
nies in 1985, uniting more than half of U.S. aerospace and defense firms in a for-
profit consortium. The goal is to develop processes and methods that improve the
design and implementation of complex software systems. This includes develop-
ing prototypes and technical reports, but not commercial products (Software Pro-
ductivity Consortium, 1996). Until a few years ago, this goal was pursued with
something of an ivory tower mentality by SPC, without involving consortium
members and usually resulting in products that were off the mark. More recently,
the SPC approach has emphasized intensive collaboration with members to de-
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velop a technical program more closely aligned to members’ needs (Robert K.
Carr, consultant in technology transfer, measurement and evaluation, and inter-
national technology, unpublished notes, 1993). The resulting program is seen as
a useful resource for U.S. organizations to leverage investments in software de-
velopment and to evaluate methods and processes.

Software Depends Critically on Innovation in Computer Technologies

Opportunities in software also depend on innovation in computer technolo-
gies. In this sense, the development of networked personal computers and work-
stations marks the transition to a profoundly different environment for software
development. IBM is currently the world’s largest supplier of software, despite
its current difficulties; IBM’s revenues from software (including operating sys-
tems) in 1992 were $11.1 billion. Several trends have affected IBM’s thinking
about the software side of their business (and by extension, the thinking of other
large computer makers). First, software has developed as an opportunity that is
quite distinct from computers. Operating systems and enterprise-scale applica-
tions software have become very expensive and complex to develop. For ex-
ample, IBM’s OS/2 operating system is estimated to have required at least 5 years
and 400 programmers and cost as much as $1 billion. In addition, in recent years,
independent software companies have pushed advances in several areas of oper-
ating systems and applications software.

Second, as computer hardware is increasingly commoditized, differentiation
is less on the physical performance of the electronics than on the performance of
the systems software and the collection of applications software and services
available to users. For example, the success of Apple’s Macintosh computer
(whose development was mainly in sophisticated operating systems software)
depended on the commercial availability of software designed and marketed by
start-ups and smaller software companies. Consequently, computer makers have
learned to encourage independent software companies to develop applications
based on their architectures.

These dynamics contribute to a first-mover advantage for U.S. software com-
panies. In contrast to customized software and systems integration, the personal
computer and, more recently, networked computing, are radically changing the
demand for software by creating very high-volume markets. Indeed, by 1984, the
installed base of PCs was 23 million machines, compared with less than 200,000
for large- and medium-sized systems (Steinmueller, 1996). These high-volume
opportunities easily absorb the fixed costs of software development. Also, stan-
dardization of personal computer architectures in the United States has enabled
software companies to create software and operating systems that can be incorpo-
rated by different computer makers. This is in marked contrast to Japan, for
example, where 6 of the top 10 software companies are tied through industrial
groups to different computer makers (the top four are NEC, IBM Japan, Hitachi,
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and Fujitsu), each using a proprietary operating system. In the United States, by
comparison, none of the top 10 software companies is tied to a computer maker
(Friedland, 1993).

These trends reflect the divergence within the overall U.S. software industry
between commercial and military applications. The DOD focus on systems de-
velopment and on embedded systems doubtless limits the spin-on effects of these
technologies for commercial use. The concept of software engineering continues
to be relevant to the creation of large-scale, complex defense software systems,
especially for embedded applications. But many of these systems are irrelevant
to the commercial sector.

Small Companies Exploit These New Opportunities

In sharp contrast to the computer makers, most of the new independent soft-
ware firms are relatively small, entrepreneurial companies. In Utah’s “software
valley,” for example, three-quarters of the more than 1,120 technology-intensive
companies have fewer than 25 employees, and 50 percent have revenues of
$200,000 or less (The Economist, 1994). Several characteristics shape the oppor-
tunities for these new software companies. First, the initial capital requirements
to start in software are extremely low (with the exception, of course, of intellec-
tual capital). This is likely to be as true in the future as it has been in the past.
These extremely low barriers to entry, especially in the decentralized, software-
intensive low end of the hardware spectrum, limit the amount of risk a software
entrepreneur must accept.

Second, these emerging software companies often exploit technologies or
markets deemed too small or too risky for established players. Thus, new mar-
kets and narrow, niche markets that sometimes lead to considerably larger mar-
kets let new software companies develop the revenue stream, product, and core
competencies of valuable new businesses. On the other hand, once such compa-
nies are established in a market niche, they in turn become vulnerable to new
players with a better idea. Since the development cycle of sophisticated software
is lengthy and requires highly focused skills, reacting to a competitive threat is
usually not an easy task. As a result, software companies tend to be divided into
three groups. The first group, quite rare, consists of the few that become large
and develop the internal resources to have long-term staying power and to stay on
the advancing technology curve. The overwhelming majority of start-ups in soft-
ware are in the second group, which develops niche-market products, with com-
pany revenues in the $5 million to $15 million range. The life cycle of these
companies is also quite short. Typically, they will either fail when their product
life cycle has run its course or be acquired by or merged with other players to
reach sustaining capabilities. The third group includes those new software com-
panies that, for a variety of reasons, are not successful and fail.
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Economic and Technological Risk is Encouraged

The dynamics of these opportunities for new companies in software are very
appealing to venture capital. In 1992, software and related services attracted
more venture capital financing than any other sector of the economy, including
biotechnology. Some 214 software and services companies received 22 percent,
or $562 million, of venture capital invested in 1992. As new software companies
demonstrate the viability of new technologies or markets, the risk is less and
these opportunities then become valuable to larger companies, creating liquidity
by acquisition. Compared with other sectors, the valuations are also relatively
high, encouraging the formation of new companies. For example, Microsoft’s
bid to acquire Intuit for $1.5 billion represented a breathtaking 40 percent pre-
mium over Intel’s (then current) market value.

The Importance of Large, Technology-Intensive Companies

These innovative new software companies tend to be distributed according
to a specific geography. That is, technology-intensive communities, for example
Boston or San Francisco, that have reached critical mass in software tend to be
self-perpetuating. This is because relationships with other, larger technology
companies are very important to small software companies. First, the software
industry is marked by a large number of spin-off companies or by entrepreneurs
leaving larger software companies (or hardware companies) to create their own
companies. These new software companies tend to concentrate in areas that in-
clude larger, technology-based companies where such spin-offs are common.
DEC, for example, has spawned numerous spin-offs. The spin-offs are less well
documented in software than in other high-tech fields but occur equally frequent
(if not more so). Lotus Development, for example, spun off at least three new
firms during its first 3 years, including Iris Associates (which developed the very
successful Notes program using venture capital from Lotus).

As well as providing a source of entrepreneurs, large, technology-based com-
panies also provide a critical base of new technology. There is a broad consensus
that concepts are best transferred by the individuals who understand the new
technology. To this end, small start-up firms have been responsible in software
for an overwhelmingly large share of new commercial applications, often ex-
ploiting research and ideas developed elsewhere—usually in universities or in
large, technology-based companies. The laboratories of IBM and AT&T Bell
Labs especially, and also Xerox PARC, have developed software technologies
that have been successfully commercialized by new software companies.

Unresolved Policy Questions

Several unresolved policy questions shape opportunities for companies in
software. Concern about the domination of IBM’s extraordinarily successful
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System/360 architecture led the U.S. Justice Department to assert that this suc-
cess represented an illegal monopolization. In response, IBM decided to “un-
bundle” the pricing of its systems instead of including the software in the pricing
of the computer, essentially creating the opportunity for Microsoft and other in-
dependent software companies to sell competing software. Recently, similar
questions have been raised in connection to the extraordinary successes of
Microsoft Corp. in personal computer software.

Uncertain intellectual property rights (IPRs) are a second problem. Existing
mechanisms for securing IPRs assume that something is either an expression of
ideas (in which case, the expression of these ideas may be protected by copyright
law, but not the ideas themselves), or a patentable process (in which case it may
be protected by patent law). But software is both an expression of ideas, as lines
of code, and the process that the algorithm describes—and that process is valu-
able. For this reason, IPRs are an imperfect mechanism (at best) for protecting
innovations in software.

Intellectual property rights may disadvantage start-ups and smaller software
companies. Patents, especially, present special problems in software. Many soft-
ware companies are using patents to compensate for recent legal decisions deny-
ing them the copyright protection they feel they need. But patents are costly to
obtain and difficult to enforce and defend. Large companies are, consequently,
more likely to be able to threaten litigation and to defend against litigation. There
is also ambiguity about what is and is not patentable. These problems have con-
sequences for innovation, because small companies and start-ups are disadvan-
taged by the costs and uncertainties of litigation. Also, because larger companies
and universities are usually the sources of the technology for spin-offs and smaller
companies in software, stronger IPRs for software may actually impede innova-
tion as patent portfolios grow but their value remains ill-defined.

Remarks on the Future

The United States will continue to lead in developing new technologies and
markets in software. Most of this innovation will be centered in small software
companies. (For large companies, nurturing creativity and innovation has often
proved difficult, and the risk-reward equation dictating product development is
typically very demanding [Hooper, 1993].) As a result, successful software start-
ups will continue to spin out of larger companies led by entrepreneurs with a
riskier agenda.

These dynamics create an advantage for the United States in software. But
even as new technologies present opportunity for new entrants, many of these
smaller companies may not have the resources to adopt these innovations and
remain competitive. As software programs (including prepackaged software)
have become larger and more complex, software developers have started to run
into problems of quality and reliability, referred to in the literature as the “soft-
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ware bottleneck.” Major delays in product releases, including 1-2-3 (Lotus),
dBase IV (Ashton-Tate), OS/2 (IBM), and Windows NT (Microsoft) are examples
of this trend (Brandt, 1991).

Attempts to address these problems include efforts to replace the current
approach to software development with a more rigorous one, using code re-use
and object-oriented designs (Brandt, 1991; Ferguson and Morris, 1993). Tech-
nology transfer in these new software technologies (if real) may present an op-
portunity for other countries to compete with the United States in software. Japan
and Europe, especially, have put a premium on developing process innovations in
software design and automation, although they have not yet realized any com-
mercial advantage from these initiatives.

ELECTRIC POWER RESEARCH INSTITUTE:
THE BOILER TUBE FAILURE REDUCTION PROGRAM

Jim Oggerino

Background

The Electric Power Research Institute (EPRI) has been the centralized R&D
arm of the U.S. electricity industry since 1972. Its members include over 600
utilities that together provide about 70 percent of the electricity generated in the
United States. EPRI manages research projects performed by contractors, in-
cluding universities and large and small companies. Typically, there are over
1,000 projects in process at any given time, supported with an annual budget in
excess of $400 million. Over its 23-year history, EPRI has developed many
technology transfer methods and processes. This case study focuses on boiler
tube failures (BTFs) in fossil-fueled power plants and the technology transfer
process used to ensure that solutions to the BTF problem reach the electric-power
industry.

The Issue

Roughly 40 percent of the energy consumed in the United States today is in
the form of electricity, and in the next 50 years that value could grow to 60
percent. Given the extent of public reliance on electric power, any technical
problem or flaw that affects the availability of the boilers that make steam to
drive steam-turbine generators is serious. Historically, BTFs represented the
largest single source of lost generation in fossil-fueled power plants in the na-
tion. According to the North American Electric Reliability Council Generating
Availability Data System (NERC-GADS), coal-fired units 200 megawatts (MW)
or larger experienced more than 15,000 boiler tube failures during the 6-year
period from 1983 to 1989. These failures represented a loss of 81 million mega-
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watt hours (MWh) per year. At an estimated replacement power cost of $10 per
MWh, this represented an annual loss of $810 million (McNaughton and Dooley,
1995).

Thus, the objective of EPRI’s BTF-reduction project was to improve boiler
availability at more than 800 EPRI member generating facilities, comprising about
2,000 generating units. At the time, there were 22 known mechanisms of BTF.
Solutions for some of those mechanisms were available in other countries, but
most had not yet been adopted in the United States. The challenge was to per-
form R&D on the as-yet-unsolved failure mechanisms, and to transfer knowledge
about BTF solutions to EPRI members. Previous experience indicated that one
could not effect technology transfer only by granting users access to the technical
information. Face-to-face assistance, organizational and operational changes, and
management commitment were required to succeed with a technology transfer
challenge of this magnitude.

EPRI contracted with General Physics Corp. (GPC) to carry out the research
on the unresolved failure mechanisms and to assist with the technology transfer
program. Barry Dooley, the EPRI project manager, had come to EPRI from
Ontario Hydro (a Canadian utility with a large research department), where he
had done considerable work in this area. Dr. Dooley is considered a world-class
expert which was, and is, an important technology transfer factor. The contract
with General Physics Corp. consisted of cost-plus remuneration and was typical
for EPRI at the time. In addition to EPRI and General Physics, the utilities that
provided their power plants for technology demonstration were part of the solu-
tion teams that were formed.

At the time EPRI contracted with GPC, the provisions for intellectual prop-
erty were that all rights were to be retained by EPRI. However, in a large number
of cases, the GPC investigators were given exclusive, or sometimes nonexclu-
sive, licenses to sell the resulting research products in any market except the U.S.
utility market. Utilities receive EPRI results free through their membership.
Depending on the circumstances, technology licensing for EPRI members may
be cost free or require the payment of a considerable fee.

EPRI is funded by its member utilities to perform collaborative R&D and be
involved in the transfer of research results to members. EPRI generally funds its
research projects at the laboratory investigation level. However, at the full-scale
demonstration phase, it is often necessary to use a member’s generating station.
It takes the highest level of trust on the part of a member utility to use an operat-
ing plant as a test bed, because any plant unavailability can result in costs of
hundreds of thousands of dollars per day.

One technology transfer mechanism used to obtain sponsors for demonstra-
tion or shared R&D projects is a one-page document called a “host utility.” This
document is distributed through EPRI’s Technical Interest Profile (TIP) system,
which member utility staff join by submitting a TIP interest sheet. The interest
sheet has roughly 100 technical areas to choose from. Most TIP users check three
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or four items and receive routine mailings on the topics of their choice. Mailing
lists in each technical area contain between 2,000 and 7,000 names.

To initiate the BTF demonstration program, EPRI distributed a host utility
document throughout the industry. Based on the responses it received, EPRI
selected 10 utilities, representing about 40,000 MW of capacity, to begin the
program. About a year after the project started, EPRI held workshops and semi-
nars to announce interim progress to the rest of the industry. This resulted in
many additional utilities volunteering to become part of the program, and so EPRI
issued another host utility invitation. Two years after the first set of 10, 6 addi-
tional utilities (another 20,000 MW of capacity) were added to the project.

