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Mr. Chairman and members of the Committee, I would like to thank you for the

opportunity to appear before the House Science Committee today to discuss recent research

on international cooperation in science and technology.

International Cooperation in Research and Development

The United States spends considerable sums on international cooperation in research and

development (ICRD). In an inventory of spending conducted at RAND, in fiscal year

1995, we found that the U.S. government spent more than $3.3 billion on international

science, which is more than 4 percent of the $70+ billion that the U.S. government counts

as research and development.1 Policymakers have expressed concerns about this

cooperative research. Some fear that the United States is paying more than its fair share.

Others worry that the country is giving away critical technologies to potential competitors.

Additional concerns have been voiced that cooperative programs subordinate the interests

of true science to strategic or political ends. These claims are difficult to test, however.

Although we can calculate how much the United States government spends on

international research, and RAND has done this, assessing and monitoring the benefits of

this activity is a good deal more difficult, although this testimony discusses a case study we

conducted to assess the benefits of cooperation in one area of science.

RAND set out to determine the extent of ICRD and whether the benefits of these activities

can be measured. After an extensive search of RAND’s RaDiUS database2, complemented

by agency interviews, we identified some 3,000 projects funded in FY95 that had an

international component.  These projects served as the basis for developing and quantifying

the benefits of international science. Our analysis led us to conclude that the key to

identifying benefits lay in understanding the relationship between the purpose of the project

and the type of project and research being undertaken. Knowing the rationale for and the

type of project being undertaken enabled us to predict what kinds of benefits are likely to

accrue, which in turn enabled us to identify possible measures. After constructing a

framework and identifying ‘metrics’ or measures, we applied these measures to a case

study on earthquake sciences and seismology.

1 “International Cooperation in Research and Development: An Inventory of Government Spending
and a Framework for Measuring Benefits,” Caroline S. Wagner, MR-900, 1997.  Ordering information
for this document can be found at www.rand.org.
2 RaDiUS is the first comprehensive database of federal government spending on research and
development.  Information about RaDiUS can be found at www.rand.org/radius.
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I. Research, Science, and Accountability

As budget pressures and public debt continue to constrain national spending in

industrialized nations, policymakers are seeking ways to increase the productivity of the

public research dollar and to account for the benefits of spending. Cooperation among

researchers from different countries may provide a way to leverage dollars and increase the

productivity of research, but international cooperation will not be the most efficient use of

research dollars in every case.  Policymakers need to be able to evaluate when international

cooperation is an efficient and effective use of federal research dollars. To understand this,

policymakers and scientists need to know under what conditions cooperation makes sense,

what benefits may accrue to the nation as a result of this activity, and how to monitor

benefits over time.

Cooperation and the Larger Trend Toward Accountability

The financial and scientific incentives for international cooperation appear to be increasing

for both government program managers and scientists.  This trend is occurring within a

new era for publicly-funded science, one that requires government-funded programs to

manage and measure performance based on outcomes and results. Several recent events

have required a shift in the attention of government program managers from the practice of

ex ante peer-review  justification of funding and ex post program evaluation, to continuous

tracking and monitoring of research activities.

Continuous tracking and monitoring of government programs received its largest boost in

the summer of 1993, when the U.S. Congress passed the Government Performance and

Results Act (GPRA)   "to improve the efficiency and effectiveness of Federal programs by

setting goals for program performance and measuring results."3 The Act urges federal

agencies to shift from an input focus to "an emphasis on performance and results."4 These

requirements are also contained in the Clinton Administration's National Performance

Review.5 Federal government agencies are testing new management practices and

3 Report of the Committee on Governmental Affairs, United States Senate, to accompany S. 20,
Government Performance and Results Act of 1993, U.S. Government Printing Office, June 16, 1993,
103rd Congress, 1st Session, Report 103-58, p. 2.
4 Leon E. Panetta, Memorandum for the Heads of Executive Departments and Agencies, M-94-2,
Executive Office of the President, Office of Management and Budget, October 8, 1993.
5 Vice President Al Gore, From Red Tape to Results: Creating a Government that Works Better and
Costs Less, report of the National Performance Review, Washington, D.C., September 7, 1993.
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preparing to report program-based strategic plans, milestones, and outcome measures as

part of the FY99 budget cycle.

