
Overview
and

Findings

ver the past several decades, the federal government has
supported a wide range of research projects in science
and technology. Federal support has been crucial to many
of the most important research and development (R&D)

achievements in defense, space, energy, environmental, and other
science and technology programs. Recently, however, federal
budget deficits and concerns about the effectiveness of research
efforts have intensified pressures on government R&D spending,
making it difficult to sustain many ongoing efforts and limiting
opportunities for new ventures. These pressures, coupled with the
increasingly international character of science and technology
R&D activities, have focused greater attention on bilateral and
multilateral collaborative arrangements, particularly for large-
scale, long-term projects in areas such as particle physics, energy
and environmental science, and space. 

The United States has pursued international collaborative
projects in R&D to raise the likelihood of scientific success for
particularly complex endeavors, to take greater advantage of in-
ternational scientific expertise and facilities, to address science
and technology issues that have global implications, to extend na-
tional scientific capabilities, and especially for very large science
projects, to share costs and risks with other nations. International
collaboration, however, poses special challenges, such as estab-
lishing R&D priorities within and across different scientific disci-
plines, developing funding and planning mechanisms that ensure
the long-term stability of projects, and maintaining U.S. econom-
ic and national security interests.
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This background paper, requested by the Chair-
man and Ranking Minority Member of the House
Committee on Science,1 examines the factors that
may warrant or facilitate international collabora-
tion in large science projects or, conversely, that
may favor the United States pursuing projects in-
dependently. It identifies the challenges raised by
international collaboration, such as reconciling
collaboration with U.S. science goals, achieving
equitable distribution of costs and benefits among
nations, understanding the advantages and disad-
vantages of technology transfer, and dealing with
increased project management complexity. In
addition, the paper explores approaches that can
promote the successful planning and execution of
international projects.

Chapter 1 presents the principal findings of this
background paper. Chapter 2 provides an over-
view of the broad trends in science and the rise of
large projects. Chapter 3 examines U.S. science
goals, the U.S. experience with collaborative proj-
ects in science, and their implications for future
activities. The areas discussed include high-ener-
gy physics, fusion, space, neutron sources, and
synchrotron radiation facilities. Chapter 4 ex-
plores the benefits and disadvantages of partici-
pating in international partnerships.

The issues addressed here are relevant to con-
gressional authorization, appropriation, and over-
sight of ongoing and upcoming large science
projects. These include the International Space
Station and the International Thermonuclear Ex-
perimental Reactor (ITER), as well as U.S. partic-
ipation in the Large Hadron Collider (LHC)
project at the European Laboratory for Particle
Physics (CERN).

Other important issues, however, are beyond
the scope of this background paper. The overall
process of priority setting and planning in federal
research is not examined, nor are the relative bene-
fits of big versus small science.2 Also, the role of
international collaboration as it relates to the area
of defense R&D is not addressed.3 In addition,
the paper does not examine the broad commercial
aspects of government-sponsored basic science
research. Basic research can provide the underpin-
ning for commercial innovation and technology
development. The possible commercial implica-
tions of large science research projects (which are
not limited to the consequences of basic research)
will continue to be an important issue in structur-
ing international partnerships, selecting projects
for collaboration, and sharing their benefits and
burdens (see chapter 2).

BACKGROUND

❚ The Internationalization of Science and
the Role of Big Science Projects

International collaboration in scientific research
and the rise of large science projects are two sig-
nificant outgrowths of the scientific revolution of
the past century. This revolution has brought un-
precedented increases in the speed of scientific
and technical innovation. The sheer pace of this
change has transformed the fabric of daily life, af-
fecting the course of economic and social devel-
opment as well as the relationship between society
and the natural world. Along with an increased
rate of scientific innovation and knowledge gen-
eration, there has also been (especially in the past
50 years) a marked expansion of the breadth, cre-

1Previously, the House Committee on Science, Space, and Technology.
2For a discussion of these issues see U.S. Congress, Office of Technology Assessment, Federally Funded Research: Decisions for a De-

cade, OTA-SET-490 (Washington, DC: U.S. Government Printing Office, May 1991).

3Cooperation with its allies in the supply and joint production of defense technology has been an important element of U.S. national security
policy over the past four decades. See U.S. Congress, Office of Technology Assessment, Arming Our Allies: Cooperation and Competition in
Defense Technology, OTA-ISC-449 (Washington, DC: U.S. Government Printing Office, May 1990).



Chapter 1 Overview and Findings | 3

ativity, and sophistication of basic and applied re-
search.4 These qualitative changes have been
accompanied by the growth of interdisciplinary
research, which in turn has opened up new fields
of inquiry. With the development and diffusion of
powerful information and communications tech-
nologies,5 the extraordinary pace of scientific
discovery continues to accelerate. These new
technologies have facilitated collaboration within
and across scientific disciplines.

The expanding range of scientific and techno-
logical undertakings, and the development of new
tools to expedite the exchange of information,
have reinforced and augmented the international
dimension of scientific research. This internation-
alization affects the nature of scientific inquiry,
the transmission of information among scientists
and programs, the development of interdisciplin-
ary research, and the structure of transnational re-
search initiatives. For example:

� The increased ability to coordinate research
across international borders has stimulated am-
bitious research on global scientific questions
such as climate change.

� The rapid global exchange of information has
internationalized the results of almost all scien-
tific research, even projects and investigations
that are essentially national in character.

� The growth of cross-disciplinary research has
been closely linked to greater interaction
among researchers across international bor-
ders, stimulating the expansion of international
scientific collaborations supported by a variety
of national and international agencies and insti-
tutions.

The scale and scope of scientific research have
expanded simultaneously with the growth of in-
ternational activities. Although much research is
still conducted on a small scale by individual in-
vestigators working in small laboratories, the past
few decades have witnessed the development of
very large science projects—called big science or
megascience projects.

❚ Defining “Big Science”
Although it is relatively easy to identify certain
extremely large projects as megascience, it is
more difficult to devise a generic definition of the
term. Big science projects exist in a range of fields
and share a number of common traits. Typically,
and most simply, big science has meant “big
money plus big machines.” Megascience projects
involve large, interdisciplinary teams of research-
ers, including both engineers and scientists. Such
projects usually employ more complex and hierar-
chical management structures than smaller sci-
ence projects. Big science ventures are almost
always supported by governments. However, in-
dustry plays a more central role (as a contractor
and recipient of federal funds) than it does in
“small” science because of the need to build large,
capital-intensive, high-technology facilities. Big
science projects vary in scale and complexity, and
reflect the different R&D goals and scientific ca-
pabilities of nations. They also vary in their com-
mercialization potential and in the degree to
which they address broad national or global needs.
Some big science projects are based around a
single facility, whereas others are distributed
among several locations and institutions.6

4Although there is some overlap between basic and applied research, the following distinction can be offered: “Basic research pursues fun-
damental concepts and knowledge (theories, methods, and findings), while applied research focuses on the problems in utilizing these concepts
and knowledge.” Office of Technology Assessment, Federally Funded Research, see footnote 2.

5For example, the Internet—a set of interconnected computer networks that share a common set of communications protocols—links tens
of millions of users worldwide via electronic mail and other communications services. Internet access is currently available in more than 160
countries, with connections being added almost daily.

6This aspect of project structure—single-site versus distributed projects—can profoundly alter the character of international collaboration
and the benefits and challenges that underlie it. For example, the siting of international scientific facilities has been a contentious issue in some
collaborations. See finding below.
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Year of completion
Project [estimated) Capital costa Participants

High-energy and nuclear physics

Stanford Linear Collider
Continuous Electron Beam

Accelerator Facility
Advanced Photon Source
B-Factory
Japanese Spring-8 Synchrotrons
Relativistic Heavy Ion Collider
Superconducting Super Collider
Proposed neutron spallation

source b

Large Hadron Collider (LHC)
Fusion

Tokamak Physics Experiment
International Thermonuclear

Experimental Reactor (ITER)

1 9 8 7
1 9 9 5

1 9 9 6
1 9 9 8
1 9 9 8
1 9 9 9
Canceled
2005-prel iminary

planning stage
2005

2 0 0 1
2005

$115 million
$513 million

$812 million
$293 million
$1 billion
$595 million

$8 billion-$11 billion
~$1 billion (no definite

estimate available)
$2.3 billionc

$694 million
$8 billion-$1 0 billion d

Us.
Us.

U.S.
Us.
Japan
Us.
Us.
Us.

Europe (CERN), U. S., Japan

Us.
U. S., Europe (Euratom)

Japan, Russia

Although it downplays other factors, cost is
probably the most important characteristic of big
science projects. If project funding is used as the
main criterion, a few very large projects clearly
stand out as megaprojects. These include the
space station (total estimated capital cost, $38 bil-
lion7), ITER (total estimated construction cost, $8
billion to $10 billion), CERN’s Large Hadron
Collider (current estimated cost, $2.3 billion8),
and the proposed neutron spallation source 9 (esti-

(continued on next page)

mates begin at $1 billion). All of these projects are
in the billion-dollar (plus) class, and all—with the
exception of the neutron spallation source—in-
volve significant international collaboration. The
failure to attract international support was a prin-
cipal factor in the decision to terminate the multi-
billion dollar Superconducting Super Collider
(see finding below). Table 1-1 shows estimated
completion dates and costs for selected big sci-
ence projects.

7  This figure is based on the following costs as reported by the National Aeronautics and Space Administration (NASA): pre-FY 1994 costs:
$10.2 billion; shuttle launch costs (based on an average cost of about $500 million per flight): $14 billion. NASA reports $17.4 billion in

construction costs from FY 94 through station completion. However, this figure includes $3.7 billion in operations and science costs, as identi-

fied by the General Accounting Office. This $3.7 billion has been excluded from OTA analysis. Source: NASA, Space Station Program Office,

April 1995. NASA provided data to the House Committee on Science, Space, and Technology that account for the above costs, plus civil service

and operations costs through the first 10 years of operations. These figures indicate that total costs for the station will be $72.3 billion. See

Marcia Smith, Space Stations (Washington, DC: Library of Congress, Congressional Research Service, Apr. 6, 1995), p. 4; and U.S. General

Accounting Office, “Space Station: Estimated Total U.S. Funding Requirements,” GAO/NSIAD-95-163, June 1995, p. 4.
8The estimated cost for the LHC would be roughly twice as large ($4 billion to $5 billion) if it were developed on the same accounting basis

as U.S. cost estimates. Also this figure does not include the detectors, which may total as much as $2 billion. CERN has asked the United States to

contribute approximately $400 million to this project. This contribution could also include in-kind contributions such as equipment. The De-

partment of Energy, however, will not be in a position to recommend any specific level of LHC funding until overall Department cost reduction

goals through 2001 are developed. Harold Jaffe, Department of Energy, Office of High Energy and Nuclear Physics, personal communication,

April 1995.
9The accelerator-based neutron spallation source has been proposed by the Clinton Administration as an alternative to the recently canceled

nuclear reactor-based Advanced Neutron Source. The European Union is also in the preliminary planning stage for a spallation source, but no

formal efforts have yet been made to explore the possibility of collaboration. See chapter 3.
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Project
Space e

Hubble Space Telescope
Compton Gamma Ray Observatory
Advanced X-Ray Astrophysics Facility

Cassini
Earth Observing System

Space station
Canadian Mobile Servicing System for

the space station
Japanese Experimental Module for

the space station
Proposed European Space Agency

(ESA) module and equipment for
the space station

Ground-based astronomy and physics

Gemini telescopes

Laser Interferometer Gravitational
Wave Observatory

Year of completion
(estimated)

1 9 9 0
1991
1 9 9 8

1 9 9 8
2000 (initial

components)

2002
1998-2002

1998-2002

1998-2002

1998-2000

1 9 9 9

Capital costa

$2.3 billion
$957 million
$2.1 billion

$1.9 billion
$8 billion

$38 billion
$1 billion

$3 billion

$3 billionf

$176 milliong

$231 million

Participants

U. S., Europe (ESA)
U. S., Germany
U. S., Germany,

Netherlands, U.K.
U. S., ESA, Italy
U. S., ESA, Canada,

Japan, France,
Eumetsat

U. S., Russia
Canada

Japan

E S A

U. S., U. K., Canada,
Chile, Argentina,
Brazil

Us.

a Figures represent construction and development, exclusive of operational expenses, which can raise project costs considerably. Figures repre-

sent dollars as spent or projected, unadjusted for Inflation.
b The Neutron Spallation Source IS being proposed to replace the canceled Advanced Neutron SOUrCe

c The estimated cost for the LHC would be roughly twice as large ($4 billion to $5 billion) if it were developed on the same accounting basis as U.S.

cost estimates. Also this figure does not include the detectors, which may total as much as $2 billion. The proposed U.S. contribution to the project
IS $400 million U.S. scientists are already deeply involved in the design and construction of two LHC detectors.
dThe U.S. share is currently 25 percent of the engineering design cost. Detailed cost estimates for ITER are not yet available. There has been no

agreement among the parties about whether ITER wiII be built or what the U.S. share of construction costs would be.
e For U S space projects, figures reflect U.S. cost only.
f  Unofficial ESA estimate.
g The U.S. share IS $88 million.