Prior to inviting utilities to participate, EPRI established criteria for partici-
pation. Each utility had to assign a BTF program coordinator for the project;
issue a corporate BTF program mandate or philosophy statement; include in the
program all fossil-generating units operated by the utility; and form cross cutting
BTF program teams for which training attendance was mandatory.

After EPRI selected the first 10 utilities, it convened a meeting of BTF coor-
dinators. All were asked to obtain senior management signatures on the corpo-
rate mandates prior to beginning activities at their utilities. EPRI then held train-
ing sessions at each utility for each BTF team, consisting of staff from the utility’s
engineering, operations, maintenance, and management units. The senior man-
ager who signed the mandate had to attend the course for at least one hour. These
meetings were held at home offices or at various power stations, with the selec-
tion left up to the sponsoring utility. The training material included descriptions
of what actions and organizational and operational changes were required to ad-
dress each of the 22 failure mechanisms. Six-month follow-up meetings were
held by the EPRI team to determine if corrections or additional changes were
required. It should be noted that GPC carried out essentially all of the training
sessions for EPRI. GPC played a major role in the technology transfer process,
freeing the EPRI project manager to focus on the R&D portion of the project.

From the outset in 19835, the target for the project was to transfer technology
to achieve an average equivalent availability loss (EAL) of 1.45 percent from
BTFs. This represents a nearly 60-percent reduction from the national EAL of
3.4 percent in 1985. Figure A-3 shows the EAL reductions achieved from 1985
through 1991. By 1987, the first group of 10 utilities had reduced their EAL from
2.5 percent to 1.8 percent. By 1991, that same group had further reduced their
EAL to 1.5 percent. The 10 utilities predict savings of at least $41 million annu-
ally for the next 10 years. The second group, which had started 2 years later and
at a much higher EAL (3.4 percent) had reduced their average to 2.0 percent.

This project demonstrated to the electric-power industry that successful tech-
nology transfer does not consist solely of being exposed to research results or
technical fixes. Management commitment to support tech transfer programs and,
in most cases, organizational rearrangements, also are necessary. In addition,
operational changes and training programs are often required.
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FIGURE A-3 Equivalent availability loss due to boiler tube failure, 1985-1992.
SOURCE: McNaughton and Dooley (1995).

The demonstration program and subsequent adoption of BTF solutions by
EPRI member utilities led to annual savings in the hundreds of millions of dol-
lars. The technology transfer process was so successful it is being used for two
other major EPRI programs: Plant Life Extension and Cycle Chemistry.

Perhaps more important than resolving the 22 BTF mechanisms (since ex-
panded to more then 30), the demonstration project has resulted in utility man-
agement recognizing more fully the need to support internal product champions
with funding and organizational clout. Thus, three elements—research results, a
demonstration host site, and senior management support—were all required to
achieve success.
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EXECUTIVE SUMMARY

Compared with other large industrialized countries, Germany supports a high
level of research and development (R&D) activity in relation to its gross domes-
tic product (GDP). Indeed, as a percentage of GDP, German investment in R&D
is comparable to that of the United States.

A major distinguishing characteristic of the German R&D system is the ex-
istence of a broad variety of public and semipublic research institutions that
complement and bridge the R&D activities of industry and universities. The most
important of these institutions are the Fraunhofer Society (Fraunhofer-Gesell-
schaft [FhG]), the Max Planck Society (Max-Planck-Gesellschaft [MPG]), the
Helmbholtz Centers (formerly called Grofiforschungseinrichtungen [GFEs]), and
the Federation of Industrial Research Associations (AiF). These institutions have
different missions, different research focuses, and vary significantly with respect
to the scope and conduct of their technology transfer activities. The participation
of universities and other noncommercial research institutions in technology trans-
fer to industry also varies greatly with respect to the four focal areas of this study:
production technology (manufacturing), microelectronics, information technol-
ogy, and biotechnology.

German universities’ major channels of technology transfer to industry are
collaborative and contract research, consultancy, informal contacts, conferences,
and the provision of qualified personnel. Scientific publications are intensively
used, but prove to be a less effective channel of technology transfer. In contrast to
U.S. universities, the temporary transfer of personnel is rarely practiced in Ger-
many. Another effective transfer channel for German universities is external
institutions such as technology centers and particularly An-Institutes (Institute an
der Universitit; literally, institutes at the university). In the last 15 years, univer-
sity efforts to further technology transfer have increased considerably and have
reached a generally satisfying level. This assessment applies also to the transfer
activities in the four focal areas. In software and especially in biotechnology, the
volume of industry contacts is suboptimal, which partly reflects the lack of a
sufficient number of competitive German enterprises in these areas. A new legal
and institutional framework will be necessary to improve exploitation of patents
at universities.

The FhG is the principal German noncommercial organization conducting
industry-oriented applied research. Unlike other German public research institu-
tions, which rely almost exclusively on institutional funding to support their re-
search, the FhG’s budget includes only 20 to 30 percent public institutional fund-
ing. Moreover, the amount of funding is linked directly to the FhG’s success
doing contract research for public and particularly private clients. Therefore, the
FhG’s research orientation is largely demand driven. The close relationship be-
tween the FhG and German universities is institutionalized through the appoint-
ment of FhG directors as regular university professors. Thus, the FhG is a real
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bridging institution between academic and industrial research. The future suc-
cess of the FhG model depends decisively on an appropriate balance between, on
the one hand, institutional funds and public-sponsored projects to build up an
adequate level of research competence, and, on the other hand, private contracts
to maintain the orientation toward industrial needs and to perform effective tech-
nology transfer. Except in biotechnology research, the FhG has a strong presence
in the four focal areas, with special strengths in microelectronics and production
technology.

Complementary to German universities, the MPG is the major institution
performing outstanding basic and long-term applied research. MPG’s main areas
of focus are physics, biology, and chemistry. Many Max Planck institutes per-
form research in areas of strategic interest to industry. The most important chan-
nel of knowledge transfer is the exchange of scientific personnel. However, col-
laborative research with industry plays a modest but increasing role. Up to now,
the intensity of contacts with industry has depended primarily on the willingness
and interest of individual MPG scientists. With declining public funding, the
usefulness and achievements of the MPG have to be proved, and the society has
to approach technology transfer more actively.

Helmbholtz Centers conduct primarily research on long-term problems entail-
ing considerable economic risks in areas of public welfare and in fields requiring
large investments. Besides the classic instrument of scientific publications, the
major mechanisms of technology transfer are the participation of industry in ad-
visory boards and committees, and collaborative research uniting industry and
the centers on large projects or programs. The centers are funded primarily with
public money, but industry and the federal government are striving to increase the
share of industrially relevant research these centers conduct. This can be achieved
by reducing institutional funds in favor of project support and broader participa-
tion of industry in the centers’ research planning procedures. It is not clear to
what extent these different measures suggested will be implemented. In any case,
the centers will go through a process of considerable structural change within the
next few years.

The institutes of the Blue List and the departmental research institutes carry
out numerous research activities, mostly in basic research or applied research
directed at the needs of state and federal government departments. Only a few
institutes in this group have close relations with industry and perform technology
transfer.

Cooperative research within the framework of industrial research associa-
tions has proved to be an effective instrument for performing projects that ex-
ceed the capacity of individual small and medium-sized enterprises (SMEs). The
associations and their umbrella organization, AiF, have implemented an inten-
sive collective evaluation procedure that guarantees effective selection of appro-
priate research projects. Those companies that are directly involved in the defi-
nition and supervision of projects benefit most from the results of cooperative
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research. Technology transfer to other member companies is limited, although
many measures are undertaken to promote such activity. A major restriction of
cooperative industrial research is its limitation to precompetitive problems, since
several companies in the same industry have to cooperate. In some less-re-
search-intensive industries, the share of cooperative research compared with their
total R&D activities is quite large. However, in research-intensive industries
like chemicals, electrical engineering, and aeronautics, the role of cooperative
research is negligible.

Up to now, the volume of research activities of the European Union (EU) has
been relatively limited compared with the activities of individual countries. How-
ever, the importance of EU funding is growing. Special initiatives are focusing
on strategic areas in an effort to enhance European competitiveness. In areas
such as biotechnology and information technology, the impact of EU-funded re-
search is considerable. A characteristic of EU policy is a top-down approach to
setting a research agenda through the use of so-called framework programs. In-
ternational collaboration between industrial enterprises and research institutions
is required, thus technology transfer is facilitated. In contrast, the so-called EU-
REKA initiative is independent of the framework programs of the European Com-
mission. It has no framework concept, follows a bottom-up approach to setting
research priorities, and pursues market-oriented research. Major areas of activity
are biotechnology and, in particular, information technology. The EUREKA
project JESSI (Joint European Submicron Silicon Initiative) contributes consid-
erably to the international competitiveness of European industry in the fields of
microelectronics, high-definition television, digital audio broadcasting, and other
communication and information technologies.

Regarding the four focal areas, industrial R&D activities in Germany are
focused on various fields of mechanical engineering. Industry gives less R&D
attention to microelectronics, information technology, and biotechnology. In this
respect, the German profile is almost the opposite of the American one. Only in
the area of chemistry do the R&D activities of the two countries have similar
structures and show positive specialization indexes.

Technology transfer to SME:s is realized through various channels. One im-
portant channel is through R&D cooperation with other companies (primarily
customers of SMEs), consulting engineers, universities, and other research insti-
tutions. About half of all German SMEs that perform R&D use this channel.
There is, however, considerable potential for increasing R&D collaboration be-
tween SMESs and other research institutions, particularly universities. In addition,
SMEs profit from a dense network of non-R&D-performing institutions, the re-
sult of a high level of industrial self-organization. The Chambers of Industry and
Commerce, industrial associations, and other institutions effectively support the
diffusion of technology and know-how, particularly in technologically mature
industries, through innovation-oriented consultancy and by organizing knowl-
edge exchange among firms through journals, meetings, and informal networks.
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Structural change of an economy is easier to accomplish with the help of
small, new technology-based firms (NTBFs). Such firms display distinctive fea-
tures connected to flexibility, innovation, and competitive advantages. There is a
widely felt, obvious lack of NTBFs in Germany. NTBFs need assistance in the
form of equity and managerial know-how, since most founders of such firms
possess only technological skills. The failure of NTBFs to raise capital has not
been reversed with the advent of new instruments like equity stock or venture
capital. The supply of public funding has proved necessary. Although the risk-
averse mindset of most founders of German companies cannot be overcome in-
stantly, various steps (e.g., the formation of a transnational European stock ex-
change for NTBFs) are being taken to improve the current unfavorable conditions.

To summarize, highly elaborate institutionalized forms of technology trans-
fer have been developed in Germany; examples are the An-Institutes, the AiF,
and the FhG. Even universities—at least their technical faculties—show a high
level of active involvement. Although the MPG and the Helmholtz Centers are
developing a more active role, there is still much room for progress. A special
characteristic of the German technology transfer system is that public and semi-
public research institutions—including universities—have a high level of direct
contract research and research cooperation with industry. This is one of the main
reasons for the long-demonstrated comparative strength of the German innova-
tion system in supporting incremental innovation and rapid technology diffusion
in many industries. In the next few years, there will be an increasing need for
industry to cooperate with nonindustry research institutions. At the same time,
more research institutions will offer their services to industrial clients, and the
competition in the research market will grow. Generally, the trend toward greater
competition is a positive one. However, unfair competition among institutions
due to their different levels of public base funding remains a problem. This imbal-
ance may, under changing circumstances, disturb mechanisms that previously func-
tioned well and require appropriate changes in national research policies.

INTRODUCTION

Part III of this binational study describes the technology transfer system in
Germany. It first describes the R&D landscape in Germany in order to provide an
overview of the institutional context of technology transfer. Selected R&D-per-
forming institutions that are major players in technology transfer are then ana-
lyzed in more detail. Finally, the report examines technology transfer in four
areas of technology selected by the binational panel for deeper investigation:
production technology (manufacturing), microelectronics, information technol-
ogy, and biotechnology. The performance of German R&D institutions in these
focal areas is addressed insofar as related data and information are available.

The authors tried to present the relevant information as concisely as possible,
drawing largely on the existing literature. In some sections, however, the de-
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scription is more detailed because the related sources need important enlarge-
ment or additional explanation. (See, for example, the “Universities” section,
below.)

THE GERMAN R&D ENTERPRISE

General Structures

In 1994, German institutions spent about DM78 billion (or 2.3 percent of
GDP) on R&D. This was equivalent to $35.9 billion (in purchasing power par-
ity), or about 21 percent of total U.S. R&D spending. The German ratio of R&D
spending to GDP, though slightly lower than the American ratio (2.5 in 1994), is
higher than most other large industrialized countries.! In recent years, the public-
sector/private-sector composition of German and American R&D spending has
converged. Between 1989 and 1994, the share of publicly financed R&D in
Germany increased from 34 percent to 37 percent. Over the same period, the
share of publicly financed R&D in the United States decreased from 46 percent to
39 percent. In Germany in 1994, about 8.5 percent of the public R&D budget was
spent for defense purposes; in the United States, that figure was 55 percent. Due
to the primarily civilian orientation of R&D in Germany, the share of publicly
financed R&D performed by industry (13 percent) is relatively low compared
with the share of such research performed by industry in the United States (31
percent) (Organization for Economic Cooperation and Development, 1995).

These general indicators give only a rough sense of the German R&D sys-
tem. Particular institutional structures will be described here in more detail, fol-
lowing Meyer-Krahmer (1990) and Schmoch et al. (1996b). In Germany, the
organization of R&D activities is shaped largely by the country’s federal system
of government, in which public-sector responsibilities are more evenly divided
between the central government and the states (Ldnder) than is the case in the
United States. German states are principally responsible for the educational sec-
tor and consequently finance the vast majority of university budgets, including
more than 75 percent of academic research. The financial flows from the state-
level ministries to universities are depicted by a boldface arrow in the organiza-
tional chart in Figure 3.1. Roughly 90 percent of these funds are allocated by
universities for base, or general-purpose, institutional support of research. Only
10 percent of university research supported by the state is linked to specific
projects.