This requirement weighs heavily on science. The results of research are difficult to predict.

Further complicating measurement of science is that the results of research are often an

intermediate product—new knowledge—which is then applied to reach other goals. As the

National Science and Technology Council (NSTC) has noted in its report on assessing

fundamental science:

"Science proceeds through a slow process of accretion of results. Major
breakthroughs do not necessarily occur on a regular basis, and an essential element
of scientific research is the replication of earlier findings in order to confirm or
generalize them."6

Existing measures described briefly in this statement, and more fully in other RAND

publications, can capture important elements of research output, but, as the NSTC has

noted, significant aspects of research cannot be quantified using straightforward

measurement techniques.7

Despite these difficulties, measures do have a place in understanding the benefits of

international cooperation.  We would point particularly to measures developed to elucidate

new knowledge creation. In addition, international cooperation has a number of goals

beyond the creation of new scientific knowledge that provide opportunities for

measurement.  Goals for international science such as access to data and equipment,

improved world health, enhanced political relations, and national defense and security,

provide fields for measurement. However, international cooperation in science is not a

budget category nor are these activities easily identifiable in traditional budget reporting.

Activities are decentralized and dispersed throughout the government and no central

location keeps track of them. Collecting these activities together for the purpose of

measuring benefits required crafting a methodology and criteria for identification.

Boundaries, Scope, and Methodology of the RAND Study

6 National Science and Technology Council, Assessing Fundamental Science, Committee on
Fundamental Science, July 1996, p. 4.
7 Ibid., p. 7.
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In a study conducted at RAND in 1996-1997, the question was asked whether government

spending on international cooperation in research and development (ICRD) could be

systematically collected into an inventory.  Following this, we asked whether these

activities could be made subject to quantitative measures of benefits on a real-time,

continuous basis.8 Because of the diversity and range of the ICRD activities studied,

analytic boundaries were drawn for the purpose of conducting this study, focusing on

• actual cooperative activities rather than international agreements to cooperate

• research and development budget obligations rather than on the less clearly defined

category of "science and technology"

• award and project activities counted from the "bottom-up," rather than relying on one-

time reports from various agencies

• the creation of a transparent and reproducible approach to assessment, rather than

relying on anecdotes of success.

Cooperation is defined for the purposes of this study as federally supported activities where

a U.S. government-funded researcher is involved in a project with a foreign researcher, a

foreign research institution, a multinational institution, or a multinational research project.

Projects and awards that fell within this definition must have stated that a goal of the

research was sponsorship of some form of international cooperation. The definition did not

include informal activities for which a U.S. government official met for a brief time or

intermittently shared data with counterparts from other countries.

II. The Scope of International Cooperation in Research and Development

The U.S. federal government spent approximately $3.3 billion on projects involving

international cooperation in research and development in fiscal year 1995.9  In addition to

this activity, the federal government made investments that, although not budgeted as

research and development, would be considered scientific in nature.  These activities

8 Research and development is a budget term used by the Office of Management and Budget and
applied within government agencies to define a specific form of federal investment activity. In fiscal
year 1995 this activity amounted to approximately $70 billion. Only those activities classified by
federal agencies as "R&D" are included in this inventory. We recognize that projects and activities
outside of the defined set of "R&D" projects might be considered to be scientific or technical in
nature, but to ensure consistency, we do not include these activities in this inventory.
9 This includes only one-fourth of the funding appropriated for the International Space Station, even
though, in its essential mission, the space station is an international project. However, much of the
R&D for the International Space Station is done by U.S. researchers, and including the total $1.9
billion of Station funding skews the final number and misrepresents the extent of international
research activities.
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included things like the Space Shuttle, the Global Seismographic Network, weather data

collection, and some cooperative scientific activities with newly independent states in

Europe.  This larger scientific activity amounted to as much as $1.5 billion in additional

moneys dedicated to international cooperative activities.

The Character of International Cooperation in Research and Development

Collaborative research—projects involving scientists working closely together on a

common research question—is by far the largest single ICRD category being funded by

U.S. government agencies, accounting for nearly three-quarters of all research projects

identified as part of this study.  A much smaller amount of money is spent on technical

support projects, operational support, conferences, and other activities.