SOURCE U S Congress, Office of Technology Assessment, 1995, based on figures from: William Boesman, Congressional Research Service,
“Big Science and Technology Projects: Analysis of 30 Selected U.S. Government Projects,” August 1994; Genevieve. Knezo, Major Science and
Technology Programs: Megaprojects and Presidential Initiatives, Trends Through FY 1996, Requested, CRS Report for Congress (Washington,

DC Congressional Research Service, Mar. 27, 1995); NASA Budget Operations Office; and Tormod Riste, Synchrotron Radiation Sources and
Neutron Beams (Pans, France Organization for Economic Cooperation and Development, Megascience Forum, 1994).

Below the billion-dollar project level, it be- ence and technology (S&T) projects identified 30
comes more difficult to use funding to determine S&T development projects that cost more than
what constitutes megascience. A recent Congres- $100 million in 1980 dollars.10 Of these, 10 had
sional Research Service report on civilian big sci-

10 William Boesman, Big Science and Technology Projects: Analysis of 30 Selected U.S. Government Projects, CRS Report for Congress,

94-687 SPR (Washington, DC: Congressional Research Service, Aug. 24, 1994).
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been terminated,ll leaving 20 projects completed
or currently under way. Of these 20 projects, 16
were single-facility, basic science projects, ac-
counting collectively for more than $50 billion of
past, current, and proposed federal science spend-
ing (exclusive of operations costs). For the pur-
poses of this report, the Office of Technology
Assessment (OTA) has chosen to concentrate on
the class of megaprojects that cost more than $100
million.

The budget impacts of these megaprojects have
drawn considerable attention in the scientific
community and Congress. In the United States,
megaprojects account for about 10 percent of the
federal (defense and nondefense) R&D budget 12

(see figure l-l). Although the growth of megapro-
jects appears to have leveled off somewhat, this
trend could be reversed as several big science proj-
ects are brought up for congressional consider-

13 Thus, megapro-ation over the next few years.
jects merit attention not just because of their
extraordinary size, but also because their large and
potentially growing share of federal spending
poses fundamental questions about the character
of the nation’s R&D portfolio.

In recent years, the high costs and scientific ra-
tionale of some megaprojects have been severely
criticized, especially by those who regard small
science as the foundation of the nation’s R&Den-
terprise. In some cases, however, there can be a
complementary relationship between small sci-
ence and big science. For example, the National
High Magnetic Field Laboratory and the Ad-
vanced Photon Source (an advanced x-ray
synchrotrons facility) will essentially serve as plat-
forms for small science, and thus reinforce the re-

2  -  - - - - - - - - - - - - - -

1 9 9 1 1992 1993 1994 1995 1996, req

Fiscal year

SOURCE: Genevieve J. Knezo, Major Science and Technology Pro-
grams, Megaprojects and Presidential Initiatives, Trends Through FY
1996, Requested, CRS Report for Congress (Washington, DC: Con-
gressional Research Service, Mar 27, 1995), p. CRS-4

search support given to individual investigators
across many disciplines.

14 Telescopes provide

another example of large devices or facilities that
serve individual investigators. But many other
large projects do not directly complement small
science activities. Priority setting is therefore be-
coming much more of an issue because all pro-
posed megaprojects may not be supportable
without affecting the underlying national science
base.

11 An additional two programs (Advanced X-Ray Astrophysics Facility and Comet Rendezvous Asteroid Flyby Mission/Cassini) were par-

tially terminated.
12 This figure is based on a “basket” of large projects tracked by the Congressional Research Service. See Genevieve J. Knezo, Major Sci-

ence and Technology Programs: Megaprojects and Presidential Initiatives, Trends Through FY 1996, Requested, CRS Report for Congress

(Washington, DC: Congressional Research Service, Mar. 27, 1995).
13 For example, carrying out the present development plan for a tokamak fusion reactor implies a doubling or even tripling of the annual

magnetic fusion budget from its present level ($373 million in FY 1995). See chapter 3.
l4These facilities will be used by researchers in a number of different fields, including materials science, condensed matter physics, chemis-

try, and molecular biology.
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The International Space Station is depicted in its completed operational state, with elements from the United States, Europa,
Canada,  Japan,  and Russ ia .

❚ Why Are Big Science Projects So Big?
The development of large projects has been driven
by several factors. In some fields of inquiry, scien-
tific projects or undertakings must be large in
scale in order to advance and demonstrate the un-
derlying science or to achieve specific technical
goals. For example, probing the high-energy
domains that will provide new insights into the
fundamental characteristics of matter, or demon-
strating the feasibility of controlled nuclear fu-

sion, will require apparatus (accelerators,
detectors, reactors) of unusual size and sophistica-
tion. The International Space Station project—an
effort to build and operate a permanently occupied
Earth-orbiting facility-is, by its very nature, a
complicated, immense undertaking. Other classes
of problems, such as climate change, are truly
global in nature. They require broad-based mul-
tinational, multidisciplinary initiatives to develop
better scientific understanding of fundamental
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physical processes and to ensure the international
credibility of scientific results.15

Other motives, less directly related to basic re-
search questions, also underlie the development
of megaprojects. Large science projects are often
viewed as symbols of national prestige. They may,
in addition, serve as vehicles for building up do-
mestic capabilities indifferent scientific and tech-
nical fields, and thus enhancing national
economic productivity.

16 Political or foreign
policy imperatives confronting governments can
play an important role in launching large projects,
as can the desire of research institutions to sustain
or enlarge their portfolio of programs.

❚ Experience in International Scientific
Collaboration

The United States has participated in a variety of
international science undertakings, both large and
small, over the past few decades. Some of these in-
ternational activities have developed from U.S.
domestic projects. The United States has also par-
ticipated in joint research organizations and proj-
ects, and is a contributing member in still other
arrangements and organizations. This scientific
collaboration can take many different forms in-
volving varying degrees of research integration,
financial and legal obligations, and management
oversight, as described in box 1-1. Large projects
have covered a broad spectrum of activity from
pure fundamental research to near-commercial
demonstrations (e.g., coal gasification).

For decades, the United States has enjoyed nu-
merous successful small-scale scientific coopera-
tive efforts, principally through bilateral
agreements. Typically, these agreements involve

1 5The worldwide global change research program, as presently conceived, could have a cumulative multinational cost approaching $l00

billion by the year 2020. See President’s Council of Advisors on Science and Technology, Megaprojects in the Sciences (Washington, DC:
Office of Science and Technology Policy, Executive Office of the President, December 1992).

1 6For example, the expertise gained from the development of superconducting magnet technology for particle accelerators and for magnet-
ic fusion could ultimately be applied to such commercially important applications as magnetic resonance imaging, electric motors, advanced
materials processing, and energy storage. U.S. Congress, Office of Technology Assessment High-Temperature Superconductivity in Perspec-
tive, OTA-E-440 (Washington, DC: U.S. Government Printing Office, April 1990).

The  Ocean  Topography  Exper imen t  (TOPEX) /Pose idon  i s  a
coopera t i ve  p ro jec t  be tween the  Un i ted  S ta tes  and  France  to
deve lop  and  opera te  an  advanced  sa te l l i t e  sys tem ded ica ted
to  observ ing  the  Ear th 's  oceans .

the exchange of information ardor scientists and
provide for access to facilities. There have also
been a number of small- to medium-scale collabo-
rative efforts involving the development of spe-
cialized instrumentation sponsored by the
Department of Energy (DOE), the National Sci-
ence Foundation, and the National Aeronautics
and Space Administration (NASA) .17

Big science projects, however, present a differ-
ent picture. Until recently, the United States has
approached most megascience projects as primar-

1 7For example, DOE has been involved with  a variety of multilateral  cooperative activities under the auspices of the Internationd Energy

Agency. See chapter 3 for a discussion of NASA’s long history of collaborative activity.
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ily domestic ventures. Most U.S. high-energy
physics, space, and fusion facilities have been de-
signed and funded as national projects, even
though there has been growing collaboration in
these fields at operational levels.18 The U.S. expe-
rience in international collaboration in science
and technology R&D—where research efforts are
highly interdependent and jointly funded and con-
ducted—is actually quite limited. The United
States is only now starting to participate in the
joint planning, construction, and operation of
large facilities or platforms (e.g., ITER and the
U.S.-Russian activities associated with the space
station.)19 These represent more integrated forms
of collaboration than the compartmentalized ap-
proaches in which partners work independently
on discrete elements of a project, as in the case of
the European and Japanese components of the
space station. The United States is still discover-
ing what particular approaches to international
collaboration can lead to stable, successful execu-
tion of long-term projects.

In contrast to the United States, other indus-
trialized countries, especially the nations of West-
ern Europe, have had more extensive experience
with scientific collaborations in projects of all
sizes. Europe’s long history of collaboration has
been motivated and facilitated by a variety of fac-
tors including close geographic proximity, de-
mography, high levels of nonscientific
interchange among partner countries, and joint
competition with the United States. In addition,
the treaty establishing the European Union calls
for joint research activities and programs among

member states. Yet, it must also be noted that Eu-
ropean countries collaborate extensively in large
measure because they effectively have little
choice. The funding requirements and technical
breadth of modern science R&D—especially me-
gaprojects—often make it necessary for European
countries to join forces across a broad spectrum of
projects and disciplines. This trend has strength-
ened in recent years. In the eyes of some observ-
ers, European scientific collaboration has now
become the norm, driven by European political in-
tegration and the need to pool scientific and finan-
cial resources.

❚ Why Collaborate?
Given the breadth, ingenuity, and vitality of the
modern scientific enterprise, policymakers in
virtually all countries are confronted with difficult
choices in establishing priorities for R&D. In-
cluded in this process of priority setting and proj-
ect selection is determining whether large-scale
international science undertakings complement
national science goals and to what extent they
should be supported. At a time when all govern-
ments are sensitive to the strategic economic ad-
vantages that can accrue from knowledge-based
or technology-based industries, participation in
international projects is evaluated closely. Al-
though some countries may see distinct benefits
associated with multinational partnerships, others
may deem participation in particular projects in-
consistent with the national interest. The latter
may be particularly true if a nation is attempting

18Examples of national facilities are the Fermi National Accelerator Laboratory, the Stanford Linear Accelerator Center, the National High
Magnetic Field Laboratory at Florida State University, and the Advanced Photon Source at Argonne National Laboratory. Each of these facili-
ties have open access policies that encourage collaboration with foreign scientists.

19 Although Canadian robotics have been on the space station’s critical path from the beginning, the U.S. agreement with Canada provides
for all Canadian hardware, drawing, and materials to be turned over to NASA in the event Canada withdraws from the program. This gives the
agency ultimate control over the contribution and its underlying technology. The same provisions governed the development of Canada’s ro-
botic arm for the space shuttle.
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International scientific cooperation ranges from simple exchange of information and personnel in
particular areas of research to joint planning, design, and construction of equipment or facilities. As
cooperative arrangements become more complex in scale or scope, the need for more formalized or-
ganizational and managerial arrangements increases. The levels of program integration, information
transfer, and financial and political commitment depend on the nature of the collaborative activity. His-
torically, many areas of international cooperation have proceeded on the basis of mutual trust. However,
big science activities involving significant expenditure of human and financial resources require well-
defined agreements that delineate specific project objectives and responsibilities.

International scientific collaborative activities can be classified into four broad categories: 1

The joint construction and operation of large-scale experiments and facilities IS the most highly
structured and Interdependent form of multilateral collaboration. It involves close partnership among
project participants, with each country having a roughly equal voice in project planning, financing, and
management. This type of cooperation sometimes involves the creation of elaborate institutional mecha-
nisms to facilitate project decisionmaking and execution. Examples include the European Laboratory
for Particle Physics (CERN), a 17-nation consortium that pursues research in high-energy physics; the
International Thermonuclear Experimental Reactor (ITER) engineering design activity being pursued by
the United States, Japan, Europe, and Russia; and the European Space Agency (ESA), a 14-member
organization to pursue joint European activities in space.

Lead country collaborations are a less integrated mode of collaboration. Here, one country as-
sumes the lead in pursuing a particular project while inviting other countries to make technical and fi-
nancial contributions without taking on significant management responsibilities. The space station is
one example of this type of collaboration. The National Aeronautics and Space Administration retains
principal decisionmaking authority over its design and planning, while integrating specific technical
modules or components from Russia, Japan, and Europe. Another example is the Hadron-Electron Ring
Accelerator In this project, foreign countries are paying about 30 percent of the costs of operating this
German national facility. Other illustrations of this type of cooperation include the international Ocean
Drilling Program, initiated and led by the U.S. National Science Foundation; detector experiments at the
Fermi National Accelerator Laboratory, to which Japan and Italy contributed key components; and the
Japanese Planet-B mission to Mars, which involves five different countries.

to preserve or develop national expertise in a par- U.S. approach to collaboration through the late
ticular scientific or technological field.20

In the United States, the decision to collaborate
rather than pursue research on a domestic basis
has been determined by a set of factors specific to
U.S. science goals and other interests. The goal of
establishing and maintaining leadership in as
many scientific fields as possible was especially
important during the Cold War and dominated the

1970s. However, the development of scientific
ambitions and expertise abroad, the constriction
of U.S. government resources at home, and the
end of the Cold War may require both a redefini-
tion of U.S. leadership and a reformulation of the
U.S. approach to international scientific collabo-
ration. In addition, other goals—including
economic competitiveness, foreign policy and na-

20As an illustration, the construction of Japan’s Subaru telescope in Hawaii is linked to building up its domestic astronomy program and

attracting young people to the field. For this reason, Japan chose not to join the multilateral Gemini collaboration. Other examples include vari-

ous national efforts to develop sophisticated capabilities in launching and deploying satellites.
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Distributed science projects, in which countries separately design, fund, and direct portions of
a larger coordinated project, are another form of collaboration. Examples of distributed science projects
include data gathering under the auspices of the worldwide Global Change Research Program; harmo-
nization efforts for human genome research under the Human Genome Organization, sponsored by the
United States and Europe; and the International Solar-Terrestrial Physics Programme involving Japan,
Europe, the United States, and others.