In addition to universities, other research institutions are partially supported
by state-level ministries (see Figure 3.1). These include the institutes of the Max
Planck Society, the Helmholtz Centers, the institutes of the Fraunhofer Society,
and “other institutions” (the Blue List institutes and independent institutions es-
tablished by the states, including the An-Institutes). All these institutions are
described in more detail in “Technology Transfer from Universities,” below.
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Another set of research institutions, called “departmental research institutes,”
are connected directly to specific state-level and federal ministries. These insti-
tutes often carry out general activities in addition to R&D activities in the area of
the related ministry. Federal ministries with important ties to departmental re-
search institutes include the Ministry of Health, the Ministry of Agriculture, the
Ministry of Transport (included in “Other Ministries” in Figure 3.1), and the
Ministry of Defense (BMVg). Compared with their counterparts in other coun-
tries, German departmental research institutes account for a relatively small share
of total publicly funded R&D. Nevertheless, they often play an important role in
the R&D landscape; some of them are leaders in special R&D sectors.

In the federal government, the most important source of R&D funding is the
Ministry for Education, Science, Research, and Technology (Bundesministerium
fiir Bildung, Wissenschaft, Forschung und Technologie [BMBF]).? The BMBF is
responsible chiefly for R&D budgets and long-term research programs on a gen-
eral level. The BMBF delegates more specific decisions to program agencies
(Projekttriger), which manage project-related activities for nearly all fields sup-
ported by the BMBF (see Figure 3.1). A further intermediate institution between
the BMBF and R&D-performing institutes is the German Research Association
(Deutsche Forschungsgemeinschaft [DFG]) that is responsible for supporting
mainly basic research projects, especially at universities. It is noteworthy that the
DFG is funded jointly by the BMBF and state governments. Other institutions
that perform intermediate R&D management are the MPG, the FhG, the AiF, and
the Helmholtz Association of German Research Centers (Helmholtz-Gemein-
schaft Deutscher Forschungszentren, HGF). This variety of decision-making
institutions would seem to indicate a high degree of flexibility in German public
funding of R&D. In reality, however, the great majority of public funds are
earmarked for long-term commitments; only about 10 percent of the BMBF bud-
get each year is available for new tasks (Meyer-Krahmer, 1990, 1996).

In the following sections, the distinct function and important role in technol-
ogy transfer of German universities, the MPG, the FhG, the HGF, and the AiF
will be described in more detail. What most distinguishes these sets of institu-
tions from each other is the focus of their research activity along the continuum of
R&D activities. The MPG is chiefly oriented toward basic and long-term applied
research; the FhG, toward mid- and short-term applied research; AiF supports
cooperative industrial research projects that generally have a precompetitive but
application-oriented character; Helmholtz Centers conduct their activities prima-
rily in areas requiring long-term investments or entailing considerable economic
risks. Some Helmholtz Centers concentrate mostly on basic research, while oth-
ers work in fields of strategic industrial relevance.

Figure 3.2 depicts the general structure of the German R&D enterprise.
Along the horizontal axis, institutions are classified according to their main
sources of funding, whether public or private. Most of the private-sector institu-
tions are industrial research laboratories; the number and research volume of in-
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FIGURE 3.2 Main R&D-performing institutions in Germany, expenditures in billion
1995 DM. SOURCES: Reger and Kuhlmann (1995); Schmoch et al. (1996b).

dependent private research institutes are quite low. There is an intermediate class
of institutions, most notably the FhG and the institutes of the AiF, which receives
funding from both government and industry. The vertical axis displays the type
of R&D conducted: basic research, applied research, and (experimental) devel-
opment. The shading indicates major areas of performance of the different insti-
tutions. Thus, as extreme examples, the MPG concentrates on long-term basic
research, whereas research in industry is mostly short term and application ori-
ented, with time horizons on the order of 3 to 5 years. The sizes of the bars
indicate the annual budgets of the respective institutions.3

Of course, the R&D activities of the different research organizations are not
as clear-cut as Figure 3.2 makes it seem. Thus, it is not surprising that industrial
laboratories perform some basic research (about 6 percent of their total internal
R&D; cf. SV-Wissenschaftsstatistik, 1994) and public research institutes and uni-
versities perform some applied R&D. Nevertheless, it is important to know in
which major areas the different institutions are working in order to understand
relevant distributions of capital and manpower.

The greater orientation of institutions on the left side of Figure 3.2 toward
basic research reflects their commitment to supporting the research needs of non-
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economic (in the broad sense), societal goals. The public sector tends to support
earlier stages of the innovation cycle, whereas industry concentrates on later
phases. Technology transfer from the left to the right side is important for the
efficiency of the total system.

All in all, Germany has only a small number of completely private, profit-
oriented research institutes. Instead, the intermediate position between universi-
ties and industry is occupied by nonprofit institutions, namely the FhG and AiF,
both of which operate with some public funding; these institutions do applica-
tion-oriented research. The MPG and the Helmholtz Centers largely supplement
the activities of universities in the areas of basic and long-term research. Among
the public or semipublic institutions, the sector consisting of departmental re-
search institutes is small compared to the Helmholtz Centers, the MPG, and the
FhG. The ratio of R&D expenditures in universities, other research institutions,
and industry is 1:0.7:3.5. As can be seen, the institutional sector lying between
universities and industry is quite large.

Industrial R&D Structures

ORIENTATION OF INDUSTRIAL R&D

To better understand the nature and dynamics of technology transfer to in-
dustry by German universities and other public and semipublic research institu-
tions, it is important to appreciate the comparative R&D and technological
strengths of German industry. In this context, European patent data offer a useful
window on the relative technological strengths and weaknesses of German indus-
try.* A recent study by Schmoch and Kirsch (1994) compared Germany’s share
of patents in 30 separate technology fields with the average share for the rest of
the world in each field.5 Using an indicator of specialization, the study identified
industries in which German patenting was above or below the world average.
The results show a strong orientation toward fields in mechanical engineering,
such as machinery, engines, handling, and transport (Figure 3.3). Indicator val-
ues for consumer goods and civil engineering are also above the world average.
Fields such as organic chemistry, basic material chemistry, and polymers gener-
ally show average or positive values, whereas biotechnology and pharmaceutical
research (which is linked to biotechnology) show values distinctly below aver-
age. Finally, information technology and related fields such as audiovisual tech-
nology and telecommunications show below-average values. One can conclude
from these data that German industry is marked by a strong emphasis on me-
chanical engineering, a conclusion that is supported by international trade statis-
tics (Bundesministerium fiir Bildung, Wissenschaft, Forschung und Technologie,
1997; Gehrke and Grupp, 1994; Haiusler, 1989). Indeed, in Germany there are a
variety of innovative SMEs conducting research related to mechanical engineer-
ing that have a distinct focus on export.
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FIGURE 3.3 Specialization index of European Patent Office (EPO) patents of German
origin in relation to the average distribution at the EPO for the period 1989 to 1991.
SOURCE: Schmoch and Kirsch (1994).
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The moderate specialization indexes for microelectronics and information
technology are confirmed by foreign trade statistics: The related specialization
(RCA) index in the areas of computers and semiconductor devices is distinctly
below average (Gehrke and Grupp, 1994). In part, this result reflects the fact that
only a few large companies—Siemens, Temic Telefunken, Bosch, and the Ger-
man subsidiaries of IBM, ITT Semiconductors, Philips, and Texas Instruments—
are internationally competitive in these areas of research. This means that the
German public and semipublic research institutions have only a few resident in-
dustrial counterparts capable of supporting significant levels of intra- and extra-
mural research. (For further details, see “Technology Transfer in Microelectron-
ics,” below.)

The low specialization index in biotechnology has to be interpreted in light
of the very high level of U.S. activity, which largely determines other nation’s
average share of biotechnology R&D. Nevertheless, the moderate indicator for
Germany reflects a quite hesitant start on the part of the big chemical companies.
Current activities are often based on affiliations and acquisitions in the United
States, whereas research in German laboratories is still at a moderate level.6

The patent profile of the United States differs significantly from the German
one. The United States has positive index values in the fields of information
technology, semiconductor devices, and biotechnology and negative ones in me-
chanical engineering and consumer goods (Figure 3.4). The closest correspon-
dence to the German profile can be found in the fields of organic chemistry,
polymers, and basic materials chemistry, which have above-average specializa-
tion indexes in both countries. Also in both countries, the specialization profiles
are generally stable over time. In comparing the German and American technol-
ogy transfer systems, these differences in the orientation of industrial R&D have
to be borne in mind.

TECHNOLOGY TRANSFER TO SMALL AND MEDIUM-SIZED ENTERPRISES

Growing technological and market demands have fostered considerable
growth of R&D cooperation and technology transfer between large companies
and noncommercial R&D institutions in Germany. Although German SMEs face
many of the same challenges that have prompted large firms to seek external
sources of technology and R&D, R&D cooperation between SMEs and noncom-
mercial R&D institutions does not appear to be as widely established as that
involving large companies. Admittedly the collaborative research activities of
German SMEs have not yet been studied extensively. Some analyses, however,
suggest that in recent years, SMEs, especially in the manufacturing sector, are
relying increasingly on technology transfer from external research institutions.

According to a joint survey by the Fraunhofer Institute for Systems and Inno-
vation Research (FhG-ISI) and the German Institute for Economic Research
(Deutsches Institut fiir Wirtschaftsforschung (Becher et al., 1989), approximately
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FIGURE 3.4 Specialization index of European Patent Office (EPO) patents of U.S. ori-
gin in relation to the average distribution at the EPO for the period 1989 to 1991.
SOURCE: Schmoch and Kirsch (1994).
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25,000 SME:s of the former West Germany engage in R&D. A further study by
FhG-ISI and Prognos (Wolff et al., 1994) estimated that in 1991 13,000 German
firms were conducting cooperative R&D and about 3,000 to 5,000 R&D-per-
forming firms offered plausible reasons why they were not engaged in collabora-
tive R&D. Still, a significant number (7,000 to 9,000) of R&D-performing SMEs
could potentially engage in collaborative research but have never done so (Wolff
et al., 1994).

The FhG-ISI and Prognos study differentiated between “hard” and “soft”
technology transfer, as follows:

*  R&D cooperation (hard) consists of contract research by third parties (com-
panies, public or industrial research facilities, universities, technical colleges,
engineering offices) and joint R&D with or without a contractual basis;

» Technology-related activities (soft) includes informal contacts for the pur-
pose of information exchange, performance of technoeconomic studies,
joint utilization of laboratories and other testing instruments and facilities,
employment of university students as trainees or interns, and the prepara-
tion of a graduation or doctoral thesis.

Whereas 50 percent of all SMEs surveyed are involved in R&D cooperation,
30 percent declared that they practice cooperation in “less active technology-re-
lated activities” (Kuhlmann and Kuntze, 1991). With respect to the importance
of potential partners, there are significant differences between the two types of
technology transfer. In the area of R&D cooperation, customers and consulting
engineers play a vital role, whereas universities and research institutes are of
medium importance, and the impact of polytechnical schools (Fachhochschulen)
is negligible (Figure 3.5). With respect to cooperation in technology-related ac-
tivities, polytechnical schools and suppliers are the SMEs’ most important part-
ners. Universities and research institutes again occupy a middle position.

Although German SMEs appear to be drawing effectively on the technology
transfer abilities of customers, suppliers, and consulting engineers, some observ-
ers believe that the capabilities of university polytechnical schools and research
institutes are underutilized by SMEs. In general, the knowledge generated by
universities, polytechnical schools, and research institutes is sought by an SME
when the firm needs to understand unfamiliar techniques, wants to make use of
testing equipment, or is seeking new approaches. SMEs identified three major
impediments to greater collaboration with universities, polytechnical schools, and
research institutes:

* the low level of interest displayed by these research institutions in the
specific research needs of SMEs (47 percent);

* the high cost to SMEs of cooperating (mentioned by 44 percent);” and

» the perception by SMEs that these collaborations do not lead to usable
results quickly enough (42 percent) (cf. Wolff et al., 1994, p. 166).
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FIGURE 3.5 Partners of SMEs in R&D and technology-related activities, by percent.
SOURCE: Wolff et al. (1994).

Herden (1992) asked 1,349 German SMEs about the type and frequency of
their contacts with universities and other research institutes during the past 5
years. The results of this study (Table 3.1) further verify the above findings.

According to the Herden data, a mere quarter of all SMEs received techno-
logical knowledge from research institutions or universities. Among those that
did, the most frequent type of technology transfer was soft contacts without R&D
cooperation. In this regard, consulting on the solution to a problem was the most
important channel (cited by 69.8 percent), whereas licensing, which may be
viewed as another information channel, was significantly less important (men-
tioned by 9.1 percent). Training of qualified personnel at universities ranked
second in importance (45.4 percent). The joint implementation of R&D projects
(i.e., hard cooperation) ranked third (33.5 percent). Nonetheless, only about 8 per-
cent of the 1,349 firms surveyed cooperated in joint R&D projects with academic
institutions. Unfortunately, this survey did not ask firms about the temporary
assignment of scientific personnel from universities to firms, therefore, the fre-
quency of this kind of personnel transfer cannot be measured.

The level of SME cooperation with universities and research institutions is
surprisingly low compared with the potential impact of the scientific knowledge
that could be gained through such partnerships (Schmoch et al., 1996b). Tech-
nology transfer from universities and other research institutions to SMEs could
be improved by using public subsidies to reduce the cost of collaboration. It is
estimated that roughly 30 percent of the SMEs involved in R&D cooperation

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

256 TECHNOLOGY TRANSFER SYSTEMS IN THE UNITED STATES AND GERMANY

TABLE 3.1 Types of Knowledge Transfer from Academia to Industry®

Channels for technology transfer (multiple choices possible) Percent
Consulting on problem solution 69.8
Training of qualified personnel at universities 45.4
Joint implementation of R&D projects 33.5
Subcontracting of R&D projects 25.9
Sharing of laboratory and equipment 24.1
Information on the market potentials of new products 17.7
Directed search for R&D personnel 17.4
Directed search for recent graduates (non-R&D personnel) 14.6
Licensing 9.1
Short-term assignment of R&D personnel to universities 52

4The survey question was, “Have you directly obtained technical knowledge from research institu-
tions and/or universities during the past five years?” Of the SMEs surveyed, 24.5 percent answered
“yes,” 67.1 percent answered “no,” and 8.4 percent answered “not yet but planning to.”

SOURCE: Herden (1992).

could benefit from public support (Kuhlmann and Kuntze, 1991). However, much
more difficult to remedy is the perception among SMEs that nonindustry research
institutions are not particularly interested in the research problems of SMEs. Here,
technology transfer units of universities and polytechnical schools could prove
their efficiency by improving mutual understanding of the different research needs
and capabilities of SMEs and research institutions (Kuhlmann and Kuntze, 1991).