Multinational and Binational Research

Multinational cooperation claims about $2 billion of the $3.3 billion we identified as ICRD

activities. Multinational spending dominates because of the investments made in "big

science" projects such as a space station, global climate research, fusion research and other

high-energy physics activities, polar research and ocean drilling, and health-related research

in such areas as human genome and infectious disease control.

Binational projects involving U.S. researchers and colleagues from one other country

account for about $1.3 billion of FY95 ICRD spending. Funding for binational cooperation

was approximately $8 million or less with each of the following countries: Russia,

Australia, Japan, Canada, the United Kingdom, Israel, China, and Mexico. All parts of the

world are represented in binational research: Countries in Eastern Europe account for the

largest regional share, 39 percent, because of spending on research with Russia; Asia

accounts for 18 percent of binational cooperation; Western Europe accounts for 15 percent,

and all other regions account for 10 percent or less of U.S. government funding on

binational cooperation.

Fields of Science Represented in ICRD

Aerospace, avionics, and aeronautics account for more than half of the research dollars

committed to a single field of international science. A distant second to aerospace are the

combined fields of the earth sciences (including geosciences, natural resource research, and
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environmental research), which, when added together, make up about 15 percent of all

ICRD activities--the second largest category behind aerospace. The next largest category--

physics--is 5 percent of ICRD activity spending. Less than 5 percent each are biomedical

and biology, followed by engineering and materials, and other social sciences.

Agency Support for ICRD

Ten agencies dedicate significant portions (more than $1 million each) of their federal

R&D budgets to international cooperative activity. These are, in descending order of

spending: NASA, the Department of Defense, the Agency for International Development,

the National Science Foundation, the Departments of Energy, and Health and Human

Services, the Smithsonian, the Environmental Protection Agency, the U.S. Department of

Agriculture, and the Department of Commerce.

Mechanisms for Conducting ICRD

The majority of government-funded R&D--between 50 and 90 percent depending upon the

agency--is performed under government contract or grant and takes place in laboratories

outside of the government. Contractors and grantees tend to be in the private and academic

sectors, thus the majority of federally supported ICRD is conducted by private or academic

researchers. Other parties conducting ICRD are government agencies, such as AID, and

government employees, such as NIH researchers who have foreign collaborators.

III.  Measuring Outcomes

In the process of conducting research and development, researchers create products. The

products can be new knowledge published in conference journals, a scientific or technical

product such as a new chemical catalyst, or a commercial product such as an electronic

sensor. The creation of new knowledge and its application in technology create "footprints"

that provide a way to track the benefits of research and development. The

footprints—article citations, patents, product sales, international conferences—can be

documented to varying degrees, depending upon the nature of the product.  A measure of

these activities can provide feedback to scientists, policymakers and program managers.

Quantitative measures are most useful when they are part of a qualitative report about the

benefits of research.
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Tools for Measurement

Tools available to track and monitor research and development projects, and

by extension, ICRD activities, fall into four broad categories:

• bibliometrics (e.g., publication counts, citation counts, co-citation analysis, co-word

analysis, scientific mapping);

• milestones;

• technical review;

• survey methods.

The differences among the agencies and the range of the nature and character of research in

the various fields make it difficult to craft and recommend measures that will apply equally

to all areas of ICRD. A range of measures must be considered. Under NASA programs,

for example, programs tend to fall within two broad categories: scientific data exchange

and technical cooperation. Neither of these types of activities require a great deal of

scientist-to-scientist collaboration. NSF projects tend to involve close collaboration among

researchers. Each type of activity, as well as the reasons for the research and the expected

benefits, must be considered in crafting measures. These measures must be married to

qualitative assessments and placed in proper context of the goals of the research in order to

be properly understood.

To test the usefulness of the measures identified for this study, RAND conducted a case

study of international cooperative research and development in earthquake sciences and

seismology. Based on the nature of the research and crafting measures accordingly, we

chose three measures, each of which provided feedback on the benefits of the cooperative

activities:

• A bibliometric review showed that papers jointly authored by a U.S. scientist and a

foreign scientist rose to 585 papers in 1995 from 379 in 1985, even while funding

remained constant in real terms.