The final category of international cooperation entails specific user group projects, in which indi-
vidual researchers or governments use the experimental facilities or capabilities of other countries, but
provide the necessary equipment or financing for specific experiments. The use of another country’s
space capabilities to launch satellites illustrates this type of cooperation. Building instrumentation that
can be used at large neutron beam or synchrotrons radiation facilities is another example. When large
facilities are involved, formal and informal arrangements have allowed scientists from one country “re-
ciprocal” access to similar facilities in other countries.

Each of these collaborative forms permits, to differing degrees, the opportunity to reduce or share
costs; to leverage intellectual resources and technical capabilities; and depending on the nature of the
project, to address wider global concerns such as improved international stability.

1This Classification has been suggested by William A Blanpied and Jennifer S Bond, “Megaprojects in the Sciences, ” Me-

gascience and its Background, OECD Megascience Forum (Paris, France: Organization for Economic Cooperation and Develop-
ment, 1993), pp. 43-44.

tional security priorities, and environmental and The scope and complexity of some scientific
social considerations—increasingly affect the
U.S. attitude toward collaboration.21

Current and recent collaborations illustrate the
difficulty in deciding whether to collaborate and
the challenges in clearly defining U.S. goals.
OTA’s review of the U.S. experience in interna-
tional cooperation in high-energy physics, fusion,
and space has identified several advantages and
disadvantages associated with collaborative ven-
tures.

initiatives may by their very nature require a mul-
tinational collaborative effort to ensure that re-
search objectives are successfully achieved.22

Indeed, collaboration has long been used to en-
hance the scientific and engineering capabilities
in R&D projects. The pooling of intellectual and
technical resources from throughout the world has
led to important experimental and theoretical ad-
vances in a variety of scientific fields. Moreover,

2lSee, for example: William  J. Clinton and Albert Gore, Jr., Science in the National Interest (Washington, DC: Executive Office Of the presi-

dent, August 1994), which sets forth broad science and technology policy goals of the Clinton Administration; and National Academy of

Sciences, Science, Technology, and the Federal Government: National Goals for a New Era (Washington, DC: National Academy Press, June

1993), which suggests a framework for establishing science goals and priorities and rethinking the role of “scientific leadership.” See also:

Ralph Gomory and Hirsh Cohen, “Science: How Much Is Enough?” Scientific American, July 1993, p. 120; and Eugene B. Skolnikoff, The

Elusive Transformation: Science, Technology, and the Evolution of International Politics (Princeton, NJ: Princeton University Press, 1993).
22For example, some scientific initiatives, such as climate change research, may require that research be carried out at several geographic

locations around the world. For other initiatives that involve great technical complexity, such as the effort to harness fusion power, collaboration

is viewed by many scientists as an important and even necessary vehicle for achieving project goals.
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with the emergence of new centers of innovation
abroad, the only way for the U.S. scientific com-
munity to extend its expertise in particular areas
may be through collaboration.23 As the scientific
and technical competencies of other nations be-
come comparable to or even surpass U.S. capabil-
ities,24 the United States may have to place a
greater emphasis on having access to foreign faci-
lities and participating in multilateral R&D proj-
ects if it is to remain competitive in different
technical fields. In addition, the upgrading of U.S.
scientific facilities may be necessary to encourage
other countries to cooperate with the United States
on both large and small projects.25 These consid-
erations underscore the need for reassessing the
concept of leadership and how national scientific
expertise can be most effectively advanced, as
well as examining the nature of partnership and
the various approaches to collaboration.

Another motivation for pursuing collaboration
is economic. Concerns over the huge scale and
large cost of some new projects have led scientists
and policymakers in many countries to suggest
sharing the burdens internationally. Collaboration
is seen by some as particularly important to capi-
tal-intensive research endeavors that lack short- or
medium-term commercial viability. This view has
been presented to support international research
projects such as ITER and the space station. Col-
laboration can reduce the net costs that individual
nations must bear, though the aggregate cost of a

multinational project may sometimes be greater
than that of a project carried out by a single coun-
try. International projects may require the creation
of elaborate management and logistical arrange-
ments. For example, engineering design activities
for the proposed ITER project are being carried
out at three separate locations in the United States,
Japan, and Germany. Also, in some cases, cost
savings may not be as great as expected, because
participation in international ventures still re-
quires that investments be made in national pro-
grams. Without such investments, it may not be
possible for individual countries to benefit fully
from the advances coming from international
projects.

Domestic and international political consider-
ations can also be factors in pursuing collabora-
tion. Projects are sometimes internationalized to
raise their political profile and thereby ensure the
continuity of funding. For instance, the formal in-
volvement and integration of Russia in the plan-
ning and operation of the International Space
Station project was to some degree motivated by
the U.S. desire to support the Russian reform pro-
cess and to promote Russian adherence to the Mis-
sile Technology Control Regime.26 Political
goals have also been an important aspect of Euro-
pean collaborative science projects.27

Other factors, related to changes in the nature
of R&D itself, have induced both scientists and

23For example, after the cancellation of the Superconducting Super Collider, a DOE advisory panel recommended that the United States
formally join the Large Hadron Collider project at CERN to ensure that U.S. scientists remain at the forefront of accelerator design and physics
investigation. See U.S. Department of Energy, Office of Energy Research, Division of High Energy Physics, High Energy Physics Advisory
Panel’s Subpanel on Vision for the Future of High Energy Physics, DOE/ER-0614P (Washington, DC: May 1994).

24See footnote 21.
25Many large U.S. science facilities operate at limited capacity because of funding constraints. In addition, there is a need for upgrading

equipment and instrumentation. The fiscal year 1996 budget of the Clinton Administration proposes “adding $100 million above the 1995 level
to significantly enhance the usage of major DOE-operated basic research facilities.” This initiative will “facilitate a more efficient use of the
facilities, boost the number of users by several thousand over 1995, and improve the quality of service.” See Budget of the United States Govern-
ment, Fiscal Year 1996 (Washington, DC: U.S. Government Printing Office, 1995), p. 97.

26See U.S. Congress, Office of Technology Assessment, U.S.-Russian Cooperation in Space, OTA-ISS-618 (Washington, DC: U.S. Gov-

ernment Printing Office, April 1995).

27See Antonio Ruberti and Michel Andre, “The European Model of Research Cooperation,” Issues in Science and Technology, spring 1995,

pp. 17-21.
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policymakers to give greater consideration to in-
ternational cooperation. The global nature of
some scientific areas, such as the environment,
may necessitate a more international orientation
for basic research. The widespread applicability
of new technologies coupled with the globaliza-
tion of business may also support a more explicit
international approach to scientific innovation.
Increasingly, R&D activities in the private sector
involve strategic alliances among companies
from many different countries.28

❚ Challenges and Limitations of
International Collaboration

While international collaboration may play an in-
creasingly prominent role in R&D, there remains
a variety of challenges and limitations. Collabora-
tion raises fundamental questions about national
goals and the U.S. role in scientific and technolog-
ical innovation. Efforts to increase U.S. participa-
tion in international cooperative ventures
potentially conflict with the U.S. desire to main-
tain scientific leadership, prestige, and project
control.

A number of issues associated with project fi-
nancing also can make it difficult to initiate, struc-
ture, and execute international projects. The
difficulty in guaranteeing long-term financial
commitment by all project partners introduces an
element of instability to international undertak-
ings. In discussions with OTA, European and Jap-
anese government officials and scientists
particularly questioned the reliability of the
United States in maintaining the continuity and
level of funding necessary for international R&D
agreements. Distributing project costs and bene-
fits in a more or less equitable manner among part-
ners continues to complicate collaborations.
Furthermore, some projects may be so expensive
or involve such a high level of technical uncertain-

ty that, even with multilateral burden sharing, the
cost of U.S. or any other nation’s participation
could be prohibitively high. And this of course
could make it difficult to generate the political
support necessary to initiate and sustain such proj-
ects.

Another challenge to multinational projects is
that the collaborative process itself may inhibit in-
novation by limiting competition among re-
searchers. Due to the need to achieve technical
consensus, collaboration that involves many part-
ners might lead to projects that have somewhat
conservative technical or scientific goals. ITER,
for example, has been criticized by some observ-
ers for having a fairly conservative design because
planners want to ensure that ignition of fusion fuel
can actually be achieved. However, collaboration
can also give rise to creative approaches or solu-
tions because of the wider base of scientific talent
that can be tapped. The success of the LHC project
at CERN, for instance, is dependent on some ex-
tremely ambitious magnet and detector technolo-
gies. Moreover, it is possible to retain elements of
competition within single large science proj-
ects—for example, when two or more research
groups independently build and operate detectors
while using the same particle accelerator. A key
objective for all collaborative activities is to en-
sure that project objectives can be realized without
suppressing innovative ideas or techniques.

Other challenges to international collaboration
include the need for elaborate management and
decisionmaking mechanisms and the possible
loss of commercial advantage through the transfer
of leading-edge national technologies. An addi-
tional issue involves striking an appropriate bal-
ance between the resources dedicated to
collaboration and the need for maintaining a do-
mestic education and R&D infrastructure to sus-
tain and profit from a collaboration. Finally, for

28One example is the multi-billion dollar development effort of IBM, Toshiba, and Siemens to develop next-generation semiconductor

memory technology. See “Computer Chip Project Brings Rivals Together, But the Cultures Clash,” Wall Street Journal, May 3, 1994, p. A1.
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some R&D projects, there may exist significant
scientific and economic implications that could
warrant the pursuit of purely national efforts.29

Policymakers within both the legislative and
the executive branches have suggested various
strategies to address the challenges of project
selection and funding stability. Under one ap-
proach, countries would cooperate in prioritizing
and selecting proposed big science projects from
a variety of disciplines by placing these projects
in a common “basket” where their relative costs
and benefits could be traded off against each other.
Others have suggested creating new international
organizations to coordinate information, facilitate
collaborations, or manage new international proj-
ects. Potential mechanisms for ensuring greater
administrative and funding stability in multina-
tional collaborations have also received the atten-
tion of policymakers and the scientific
community. Proposals have been made that Con-
gress adopt specific multiyear authorizations or
appropriations for large projects to promote their
long-term viability.

FINDINGS
The opportunities and challenges of international
collaboration indicate a series of important issues
to consider in structuring future large science un-
dertakings. OTA’s principal findings are presented
below.

� Big science projects cover an array of disci-
plines and vary considerably in form and
purpose. Thus, funding and research priori-
tization decisions for big science projects are
likely to be more effective and appropriate
within their respective research fields, rath-
er than among a group of unrelated costly
projects.

Large science projects are relatively few and
highly diverse. They differ in scale, complexity,
structure and the degree to which broad national
or global needs are addressed. As a consequence
of their differences, the scientific and social re-
turns from big science projects tend to be incom-
mensurate both within a particular project and
among projects. For example, some projects in-
volve the design and construction of a single large
instrument such as an accelerator, while others
like the Human Genome Project entail coordina-
tion of research activities that are widely dis-
persed. One project may have an explicit scientific
rationale, while another may have broad econom-
ic, educational, or foreign policy objectives.

Although it may appear reasonable to lump big
projects together for policy and budgetary rea-
sons, in practice their disparate characteristics
generally preclude concrete project-to-project
comparisons. These characteristics of diversity
and the difficulty in balancing costs and benefits
among projects have important implications for
policies addressing big science:

� Generic frameworks for setting priorities
among large science projects on a national or
international basis are probably not workable.

� The overall scientific merit as well as the
associated costs and benefits of different proj-
ects are most effectively evaluated within the
broader research and budgetary context of each
specific scientific field.

� The appropriateness and extent of international
collaboration in any large science project can
be determined only on a case-specific basis.

While big science projects continue to draw
congressional attention, they are only one exam-
ple of the major budget challenges facing federal
R&D efforts overall. Priority setting occurs

29For example, synchrotron radiation facilities are heavily used by U.S. academia and private industry, and thus might be regarded as essen-
tial investments in national scientific infrastructure. In the area of applied research, the federal government has spent nearly $800 million over
an eight-year period in supporting the SEMATECH consortium. This consortium of U.S. semiconductor producers and suppliers was created to
bolster U.S. capabilities in semiconductor processing and manufacturing to ensure a viable microelectronics commercial and defense base. U.S.
member companies matched the government contributions to the project.



    

throughout the federal government at many differ-
ent levels. At the highest level, scientific priorities
are compared to other conscience needs. Priorities
are also determined within particular disciplines.