In general, SMEs are considered important pillars of the German innovation
system (Harhoff et al., 1995). Although they contribute to new and emerging
areas, their specific strength is the rapid diffusion and adaptation of existing tech-
nologies. In this regard, they can draw upon the resources of a variety of R&D-
performing, transfer-oriented institutions such as Fraunhofer institutes and the
research institutes of industrial research associations. (For details, see “Fraun-
hofer Society” and “Federation of Industrial Research Associations,” below.)

Furthermore, a dense network of non-R&D-performing institutions supports
technology transfer through innovation-oriented consultancy and the organiza-
tion of knowledge exchange among firms. All Chambers of Industry and Com-
merce (Industrie- und Handelskammern) offer consultancy services concerning
not only technological innovation and potential cooperative partners but also fi-
nancial problems relating to investment and public support programs. The Cham-
bers of Crafts (Handwerkskammern) offers the same services for craftsmen
(Bundesministerium fiir Bildung, Wissenschaft, Forschung und Technologie,
1995a; Bundesministerium fiir Forschung und Technologie, 1993b). Both insti-
tutions are legal representatives of commercial enterprises in Germany. The
Chambers of Industry and Commerce are financed completely by industry; the
Chambers of Crafts receive considerable public support.
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Another important institution is the Organization for Rationalization of Ger-
man Industry (Rationalisierungs-Kuratorium der Deutschen Wirtschaft), which
is jointly financed by industry, trade unions, the federal government, and the
states. It supports SMEs in areas of management, organization of production, and
personnel training (Bundesministerium fiir Bildung, Wissenschaft, Forschung und
Technologie, 1995a).

The diffusion of knowledge within German industry is also fostered by about
650 industrial associations (Industrie-Fachverbcdnde) representing all industry
sectors (Hoppenstedt Verlag, 1995). The principal roles of industrial associa-
tions are to represent their member companies politically and to promote discus-
sion of relevant commercial, political, or technical problems in their own journals
and meetings. The 106 industrial research associations comprise an important
subset of this larger group; they conduct cooperative research and are organized
under the umbrella of the AiF.8

There are also about 400 associations for the advancement of science’
(Wissenschaftliche Fachgesellschaften), representing more than 400,000 mem-
bers from across the science disciplines. About half of the members are in the
engineering sciences and their associations are often called Technical-Scientific
Associations (Technisch-wissenschaftliche Vereine und Gesellschaften), most of
them being organized in the German Federation of Technical-Scientific Associa-
tions (Deutscher Verband Technisch-Wissenschaftlicher Vereine). About 60 per-
cent of the members of the engineering associations come from industry; the rest
are from research institutions and universities. By contrast, in the natural sci-
ences, the share of industrial members is 20 percent. The major aim of the scien-
tific associations is to initiate discussion on recent research results and (especially
in the natural and engineering sciences) to facilitate the transfer of knowledge
between scientific institutions and industry (Schimank, 1988b; Wissenschaftsrat,
1992). Important instruments are the diffusion of knowledge through journals,
conferences, or professional continuing education.

Finally, the states have a key position in supporting innovation by SMEs.
All states support the research and technology transfer needs of SMEs, by estab-
lishing information units at universities and by providing funding for innovative
projects, specific technologies, and new technology-based firms. An interesting
example is the Steinbeis Foundation (Steinbeis-Stiftung) in the state of Baden-
Wiirttemberg, which established a network of 200 technology-transfer units at
polytechnical schools. The foundation arranges contacts between companies
looking for solutions to specific problems and the appropriate professors in the
network. This system has proved very successful, and the Steinbeis Foundation
plans to extend its network to other states.

With respect to the federal government, the most important measures for
promoting technology transfer are the establishment of transfer-oriented research
institutions (see “Fraunhofer Society” and “Universities, An-Institutes and Other
External Institutions,” below) and the cooperative research programs (Verbund-
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forschung) of the Ministry of Education and Research (see “Universities, Statis-
tics on General Research Structures,” below). Notably, there are also 11 federal
technology transfer centers, each oriented to a specific technology (e.g., biotech-
nology, laser technology, production, textiles). These centers were established
by the Ministry for Economic Affairs.

Overall, technology diffusion in industry, particularly to SMEs, is efficiently
fostered by a high level of industrial self-organization, the roots of which go back
to the nineteenth century (Lundgren, 1979). These activities are backed up by
and intertwined with a broad variety of public institutions and measures for sup-
porting technology transfer.

CONDITIONS FOR NEW TECHNOLOGY-BASED FIRMS

With their adaptability and high potential for innovation, NTBFs influence
the structural change of an economy. They are regarded as a stimulus for dy-
namic development because they

* increase the number of market competitors and therefore motivate estab-
lished companies to strengthen their efforts to innovate;

* increase the demand for services that support innovation; and

» strengthen the regional suppliers of technical products, since their own
manufacturing penetration is rather low (Kulicke and Wupperfeld, 1996).

NTBFs can be found in fields such as mechanical engineering, electrical
engineering, electronics, process engineering, environmental technology, biotech-
nology, and medical technology. However, a significant number of economists
and politicians deplore the lack of NTBFs in Germany in strategic fields of high
technology. For example, more than 350 American biotechnology start-up com-
panies were counted between 1971 and 1987 (Dibner 1988). The number was
significantly lower in Germany. These start-ups are regarded as the basis for the
outstanding position of the United States in this technological field (Kulicke, 1994).

The establishment of spin-off companies by scientists presently working for
other, usually much larger industry or university research units is one of the most
effective channels of technology transfer. The success of U.S. NTBFs in the
computer hardware and software industry prompted the German government in
the early 1980s to support establishment of NTBFs by awarding competitive
grants for up to 75 percent of a start-up company’s R&D costs. Although these
early efforts did not meet expectations, it did demonstrate that there is a potential
for NTBFs in Germany. The specific requirements of this type of start-up indi-
cated a new strategy was needed, aiming at directly activating market forces by
involving nonpublic investors (such as venture capital companies, private inves-
tors, companies, or banks) in support of NTBFs. Instead of direct subsidies to
NTBFs, incentives such as refinancing, deficiency guarantees, and co-financing
were offered to venture capital investors.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

TECHNOLOGY TRANSFER IN GERMANY 259

Because of the poor employment situation and the weak industrial base in
East Germany after German unification, government support for NTBFs has been
revitalized and improved since 1990 (for details, see Abendroth, 1993; Kulicke,
1993). Since 1990, more than 550 NTBFs have been established in the new
federal states, but with declining rates in recent years.

Experts agree that despite these various public measures, the number of
NTBFs in Germany is still rather low compared to the situation in the United
States. An exact comparison of the annual rate of formation of NTBFs, however,
is not possible because the available statistics and estimates are based on different
definitions and demarcations. Neither country’s record in this area can be re-
garded as optimal. The very high U.S. rate of NTBF formation is tarnished by the
high failure rate of new companies, the tendency to destructive competition, and
the associated costs to the U.S. economy (Florida and Smith, 1993). In Germany,
the number of NTBFs is too low, but their survival rate is very high compared
with other German start-ups in trade and service sectors (Kulicke, 1994).

In Germany, there are a number of barriers to the successful establish-
ment and operation of a sufficiently large number of NTBFs (see Kulicke and
Wupperfeld, 1996). Some of the most important include:

* Limited availability of capital for firm setup, the financing of develop-
ments, and market entry. Failure to acquire capital is the main problem
for German NTBFs. Because NTBFs do not have records of market suc-
cess or because their founders cannot furnish sufficient equity guarantees,
banks are reluctant to loan them money. Also, many banks lack techno-
logical knowledge and for this reason hesitate to finance what they view
as “risky” operations.

* Limited managerial know-how on the part of the company founders.
Founders of technology-based firms often come from the natural sciences
or engineering and have limited management, marketing, and financing
experience. As a result, they fail to develop a strategic concept, which
banks need to assess the risks of investment. Links (or networks) to sales
partners, cooperation partners, or suppliers are often not established, a
situation that cries out for a supportive management.

* Barriers to market entry. Because NTBF founders have limited knowl-
edge of markets and market forces and little experience in marketing,
market entry is difficult. NTBFs are further hampered by the fact that
they do not possess a brand name or product image.

* A shortage of qualified and experienced management personnel. Most of
NTBFs cannot pay high salaries; therefore, they are less attractive to po-
tential employees, including skilled managers.

* Unfavorable taxation. German law does not provide preferential tax treat-
ment of gains from venture-capital investment. However, analyses in the
United States, Canada, and Great Britain show that high capital gains tax
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rates are negatively correlated with investment in venture capital opera-
tions. In Germany, taxation is also a negative factor when investors sell
their shares: Whereas the situation is more favorable for individuals,
investor-owned corporations and other forms of “legal entity” have to
pay income taxes on any profits, regardless of their form or value (see
Pfirrmann et al., 1997).

The federal and state governments are working to overcome these barriers by
various support programs. In West Germany, however, there is no longer a fed-
eral support program exclusively designed for NTBFs. Rather, financial support
for NTBFs is now incorporated in a new program for small technology-based
firms altogether. At present, most NTBFs participate in federal or state programs,
and public programs are NTBFs’ primary source of external financial support.
Most of the support is not given as a direct subsidy, but rather as equity stock.

The promotion of NTBFs has been generally successful, and there are posi-
tive examples of successful initial public offerings (IPOs). However, there are
some shortcomings of public support for start-ups, including that

* companies receive too little support. The aid generally covers 40 percent
or less of their capital demand; for the remaining 60 percent, other private
sources have to be found;

* public equity stock institutions offer only financial, not managerial,
support;

» the programs do not offer a holistic approach; rather, they finance seg-
ments of a firm’s business. Generally, such support focuses on invest-
ment in capital goods and does not cover expenditures for staff; and

* the programs aim primarily at the first stage of company set-up. The later
stage of market entry, which demands considerable capital, is not covered.

Today, most of the federal states act according to a special SME policy that
promotes NTBFs and SMEs through so-called SME equity stock companies
(mittelstdndische Beteiligungsgesellschaften [MBGs]). MBGs receive funding
from Chambers of Industry and Commerce and regional banks and work in close
regional cooperation with credit institutions. Their business policy is largely
determined by whether public programs offer refinancing and failure guarantees,
since their own funds are rather limited (Kulicke, 1990). They also have only
limited capabilities to give managerial support to their portfolio firms.

The German venture capital market is dominated by business investment
companies (Kapitalbeteiligungsgesellschaften) of banks, savings banks, other
credit institutions, and insurance companies, which are more interested in capital
gains and invest little or no capital in NTBFs. Furthermore, there is a small
number of independent German venture capital companies that coordinate the
interests of industrial firms, banks, fund managers, and foreign venture capital
firms (Wupperfeld, 1994).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

TECHNOLOGY TRANSFER IN GERMANY 261

In the United States, the use of venture capital to finance NTBF start-up is
relatively commonplace. The American concept, combining equity as well as
technical and management support, is not working that well in Germany, how-
ever. This is in part because of legal regulations, but also because traditional
ways of doing business are difficult to change. Even if habit and mind-set prob-
lems are easy to identify, it is quite impossible to verify their impact and the
scope of their influence on the difficulties faced by NTBFs. And while it is
possible to modify habit and mind-set on an individual basis, broad structural
change is taking place very slowly. Nevertheless, it is necessary to address these
“soft” factors because they point to the limits of a sudden change in regulations.

Legal restrictions can be addressed more easily. Of particular relevance to
NTBFs are the restrictive regulations concerning bankruptcy and liability. The
bankruptcy law (Konkursordnung [KO]), dating back to 1877, states that every
partnership and legal entity can apply for the commencement of bankruptcy pro-
ceedings and can be made personally liable. Some companies have no limits on
their liability. If bankruptcy is declared, the partnership is automatically made
personally liable in the event that the company’s equity capital is insufficient to
pay off debts. But even with limited liability, partners can be made liable beyond
the level of their investment in the firm. In general, bankruptcy is closely con-
nected to the securities offered to and demanded by banks: Debtors with a weak
financial background, in particular, are often made personally liable. For the
GmbH (Gesellschaft mit beschrinkter Haftung), banks often demand personal
liability when a limited partnership has liable equity capital of at least DM 50,000.
The same standard can apply to legally formed corporations (Aktiengesellschaft
[AG]), where the partnership can also be made personally liable. In this case,
private assets are used to repay excess business debt by means of an attachment.
According to the regulations, employee claims have first priority, followed by
“ordinary” business creditors, employee pension plans, and public social insur-
ance and pensions (§ 61 KO). A number of other public entities follow those
four, but very often private assets are not sufficient to pay back all the claims.

This threat of personal liability in bankruptcy contrasts sharply with the situ-
ation in the United States. If somebody goes out of business in the United States,
he or she faces almost no problems starting another business. In contrast, one
failure in Germany almost always ends the dream of operating one’s own busi-
ness. Therefore, the risk inherent in establishing an NTBF is higher in Germany
than it is in the United States. The apparent risk-averse mentality of founders of
German NTBFs can be connected directly to these legal restrictions.

Two-thirds of American venture capital is administered by independent
funds, one-fourth is handled by corporate venture capital firms, and the remain-
ing portion is held by small business investment companies (SBICs). By con-
trast, the German venture capital and equity stock market is dominated by subsid-
iaries of banks. Some general characteristics of banks, their goals, and attitudes
may hamper their supposed supportive function.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

262 TECHNOLOGY TRANSFER SYSTEMS IN THE UNITED STATES AND GERMANY

* Banks do not possess the necessary technological knowledge to assess
accurately the risks of investing in NTBFs. Their risk-diversifying port-
folio strategy limits the financing of uninsurable and risky operations.

* The universal banking system in Germany and the different inherent func-
tions of saving, lending, and issuing bonds means banks can lose their
reputations if a business they finance fails, and this loss can have a nega-
tive impact on their saving and lending functions. Therefore, banks do
not want to take the risk of issuing bonds for NTBFs. Banks are also
concerned about a possible loss in reputation and the profit margin, which
is low for a small firm compared with a large one, when private busi-
nesses go public. For these reasons, banks prefer to issue credit to NTBFs
without any further commitment to the start-up.

* Banks follow the strategy of constant returns. Therefore, rather than rein-
vesting their capital gains, NTBFs are required to pay dividends or inter-
est to the bank or the equity stock company. This policy limits the growth
potential of NTBFs.