• In a survey of one-fourth of the principal investigators associated with ICRD projects

researching earthquakes or seismology, RAND found that, on average, the foreign

financial contribution equals the U.S. contribution.
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• In a query to experts on the standards that guide the development of seismology

equipment, U.S. companies and research labs are setting the standard for 80 percent of

the essential research equipment used in this field.

Qualitative reports also proved to be important to understanding the role of international

cooperation in research excellence:

• Researchers reported that, as a result of government funding and the existence of

international science and technology agreements to encourage earthquake research, they

had been able to establish excellent ongoing relationships with foreign scientists that

improved the outcome of their research.

IV.  The Role of International Science and Technology Agreements in Supporting ICRD

Many of the international activities we identified take place with the support of international

science and technology agreements (ISTAs).  ISTAs can be an important indicator of

national interest to cooperate in R&D. Currently, the Department of State reports there are

35 active "umbrella" or "framework" ISTAs signed at the Executive level. These

agreements provide the protocol for sharing scientific data and equipment, exchanging

researchers, and conducting collaborative projects.

It has been widely assumed that ISTAs constitute the scope of U.S. ICRD activities. In

fact, ISTAs are non-funded, diplomatic-level agreements that have no associated budget

authority. Many ISTAs are never fully implemented because of lack of funds from one or

more parties.  Individual investigators often collaborate with their international peers

without reference to the existence of an ISTA. Relying on the list of ISTAs can actually be

misleading when the goal is identifying the range and character of ICRD actually being

funded by the U.S.  government.

In a review of ISTAs signed to support cooperation in remote sensing and earth

observation, we found that the Department of State Title V report listed 45 agreements

supporting research in this area.  By contacting the agencies directly, we went on to identify

445 more relevant agreements. Less than 10 percent of these agreements were approved

through a formal interagency process known as Circular 175. Even so, U.S. government

agency officials actively seek interagency coordination for international cooperative
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agreements on an informal basis.10   This coordination takes place between government

agency officials, who report keeping active contact with their counterparts in other agencies.

Government officials report that agency-level agreements, rather than "umbrella" or

"framework" agreements, are more likely to represent actual research activities.

Agreements signed at the agency levels usually accompany the commitment of funds,

while agreements signed at the executive levels of government are unlikely to have

budgeted funds attached.  Failure to follow through on executive-level ISTAs paradoxically

provides evidence of the relative absence of conflict between scientific opportunity and

political goals. If an agency does not see scientific advantage to cooperating with another

country, that agency often does not follow through on an agreement to fund research. Most

agencies report that scientific or technological opportunity determines whether a project will

be funded, not whether it is required by an international agreement. Many agencies report

that an umbrella agreement to cooperate with another country in a specific area of science

would play only a minor role in the decision to fund research.

V.  Conclusion:  Good Science or Foreign Aid?

This research suggests possible responses to questions raised about international

cooperation in science.  To those who question whether the United States is paying more

than its fair share, this research suggests that the U.S. may in fact be leveraging research

dollars by cooperating.  To those who question whether the country is giving away critical

technologies to potential competitors, this research suggests that U.S. cooperation with

other countries focuses more on basic sciences—space research, earth sciences, and

physics—than in technology areas. To those who question whether cooperative programs

subordinate the interests of true science to strategic or political ends, this research suggests

that ICRD is primarily aimed at fulfilling the mission of the sponsoring agency, not a

political agenda.

Finally, some criticism has been leveled against ICRD in that it does not directly serve the

interests of U.S. taxpayers.  Indeed, some ICRD provides only indirect or long-term

benefits to the U.S. taxpayer. Even in these cases, cooperation enhances the U.S. science

base by increasing scientific knowledge and access to resources and data. The case study

10 "International Science and Technology Agreements Supporting Cooperation in Remote Sensing and
Earth Observation," Caroline S. Wagner, MR-972, 1998 (forthcoming) provides additional information
on international agreements.  Ordering information for this report can be found at RAND's website:
www.rand.org or via email at order@rand.org.
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on earthquake sciences and seismology examined a number of projects that had only

indirect benefit to U.S. citizens, but which ultimately may aid in disaster preparedness here

in the United States.
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