.However, attempts at setting priorities across dif-
ferent scientific fields have suffered from a lack of
consensus and have been largely unsuccessful.
Because large projects are not readily comparable,
and their political components make each
unique,30 any attempt to develop a priority-setting
scheme for big projects is likely to encounter a va-
riety of obstacles. Consequently, the largely ad
hoc funding process for big projects will be diffi
cult to change. Still, many observers believe that
some mechanism of priority setting for large proj-
ects, whether domestic or international, is essen-
tial.31

These observations have particular relevance to
the proposed basket approach, under which major
science projects in different disciplines would be
identified and placed in a common group or basket
for nations to select or trade off one project against
another. For example, if two or more big science
projects were being built contemporaneously,
there hypothetically could be some trading of
costs and benefits between them. Under this sce-
nario, one nation might agree to host a new high-
energy physics facility, while another might host
a fusion facility. In theory, this would provide a
means for different countries to share both the bur-
dens and the benefits of international science faci-
lities. It could also be a vehicle for building
political support for projects by demonstrating
that foreign partners are willing to contribute to
projects in other countries, as well as those that are
based at home.

In practice, however, the basket approach has a
variety of limitations. The timing and develop-
ment of various projects usually differ significant-
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Under  a  b i la te ra l  agreement ,  the  Japanese cont r ibu ted to
operat ions and upgrade of  the Double t  I I I -D (0 /1 / -0)  tokamak
at  Genera l  A tomics  in  San D iego in  exchange fo r  “hands-on”
opera t ing  exper ience la te r  t rans ferab le  to  the i r  new JT-60
tokamak.

ly, and thus they cannot easily be lumped together.
In addition, projects can encompass very different
technologies, and consequently individual coun-
tries may be interested in participating or hosting
particular projects and not participating in others.
Big projects also have a variety of objectives. For
example, while some large science projects may
have very specific goals such as achieving con-
trolled ignition of fusion fuel (ITER) or discover-
ing anew class of fundamental particles (the LHC
at CERN), others may have a broader set of pur-
poses. As an illustration, neutron sources and syn-
chrotron facilities essentially serve as platforms
for small science undertakings. Although the
costs of these platform facilities maybe consider-
able,32 they could be regarded as long-term
investments that provide the underlying infra-
structure for decades of research in a variety of
different disciplines (e.g., materials science, sol-

3 0For example, some programs and projects, particularly those that are capital-intensive, have developed strong industrial constituencies.
3 1For example, see William A. Blanpied and Jennifer S. Bond, “Megascience Projects: Challenges for the 21st Century,” prepared for the

International Workshop on Equipping Science for the 21st Century, Amsterdam, The Netherlands, April 1992. For a discussion of possible
criteria that might be used in cross-discipline priority setting see Office of Technology Assessment, Federally Funded Research, footnote 2.

3 2For instance, the recently terminatedAdvanced Neutron Source had an estimated cost of  $3.2 billion, and the nearly completed Advanced
Photon Source will cost approximately $800 million (including both construction and related R&D costs).
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id-state physics, chemistry, and structural biolo-
gy). Having ready access to such facilities could
have long-term implications for scientific and in-
dustrial competitiveness.

In general, the development of proposals for
scientific projects is very much a “bottom-up”
process. The scientific community plays a major
role in setting the scientific agenda, and years are
often required for specific and detailed research
proposals to take shape.33 Depending on how the
basket idea is applied, it could undermine this bot-
tom-up process. An ad hoc procedure of appor-
tioning projects among different countries might
come into conflict with a previously agreed on na-
tional R&D strategy, or might weaken a nation’s
effort to develop specific scientific or technical
expertise. For these reasons, the basket approach
is considered by some policymakers to be infeasi-
ble.34

At some level, though, there must be a linking
of bottom-up planning and review procedures
with top-down priority setting, and thus some
multilateral decisionmaking framework for large
projects will probably need to evolve (see finding
below). In the near term, it is possible that an in-
formal distribution of big projects to different re-
gions of the world will still occur.

Since future large science projects are likely to
be relatively few in number, approaching them on
an individual basis should not be burdensome for
policymakers or scientists. For the foreseeable fu-
ture, megascience projects will probably best be
realized when the most interested parties simply
choose to collaborate.

� Early and explicit consideration of interna-
tional collaboration in the planning and au-
thorization process for large projects would
better identify opportunities for cooperation.

There are clear reasons to consider internation-
al collaboration in any large, complex scientific
undertaking. Among them are the potential for re-
ducing costs, sharing risks, and enhancing scien-
tific capabilities. Indeed, some scientifically
worthy but expensive projects might not be pur-
sued at all unless carried out on a collaborative ba-
sis. A more proactive approach to international
cooperation would provide the United States with
a broader set of scientific and budgetary options,
and would ensure more effective and mutually ad-
vantageous collaborations in the future.

A variety of benefits could result if internation-
al collaboration for large science projects were
considered as an option early in the planning pro-
cess. Projects can benefit from formal cooperative
arrangements even in their preliminary R&D
stages. Such arrangements can foster “buy-in” to
later technical choices and decisions by potential
partners, and can result in a more efficient project
development phase as well as a more thoroughly
considered final proposal. An example of this ap-
proach is in the field of high-energy physics,
where the development of the underlying acceler-
ator physics and technology for the Next Linear
Collider (NLC)35 is being coordinated and re-
viewed by a collaborative working group repre-
senting laboratories in the United States, Europe,
Japan, and the former Soviet Union.

33The U.S. government, for example, relies extensively on expert advisory panels to review scientific project proposals and to determine the
long-term agenda of particular research fields. In Europe, the newly opened European Synchrotron Radiation Facility required almost two de-
cades of discussion and planning before it was completed.

34In OTA discussions with European and Japanese science policy officials, the basket approach was dismissed as being impractical. How-
ever, under certain circumstances, it may be feasible to have a “small basket” for a specific field of research. For example, the effort to develop
fusion power has a variety of different requirements including the construction of an engineering reactor such as ITER, an advanced physics
machine such as the Tokamak Physics Experiment, and a materials irradiation facility. Nations participating in the international fusion effort
could perhaps decide to share costs and distribute benefits by building each of these facilities in different countries.

35The NLC is an electron-positron collider now in the concept and early development stage. It is regarded as a complementary instrument to

the Large Hadron Collider at CERN.
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The United States has sometimes pursued in-
ternational partnerships after facing budget con-
straints well into a project, as in the case of the
Superconducting Super Collider (SSC), the space
station, and the Earth Observing System (EOS).36

In the case of the SSC, the United States sought
foreign partners as a way of sharing costs well af-
ter key scientific and engineering decisions had
been made and therefore had difficulty in securing
commitments. In the case of the two space proj-
ects, the United States might have saved time and
money, increased program technical sophistica-
tion, and avoided tensions with partners if it had
planned more extensive and integrated collabora-
tions from the beginning (see chapter 3). In other
cases, scientists and project planners gave serious
consideration to collaboration only after being di-
rected to do so by Congress. For example, this oc-
curred when Congress directed the National
Science Foundation to pursue the Gemini tele-
scope project on an international rather than a na-
tional basis.

One approach Congress might consider is to re-
quire agencies to provide justification for pursu-
ing or not pursuing international collaboration if
projects exceed a certain monetary threshold—for
example, $100 million. The specific threshold
value is less important than the exercise of explor-
ing the possible scientific and fiscal benefits of in-
ternationalizing a proposed project or elements of
a project. As an alternative, policymakers might
compare the projected annual peak spending for a
project to the annual appropriations for the rele-
vant overall program. For example, the SSC need-
ed a peak appropriation of nearly $1 billion on top
of a base program in high-energy physics that was
being funded at a level of $600 million. Thus,
from this perspective, the SSC was a strong candi-
date for international collaboration.

As part of the procedure for funding new proj-
ects, agencies could be required to prepare an
analysis that includes the following elements:

� an assessment of whether a proposed project is
too costly or technically challenging for any
one party;

� the international scientific context of the proj-
ect: other countries’ programs, capabilities,
and goals;

� the nature of U.S. discussions with other coun-
tries about collaboration;

� prospective commitments of other countries
(technical and financial) to the project or to
competing projects;

� national security, commercial, legal, and
technology-transfer implications of interna-
tional collaboration; and

� justification for seeking or avoiding such col-
laboration.

Such a review process would force consider-
ation of collaboration at the start of projects, there-
by better ensuring that opportunities to col-
laborate are not missed and that inappropriate col-
laborations are screened out. It should be noted
that under this framework, the decision to pursue
a project on a national or international basis would
still depend on the specific nature of the scientific
undertaking.

In each case, policymakers need to ascertain
whether the greatest scientific, budgetary, and
commercial leverage can be achieved by entering
into partnerships or by pursuing projects domesti-
cally. In some circumstances, collaborative
arrangements can enhance U.S. scientific capabil-
ities; in others, scientific and national objectives
can be met better by pursuing projects on a domes-
tic basis. Collaboration may not always be the
most desirable or efficient means for achieving

36 The space station program contained collaborative elements from the beginning, but until only recently all critical aspects of the project
remained firmly under U.S. control. Although the Canadian robotics contribution has been on the project’s “critical path” from the beginning,
the U.S.-Canadian agreement assures ultimate project control for NASA in the case of Canadian withdrawal from the program. The EOS pro-
gram originally envisioned foreign technical contributions that would complement data provided by planned U.S. instruments or which, in one
case, would provide unique sensor capability. Subsequent budget reductions caused NASA to downsize the program, eliminate some U.S.
instruments, and greatly expand its reliance on foreign instruments for certain data.
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technical goals. Moreover, if particular projects
can strengthen the national skill base, or provide
opportunities to improve economic productivity,
collaboration might not necessarily be in the na-
tional interest.

Furthermore, in some instances, it may be
beneficial to construct multiple facilities. Having
parallel facilities—whether within a country or in
different countries—can broaden access to facili-
ties or instrumentation and encourage more com-
petition and innovation in particular disciplines.
For example, the United States, Europe, and Japan
are each sponsoring major new x-ray synchrotron
radiation facilities (see chapter 3). Although each
of the projects (varying from $800 million to $1
billion in their respective construction and devel-
opment costs) has similar technical characteris-
tics, they are not necessarily redundant because of
the utility of synchrotron sources to a variety of
scientific fields and industries.

� Although the United States has generally
met its fiscal and performance obligations
under international arrangements for scien-
tific cooperation, and often assumed a large
share of funding responsibility for projects,
concerns persist among potential partners
about the reliability of U.S. commitments.
Future partnerships may have to be more
formally structured to address these con-
cerns.

Questions about the reliability of U.S. commit-
ments to international scientific collaborations
were frequently raised by U.S. and foreign gov-
ernment officials, and other interested observers
in interviews with OTA. These concerns can be
traced to a few international projects canceled in
the early 1980s, U.S. design changes on the In-
ternational Space Station, the cancellation of the
SSC, and to funding uncertainties associated with
the U.S. practice of making annual appropriations

for major science projects. Differences in govern-
ment structure and in approaches to science re-
search planning, budgeting, and funding
processes among the United States and its partners
also contribute to the perception that the United
States is less able to sustain its obligations.

Commonly cited as examples of shifting U.S.
international commitments are two projects that
were terminated after the United States had
entered into international collaborative agree-
ments—the Solvent Refined Coal II demonstra-
tion project canceled in 1981 (see box 1-2) and the
U.S. spacecraft for the International Solar Polar
Mission canceled in 1982 (see box 1-3).

Among the factors leading to the termination or
rescoping of projects were changes in administra-
tions and policies, and increasing budget pressur-
es. These changes in U.S. priorities may not have
surprised seasoned political observers, but foreign
partners were in some cases dismayed by the
abruptness in which the U.S. decided to withdraw
from specific international endeavors. In particu-
lar, foreign scientists were largely unprepared for
the sudden cancellation of the SSC and the re-
designs of the space station.37

Although these project histories provide some
basis for the widely expressed view that the
United States has been an unreliable partner in sci-
ence collaborations, changes in U.S. positions
have generally occurred for identifiable reasons,
and often involved extensive thought and debate.
In some cases, projects have been terminated due
to serious cost escalation or poor project manage-
ment. Others have been canceled in the face of
specific agency budget constraints. These deci-
sions have tended to be exceptions to the U.S. re-
cord in international collaboration. In other
instances, U.S. research agencies have given
priority to support of international efforts over do-
mestic projects in the face of unexpected budget
cuts. For example, the U.S. Department of Energy

37See discussions of these projects in chapter 3 of this report.
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The SRC-II demonstration project was one of a number of aggressive efforts to develop commer-
cial synthetic fuels begun in the energy crisis atmosphere of the 1970s. The SRC-II project was to be a

$1.5 billion (1981 dollars) demonstration plant in Morgantown, West Virginia, that would convert 6,000
tons per day of high-sulfur, high-ash bituminous coal into a light distillate through a direct coal liquefac-
tion process.

The project was initially begun as a phased effort between the U.S. Department of Energy (DOE)
and the Gulf Oil subsidiary, Pittsburgh and Midway Coal Mining Company. The project had been jointly
initiated by Congress and DOE under the Federal Non-Nuclear Energy Research and Development Act
of 1974.