One of the main barriers to success of the American venture capital model in
Germany is the virtual impossibility for SMEs to go public. An equivalent to the
U.S. over-the-counter market, which allows investors to sell off their shares in a
start-up company, does not exist in Germany, but will be established in spring
1997. Venture capital companies therefore have faced a relatively low rate of
return when investing in NTBFs. Going public in Germany is only possible for
corporations (i.e., the legal form of AGs) and can only be done following strict
and conservative financial requirements. An attempt has been made to remedy
this problem by creating the “small corporation” (Kleine AG), which is linked to
significantly fewer financial and bureaucratic requirements. In November 1996,
a European stock exchange, the European Association Securities Dealers Auto-
mated Quotation (ESDAQ), came into being for NTBFs and small technology-
based firms. Its purpose is to promote the concept of venture capital companies,
as the individual national markets of the EU are too small to match the supply and
demand of the relevant actors on the market. Another barrier is that there are no
tax privileges for share capital and capital share gains, which are major incentives
in the United States.

Resistance to venture capital investment is not encountered only on the sup-
ply side. Venture capital and the underlying concept are not widely accepted by
the German founders of NTBFs. Founders vehemently oppose equity stock capi-
tal and venture capital because the investors are accorded executive rights
(Kulicke, 1993). When faced with the financial difficulties associated with
launching an NTBF, a majority of individuals change their minds about wanting
to start their own companies. Most of those who do attempt to form NTBFs favor
remaining independent (Kulicke and Wupperfeld, 1996). Even if NTBFs accept
managerial help and agree to share the executive right of decision making, the
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limited competence of German venture capital and equity stock companies in
anything but financial matters can create problems. NTBF founders recognize
the financial expertise of these firms but lament their lack of other supporting
competences (Kulicke and Wupperfeld, 1996).

The main current impediments to a functioning venture capital market in
Germany, according to Kulicke and Wupperfeld (1996), are

* alack of attractive “exit routes” for venture capital companies to achieve
high rates of return from NTBFs going public;

* no favorable tax treatment for investors in venture capital companies or
for venture capital companies themselves;

* avoidance of risk by investors and venture capital and business invest-
ment companies; and

* aversion to loss of independence on the part of NTBF founders and entre-
preneurs.

There are a variety of steps that could be taken to increase the usefulness of
the venture capital option for German NTBFs. These include:

» allowing a tax reduction for investors’ contributions to special funds and
reducing the applicable capital gains tax rate;

» strengthening the pan-European stock exchange for NTBFs;

* teaching managerial skills in natural sciences and engineering schools;
and

* improving the competence of venture capital and equity stock companies
to assess financial and technological risks and to deepen their knowledge
of technology.

To sum up, in Germany, NTBF formation is discouraged by an unfavorable
financial, legal, and social environment. As a result, this important instrument of
technology transfer is used insufficiently. However, various steps are being taken
to adapt this means of technology transfer, which has proved very successful in
the United States, to the specific conditions in Germany and Europe.

Impact of European Research

RESEARCH PROGRAMS OF THE EUROPEAN UNION

The Single European Act, ratified in 1987, formulated a European research
and technological development policy. Its most important aim was to strengthen
the international competitiveness of European industry in technology-intensive
sectors such as information and communication technologies, the biosciences,
and materials research.

The policy’s main instruments are the Framework Programs of Community
Activities in the Field of Research and Technological Development. Practical
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realization of the framework programs takes place in so-called specific programs,
which describe in detail the scientific topics and the procedures for carrying them
out. These programs last for 4 years. The Fourth Framework Program, started in
1995, is the most recently initiated, although some specific activities of the Third
Framework Program (1990-1994) are still in operation. The latter established
three focal areas for R&D: basic technologies, management of natural resources,
and management of intellectual resources. These areas were in turn broken into
six sections and a series of specific programs:

* Information and communications technologies
* Industrial and materials technologies

* Environment

» Life sciences and technologies

* Energy

* Human capital and mobility

The Fourth Framework Program extended the specific programs within the
existing sections and added another two sections, in transportation technologies
and socioeconomic research; however, those two programs account for only 4 per-
cent of the EU budget for research and technological development. Information
and communication technologies clearly dominate with more than 36 percent of
the budget.

With a volume of European Currency (ECU) 5,700 million, or just under
5 percent of the total EU budget, the Third Framework Program is relatively mod-
est compared with other EU operations. The significant increase in budget for the
Fourth Framework Program, to ECU 9,432 million, is a further indicator of the
growing importance of EU funds. In absolute terms, EU support for R&D is
becoming increasingly important, especially considering the expected decreases
in the flows of national R&D funds. The growing importance of the EU in sci-
ence and technology becomes even more apparent if one looks at the substantial
efforts that have been made since the late 1980s to strengthen the research and
technology base, particularly of the less-developed regions of the EU, with so-
called structural (regional, social, and agricultural) funds.

EU support for research and technological development is awarded without
regard to national proportional representation or quotas. The success rate of
project applications is influenced mainly by the number and quality of applicants.
In fact, the number of applications has risen substantially in the past few years,
and application approval acceptance rates have dropped continuously. The in-
crease in applications can be explained by a number of factors. The relatively
high number of applications from British institutes of higher education, for ex-
ample, is due to a severe cut in the national research budget for universities (Fig-
ure 3.6).

EU support primarily takes the form of contracted research with cost sharing.
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FIGURE 3.6 Participation structure in the Second Framework Program, by country,
1987-1991. NOTE: BIG = large enterprise; SME = small and medium-sized enterprise;
RDI = nonuniversity research institute; HEI = higher education institution. B = Belgium;
D = Germany; GR = Greece; ES = Spain; F = France; IRE = Ireland; I = Italy; L =
Luxembourg; NL = Netherlands; P = Portugal, UK = United Kingdom. SOURCE: The
database CORDIS.
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The selection of projects is based on the following general criteria (see Kom-
mission der Europédischen Gemeinschaften, 1990):

* Precompetitive character of the proposed R&D activities

* Transnationality of the project

» Scientific and technical quality and originality of the project proposal

* European dimension of the proposal (value added through European co-
operation that could not be attained at a purely national level)

* Technical and economic usefulness

» Exploitation possibilities for the expected results

However, the EU is currently redirecting its technology policy from pre-
competitive research toward market-oriented projects (Klodt, 1995). Therefore,
the precompetitive character of proposed projects is no longer a formal prerequi-
site—and actually was not strictly applied in former programs.

Compared with what is contributed by industry and the federal and state
governments, the importance of EU financing is still minimal from the German
perspective. From 1987 through 1991, a total of DM 1.3 billion (ECU 653 mil-
lion) was received by German institutions from the EU. This represented only
0.4 percent of total German domestic expenditures on R&D. EU funding repre-
sented about 1.8 percent of R&D expenditures by the federal government and
about 5.9 percent of direct project support by the government (not including R&D
expenditures by the Ministry of Defense).

In some fields of research and technology, however, EU financing has gained
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FIGURE 3.7 R&D expenditures of Germany (1992-1993) and the EU by sections of the
Third Framework Program. NOTE: ICT = information and communication technology;
IMT = industrial and materials technologies. SOURCE: Reger and Kuhlmann (1995).

considerable significance in Germany. The EU is relatively more active in infor-
mation and communications technologies (ICT) than is Germany (Figure 3.7). In
absolute terms, EU financing of German R&D activities in this field is equivalent
to approximately one-fifth to one-quarter of what the German government spends
on R&D in this area.

As to the four focal areas of this report, the research and technological devel-
opment activities of the EU are particularly relevant for information technology,
microelectronics (included in information and communications technologies), and
biotechnology. Production technology is supported under the heading of indus-
trial technology.

In 1991, German participants received 22 percent of available EU funding, a
quite significant percentage. However, the allocation of those funds among dif-
ferent sectors of the R&D systems is uneven. EU funding for predominantly
industrially oriented programs goes chiefly to German industry. Even in the rela-
tively science-oriented programs, contractors from industry predominate. How-
ever, nonacademic German R&D institutes are significantly underfunded com-
pared with similar institutions in other countries that receive EU support. German
institutes of higher education are also underrepresented compared with the aver-
age of all EU countries (see, for example, Figure 3.6 and Reger and Kuhlmann,
1995, p.25).

The impact of EU-funded R&D varies significantly among recipient coun-
tries (Figure 3.8). Whereas EU funds play a minor role in the German R&D
system, in other, structurally weaker countries (especially southern countries),
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FIGURE 3.8 Participants in the Second Framework Program, by country, 1987-1991.
NOTE: B = Belgium; DK = Denmark; D = Germany; ES = Spain; F = France; IRE =
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dom. SOURCE: The database CORDIS.

EU funds support a significant portion of national R&D programs. Thus, if a
country’s gross domestic product is taken into account, the dominance of Ger-
many, France, and the United Kingdom is diminished. From Figure 3.8, of course,
one can only imagine the relative importance of EU support for “weaker” coun-
tries like Ireland, Portugal, and Spain.!°

German R&D institutions have a number of concerns about EU R&D sup-
port (see, for example, KoWi, 1992), including

* that there is inadequate representation of some research fields among those
that gain EU support;

* that there is excessive amount of bureaucracy involved in the application
procedure and the management of the project (see, for example, Schmoch
et al., 1996b);

 that the dominant role of the English language can be a hindrance in the
running of EU projects and in the work of transnational project consortia;
and

» that low rates of approval for project proposals waste resources if the
application fee is high.

Despite these problems, German R&D institutions will likely become more
interested in receiving EU funding. This is in part because they are becoming
increasingly aware of the growing importance of international—and in this con-
text, European—cooperation in R&D. In addition, the “years of affluence” in
German national R&D support are over. Therefore, research institutions must
search for other sources of support to compensate for the reductions in govern-
ment funding.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

268 TECHNOLOGY TRANSFER SYSTEMS IN THE UNITED STATES AND GERMANY

THE EUREKA INITIATIVE

General Structures

The EUREKA initiative was launched in 1985 as a reaction to the American
Strategic Defense Initiative. It is not a program of the EU, but it has provided a
framework for international collaboration among firms and research institutes in
the fields of advanced civil technologies. Its aim is to

» strengthen the productivity and competitiveness of European industry,

* develop a common infrastructure, and

* solve problems, especially environmental ones, affecting more than one
country.

EUREKA is not intended to harmonize European R&D policy, but rather to
use available potentials for common goals. In contrast to the generally pre-
competitive EU programs, EUREKA projects are market oriented. EUREKA
projects are intended to complement existing programs of the EU. Members of
EUREKA are the countries of the EU, the European Free Trade Area (EFTA)
countries, Turkey, and the European Commission.

Two keys to the EUREKA concept are its bottom-up approach for setting an
R&D agenda and its flexible structure. This means that, in contrast to EU pro-
grams, there are no predetermined technological areas. It is left to participating
companies, universities, and other public- or private-sector research bodies to
determine their particular areas of interest. In principle, there are no limitations
to the type of projects undertaken. However, nine focal areas have been identi-
fied: communication technology, information technology, lasers, transportation,
energy technology, robotics, biotechnology, new materials, and environment (Fig-
ure 3.9). Each EUREKA project is conceived and managed independently.

There are no limitations to the size or scope of EUREKA projects. Although
governments may play a role in setting standards and norms (e.g., in the environ-
mental area), the particular R&D approach is left to the participants. A special
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FIGURE 3.9 Volume of research conducted in areas of technology, as a percentage of
total EUREKA financing, status as of 1995. SOURCE: EUREKA (1995).
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FIGURE 3.10 EUREKA projects, including those with German participation, according
to technology, status as of 1995. SOURCE: EUREKA (1995).

form of cooperation has arisen with so-called umbrellas. These serve as framing
projects in which single projects are organized and carried out in a flexible but
coordinated manner. Results are shared among participants as a way of promot-
ing awareness (EUREKA, 1995). Important to EUREKA’s flexibility is its de-
centralized structure. Each member nominates a National Project Coordinator to
assist participants from that country.

As of June 1995, 711 EUREKA projects were in progress, and 226 had been
completed. The budget for current projects is DM 19.6 billion (including the
contribution of participants). A total of 3,591 participating institutions were
counted. Figure 3.10 shows the considerable German participation. Large com-
panies are participating in about 43 percent of EUREKA projects, SMEs are in-
volved in 24 percent (Figure 3.11). The budget figures for EUREKA and EU
programs are not directly comparable, since they relate to different periods of

Other organizations 5%

Research

institutes 28% .
Large companies 43%

SMEs 24%

FIGURE 3.11 Involvement of EUREKA participants by major organization type, status
as of 1995. SOURCE: EUREKA (1995).
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time and involve different contributions by the participants. In any case, the
budgets have the same order of magnitude.

A prerequisite for EUREKA projects is sound financing, which may come
from either national or EU sources. In most cases, if German participants apply
for public support, the BMBF will allocate them funds out of its programs.

All in all, the participating companies assess the EUREKA initiative very
positively. Almost two-thirds considered that they have improved their interna-
tional technological competitiveness, nearly 90 percent expect to produce new or
improved products, and about 40 percent expect to achieve an increase in sales
(EUREKA, 1993).

The Impact of JESSI

JESSI became a EUREKA project in 1989 and was scheduled to end in 1996.
Its goal was to enhance the competitiveness of Europe in the areas of information
technology and microelectronics. Financing sources for JESSI are shown in Fig-
ure 3.12.

More than 180 partners from 16 countries contributed to the JESSI program,
providing approximately 3,100 person-years of effort annually. The estimated
cost of this work was ECU 460 million in 1994 and will probably turn out to be
the same in 1995. Approximately 50 percent of the work is carried out in France
and Germany.

All of the JESSI projects are funded on a cost-shared basis. The partners pay
50 percent and either national public authorities or the EU pays the remaining
50 percent. The total budget for 1989 through 1996 was ECU 2,560 million.

National

governments 37% JESSI

partners 50%

EU 13%

FIGURE 3.12 Financing sources for JESSI, 1989-1996. SOURCE: JESSI (1995).
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FIGURE 3.13 Program structures of JESSI. SOURCE: JESSI (1995).

The program was divided into four subprograms (see also Figure 3.13):

* Technology: Development and testing of the basic flexible competitive
manufacturing technology for advanced system applications, to be avail-
able by the mid-1990s.

* Application: Devising flexible, competitive system-design procedures and
tools for the development of highly complex integrated circuits.

* Equipment and materials: Development by the European supply industry
of manufacturing equipment and materials for selected areas of micro-
electronics.

* Basic and long-term research: Basic and complementary applied research
with the long-term perspective.

JESSI was successful in establishing a pan-European platform for collabora-
tive research. Europe leads the field of digital audio broadcast thanks to relevant
activities in the application subprogram. The digital audio broadcast project pro-
vided all the necessary components for planned field tests. Transmissions are in
progress in 21 areas (10 more are planned), and 8 million people can already
receive digital audio broadcasts.