According to some DOE fossil energy officials, the decision to pursue the SRC-II demonstration
project as an international collaboration was made after DOE agreed to construct both the SRC-II Iiquid
fuel demonstration plant in West Virginia and the related SRC-I solid fuel demonstration plant in Ken-
tucky. DOE had originally planned to select one of the plants for construction after completion of the
design phase. To help offset the costs of budding the two plants, DOE solicited participation from the
Japanese and Germans who had earlier expressed interest in the direct coal liquefaction technology.

In July 1980, an agreement was signed among the governments of the United States, West Ger-
many, and Japan to sponsor the project, A joint venture was formed with Gulf and with Japanese and
German industrial firms to carry out the project. Under the agreements, DOE was to contribute about 50
percent of the total cost, Japan and Germany were to provide about 25 percent each, and corporate
participants were to provide $100 million in cash and in kind,

In 1981, the Reagan Administration sought to terminate funding for SRC-II and a number of other
energy demonstration and commercialization efforts, The objections were both economic and political,
By 1981, oil prices were trending downward and the crisis atmosphere had abated, Concerns over fed-
eral spending were leading to increased pressure for cutting back programs of all kinds, As a policy
matter, the Reagan Administration felt that such demonstration and commercialization efforts were not
appropriate for funding directly through the government but rather should be done by the private sector
or the Synthetic Fuels Corporation, The project was eventually terminated by a joint decision of DOE,
West Germany, and Japan in June 1981, The remaining unobligated funds were transferred to energy
conservation activities.

Although U.S. and German government officials were somewhat indifferent to the fate of SRC-II,
Japanese government officials were dismayed by its demise, according to OTA interviews, The careers
of Japanese government employees who had been instrumental in Japan’s participation in SRC-II were
said to have been adversely affected as a result. Still other sources suggested that Japanese participa-
tion in SRC-II had been a quid pro quo for granting them access to the General Atomics DIII-D fusion
tokamak technology and had been an attempt to insulate the troubled synthetic fuels project from politi-
cal attack.

interestingly, the cancellation of SRC-II, just one of many early synthetic fuels ventures aban-
doned amid falling oil prices, has not been of high concern in the area of fossil fuels research, but has
attained the status of legend among high-energy physicists, fusion researchers, and space scientists,
Despite the rather clear rationale for its termination, foreign policymakers frequently cite the SRC-II en-
deavor as an example of the United States failing to honor its International obligations.

SOURCES: J Freel et al , “Synfuels Processing The SRC-II Demonstration Project, ” Chemical Engineering Progress, vol 77, May
1981, pp. 86-90; William C Boesman, Big Science and Technology Projects: Analysis of 30 Selected U.S. Government Projects, CRS
Report to Congress, 94-687-SPR (Washington, DC: Congressional Research Service, Aug 24, 1994), pp. 24-25, and Off Ice of

Technology Assessment, 1995
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Between 1974 and 1979, the National Aeronautics and Space Administration (NASA) and the Eu-

ropean Space Agency (ESA) designed a highly collaborative two-satellite mission to study the poles of
the Sun. In March 1979, NASA and ESA signed a Memorandum of Understanding (MOU) that planned
for launch in 1983. Obtaining funding for the mission proved to be more difficult than designing the
project, Although funding for the ESA satellite was not in doubt, the pressures of financing the comple-
tion of the space shuttle constrained NASA’s ability to fund its $250-million ISPM budget. The ISPM re-
ceived its first request of $13 million for fiscal year (FY) 1979, despite intense shuttle-related budgetary
pressures. In FY 1980 and 1981, with pressures to complete the shuttle further constraining NASA’s
budget, ISPM survived two attempts by the House Committee on Appropriations to terminate it.

The final challenge to ISPM came in FY 1982,  when the Administration cut NASA’s science bud-
get from $757.7 million to $584.2 million. NASA could meet this cut only by terminating one of its three
large, scientific, satellite development programs: Galileo, Hubble, or ISPM. NASA decided to cancel the
U.S. spacecraft in the ISPM and to delay launch of the European satellite until 1986.

The Europeans reacted with surprise and indignation—both at having been given no prior notice
of cancellation and at the idea that an international agreement could be canceled at all. At a heated
meeting between ESA and NASA officials in Washington shortly thereafter, ESA noted that it had chosen
ISPM above a number of purely European missions to foster transatlantic cooperation and argued that
the United States had unilaterally breached the MOU. NASA noted that the MOU had a clause allowing
either partner to withdraw from its obligations if it had funding difficulties, but ESA officials said they
thought that NASA would invoke this provision only in an extreme case.

The Europeans mounted intense diplomatic pressure at the Office of Management and Budget

(OMB), the Office of Science and Technology Policy, the Department of State, and NASA to save the
mission, proposing that NASA fly a simpler spacecraft, costing $40 million instead of the original $100
million, based on what was being built in Europe for ESA. NASA supported the new plan, but was told
by OMB that no additional funding would be made available and that, if NASA wanted to keep ISPM, it
would have to find the resources in its existing budget. In September 1981, NASA informed ESA that
funding would not be sought for the European alternative, although the Europeans were encouraged to
continue with the mission using just one spacecraft.

magnetic fusion energy program has consistently governments can effectively make and uphold
supported ITER design activities. 38 long-term commitments. Under the U.S. system,

Further complicating international scientific executive branch officials cannot offer guarantees
collaborations are the differences between the par- to the same extent. Additional action by Congress,
liamentary government systems of our partners, in such as support of authorizations, appropriations,
which executive and legislative authorities are treaty ratifications, or resolutions of approval,
merged, and the separate executive and legislative would be needed for an equivalent indication of
branches associated with the U.S. system of government support.
checks and balances. Ministers of parliamentary

38For a recent history of the DOE fusion energy research programs, see U.S. Congress, Office of Technology Assessment, The Fusion Ener-

gy Program: The Role of TPX and Alternate Concepts, OTA-BP-ET1-141 (Washington, DC: U.S. Government Printing Office, February 1995),

ch. 2. DOE’s decision to give priority to maintaining ITER funding over the U.S. base program was supported in reviews by U.S. fusion scien-

tists.
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Cancellation of the U.S. satellite degraded the mission’s scientific potential, eliminating about half
of the originally planned instruments, and 80 positions for U.S. and European scientists, Cancellation
also meant that the $15 million spent by European scientists on experiments for the U.S. spacecraft
would be wasted, In 1982, ESA decided to proceed with a one-spacecraft mission, renamed Ulysses.
Ulysses was scheduled to be launched in May 1986 but was delayed for more than four years by the
Challenger accident, It was finally placed in orbit around the Sun by the Shuttle Discovery in October
1990,

Europeans contend that the ISPM cancellation deeply weakened their confidence in the reliability
of U.S. commitments, According to ESA officials who participated in the ISPM negotiations with the
United States: “NO one can deny that the ISPM crisis had a profound and lasting effect on the attitude of
ESA towards NASA and on international cooperation in general, ” They contrast the attitudes of the two
partners to the MOU, seen as binding by ESA but a “sort of—loose---gentlemen’s agreement” for NASA
that was irrelevant to its internal deliberations when NASA was faced with budgetary cuts in its annual
reviews, In subsequent negotiations, the Europeans have sought deeper cooperation and consultation,
They contend, however, that a basic problem remains, ISPM and the negotiations over the space sta-
tion (which they also describe) “show how difficult it is to conduct m a cooperative framework a space
project whose funding requires yearly authorizations without a long-term commitment, ”1

U.S. analysts also lament the ISPM cancellation and the manner in which Europe was informed,
However, they note that NASA did provide a nuclear power source (radioisotope thermal generator) for
onboard electrical power, a space shuttle launch, and tracking and data support for the Ulysses mis-
sion, These elements translate to a U.S. financial commitment of over $500 million to the project. More-
over, as one analyst notes, ESA may have overestimated the legal status of an MOU and the strength of
U.S. congressional commitment to the project from the beginning, Further, ESA has been adept at em-
phasizing the legacy of ISPM cancellation and using American contrition as a “bargaining chip” in sub-
sequent negotiations,2

1 Roger M. Bonnet and Vittorio Manno, International Cooperation in Space: The Example of the European Space Agency

(Cambridge, MA: Harvard University Press, 1994), p. 118.
2Joan Johnson-Freese, Changing Patterns of International Cooperation in Space (Malabar, FL: Orbit Book CO . ), 1990, P 44

Parliamentary systems, however, are not im-
mune to changes in government and resultant
shifts in policy, and under both systems, funds for
research projects are subject to periodic legislative
approval. But as noted later in this chapter, Euro-
pean and Japanese governments commonly ap-
prove multiyear scientific research programs. In
contrast, the risks of periodic legislative reviews
have been heightened in recent years for U.S. re-
searchers. Specific authorizing bills for many
large science research projects have not passed

Congress; instead, many projects have relied on—
annual appropriations.

Changes in project scope and commitment, and
the unpredictable nature of the U.S. budget pro-
cess, continue to make foreign partners hesitant
about collaborating with the United States. This is
particularly true in areas where foreign programs
are dependent on a U.S. program, as in human
space flight operations. Since the Japanese, Euro-
pean, and to some extent, Russian human space
flight programs are now focused around their con-
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tributions to the space station, cancellation or fur-
ther major redesign could have highly disruptive
consequences for these U.S. partners.39 In con-
trast, in a coequal and phased collaboration such
as ITER, concerns about U.S. reliability are less
acute. Since ITER partners have fusion programs
that are comparable in size and sophistication, a
pullout by one partner or even cancellation of the
entire project would likely have a less significant
impact on the direction and viability of the part-
ners’ domestic fusion programs than cancellation
of the space station would have on some foreign
space programs.

Various mechanisms are available for addres-
sing the concerns of potential partners about the
reliability of U.S. international commitments and
to meet the added challenges of multinational ef-
forts. These include a shift in how the U.S. com-
ponents of international projects are authorized
and funded—from annual to multiyear ap-
proaches—and the use of explicit provisions in in-
ternational agreements to enhance project
stability. International scientific projects in-
herently bring a more complicated structure, with
additional layers of decisionmaking and manage-
ment, than purely domestic ventures. The success
of international collaborations may require com-
promises and special institutional arrangements
that accommodate the differences among parties
in procedures and schedules for planning, approv-
ing, and funding large science projects.

There are established multiyear funding mech-
anisms in the U.S. budgetary, appropriations, and
procurement processes that could be tapped for
more predictable funding of international efforts
if policymakers so choose. Among them are pro-
viding multiyear authorizations, multiyear ap-
propriations, advance appropriations, and full
funding of the total estimated project costs. For

example, legislation has been introduced in the
104th Congress authorizing over $13.1 billion, in
annual installments of about $2.1 billion over fis-
cal years 1996 to 2001, for construction of the
space station.40 This step is being taken primarily
to increase the confidence of foreign partners in
the U.S. commitment to the project.41 Appropri-
ations that remain available beyond one fiscal year
are not uncommon for large defense and space
construction and procurement programs. Con-
gress can also provide specific contract authority
to allow sponsoring agencies to enter into multi-
year contracts to support project activities.

Although multiyear funding can provide a
greater measure of assurance to foreign partners,
it can raise difficult budget challenges and is not
irrevocable. Upfront appropriations may limit the
flexibility of both a particular project and of future
federal budgets. It is important to remember that
unexpended appropriations may be rescinded by
Congress and subsequent Congresses are not re-
quired to appropriate funds to meet full authorized
levels. Given recent experiences with some large
science projects, management reforms to assure
more accurate project cost estimates and im-
proved project planning, may be necessary to
boost congressional confidence in such multiyear
commitments (see finding below).

Greater care in structuring the processes by
which the United States enters into international
partnerships and in the terms of those agreements
can also enhance stability. Early consideration of
the possibility for international collaboration on
large science projects and continuing consultation
with prospective partners could help avoid the
problems encountered when partners were sought
late in project design. In negotiating agreements,
the partners can include provisions that detail re-

39In interviews with OTA, Japanese space officials indicated that cancellation of the space station could have “catastrophic” consequences

for their space program.

40H.R. 1601, International Space Station Authorization Act of 1995, was introduced May 10, 1995. The cap of $2.1 billion per year is de-

signed to impose spending discipline.

41Robert S. Walker, Chairman, House Committee on Science, comments at media briefing, Apr. 6, 1995.
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sponsibilities in case a partner is forced to with-
draw or cannot fulfill financial commitments. In
projects where there are substantial uncertainties
about technical feasibility and costs, a phased
approach to project commitments can aid collabo-
ration.42 Encouraging opportunities for collabo-
ration will have to be balanced against the need to
ensure that U.S. agencies and Congress fully
understand and support the financial and other
commitments needed to carry the project to com-
pletion.