Significant results have been achieved in the important JESSI subprogram of
technology. Technological competence has been attained in the area of micro-
electronics. For example, a close cooperation between all major European inte-
grated circuit companies has been established. Outcomes of this collaborative
research include:

* the 0.5-micron CMOS technology of Crolles (jointly developed by SGS-
Thomson, CNET, and PHILIPS), which is being transferred to the new
PHILIPS Waferfab. Siemens and ES2 have signed an agreement allowing
ES2 to produce chips with the Siemens 0.5-micron CMOS process.
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* a marked increase in the production of European suppliers of computer
memories like SGS-Thompson, which became the leading supplier world-
wide for EPRON in 1993.

* the specification for the 0.35-micron CMOS logic process. For this project,
industry, institutes, and universities were joint partners.

In the field of equipment and materials, one can see the benefits even for
smaller equipment manufacturers. Various companies have strengthened their
global competitive position through international cooperation with users, co-
producers, and research institutes and through new innovative technologies. They
include the following:

* ASTI, which introduced its all-plastic ultraclean chemical pump with a
favorable global market response;

* AST, which is now accepted as one of the leading suppliers of rapid ther-
mal processing equipment;

* Plasmos, whose share of the worldwide ellipsometer market has increased
to about 32 percent; and

¢ Successful sales of GEMATEC’s ELYMAT machine, which is used for
mapping on silicon.

JESSI cooperation with SEMATECH in the field of minienvironment and
mask technology resulted in internationally accepted standards, an increased un-
derstanding of U.S. market requirements, and increased European access to U.S.
markets.

Even though JESSI’s funding ended in 1996, the program has accepted a
variety of new projects and decided to continue others. These focus on important
application-oriented topics like digital audio broadcasting and also on new devel-
opments in integrated circuit technology and equipment for integrated circuit
manufacturing.

The main achievement of JESSI is that the major suppliers in microelectron-
ics and information and communications technologies have been brought together,
forming a critical mass for large-sized research projects.

TECHNOLOGY TRANSFER FROM UNIVERSITIES
Universities

HISTORY OF TECHNOLOGY TRANSFER

The development of German universities in the nineteenth century was influ-
enced by the idealist philosophers as well as the growing industrial sector’s need
for well-trained personnel.

Philosophers like von Humboldt, Fichte, and Schleiermacher influenced
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decisively the organization and orientation of the German university system. The
idealists, who were involved in the founding of the Berlin University (1809—
1810), viewed research at universities as an important element of teaching. At
the outset, however, German academic research was focused primarily on areas
such as philosophy, mathematics, and humanities; empirical research had to fight
for recognition.!! Nevertheless, by the end of the nineteenth century, German
university research had achieved world leadership in several major fields of sci-
ence, including medicine, chemistry, and physics. Due to rapid increases in stu-
dent enrollments, particularly since 1870, many universities created separate de-
partments and institutes with laboratories for natural sciences.

Through the mid-1800s, the idealist orientation of German professors and
administrators led them to elevate the natural sciences and neglect the “less-dig-
nified” engineering sciences. Ultimately, it was the demand of German industry
for skilled engineers that led the German states to establish special polytechnical
schools outside universities. In the 1870s, the polytechnical schools were el-
evated to higher status, becoming technical higher education schools (Technische
Hochschulen). Initially, the efforts of these new institutions to achieve academic
recognition led them to overemphasize theory and neglect research targeting in-
dustrial needs. At the end of the nineteenth century, however, the establishment
of engineering schools in the United States induced German technical higher edu-
cation schools to begin introducing research laboratories. The main benefit to
industry of universities and technical higher education schools was the provision
of trained personnel. Even at this early stage of the development of the German
academic research system, professors had consultancy arrangements with indus-
try. In other words, the first forms of technology transfer appeared.

Universities and technical higher education institutes focused on education,
whereas the central government and the states established a variety of research
institutes in applied areas. A prominent example of the latter is the Imperial Insti-
tute for Physics and Technology (Physikalisch-Technische Reichsanstalt), which
served as a model for the National Bureau of Standards in the United States. In
addition, some smaller research institutes were financed jointly by government
and industry. Finally in 1911, the Kaiser Wilhelm Society, the predecessor of the
Max Planck Society, was founded, at that time with a strong focus on applied
science and nearly totally financed by industry.

The increasing engagement of industry in government or industry institutes
outside universities was stopped by the economic problems caused by the two
world wars. Following World War II, the government and the states assumed
important roles in the national innovation system through such institutions as the
Max Planck Society, the Fraunhofer Society, and the National Research Centers,
today called Helmholtz Centers, which are described in more detail in the follow-
ing sections. Increased public investment in R&D, beginning in the 1970s, was
motivated by a perception that Germany was lagging technologically compared
with the United States.
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In the educational sector, the main development after World War II was the
official recognition of technical higher education schools as equivalent to univer-
sities. By integration of other nontechnical disciplines some of them officially
became “Technical Universities” or even normal universities.

In the 1970s, German universities began to consider seriously their role in
technology transfer, and university-industry relationships grew. Between 1970
and 1980, industry support of universities increased by 25 percent, and between
1980 and 1990, such support grew by 44 percent. In addition, universities’ needs
for external funds increased with student enrollments and, in recent years, be-
cause of a scarcity of public funds. Both factors have created pressure on aca-
demic research.

Beginning in the 1980s, initiatives on a number of fronts document Ger-
many’s increasing interest in technology transfer. Early in the decade, German
universities established a special working group of university chancellors to look
into the topic (Selmayr, 1987), and the former Ministry of Education and Science
(BMBW) initiated a research project called Projekt Wissenschaft (PROWIS) that
had a strong technology transfer focus (see the publication list in Allesch et al.,
1988). In the mid-1980s, the German Science Council issued a statement on
technology transfer (Wissenschaftsrat, 1986). These efforts led to the easing of
very strict regulations concerning the budget and personnel structures of univer-
sities, recommendations on how to handle technology transfer instruments (e. g.,
the establishment of external institutes), the establishment of technology transfer
units at universities, and a generally more open-minded attitude in universities
toward technology transfer.

STATISTICS ON GENERAL RESEARCH STRUCTURES

This section presents information about the development of research funding
at universities and the distribution of money among research fields. It also ana-
lyzes the sources of external funds, which are good indicators of the major chan-
nels of technology transfer. Data are not available, however, on the four focal
areas of this study.

A main characteristic of the German research system is the public funding of
most universities; students do not have to pay tuition fees. It is the states, not the
national government, that are responsible for education and hence for the support
of universities. According to the principle of equality of research and teaching,
the states assign general budgets to each university without dictating how the
money should be used. Since universities are not required to report how much of
their general budget they allocate to research and its associated overhead, there
are no precise statistical data, only general estimates, on this base of institutional
research funding. The latter are based on the assumption that a certain share of
the total general budgets is used for research, with the share differing from disci-
pline to discipline (Wissenschaftsrat, 1993a). In addition, research funds from
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FIGURE 3.14 Research funds of German universities in constant 1980 DM.
SOURCES: Bundesministerium fiir Bildung, Wissenschaft, Forschung und Technologie
(1996); Bundesministerium fiir Forschung und Technologie (1993a); Wissenschaftsrat
(1993b); calculations of the Fraunhofer Institute for Systems and Innovation Research.

third parties (Drittmittel), called external funds (contracts and grants), have to be
taken into account.

Between 1980 and 1990, the overall research budget of universities increased
nominally by 59 percent; in constant 1980 DM, the increase was 21 percent (Fig-
ure 3.14 and Table 3.2). The sharp growth that followed in 1991 and 1992 was
mainly due to the inclusion of the new states in the former East Germany. At
about 12 percent, however, the share of research conducted by former East Ger-
man universities is quite small. In 1990, 49 percent of the total research budget of
German universities was related to natural sciences and engineering (Figure 3.15).
This has to be taken into account when a direct comparison between the total
R&D budgets of industry and universities is made, because industrial research
focuses primarily on these two areas. If only the natural sciences and engineering
are considered, the relative share of universities in the German R&D system is
much lower than suggested in the general comparison presented in the “General
Structures” section, above. (See in particular Figure 3.2.)

In real terms, university institutional research budgets grew by 15 percent
and the external funds by 42 percent between 1980 and 1990. Hence, the share of
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TABLE 3.2 Research Funds of German Universities in billions of DM

Nominal values Real values (1980) Indexes (real, 1980)
Year Basic  External Total Basic  External Total Basic External Total
1980 482 136 6.18 4.82 1.36 6.18 100 100 100
1981 492 147 6.39  4.69 1.40 6.09 97 103 99
1982 5.08 1.51 6.59 4.68 1.39 6.07 97 102 98
1983 526 1.54 6.79 471 1.38 6.09 98 101 99
1984 531 1.73 7.04 4.69 1.52 6.21 97 112 100
1985 551  1.78 729 475 1.54 6.29 99 113 102
1986 5.86 1.95 7.81 495 1.65 6.60 103 121 107
1987 6.19 2.15 834 5.1 1.78 6.89 106 131 112
1988 6.53 2.26 8.78 5.31 1.84 7.15 110 135 116
1989 6.83 240 9.23 5.38 1.89 7.27 112 139 118
1990 729 2.56 9.85 5.53 1.94 7.47 115 142 121
1991 8.64 353 12.17  6.27 2.56 8.83 130 188 143
1992 9.33  3.83 12.16  6.50 2.67 9.17 135 196 148
1993 9.59 425 13.84 6.41 2.84 9.26 133 208 150
1994 10.06 4.48 1453  6.53 291 9.44 136 213 153
1995 1031  4.56 1490 6.56 2.93 9.49 136 215 154

SOURCES: Bundesministerium fiir Bildung, Wissenschaft, Forschung und Technologie (1996);
Bundesministerium fiir Forschung und Technologie (1993a); Wissenschaftsrat (1993b); calculations
of the Fraunhofer Institute for Systems and Innovation Research.

external funds within the total budget became more important, increasing from
22 percent of the total in 1980 to 26 percent in 1990. These figures have to be
interpreted with care, however, because the apparent growth in external funds is
partly due to more complete publication of financial sources (Wissenschaftsrat,
1993b). Furthermore, the method of calculation used by different statistical
sources varies, leading to different results (Selmayr, 1989). The following analy-
sis of external funds is based primarily on data compiled by the German Science
Council (Wissenschaftsrat, 1993b), which seems to be the most consistent source.

The external funds come chiefly from semipublic agencies, federal minis-
tries, foundations, and industry (Figure 3.16). The major semipublic agency
(Forderinstitutionen mit iiberwiegend staatlicher Finanzierung) is the DFG,
which provides about 90 percent of the funds in this category. The DFG is the
most important central organization for science promotion and is, to a certain
extent, comparable to the National Science Foundation in the United States. The
largest part of its budget comes from the central government and the states, each
of which usually makes an equal contribution for the support of individual projects
(see Meyer-Krahmer, 1990; Wissenschaftsrat, 1993b). The DFG supports all
areas of science, including the humanities and social sciences, and is generally,
but not exclusively, oriented toward basic research. The coordination of univer-
sity research at the federal level is one of its major statutory tasks. In this context,
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FIGURE 3.15 Distribution of research funds at universities, according to major areas,
1993. SOURCE: Bundesministerium fiir Bildung, Wissenschaft, Forschung und Tech-
nologie, 1996.

an effective instrument is the special research areas (Sonderforschungsbereiche),
representing about 25 percent to 30 percent of DFG’s budget (Bundesministerium
fiir Forschung und Technologie, 1993a). The special research areas are tempo-
rary institutions at selected universities, established for a period of 12 to 15 years,
where scientists from different disciplines cooperate in joint research programs
(Deutsche Forschungsgemeinschaft, 1993). Focal programs (Schwerpunkt-
verfahren) are another instrument for supporting the supraregional cooperation of
scientists of different universities.

In the case of external funds from federal ministries, the former Ministry
for Research and Technology (Ministerium fiir Forschung und Technologie
[BMFT]), now the BMBEF, contributed the largest share, about 86 percent. The
BMFT support of university research increased by about 110 percent between
1980 and 1990. In other words, the general increase in external university funds
is due largely to the increase in BMFT support. A major reason for this growth
was the introduction of collaborative research projects in 1984, whereby several
industrial partners as well as university institutes work together (Bundesmin-
isterium fiir Forschung und Technologie, 1993a; Liitz, 1993). The projects of
BMFT/BMBF are generally quite application oriented, but they also support many
basic research projects, for example in the area of marine science. BMFT fund-
ing of university research in 1990 equaled about 67 percent of what the DFG
invested in this area. Thus, BMFT/BMBF became a second major force in the
external funding of university research.
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FIGURE 3.16 External research funds of universities, according to major sources, 1980,
1985, 1990. SOURCE: Wissenschaftsrat (1993b).

The Ministry of Defense invests relatively little in university R&D. In 1990,
the ministry’s contribution represented just 10 percent of all federal funds sup-
porting university research.

The Volkswagen Foundation (VW-Stiftung) accounts for 70 percent of all
foundation financing of research at universities. Although it was founded by a
private company, the foundation generally supports basic research projects.

According to data of the German Science Council, in 1990, industry contrib-
uted 15 percent of all external university R&D funds, an 80-percent increase (in
real values) from 1980 and a 115-percent increase from 1970 (Wissenschaftsrat,
1993b). This means that funding from industry has become both absolutely and
relatively more prominent, particularly since 1980. Compared with the total re-
search budget of universities—including institutional funds—industry support
represents a mere 4.4-percent share. The industrial funds can be divided into
donations, money for collaborative research, and money for contract research.
Most industry support (81 percent in 1990) went to contract research. In addi-
tion, 11 percent of industrial funding went for “cooperative research” linked to
projects of the AiF (see “Federation of Industrial Research Associations,” be-
low). Donations from industry or industrial associations accounted for a modest
share, 8 percent, of all industrial funds for universities in 1990.12

Recent data of the BMBF based on a more complete survey than that of the
German Science Council provide different figures for the industrial contribution
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to the university R&D funds.!3 According to the BMBF, in 1990, industry sup-
port represented 7.7 percent of the total research budget of universities or 25
percent of the universities’ external R&D sources. In 1995, these figures increased
to 8.7 percent of the total funds or 28 percent of the external sources (Bundes-
ministerium fiir Bildung, Wissenschaft, Forschung und Technologie, 1996). With-
out including the contribution of industry-financed foundations, in 1995, the in-
dustry support represents about 7.5 percent of the total funds. To sum up, the
BMBF data indicate that in recent years, industrial funding of universities has
reached a significant level.