Some have suggested that the use of treaties
might be effective in formalizing collaborative
commitments in cases where projects are of strate-
gic importance to the United States and its foreign
partners. Since treaty commitments require the
approval of the Senate, proponents of this ap-
proach reason that such agreements could effec-
tively insulate key projects from changing budget
priorities and improve the confidence of our part-
ners. On closer examination, use of treaty arrange-
ments for large international science projects is
not attractive. Due to the inevitable changes
associated with long-term scientific and techno-
logical undertakings, treaties are a rather inflex-
ible and process-intensive vehicle for structuring
scientific collaborations. No single U.S. science
project has ever been subject to the treaty ratifica-
tion process. Few, if any, collaborations are likely
to require such a high level of government com-
mitment or the associated institutional structures
characteristic of treaties. Moreover, the existence
of treaty obligations has not prevented Congress
from refusing to fund the U.S. contributions under
these arrangements, and there are generally few
mechanisms available to enforce such require-
ments. Treaty obligations have in the past been
used to sanction U.S. participation in multination-
al organizations such as the International Atomic
Energy Agency (IAEA), which does facilitate

some international research efforts in addition to
its responsibilities for nuclear arms control.
Treaty agreements among European nations form
the basis for CERN, the European Space Agency
(ESA), and collaborative research on fusion.43

Even if there is a deeply held belief that the
United States can be unreliable, it seems not to
have outweighed the benefits to other nations of
including the United States in projects. There con-
tinues to be no shortage of international interest in
having the United States as a partner in collabora-
tive science projects. Among the current exam-
ples, all at various stages of planning, are: the
LHC, the NLC, and ITER. In certain areas, such
as space, countries such as Japan and Russia have
tied their own national efforts directly to U.S. acti-
vities and goals. As new areas of scientific inquiry
and new types of problems emerge (e.g., global
climate change), the United States will no doubt
continue to be regarded as an indispensable part-
ner, if not the principal leader in addressing such
issues.

� To assure long-term political and funding
support of large science projects, early and
thorough project cost and performance
analyses are essential. However, improve-
ments in project planning and cost estima-
tion alone will not be sufficient to ensure
project stability or greater reliability on the
part of the United States in fulfilling its in-
ternational commitments.

The withdrawal of the United States from par-
ticular international and domestic projects has
been precipitated by a variety of factors including:
changing national goals and budgetary priorities,
steep cost overruns following submission of un-
realistic cost estimates to secure initial political
approval of projects, inadequate project planning,
and the difficulties of dealing with unforeseen

42Such a phased approach is being used in the ITER collaboration with separate agreements for conceptual design, engineering design acti-
vities, and construction and operations. The parties are now in the midst of the engineering design activities and will negotiate a new arrange-
ment on whether and how to support construction and operation.

43In addition, the space station agreement was treated as an intergovernmental compact by European nations, as it was discussed and ap-

proved by the parliaments of all ESA member states.
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technical challenges. All of these played a role in
eroding support for megaprojects that initially had
strong backing in both the legislative and execu-
tive branches.

Although more detailed engineering and cost
estimation procedures could enhance the viability
of large and complex scientific undertakings, such
improvements still might not be enough to ensure
the ultimate completion of projects. For example,
in early 1995, after almost a decade of rigorous
planning and review costing nearly $100 million,
the Advanced Neutron Source was terminated be-
fore entering the construction phase, principally
because of its high cost of $2.9 billion (see chapter
3). In other cases, projects entailing particularly
risky technological aspects could encounter cost
escalations, despite the thoroughness of the plan-
ning and management procedures.

Nevertheless, extensive and careful prelimi-
nary work on the technical and economic feasibil-
ity of a project is essential to sustained
commitment and success. As an illustration, the
original EOS plans were restructured and re-
scoped due to questions about the initial design
concept and overall project implementation (see
table 1-2). The first EOS plan was criticized for its
cost, the long period of time before the system
could provide policy-relevant data, and its depen-
dence on just two platforms to carry the program’s
instruments. Difficulties also plagued the SSC
project and eroded congressional support.
Changes in magnet design led to increased project
costs, which in turn raised questions about SSC
management and performance.44 The United
States sought foreign partners as a way of sharing
costs, but only after key engineering and siting de-

Phase

Mission planning

Announcement of opportunity

Peer review process
Letter review

(academia/government)
Panel review

(academia/government)
Prioritization panel (government)

Announcement of selection

Definition phase

New start

Execution phase

Restructuring process

Restructuring confirmation

Rescoping process

National Space Policy Directive 7

Rescoping confirmation

Year

1982-1987

1 9 8 8

1988-1989

1 9 8 9

1989-1990

1 9 9 0

1990 on

1991-1992

1 9 9 2

1 9 9 2

1 9 9 2

1 9 9 3

SOURCE National Aeronautics and Space Administration, “EOS
Program Chronology, ” 1993 EOS Reference Handbook (Washington,

DC: 1993), p. 9

cisions had been made. When the desired $2 bil-
lion in foreign commitments did not materialize,
support for the project diminished further, which
ultimately led to its termination in 1993.

Changes in the way U.S. science projects are
selected, funded, structured, and managed could
aid the success of international collaborations.
Given the role that unexpected cost escalations
have played in the termination or redefinition of
several big science projects, improvements in the
planning and cost estimation of megaprojects

44Initially, the project was estimated to cost about $4.4 billion (in 1988 dollars without an allowance for contingencies); but by 1993, cost

estimates had escalated to over $11 billion. At the time of termination, 15 miles (out of a total of 54) of tunnel had been dug. magnets had been

tested, and $2.2 billion spent, mostly on salaries. Some observers argue that the management of the SSC was politicized and taken out of the

hands of DOE technical managers who had a good record in overseeing the planning and execution of large projects. As a consequence, the

various problems that developed over the course of the SSC endeavor might have been either avoided or addressed in a more effective manner.
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would have several benefits.45 More rigorous in-
formation about project costs and performance
and about the potential for international collabora-
tion could be useful in the authorization and ap-
propriations processes and could lead to more
stable project decisions. Better mechanisms for
planning, engineering analysis, and cost estima-
tion would permit policymakers to weigh more
accurately the technical and financial tradeoffs of
large scientific endeavors.46 This is beneficial—
and perhaps essential—regardless of whether oth-
er mechanisms, such as multiyear budgeting, are
adopted to enhance project stability or to assure
foreign partners.

Different modalities of funding may also be
needed to address technical risks. If, for example,
certain elements of a large project entail particu-
larly high technical risks, a sequential develop-
ment approach might be used to deal with such
uncertainties. This could limit the cost of an un-
dertaking by requiring that extensive prototyping
or modeling be completed before commitment to
the next phase of the full project can be made. For
instance, if elaborate prototyping of magnets had
been carried out before the entire project was ap-
proved, some of the cost overruns that plagued the
SSC might have been avoided. Although a staged
approach to large projects could provide a means
for managing risk, such a strategy might require
that project schedules be extended. In some cases,
however, excessive conservatism could prevent
promising or creative initiatives from ever being
realized.

It may be desirable to make the initiation of
large projects more difficult. However, the need
for project stability may require the adoption of

mechanisms that also make it more difficult to ter-
minate such projects after they are approved. The
challenge for policymakers is to develop a fund-
ing approach that ensures long-term commitment
but simultaneously affords some elasticity in proj-
ect design and execution.

� Many nations have decisionmaking pro-
cesses quite dissimilar to those in the United
States. These may lead to greater stability,
but less flexibility, in project decisions.
There are signs, however, that increased
budgetary pressures are also affecting the
ability of other countries to sustain their in-
ternational commitments.

Other countries have elaborate planning and
cost estimation procedures, as well as a phased ap-
proach to project implementation. The United
States might draw on this experience in project
planning and funding. In Japan, for example, the
project planning process is a highly interactive,
consensus-building exercise that evolves over a
long period of time. The outgrowth of this consen-
sus building has been commitment and stability.
Carefully conceived project proposals with well-
defined scientific and technical objectives and de-
tailed cost breakdowns emanate from the bottom
up. These proposals move through a hierarchy of
administrative channels from the laboratory level
through the bureau responsible for the laboratory,
to the ministry in which the bureau is located,47

and ultimately to the Ministry of Finance.
Throughout the planning process, a tremendous
amount of feedback is elicited. The larger the proj-
ect, the more individuals are included in delibera-

45It should be noted that several projects ($500 million or less) have been completed on time and on budget. Examples of successfully com-
pleted domestic projects include the Continuous Electron Beam Accelerator Facility ($513 million), the Stanford Linear Collider ($115 mil-
lion), and the Advanced Light Source ($100 million).

46For example, large projects like ITER require a clear strategy for funding and managing R&D and construction activities. Issues related to
the site, host country regulations, contingency funding, and contract methods can directly affect cost estimates. Frequently, these factors are not
well-defined during the conceptual and preliminary engineering stages when cost estimates are initially developed. Charles Baker, Leader, U.S.
ITER Home Team Leader, personal communication, April 1995.

47For large science projects, the relevant ministries are the Science and Technology Agency and the Ministry of Education, Science, and

Culture.
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tions and the longer it takes for a consensus to be
reached.

This process establishes accountability for
overall project feasibility at the research level and
also ensures administrative support until the proj-
ect is completed.48 In particular, the long planning
process strengthens cost estimations. The high
level of interaction among researchers and gov-
ernment administrators during the planning pro-
cess reduces the possibility of “low-ball”
estimates being made merely to secure funding.49

These commitments are crucial to Japanese fund-
ing stability and stand in contrast to the funding
and planning mechanisms of the United States.
Project planning and funding by the Commission
of the European Community and individual Euro-
pean countries is also quite interactive in nature.
Proposed projects in Europe undergo a great deal
of technical and financial scrutiny.

Furthermore, in Europe and Japan, scientific
priorities are usually determined for fixed periods
(five-year projects or programs are typical), thus
insulating projects from year-to-year changes in
the political and economic climate. Decisions to
fund a project or program cannot be easily re-
versed or funding easily changed. Historically,
projects have been funded with the clear intention
of seeing them through to completion. In contrast,
even long-term projects in the United States are
subject to annual review and can be sharply re-
duced or terminated by Congress or a new admin-
istration.

Although multiyear budgets have been an inte-
gral part of project planning and have promoted
project stability in Japan and Europe, this does not
mean that long-term budgets are approved and ap-
propriated at the same time. A staged approach is
used to fund multiyear projects. The project bud-
get is divided into segments, which are appro-

priated in given years. For very large projects such
as fusion and space, obligations are made to fund
a portion of the budget in each fiscal year.

However, whether these processes can with-
stand growing budgetary pressures is open to
question. Europe and Japan are now experiencing
some of the same budgetary constraints and politi-
cal pressures that the United States has confronted
in recent years. The Japanese Ministry of Educa-
tion, Science, and Culture, which is the principal
supporter of university research in Japan, has
adopted a zero-growth budget for the next fiscal
year. It is possible that in the future our overseas
partners will have to adopt a more flexible deci-
sionmaking process that is closer to the U.S. mod-
el. They may also experience the unexpected
project changes that have been criticized in the
U.S. system.

As an illustration, the prospective European
commitment to the space station has changed
markedly in the past few years and is still uncer-
tain. Originally, ESA planned to participate in the
station through the development of an attached
pressurized laboratory facility and a Man-Tended
Free Flyer (MTFF) that could dock with the sta-
tion or operate independently. ESA also coupled
its station-related activities to the development of
its Hermes reusable spacecraft. This placed sta-
tion participation within a larger plan to develop
independent European human space capabilities.
However, in the past few years, due in large part
to funding pressures, both the MTFF and Hermes
were canceled. Cancellation of these programs
has produced sharp disagreements within ESA
over how to allocate limited funds, how to struc-
ture European space station participation, and
whether ESA should make additional contribu-
tions to the station program. As a result, plans to
build a downsized version of the European at-

48For a detailed discussion of this process, see Kenneth Pechter, “Assessment of Japanese Attitudes Toward International Collaboration in

Big Science,” contractor report prepared for the Office of Technology Assessment, December 1994.

49There have been cases, though, where project cost projections in Japan proved to be unrealistic. For example, the H2 rocket launch vehicle
program experienced a $700 million cost overrun because of needed engine design changes. An accelerator project at Japan’s Institute of Ra-
diological Sciences doubled in cost from $200 million to $400 million. Masakazu Murakami, Director, Policy Planning for International Pro-
grams, Science and Technology Agency, personal communication, November 1994.
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tached pressurized laboratory—the sole remain-
ing European commitment to the station—have
yet to be approved.

It is important to note, that the European and
Japanese approaches to project selection and plan-
ning, while more stable, might sometimes result
in projects that have more conservative technical
objectives than comparable U.S. projects. The
additional levels of approval required to initiate a
project in Europe or Japan could serve to mini-
mize technical and financial risk or to narrow
overall program goals. Historically, the sheer size
and scope of U.S. research efforts have allowed a
much broader portfolio of projects to be pursued,
including those that are more speculative or risky
in nature. This approach allowed the United States
to achieve leadership positions in a variety of dif-
ferent disciplines.

However, as Europe and Japan have developed
leading-edge scientific capabilities, their research
projects have increasingly set aggressive scientif-
ic and technological goals. The magnet and detec-
tor technologies being developed for the LHC
project at CERN are in some respects much more
technically challenging than those planned for the
SSC. The Joint European Torus (JET) was the first
tokamak to produce significant quantities of fu-
sion power using a deuterium-tritium fuel mix.
Also, the Japanese decision to develop an indige-
nous rocket-launching capability has by its very
nature required a technology development effort
that involves considerable programmatic risk.

� Developing approaches for allocating proj-
ect costs and benefits in an equitable man-
ner will continue to present challenges to all
participants in international cooperative
ventures. This especially will be the case in
scientific collaborations involving technolo-
gies with potentially high industrial or com-
mercial returns. The two issues that are

likely to be a source of contention in almost
all future negotiations are technology trans-
fer and facility siting.

The United States can study the experiences of
international science organizations, such as
CERN and ESA, that have established approaches
for apportioning costs and benefits in collabora-
tive efforts. However, the lessons learned by these
organizations in bringing a number of smaller
countries together for joint scientific and indus-
trial development may prove of limited relevance
to U.S. concerns and goals.

CERN and ESA policies on basic membership
contributions and voting illustrate the difficulty of
applying their procedures to U.S. participation in
international science projects. CERN and ESA
determine basic membership contributions as a
share of each member’s gross national product
and assign each member country an equal vote in
decisionmaking.50 This method of allocating
costs would be unrealistic for the United States, as
it would result in a gross imbalance between the
magnitude of U.S. contributions and its say in de-
cisionmaking.

European science organizations have also de-
veloped industrial return policies to ensure that
project contributions are channeled back to com-
panies and research institutions in member coun-
tries. ESA, for example, has attempted to satisfy
member demands for equity in contract apportion-
ment by instituting a system of “equitable geo-
graphic return,” whereby each country receives a
percentage of project contracts proportionate to its
funding contribution, both for mandatory and op-
tional projects. ESA’s system of fair return ap-
peared to work well in the past when contracts
were distributed over several years and over a se-
ries of projects. But political and budget pressures
in member countries in recent years have led to de-
mands for equitable returns on each project, re-

50At ESA, basic membership contributions are used to fund mandatory science programs. Member governments may contribute additional
funds to finance optional programs outside the agency’s mandatory science budget. In these optional programs, countries receive project con-
tracts proportionate to their financial contribution.
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ducing the organization’s flexibility and possibly
increasing costs.51 CERN and the European Syn-
chrotron Radiation Facility (ESRF) employ
somewhat looser industrial return rules to ensure
that prices of contracts come close to the lowest
bid.

Rather than adopting such prearranged formu-
las for collaboration, it appears more consistent
with U.S. national interest to continue to negotiate
the allocation of costs and benefits on a case-by-
case basis. The formula and procedures for dis-
tributing costs and benefits will depend on the
origin and national sponsorship of each project,
the science goals and priorities of the participants,
and the resources each nation is willing to com-
mit. These resources might involve not only
funds, but also in-kind contributions such as ex-
pertise, instrumentation, or materials. Since the
United States has joined few international scien-
tific organizations or “umbrella” agreements in
the past,52 this approach may be the most practical
path for U.S. policymakers to pursue.

Technology Transfer
Given increased domestic political pressures to
link basic science research more closely to nation-
al economic development, and the increasing
globalization of R&D, an international project’s
potential for technology transfer (from or to the
United States) is likely to receive closer scrutiny
in the future. Historically, U.S. policymakers have
attempted to safeguard areas in which the United
States has developed a clear lead or a significant
commercial/industrial advantage (e.g., space
technologies). Meanwhile, a more open approach
has been pursued in areas where the United States

is less dominant or where the industrial return is
less certain (e.g., fusion research and some areas
of high-energy physics). As the global community
becomes increasingly integrated, scientific and
technological knowledge will no doubt diffuse
more rapidly. Over the past several decades, this
process of knowledge diffusion has stimulated ad-
vances in many fields (e.g., biotechnology and
computer and communications technology).
Thus, preventing technological leakage to other
countries or preserving U.S. dominance in partic-
ular fields will be an increasingly difficult task. In
certain cases, the national interest may dictate that
the United States closely control leading-edge
technologies as part of a collaborative arrange-
ment.

It should be noted, though, that multilateral
collaborations may also be a source of new knowl-
edge and technology, and thus participation in
such ventures will likely have a number of bene-
fits for the United States and other nations. In
addition, the involvement of developing countries
in collaborative projects can serve to improve in-
ternational political stability as well as transfer vi-
tal skills and technologies to other parts of the
world. Technology transfer should therefore not
necessarily be viewed as being at odds with na-
tional goals.

Siting
Decisions over siting have also been a source of
tension in international collaborations and could
exacerbate competitive pressures in the future.
The right to host an international science project
has been a highly sought-after prize—a source of
economic benefit and political and scientific

51ESA increased its overall country-by-country fair return goal to 95 percent in 1993 and is trying to reach 96 percent by 1996, with a goal of
90 percent within each of its programs. See John Krige, “ESA and CERN as International Collaborative Science Organizations,” contractor
report prepared for the Office of Technology Assessment, December 1994.

52 The most significant exception to this rule is U.S. participation in ITER, which is an equal partnership dedicated to a specific project, but is
not an institution. The United States has signed international agreements to coordinate and participate in international Earth observation activi-
ties. However, these Earth observation agreements have been established between independent national programs rather than through a joint
organization.
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prestige. One study found that between 40 and 70
percent of the funds used to operate large interna-
tional facilities are spent in the host nation.53

However, the types of economic benefits accruing
to the host may be in areas of low technology (e.g.,
construction, materials, chemicals, and services)
rather than high technology (project design and
components). Still, local companies that provide
technical support or equipment to facilities can
enhance their underlying scientific or engineering
expertise. A large facility can also attract new
companies and thereby raise the skill base of a re-
gion’s population.

In most cases, though, contracts for the most
knowledge-intensive components of large proj-
ects are typically assigned to companies in many
different countries. The distribution of key project
components among international partners may di-

minish the economic return to the country hosting
the project. Thus, it may be more advantageous
for the United States in future projects to forego
opportunities to host a facility, in exchange for the
opportunity to develop technologies and expertise
that will advance the leading sectors of U.S. sci-
ence and industry.54

Moreover, development of the “information
superhighway” will enable scientists all over the
world to gain access to a project’s data or even to
operate an instrument remotely. Thus, access to
the site itself may be less important in future years
than it has been in the past.

Also, although siting a facility in a country may
result in a net economic or technical benefit to that
country, it may have drawbacks or cause domestic
political concerns for the host nation. For exam-
ple, hosting ITER may be attractive to the national
science community and to industry, but the pros-
pect of hosting a research facility that uses radio-
active materials may arouse political opposition
in the locality chosen as host.

Siting should therefore be considered in a com-
parative context. Although the siting decision is
important, it is not necessarily in the U.S. interest
to treat siting as a paramount issue. Policymakers
should compare the economic, technical, and
political advantages of hosting a project with the
benefits offered by taking responsibility for other
parts of the project, especially the development of
high value-added knowledge-intensive compo-
nents and processes. These opportunities suggest
that U.S. policymakers adopt a broader perspec-
tive on siting issues.

■  U.S. science and technology goals and prio-
rities may have to be reevaluated as in-
ternational collaboration becomes a more
integral component of R&D activities.

53This analysis was based on the spending patterns of CERN, located on the Swiss-French border, the JET fusion experiment  in  England;

and the ESRF and the Institute Laue-Langevin for neutron research, both in France. See “International Facilities Said To Boost National Econo-
my,”  Nature, vol. 363, May 6, 1993.

5 4For example, even if ITER was built in Japan or Europe, U.S. industry could still participate in the design and construction of the reactor

and support facilities, as well as reactorcomponents such as superconducting magnets  and associated computational and electronic systems.
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The benefits and challenges presented by in-
ternational collaboration raise basic questions
about how U.S. scientific capabilities can be most
effectively advanced.

The chief goal of U.S. R&D programs is to
maintain or develop leading-edge capabilities
across a broad spectrum of scientific fields. Other
science goals are linked to economic competitive-
ness, foreign policy initiatives, and national secu-
rity concerns. These goals influence decisions
about whether to participate in international col-
laborative projects. Historically, the United States
has collaborated only when its participation did
not affect domestic science activities or when
leadership could be maintained.

Some U.S. science goals are difficult to recon-
cile with international collaboration. Notably, the
goal of U.S. leadership in science poses a potential
conflict with the very nature of collaboration. This
may be especially true if leadership is defined as
“dominance” in any particular field. Thus, future
U.S. participation in large-scale collaborative
projects may necessitate a redefinition of what
constitutes scientific leadership. For example, if
leadership means the development of world-class
capabilities in any particular scientific or techni-
cal field, then expanded international collabora-
tion may not necessarily diminish—and may even
enhance—underlying U.S. scientific prowess.
Building up national scientific capabilities and
joining international partnerships are not neces-
sarily mutually exclusive strategies. In many
cases, having access to scientific facilities in other
countries or participating in the planning and op-
eration of particular projects may strengthen and
diversify the U.S. science base. Moreover, partici-
pation in collaborative endeavors can allow na-
tions to avoid duplication of major facilities and
thereby permit a broader array of R&D projects to

be pursued. The ITER collaboration and the many
cooperative ventures of NASA are good examples
of this.

Furthermore, an emphasis on leadership can
strain alliances with other nations because it ap-
pears to ignore the many achievements of the Eu-
ropean and Japanese science communities,
particularly in high-energy physics, space explo-
ration, and fusion. As other nations continue to de-
velop and refine their science programs and
facilities, it will become increasingly difficult for
the United States to exercise sole control over
projects. Other nations will demand recognition
of their achievements as well as a voice in key
technical and administrative decisions.

The goal of promoting national economic com-
petitiveness provides little guidance in deciding
whether projects should be internationalized. Be-
cause pure science research is curiosity driven, it
is often difficult to assess its short-term impact,
even though over the long term, its benefits to so-
ciety can be substantial.55 Basic scientific discov-
eries in and of themselves usually possess little
intrinsic value without further investments.56 In
those cases where commercial spinoffs are pos-
sible (e.g., advanced-materials development re-
sulting from neutron-scattering research),
economic competitiveness could play a role in
shaping specific policies related to international
collaboration. Whether large scientific projects
can be used effectively to facilitate the develop-
ment and deployment of new commercial technol-
ogies is an open question. As a general
proposition, however, it is difficult to demonstrate
that large science projects or specific aspects of
large projects can be efficiently utilized for this
purpose.

55One study concluded that rates of return for R&D in particular industries and from university research can be 30 percent or more. See
Edwin Mansfield, “Estimates of the Social Returns from Research and Development,” AAAS Science and Technology Policy Yearbook, 1991,
Margaret O. Meredith et al. (eds.) (Washington, DC: American Association for the Advancement of Science, 1991). Also see Edwin Mansfield,
“Academic Research and Industrial Innovation,” Research Policy, vol. 20, 1991, pp. 1-12.

56See Paul David et al., Center for Economic Policy Research, Stanford University, “The Economic Analysis of Payoffs from Basic Re-

search—An Examination of the Case of Particle Physics Research,” CEPR Publication No. 122, January 1988.
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The support of foreign policy goals has also
shaped decisions about whether to participate in
collaborative science projects. As noted earlier,
the United States uses scientific agreements to
help forge and reinforce alliances and friendships.
Most recently, the United States has used scientif-
ic agreements to support Russia’s science base. In
some instances, however, political goals can have
a negative impact on scientfic research objectives
and must be weighed against foreign policy bene-
fits.

Overall, U.S. science goals provide little guid-
ance to policymakers in developing a policy
framework for future collaborations. In particular,
the goal of leadership, as understood in the past,
does not provide a clear basis for developing fun-
damental policies that address whether intern-
ational collaboration should be pursued or what
level of finding is appropriate. Reconciling U.S.
goals with the benefits of collaboration will be a
critical first step in this process.

■  More formal mechanisms for information
exchange among science policymakers
could enhance opportunities for effective in-
ternational collaborations.

An important need of decisionmakers is to have
effective mechanisms for exchanging information
about emerging scientific priorities and projects in
various disciplines. OTA discussions with U.S.,
European, and Japanese science officials indicate
that new intergovernmental mechanisms for in-
formation exchange could be beneficial.

There are advantages to having more formal in-
formation-sharing arrangements among gover-
nments. In some scientfic fields, several countries
have facilities that are complementary or parallel
to those found in the United States. Better usage
of some national facilities and resources could be
achieved by identifying how similar facilities
around the world are utilized. Although there is
growing demand for access to many domestic and
foreign scientific facilities, they often operate for
limited time periods because of funding
constraints. In some fields, there is a need for
greater intergovernmental coordination in both

Sect ion  o f  the  CERN tunne l  showing  a model  of  the Large
Hadron Co l l ider  on  top  o f  the  Large E lec t ron-Pos i t ron  Co l l ider

the use of existing facilities and the construction
of new facilities. This could permit nations to con-
solidate and improve the efficiency of various
R&D programs.

In some cases, essential U.S. scientific capabil-
ities could be maintained or even extended in a
particular field of inquiry by participating in exist-
ing ventures overseas (e.g., by joining the LHC
project at CERN or the Institute Laue-Langevin
European neutron facility). In specific fields of re-
search, such as high-energy physics, U.S. and for-
eign programs might be designed to take
advantage of existing infrastructure and expertise
around the globe.