Among the international organizations that contribute to university research,
the EU is the most important (about 85 percent of total international funding).
According to the Science Council, EU funding for universities amounted to DM
23 million in 1990, or 0.8 percent of all external university funds. In contrast to
that figure, Reger and Kuhlmann (1995) estimated, using data from the European
Commission, that EU funding of German universities came to DM 170 million in
1991. Compared to the average situation, this value may be artificially high,
since in 1991 the Second and Third Framework Programs of the EU overlapped.
But even if EU contributions came to roughly DM 100 million, this is still a
relatively small amount compared with total external funding for German univer-
sities (see “Impact of European Research,” above). According to recent BMBF
data, the EU funding amounted to about DM 130 million in 1995, or 2.7 percent
of all external university funds. This means that the contribution of the EU to
university funding has increased considerably in recent years (Bundesministerium
fiir Bildung, Wissenschaft, Forschung und Technologie, 1996).

The only other significant external source of academic research funding is
project-related funding from the states, which represented about 4 percent of the
total external funding in 1990. Finally, it should be noted that not all external
funds are linked to research activities: Only 86 percent of those funds were so
linked in 1990. This reduced share has already been considered in Figure 3.14
and Table 3.2.

For the analysis of technology transfer, it is important to note that the exter-
nal funds are not equally distributed across disciplines. For example, in the hu-
manities and social sciences, the absolute and relative volume of external funds is
rather low; in law, the external funds are about 4 percent of the institutional re-
search funds; and in economics, they are about 9 percent (Wissenschaftsrat,
1993a). As Figure 3.17 shows for selected areas, the level of external funding in
the natural sciences and engineering is much higher. The greatest amount of
external funding, DM 266 million, or 41 percent of the total research funds, is
apparent in mechanical engineering. This high proportion of external funds can
be taken as a strong indication of considerable industrial funding of technical
disciplines; the proportion is much higher than the overall 4.4 percent share of
university research funding contributed by industry. In physics and electrical
engineering, external funding represents about 29 percent of university research
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budgets. In absolute terms, external support for physics R&D is second only to
that for mechanical engineering. This outcome is quite remarkable because of the
generally basic orientation of physics research; unfortunately, more detailed sta-
tistics on the industrial funds in physics are not available. External funds amount
to about 25 percent of the total research budget in computer science, chemistry,
and biology. Thus, all focal areas of this report have above-average levels of
external funding and probably relatively high contributions from industrial
sources.

These budget statistics, however, can lead to an underestimate of research
activities supported by external funds. In the German system, external sponsors
pay only direct personnel costs and, to a limited extent, costs for facilities. They
generally do not pay any overhead costs (e.g., for buildings, administration, cen-
tral services). This is true for public and semipublic as well as private sponsors.
Therefore, research with external funding has to be cofinanced, or matched, by
infrastructure funds of about the same amount. Universities must take these in-
frastructure funds from their base-institutional support. These infrastructure funds
can be considered cross-subsidies to external funds. To sum up, the share of
research supported by external funds is about twice as high in terms of time and
personnel than it is in terms of budget. This relationship is indicated in Figure
3.17. For example, in terms of time and personnel, the real share of research
supported by external sponsors is equivalent to 82 percent of university research
funds in mechanical engineering, 58 percent in physics and electrical engineer-
ing, and 50 percent in computer science, chemistry, and biology.!* The German
delegation is of the opinion that the shares of external support in those areas have
increased since 1990 and in many technical institutes have reached 100 percent.
Many of these institutes often have the opportunity to acquire additional external
funds but cannot take advantage of them because of insufficient infrastructure
funds; this insufficiency generally is manifested by a lack of space (see also
Hochschulrektorenkonferenz, 1996).

Against this background, the overall figure of 4.4 percent of industrial funds
within the research budget of universities, according to the data of the German
Science Council, has to be adjusted to at least 8 percent in terms of research
personnel and time. In other words, the industrial share can be considered equiva-
lent to the U.S. share of 6.9 percent, because in the United States, industrial sup-
port generally covers the full cost of research, including overhead. If the more
realistic share of 7.5 percent of industrial funds, according to the BMBF data, are
taken, the German level including related infrastructure funds is even substan-
tially above 10 percent.

On the basis of available statistics, it is quite difficult to assess the growth
rates of external funding for specific disciplines because the disaggregated fig-
ures for 1980 and even 1985 are quite incomplete. According to a survey of the
Science Council (Wissenschaftsrat, 1993a) and the German delegation’s own es-
timates, computer science shows the highest increase in external funding, and the
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FIGURE 3.17 Relation of external, related infrastructure, and institutional base R&D
funds of universities in selected areas in 1990 in current DM. SOURCE: Wissenschaftsrat
(1993a).

increase in electrical engineering seems to be considerable, too. It is, however,
not possible to say to what extent the increase in electrical engineering is related
to (traditional) energy technology or (modern) electronics. The external funding
in mechanical engineering shows only a moderate growth rate, probably because
the rates at the beginning of the 1980s were already quite high.

In order to provide at least a rough estimate of industrial funding in different
disciplines, the data for the University of Karlsruhe, one of the largest technical
schools in Germany, are presented in Figure 3.18. The school of mechanical
engineering receives the largest volume of industrial funds, but the growth rate in
the 1980s was quite modest. These findings support the general results for exter-
nal university funds. Electrical engineering, computer science, chemistry, and
biological sciences (including geography)'> occupy the next positions, whereas
physics is quite low on the scale. This can be taken as an indication that the high
general level of external funds in physics does not necessarily reflect a high share
of industrial funds. The high absolute level of industrial funding for computer
science is due to specialization in this area at the University of Karlsruhe. The
highest growth rates can be observed for computer science, electrical engineer-
ing, and biological sciences (including geography), which confirms the upward
trend found in the general data for computer science and electrical engineering
for the total amount of external funding.
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FIGURE 3.18 External funds from industry at the University of Karlsruhe, for selected
areas, 1980 and 1990. SOURCE: Universitit Karlsruhe (1995).

A special finding at the University of Karlsruhe is the extremely high level of
industrial funds in the school of civil engineering. (The level is twice as high as
that in mechanical engineering.) However, the majority of these funds are raised
as a consequence of the activities of two departments, which act as official certi-
fying institutions in the field of building materials. Also, according to the chan-
cellor of the university, many construction companies expect universities to con-
duct the bulk of needed civil engineering research. The general statistics of the
Science Council for “other engineering,” however, indicate that the dominance of
civil engineering as a recipient of industrial funds cannot be generalized to Ger-
many as a whole.

To sum up, the major external sources of funds linked to technology transfer
between universities and industry are collaborative research funded by BMBF
and, at a much lower level, contract research paid for by industry. These activi-
ties are concentrated in the natural sciences and engineering, especially the latter,
leading to distinctly higher rates of industry funding than the average rates sug-
gest. The funds for collaborative research as well as for research contracts in-
creased considerably during the 1980s; the greatest growth was in the areas of
electrical engineering and computer science.

ADMINISTRATIVE STRUCTURES

The different means of technology transfer at German universities are largely
determined by the public status of these institutions. This obliges the universities

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5271.html

ates and Germany: Lessons and Perspectives

TECHNOLOGY TRANSFER IN GERMANY 283

to manage their budgets according to rules established by public law. As public
institutions, universities have to follow strict guidelines for budgetary planning
and must balance revenues with expenditures. They are not allowed to make a
profit. Funds must be clearly linked to projects or well-defined tasks and plan-
ning must be done on an annual basis. This system leads to a certain rigidity and
can hamper industry-oriented projects, where greater flexibility is needed. The
universities have recognized this problem and—especially in the 1980s—intro-
duced more flexible ways of managing external funds (see Selmayr, 1987). For
example, universities are now allowed to make profits from externally funded
projects and to use them to fill in the financial gaps between different contract
projects. However, some problems still exist, like the inflexible handling of travel
and related expenses for invited visitors. Furthermore, the administrative proce-
dure for achieving more flexible solutions is quite complex. Most universities,
however, have sufficiently experienced administrative staff to cope with these
problems. As a consequence of their public status, universities are not allowed to
engage in entrepreneurial activities. In particular, they cannot work with new
technology-based firms.

Furthermore, full professors are generally permanent civil servants (Beamte),
and the other scientific staff are salaried public employees (Angestellte). Profes-
sors and the scientific staff are employed full-time over the whole year. Projects
financed by external sources are taken on in addition to teaching and “regular”
research and do not lead to additional income. The external money becomes part
of the university budget and the related research activities are considered regular
activities (Dienstaufgaben). The major advantage for the professor in participat-
ing in such research is the possibility of obtaining additional staff and equipment
and enlarging the scope of his or her R&D activities.

However, there is a second way to carry out projects for private clients. Pro-
fessors have permission to take on secondary activities (Nebentdtigkeiten), as
long as their regular work is not restricted in a decisive way. Most states assume
that the upper limit for these secondary activities is about one-fifth of the total
work time (Hartl and Hentschel, 1989). Professors can retain the money from
their secondary activities for their private use; hence, there is a strong financial
incentive for this type of external activity. Secondary activities are subject to
official approval, but in the case of professors, this is usually routine. In the case
of scientific assistants, approval of secondary activities is rarely granted, how-
ever. It is almost impossible for professors and scientific staff to engage in sec-
ondary activites together.

Another important aspect for technology transfer is the organizational struc-
ture of German universities. The major bodies in charge of the distribution of
institutional funds for teaching and research are the various schools (Fakultdit,
Fachbereich). The schools comprise a number of chairs (Lehrstiihle) responsible
for different areas of teaching. In the natural sciences and engineering, several
chairs often establish joint university institutes. The institutes are the most inter-
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esting partners for industry because they have a sufficient critical mass and inte-
grate professors from several disciplines. The additional staff financed on the
basis of external funds is generally linked to institutes, not to chairs. Many insti-
tutes employ 50 or more people and are the main users of external funds, espe-
cially industrial funds. In the case of the University of Karlsruhe, the external
funds are raised chiefly by such institutes, with a few large ones generating the
greatest share of university income that comes from industry. This is true for
other technology-oriented universities like those in Stuttgart, Aachen, Darmstadt,
and Hannover. These large university institutes have a variety of links to industry
(e.g., seminars for industrial experts, supportive associations that include indus-
trial members).

TRANSFER CHANNELS

At German universities, the major channels of technology transfer are col-
laborative research with industrial partners funded through BMBF projects and
contract research for industrial clients. This statement is based on statistics for
external university funds (see “Statistics on General Research Structures,” above),
interviews with university professors conducted in the context of this report, and
a special survey on the four focal areas (see “Technology Transfer in the Four
Focal Areas,” below).

From the perspective of the universities, a special advantage of contract re-
search for industrial clients is the possibility of using the funds more flexibly than
is possible with institutional funds or funds from public projects. Thus, paradoxi-
cally, the rigidity of the public status of universities is actually a direct incentive
for getting money from industry.

Universities are not obliged to price contract research services on the basis of
total costs. They can—but need not—exclude general overhead costs already
covered by institutional funds. In consequence, they can offer these services at
relatively low prices, which is a special advantage for industrial clients (see
Piittner and Mittag, 1989, and “Statistics on General Research Structures,” above).
Of course, other motives, such as the attainment of new research results, also play
an important role. These will be discussed in detail in the section “Technology
Transfer in the Four Focal Areas.”

According to interviews and a survey, university professors view collabora-
tive research with industrial partners as a very positive channel of technology
transfer. It provides interesting insights into industrial research results and needs,
and the resulting scientific independence is greater than in the case of contract
research for industry. However, collaborative research seems to be less effective
than is often assumed. First, the involved companies primarily expect to receive
public funds and are often less interested in university-industry relations. Sec-
ond, each partner linked in a common project generally works in its own labora-
tory; the outcomes are presented solely at a few meetings. Third, the model of
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cooperation involving several industrial enterprises and one or more university
institutes leads to an orientation toward precompetitive research; hence, technol-
ogy transfer mainly occurs in the early stages of the innovation cycle. Rarely are
collaborative research projects followed by contract research projects, according
to those interviewed for this report.

In contrast to the American situation, in Germany, grants from industry to
universities without clearly determined tasks and deliverables are exceptions. The
main reason for this situation is obviously the German tradition of university-
industry relations. In addition, the tax regime is not very favorable: Grants can
be deducted from taxable income (tax deductions) as normal donations, or special
expenses (Sonderausgaben), with upper limits. Therefore, companies contribute
to the base funds of university institutes only in few cases of special common
interest.

One instance where industry contributes to university base funds is in the
definition of focus projects in the area of biotechnology, in which research insti-
tutions, industry, and the BMBF cooperate. For this purpose, eight so-called
“gene centers” (Genzentren)'® were established for a limited period of about 10
years (Bundesministerium fiir Forschung und Technologie, 1993a). In these cen-
ters, university institutes, Fraunhofer institutes, and Max Planck institutes coop-
erate. The BMBF pays the major part of the project costs, and some large enter-
prises contribute to the base funds as well as to the project costs.

In the area of chemistry, the relations between industry and university are
particularly close and have existed for many decades (see Herrmann, 1995).
Chemical companies often have permanent consultancy contracts with professors
or university institutes. Furthermore, the chemical industry has established a
special fund (Fonds der Chemischen Industrie), which was set up as early as
1950, with the purpose of supporting university research. The university scien-
tists personally get financial assistance for research purposes, but without clearly
defined projects. Thus, the aid helps to enlarge the scope of university research,
especially in basic activities. For the period from 1995 through 1997, the fund
plans to grant a total of DM 21.7 million for these purposes (Fonds der Chem-
ischen Industrie, 1995). All in all, the chemical industry provides a good example
of how to improve stable long-term relations and cooperation with universities.

Collaborative and contract research represent only a part of a broad range of
technology transfer mechanisms. Universities present the results of their research
in scientific articles, at fairs, and at conferences. Especially at conferences, uni-
versity researchers meet with people from industry to discuss the applicability of
research to industry. Furthermore, academic and industrial researchers often meet
informally or discuss their problems in telephone conversations. Knowledge ex-
change is broadly supported by a variety of scientific associations with academic
as well as industrial members, which organize conferences and publish journals
(Schimank, 1988b). As to the different channels of technology transfer, Allesch
et al. (1988) asked university professors about the different forms of their “con-
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tacts with industry” (Praxiskontakte). The professors reported that informal
consultancy and the provision of personnel (e.g., graduates) are by far the most
frequent type of contact with industry. Of course, the intensity and length of
these informal contacts are hardly comparable to what happens with formal con-
tract or collaborative research, but the significance of informal channels of tech-
nology transfer should not be overlooked.