Since 1992, member countries of the Organiza-
tion for Economic Cooperation and Development
(OECD) have exchanged information and ex-
plored opportunities for international scientific
cooperation under the auspices of the OECD
Megascience Forum (see box 1-4). Before estab-
lishment of the Megascience Forum, science poli-
cymakers from different nations had limited
opportunities to discuss R&D priorities as well as
ideas and plans for future large projects. The Fo-
rum has sponsored both meetings for senior gov-
ernment officials and expert meetings where
scientists and science policymakers can explore
the needs of various scientific fields and proposals
for new experiments or facilities. Although some
major scientific fields such as high-energy phys-
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The OECD 1 Council created the Megascience Forum in June 1992 primarily as a means for in-
formation exchange and open discussion on existing and future large science projects and programs,
and to facilitate international scientific cooperation among member governments. The Forum does not
set priorities or conduct scientific research; it has no decisionmaking authority. Twenty-three out of the
25 OECD member countries participate in the Forum, which has a mandate of three years.

Several factors prompted the creation of the Megascience Forum. For countries with large re-
search programs, much of the impetus came from the rising costs of big science projects and increas-
ing budget constraints. For others, especially smaller countries, ensuring or expanding access to facili-
ties and data was the primary concern. For all countries, the new opportunities for scientific coopera-
tion presented by the end of the Cold War provided an additional impetus.

To facilitate discussion, the Forum has organized expert meetings in six specific scientific disci-
plines or broad research areas, excluding near-term commercial areas and national defense. Leading
scientists in a particular field from all member and observer countries, and occasionally from other
scientifically important countries (for example, China and India), are invited to attend, along with gov-
ernment policymakers. Discussions focus on identifying opportunities for international collaboration and
mechanisms to ensure the success of cooperative projects. Meetings have been held on astronomy,
deep drilling, global climate change research, oceanography, advanced neutron and synchrotrons radi-
ation sources, and particle physics. The results of each meeting are conveyed to the Forum as a basis
for further discussion. The Forum has approved publication of the results of the expert meetings and its
own deliberations for all six research areas.

1OECD is an intergovernmental organization founded in 1960. Its primary aim is to promote economic promotes that stimulate

growth, employment, and the expansion of world trade throughout the OECD area. The organization’s 25 members are Australia, Aus-
tria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Nether-
lands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States Iceland and
Luxembourg do not participate in the Forum. Forum observer status has been granted to the European Union, Russia, Hungary,

Poland, the Czech Republic, and Korea.

ics already have international scientific organiza-
tions in which ideas and plans for future
experiments are discussed, the Megascience Fo-
rum is viewed by policymakers as being comple-
mentary to these organizations. The Forum is
essentially designed to facilitate communication
among governments.

OTA discovered a broad range of opinion re-
garding the usefulness of the OECD Mega-
science Forum. Whereas some participants found

OECD’s activities beneficial (e.g., the forums on
astronomy, deep-sea drilling, and neutron sources
were viewed by some government policy makers
as quite useful), others, particularly scientists,
have questioned its utility. Nevertheless, there has
been foreign support for a U.S. proposal to estab-
lish a follow-on activity to the Forum that would
continue to provide an intergovernmental venue
for discussion and information exchange. In addi-
tion, proposals for the development of improved
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With the Forum’s three-year term due to expire in fall 1995, the United States proposed a follow-
on activity Based on extensive discussions with OECD member government officials, the U.S. proposal
was modified and formally adopted by the Forum at its January 1995 meeting. The proposal will be fine
tuned and a specific workplan developed at the final meeting of the Forum in June 1995. The proposal
and workplan will be submitted for the consideration of the Ministers of Science of the OECD countries
at their meeting in September 1995.

Under terms of this proposal, a new organization, tentatively called the Group on Large Scientific
Projects (GLSP), would provide a venue for government science policy officials to explore generic is-
sues related to megascience projects and make recommendations to member governments. The new
organization would also have the authority to establish ad hoc working groups in selected scientific
disciplines where adequate mechanisms for intergovernmental discussion are lacking. The working
groups would exchange information on each country’s domestic research plans and projects, compare
project priorities, and explore prospects for international cooperation. If the working group identifies op-
portunities for cooperation, interested governments could enter into discussions leading to the negoti-
ation and implementation of an international project. The responsibility for negotiating final agreements
and administering projects would reside with the participating governments rather than with OECD.

Senior science policy-level officials from OECD member governments will be delegates to GLSP.
Delegates to the working group meetings will include senior government program officials and, at the
discretion of each government, nongovernment scientists. Working groups would meet as frequently as
required and would be authorized to invite nonmember countries to participate on a case-by-case ba-
s is .

SOURCES: Organization for Economic Cooperation and Development, What Is the OECD Megascience Forum? (Paris, France.
1995); “The Dawn of Global Scientific Co-operation, The OECD Megascience Observer, No. 187, April/May 1994; and Off Ice of Sci-
ence and Technology Policy, “The OECD Megascience Forum: Past Activities and Proposed Future Plans, ” reformational material,
n.d.

coordination mechanisms among G-757 countries international endeavor be evaluated on a case-spe-
have recently been offered.58 - cific basis.

Despite the acknowledged usefulness of in-
formation exchange, there is little support among

■ The different levels of scale and complexity

U. S., European, and Japanese policymakers for
of large collaborative projects require dis-
tinct management structures.

the creation of international operational entities
that would organize and supervise collaborations. Management frameworks for different projects
Regardless of the consultation mechanisms must necessarily vary in structure because each
created, the disparate characteristics of big science cooperative enterprise involves different degrees
projects will still probably necessitate that each of program integration, information transfer, and

51G-7 is the term applied to the group of large industrial economics (United States, Canada, Japan, France, Germany, United Kingdom, and

Italy) that meet regularly to consider the state of the global economy.
58In order to have more focused discussions about large projects among key industrialized nations, U.S., German, and Japanese officials are

exploring the possibility of creating formal consultation mechanisms at the G-7 level.
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The impetus for the ITER collaboration originated at the 1985
Geneva summi t  be tween Pres iden t  Reagan and Sov ie t
Genera l  Secre tary  Gorbachev.

financial or political commitment. For example,
distributed science activities such as data gather-
ing on global climate conditions may have only
informal or limited project coordination require-
ments.59 Scientific facilities that offer particular
services, such as neutron or synchrotrons sources,
have a more developed, but rather straightfor-
ward, management organization.60 Projects that
involve the design and construction of large, so-
phisticated apparatus or instrumentation usually
require more elaborate institutional mechanisms
for overseeing project planning and execution.

In reviewing the experience of past and ongo-
ing international projects, it becomes apparent
that careful balance must be struck between the
need for integrated project planning and oversight
and the flexibility that is often necessary to suc-
cessfully design project subsystems and compo-
nents. For some types of projects it is fairly easy
to develop modular designs that allow the differ-
ent collaborators to each focus on very specific
goals and essentially be concerned only with the
interfaces between their subsystems and the over-

all system. The European and Japanese compo-
nents of the International Space Station serve as an
example of such a compartmentalized manage-
ment approach. In other cases, however, a greater
level of integration maybe required. The several
hundred researchers who are now developing the
technical specifications for the LHC particle de-
tectors at CERN must work closely with LHC ac-
celerator experts to ensure that the ultimate
physics objectives of the project can be met. As a
result of this requirement, specific management
review processes have been created to guarantee
that overall technical and financial targets of the
LHC project are being achieved. The strong insti-
tutional structure provided by the CERN orga-
nization provides additional support to project
planners and designers.

The ITER fusion project presents perhaps some
of the most significant management challenges in
terms of the way in which technical decisions are
made, and how human or financial resources are
deployed. At present, engineering design activi-
ties for the proposed ITER reactor are being car-
ried out at three separate locations in the United
States, Japan, and Germany.

At each site, a “joint central team” consisting of
American, European, Russian, and Japanese re-
searchers specifies R&D tasks that have to be
completed. “Home teams” for each of the four
partners provide additional technical support to
the joint central teams, and coordinate the work of
local researchers and contractors. Specific assign-
ments and tasks are being defined as the overall
design and engineering specifications of the fu-
sion reactor are being developed. Responsibility
for the overall reactor design and project manage-
ment is in the hands of the ITER director based in
San Diego, California, who reports to the ITER

5 9For example, data-collection and storage standards might have to be developed, and entities for data sharing and analysis might need to be

organized.
6 0For instance, the European Synchrotrons Radiation Facility in France is a 12-nation private consortium that offers researchers access to

high-intensity x-rays. This and similar facilities in the United States provide researchers in a variety of disciplines access to powerful exper-
imental tools and thus are managed primarily as user-support organizations. Traditionally, such facilities have reciprocal access policies that
allow scientists from different countries to take advantage of the unique capabilities of each installation.
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council.61 Because the reactor subsystems are in-
tegrally linked to each other, the ITER project
does not especially lend itself to decentralization.
Even after a reactor site is chosen, a geographical-
ly diffuse management operation will still be re-
quired to work with researchers and industrial
contractors indifferent countries. This will neces-
sitate a management structure that is capable of
devolving responsibility, but also of developing
strong oversight capabilities and effective com-
munications channels. These requirements repre-
sent a formidable challenge. If ITER’s man-
agement principle were to be characterized, it
might be defined as “decentralization with coor-
dination.” The ITER experience will no doubt
provide important lessons for other large-scale
multinational projects that give each participating
nation an equal role in project planning, financing,
and decisionmaking.

CONCLUSION
As budget pressures in all countries mount and as
the complexity and scale of scientific projects in-
crease, international scientific collaboration,
whether on an institutional or an informal level,
will become increasingly common. Policymakers
will therefore be required to carefully assess R&D
projects to determine whether it is critical to the
national interest that they be conducted by the
United States alone, or whether they can and
should be internationalized.

Although large science projects continue to
draw congressional attention, they represent only
a subset of a larger domain of issues relating to na-
tional R&D goals and national well-being. In the
current difficult fiscal climate, one can at best ex-
pect moderately increasing R&D budgets, espe-
cially for big science. Flat or declining budgets are
more likely. Because of these pressures, some
scientifically worthy but expensive projects might
not be pursued at all unless carried out on a col-

A por t ion  o f  the  Advanced Photon  Source  s to rage r ing  shows
the electromagnetic devices used to guide the 7 GeV position
around the  0 .7  mi le  c i rcumference.

laborative basis. Yet, despite the burden sharing
that collaboration can provide, it still maybe diffi-
cult to generate the political support necessary to
initiate and sustain large projects. This study iden-
tifies several major issues relevant to congres-
sional consideration of U.S. participation in
international collaborative science undertakings.

First, since large projects are not readily com-
parable, attempts to develop a priority-setting
scheme for big projects are likely to encounter a
variety of obstacles. The relatively small number
of such projects should allow policymakers to rely
on “bottom-up” scientific review processes to de-
termine which projects should be pursued. The
scientific community plays a major role in setting
the scientific agenda, and years are often required
for specific and detailed research proposals to take
shape. Although there must inevitably be some
linking of bottom-up planning and review with
overall government R&D priority setting, selec-
tion and funding of large projects will most prob-
ably remain ad hoc. The development of

61The ITER Council has eight members, two from each of the four partners: the United States, the European Atomic Energy Community
(Euratom),Japan, and the Russian Federation. Euratom  is represented by officials from the European Commission, the executive Agency of the

European Union.
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intergovernmental mechanisms to identify scien-
tifically worthy projects and to explore opportuni-
ties for collaboration could bring greater
coherence to the process of project selection and
siting. Proposals for the creation of improved
coordination mechanisms are now under consid-
eration by OECD countries.

Second, questions about U.S. reliability in in-
ternational collaborations are somewhat over-
stated. The United States has generally fulfilled its
international obligations, except in a few cases.
Nevertheless, these few instances of U.S. with-
drawal from international ventures and the uncer-
tainties associated with the U.S. practice of
making annual appropriations for major science
projects have made foreign partners hesitant about
collaborating with the United States. International
collaboration can require special institutional ar-
rangements or concessions that are not needed for
domestic projects. Although multiyear funding
mechanisms and improved project planning and
cost estimation procedures can enhance project
stability and provide additional assurance to U.S.
partners, Congress can always reevaluate and
even terminate projects (as can U.S. partners). The
use of treaties to formalize U.S. commitments is
too cumbersome a vehicle for structuring scientif-
ic projects, and will not necessarily guarantee
funding stability. Despite these uncertainties, oth-

er countries continue to seek U.S. participation in
a variety of scientific projects.

Third, active consideration of international
cooperation before projects are authorized could
provide the United States with a broader set of
scientific and budgetary options. For big projects
that exceed a certain monetary threshold (e.g.,
$100 million), or make up a large fraction of a pro-
gram budget, Congress might consider requiring
agencies to provide a formal justification for seek-
ing or avoiding international collaboration. This
strategy could ensure that important opportunities
to collaborate are not missed and that inappropri-
ate collaborations are screened out.

Finally, the opportunities and challenges of in-
ternational partnerships raise fundamental ques-
tions about the concept of scientific leadership, of
the nature of partnership, of what constitutes the
national interest, and how scientific capabilities
can be most effectively advanced. Traditional
U.S. science goals potentially conflict with the re-
quirements of collaboration or are too ambiguous
to provide useful guidance for policymakers in de-
ciding whether or how to collaborate. Congressio-
nal review of U.S. science goals and U.S. relations
with the global scientific community in the post-
Cold War era could provide guidance about where
and how the nation should engage in future in-
ternational partnerships.