Consultancy by university professors for private clients is in general carried
out as a secondary activity, because professors can obtain income in addition to
their regular salary. In addition to consultancy and expert evaluations, professors
also can conduct research for private companies as a secondary activity. If the
professor uses staff or equipment from the university, he or she has to pay the
related costs. According to Allesch et al. (1988), professors carry out 40 percent
of their contracts with industry as secondary activities. (The present situation is
discussed in the section “Technology Transfer in the Four Focal Areas.”)

When contract research is a secondary activity, the legal requirements are
quite complex and sometimes represent a barrier to cooperation with private en-
terprises (Piittner and Mittag, 1989). The major constraint in this regard seems to
be the regulation that contracts from third parties cannot be split into regular and
secondary activities (Piittner and Mittag, 1989). Thus, it is not possible that in
such a project, the professor carries out his or her part as secondary activity and
the scientific staff is engaged therein as a regular activity. Since the scientific
staff generally is only allowed to have regular activities, the professor must do his
or her part as a regular activity, too. The professor may then no longer be inter-
ested in the additional work because he or she receives no additional payment as
in secondary activities.

In the context of consultancy for industry, the role of polytechnical schools/
technical colleges (Fachhochschulen) has to be mentioned. In contrast to univer-
sities, polytechnical schools are less science oriented. Their primary missions are
education and the development of practice-oriented capabilities. Their research
activities are rather limited; therefore, they are not explicitly mentioned in the
statistical discussion above. Nevertheless, professors at polytechnical schools do
considerable consulting for industry, especially regarding the solutions for prob-
lems that emerge from the daily business on the companies’ shop floors. Further-
more, students at polytechnical schools are obliged to prepare their master’s
theses on subjects relating to industrial enterprises. In the state of Baden-
Wiirttemberg, the Steinbeis Foundation has established an effective network with
polytechnical institutes for supporting technology transfer (see “Technology
Transfer to Small and Medium-Sized Enterprises,” above).

The major form of transfer of personnel to industry includes the provision of
graduates and the permanent transfer of scientific staff from university to indus-
try. In contrast, the temporary transfer of professors or scientific staff remains a
rare event. Due to the requirements of public law, the short-term transfer of per-
sonnel is linked to a variety of conditions and is not easy to put through (Piittner
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and Mittag, 1989). Inrecent years, university administrations have become more
open to this kind of technology transfer; but up to now, only minor changes can
be observed.

German universities, especially technical faculties, have a long-standing tra-
dition of appointing high-level researchers from industry as professors (Wissen-
schaftsrat, 1986). This leads to practice-oriented education and close research
ties between universities and industry. In some cases, industrial firms endow
professorships for a limited time period.

As previously discussed, technology transfer from universities to industry
was a major issue in science policy in the early 1980s. A highly visible outcome
of the belated initiatives is the formation of technology transfer units at all uni-
versities with schools of engineering or natural sciences. According to Kuhlmann
(1991), these units serve primarily a so-called window function. In other words,
they provide information to industry on the research capabilities of the university.
Technology transfer units serve also a catalyst function by bringing industrial
clients and university institutes or individual professors together. The units often
help companies find the appropriate institute or professor to address specific prob-
lems. Other, less dominant functions are the systematic monitoring of industrial
needs, the negotiation of contracts with industrial partners, and the supply of
services (e.g., business consultancy). To sum up, the transfer units have only a
limited supportive function and cannot replace the transfer activites of the univer-
sity professors discussed above (see, for example, the criticism of Reinhard and
Schmalholz, 1996). The transfer units, being responsible for the university de-
partments altogether, can only assist firms in finding appropriate professors. How-
ever, the latter can present their specific research capacities more precisely than a
general unit can, and have to build up the actual industry contacts. Nevertheless,
the transfer units play a decisive role in making contact with SMEs, which are
their major clients. Professors often do not have sufficient time to actively ad-
dress this heterogeneous group and generally work with big companies. All in
all, the transfer units have become an indispensable instrument of technology
transfer.

AN-INSTITUTES AND OTHER EXTERNAL INSTITUTIONS

Professors can establish, as secondary activities, private institutes, as long as
the legal limitations on work time are observed (Hartl and Hentschel, 1989;
Tettinger, 1992). These institutes vary widely, from being completely indepen-
dent to having close links to a university. A major advantage of external insti-
tutes is that they make it easier to carry out applied research and development,
which in general goes beyond the scope of the usual research activities of univer-
sities. Further advantages are the simpler administrative procedures concerning
contracts and the employment of scientific staff. To a certain extent, external
institutes can help to enlarge the personnel and equipment capacity of universi-
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ties. Since the mid-1980s, most universities have supported the establishment of
external institutes.

In this context, it is worth noting again the quite inflexible regulations con-
cerning employment of professors and university staff. These rules hamper both
the temporary transfer of personnel from universities to industry and the estab-
lishment of part-time employment contracts. The latter could in theory be a means
of accommodating parallel activities of scientific staff at universities and external
institutes. In practice, this instrument is rarely used.

A special type of external institute is the so-called An-Institute. An-Insti-
tutes are legally defined as independent bodies in order to achieve sufficient ad-
ministrative flexibility (Kriiger, 1995; Tettinger, 1992). They may have a com-
pletely private or semipublic status. In most cases, they are nonprofit institutions
and thus pay reduced taxes. Important common characteristics of all An-Insti-
tutes are that they are officially acknowledged by a university and operate under
a cooperation agreement. Some states (Ldnder) have official rules and regula-
tions for An-Institutes.

The main goals of An-Institutes are to

» foster technology transfer and application-oriented research and develop-
ment;

» perform research in areas that are the focus of university research; and

» perform research that does not fit into the administrative structures of
universities.

To summarize, An-Institutes are “mediators” between universities and in-
dustry. Because of their legal independence, they have short decision paths and
can react to market demands and opportunities in a flexible way. Furthermore,
they can establish a business-oriented budgeting and accounting system. For
example, they can freely use their budgets for special remunerations of their staff,
for public relations activities, or for the further professional training of their re-
searchers. For interested companies, especially SMEs, the research areas and
competences of An-Institutes are more transparent than those of large universi-
ties with a variety of faculties and internal institutes. This is a special advantage
that helps An-Institutes integrate themselves into regional commercial activities.

At the same time, An-Institutes have close relations to universities and thus
good access to basic research. In most cases, the directors of An-Institutes are
also regular (part-time) professors at universities and are engaged in teaching.
Hence, they can employ the brightest students.

Some critics fear that university research activities are being shifted to the
An-Institutes and that universities are losing external funds from industry. In
reality, universities generally profit from the industrially oriented activities of
An-Institutes and acquire additional funds through the cooperation agreements.

The various An-Institutes differ not only in their legal status, but also in the
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scope of their research. Some An-Institutes have narrow markets linked to a
special industry, for example VLSI design for the microelectronics industry
(Institut fiir Mikroelektronik [IMS], Stuttgart). Others have broad markets, for
example, software systems for the manufacturing industry (Forschungszentrum
Informatik [FZI], Karlsruhe) or office technology for all industries (Oldenburger
Forschungs- und Entwicklungsinstitut fiir Informatik-Werkzeuge und -Systeme
[OFFIS], Oldenburg). The institutes with broad markets normally have multiple
directors. As a general rule, An-Institutes carry out research in strategic areas,
such as information technology and microelectronics.

The various legal statuses of An-Institutes correspond to their diverse budget
structures. In some states, like Baden-Wiirttemberg, the An-Institutes receive
one-third of their institutional funds from the state, one-third from contract re-
search for industrial clients, and one-third from projects for public clients, such as
the BMBF, the European Commission, the states, and so on. In this regard, the
model of the An-Institutes is comparable to that of Fraunhofer institutes (see
“The Fraunhofer Society,” below). However, many An-Institutes receive no pub-
lic contribution to their institutional base and so depend almost totally on private
and public contracts. In some cases, industrial partners provide some institu-
tional funds.

The main problem for An-Institutes is survival in a market that is dominated
by competitors from large institutions with superior organization and connections
(e. g., Fraunhofer institutes), more generous basic funding (e. g., national research
centers), or hidden overheads (e. g., universities). Therefore, only An-Institutes
with a special competence profile, close linkages to industrial partners, and dy-
namic structures have a potential for long-term survival.

The activities of private institutes and particularly An-Institutes represent a
considerable portion of technology transfer. According to a recent official sur-
vey, the R&D-related expenditures of An-Institutes amounted to DM 580 million
in 1994, equal to 4 percent of the R&D expenditures of universities and about
50 percent of those of the Fraunhofer Society (Bundesministerium fiir Bildung,
Wissenschaft, Forschung und Technologie, 1996).!7 All in all, they have devel-
oped into an important institutional sector that supports technology transfer.

Technology centers and science parks are a further source of technology
transfer. These facilities aim to establish technology-oriented enterprises in the
vicinity of universities (Eberhardt, 1989; Wissenschaftsrat, 1986). Collaboration
between universities and such enterprises may include the use by firms of the
expertise of universities or the paid use of university equipment. From the per-
spective of the German authorities, a clear legal distinction between universities
and private companies is necessary to avoid any dependence of university re-
search on the private sector. For instance, universities are not allowed to hold
shares in industrial enterprises in technology parks. The companies in technol-
ogy centers are often already well-established firms, which use the special facili-
ties at universities. But the centers also support the establishment of spin-off
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companies. In the case of the technology center in Karlsruhe, 11.5 percent of all
companies are spin-offs from universities, and 20 percent are spin-offs from other
research institutions.!8

TECHNOLOGY TRANSFER IN THE FOUR FOCAL AREAS

Results of a German Survey

Because available statistics and surveys do not contain any specific informa-
tion about technology transfer in the four focal areas of this report, FhG-ISI con-
ducted its own survey of German university institutes (not including An-Insti-
tutes and other external institutes). The survey included institutes in the focal
areas of production technology, microelectronics, software, and biotechnology!®
and was conducted in May 1995. The addresses of presumably relevant institutes
were determined with the help of a manual on universities and research institu-
tions wherein the research area of each institute is briefly described (Vademecum,
1993).

In all, 783 questionnaires were sent out, and 332 questionnaires with valid
responses were sent back (Table 3.3). This response rate of 42 percent has to be
considered very high, particularly since the description of the institutions in the
manual often was quite poor, so that the selection of really appropriate institu-
tions was difficult. The high response might have been due to the user-friendly
design of the questionnaire, which had a limited number of questions, the major-
ity of which could be answered by simple multiple choice.

The first group of questions concerned the volume and composition of exter-
nal funds.? A striking result was the very high proportion of external research
funds in all of the focal areas. The average share of external funds was 62 percent
(Table 3.4), which is considerably higher than the average figures cited in official
statistics for superordinate areas (e.g., in 1990, the figures were 41 percent for
mechanical engineering and 33 percent for electrical engineering; see Figure
3.17).

TABLE 3.3 Response Rate of Survey Sent to German Universities, by
Focal Area

Area Questionnaires Sent Out Questionnaires Sent Back  Response Rate
Production technology 185 97 52%
Microelectronics 155 60 39%
Software 175 68 39%
Biotechnology 268 107 40%
Total 783 332 42%
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TABLE 3.4 Percent Share of University External Funds in Four Focal Areas,
1995

Share of External Share of Industrial Share of Secondary
Funds Within Funds Within Activities Within
Area Total Budget Total Budget Industry Contracts
Production technology 68 25 11
Microelectronics 63 18 10
Software 43 13 16
Biotechnology 69 12 25
Total 62 17 15

Two reasons may help explain these differences:

* Due to the increasing number of students, the relative share of research
funds from institutional sources has diminished since 1990, and the uni-
versities have become more active in the acquisition of external funds.

* Since the questionnaire was clearly oriented toward technology transfer,
primarily institutions with a high level of external funds answered (re-
spondent bias).

However, the main reason for the disparity is probably different. Expert
interviews revealed that many professors are not aware of the real cost structures
and do not sufficiently take into account the contribution of institutional funds to
universities’ overhead costs (see the related discussion in “Statistics on General
Research Structures”). Only some respondents answered in terms of money. In
consequence, the results presented in Table 3.4 are a little bit lower than the real
values in terms of personnel and time.

Among the focus areas, the high share of external funds in production tech-
nology is closely related to a high share of industrial income. It seems to be
easier in biotechnology research than other technology areas to acquire external
funding through BMBF, EU, DFG, and other sources.

The average level of industry-related research within the total research ac-
tivities is (as explained above) probably a little higher than 17 percent.?! In any
case, it is far above the average level of about 8 percent for universities alto-
gether. The industrial budget does not include collaborative projects with indus-
trial partners funded by public sources (e.g., BMBF, EU), so the actual rate of
industry-related activities is even higher.

Production technology, microelectronics, software, and biotechnology are
ranked first through fourth, respectively, in terms of the percentage of industrial
funds that make up their total budgets. This ranking results because the focal
areas are at different stages of their technology cycles, reflected by different de-
grees of concentration on basic research. For example, in production technology,
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TABLE 3.5 Orientation of University R&D Activities, by Percent, 1995

Area Basic Research Applied Research Experimental Development
Production technology 29 53 18
Microelectronics 41 47 12
Software 50 38 12
Biotechnology 66 27 7
Total 47 41 12

29 percent of R&D activities can be labeled as basic research; the amount of
basic research is much higher in biotechnology (66 percent; Table 3.5).22 Thus,
biotechnology is still at an early stage of development, whereas production tech-
nology has already matured. It is interesting to note that in all areas, the univer-
sities do not restrict their activities to basic and applied research but devote some
effort to experimental development work.

A rather interesting result shown in Table 3.4 is the relatively low level of
secondary activities within industrial contracts (average 15 percent) compared
with the results of Allesch et al. (1988), who found an average share of 40 per-
cent. A partial explanation is that the relative share of regular activities has in-
creased since 1984, when Allesch et al. conducted their survey. The greater flex-
ibility of university administration has made the integration of industrial contracts
into regular work easier (Wissenschaftsrat, 1993a). Second, Allesch et al. fo-
cused on individual professors, whereas the present questionnaire included whole
research teams. Thus, with respect to professors, the level of secondary activities
is more important than Table 3.4 suggests. Secondary activities are still a rel-
evant incentive for technology transfer.

Survey respondents also were asked to assess the importance of different
channels of technology transfer. As it is not possible to measure and compare the
various channels using common quantitative units, the respondents could choose
from among the statements “very important,” “important,