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Executive Summary
Background and Introduction
NSF’s strategic plan clearly acknowledges the growing need for U.S. scientists and engineers to
1
address questions of global scale and significance. It also recognizes that applying the results of
basic research to longstanding international challenges—such as epidemics, natural disasters,
and the development of alternative energy sources—will require globally engaged investigators
working collaboratively with agencies and organizations both within the United States and
abroad.
The information included in this Executive Summary and full report resulted from a workshop
conducted by Sigma Xi, The Scientific Research Society, on July 28 and 29, 2008, at the U.S.
National Science Foundation (NSF) headquarters in Arlington, Virginia. The purpose of the
workshop was to gather advice from experts on how to evaluate the impact of international
programs that involve U.S. students, researchers, and educators in international scientific and
engineering collaborations, such as those funded by NSF’s Office of International Science and
Engineering (OISE). The goal of the workshop was to help identify the unique contributions
that international collaborations make to promoting excellence in scientific and engineering
research and to use that information to develop monitoring and evaluation criteria for OISE
programs.
Two specific types of programs were discussed. The first includes programs that focus on
funding individual scientists and engineers to begin collaborative projects with international
partners for the first time, such as NSF’s International Research Fellowship Program (IRFP),
which provides awards to individual postdoctoral scholars for up to two years of international
2
research. The second type of program discussed includes those that involve more complex
collaborations across institutions and disciplines, both in the United States and abroad. One
example is NSF’s Partnerships for International Research and Education (PIRE), which awards
up to $500,000 per year for five years to Ph.D.-granting institutions and involves participants
at all stages of their academic careers.
The workshop looked at developing ways to monitor and evaluate such programs in terms of
the impact on individuals, institutions, and quality of research—and the extent to which those
effects were unique to international collaborations. How do these international collaborations
contribute to the creation of globally competent (and therefore globally competitive) scientists
and engineers and science and engineering educational and research institutions, and how do
they add to the knowledge environment? Effective assessments would be able to compare an
international collaboration to a domestic project, measure a project’s contributions to the overall
goals of a funding program, evaluate its costs and benefits in terms of human and other
resources, and measure the degree to which initial support from NSF led to sustained
collaborations even after such funding ended.
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National Science Foundation, Investing in America’s Future: Strategic Plan, FY 2006–2011 (Arlington, VA:
National Science Foundation).
2
See NSF’s OISE Web site—http://www.nsf.gov/OISE—for a full description of all OISE programs.
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The full report contains discussions and conceptual frameworks for each of the three levels and
includes sections on appropriate methods, research agendas, and specific testable hypotheses.
This summary provides a brief description of each level and the research questions that arose
during the workshop.

Individual Level
Anecdotal evidence suggests that students and researchers who participate in international
collaborative activities experience a unique set of challenges and opportunities that directly
contribute to the knowledge, skills, and behaviors of a globally competent scientist or engineer.
In turn, the added knowledge, skills, and behaviors have a direct impact on the career paths of
these individuals. Identification of these key elements and their causal relationships is an
empirical question.
The following research agendas provide a path for more explicitly assessing the contribution of
international collaborations to the global competence of scientists and engineers:
• Examine what other science and engineering programs have done to evaluate the career
development of students and faculty who participate in international programs. Support
a series of pilot projects that will explore the short- and long-term effects of international
experiences on career outputs and outcomes.
• Conduct studies that more fully identify the underlying motives for a scientist’s or an
engineer’s desire for international collaboration. Identify possible correlations to
previous experiences and level of education and career development. Previous studies
can be used as a backdrop for developing motivational variables.
• Support research that seeks to identify the impact of international collaboration on the
careers of scientists and engineers at all stages of their career development.
• Identify institutions (both four-year and graduate-degree-granting) and programs to use
as models for developing best practices for international experiences. Support the
development of systematic monitoring, assessment, and evaluation tools to compare the
impact of international experiences across institutions and programs. As part of this
project, develop consensus definitions of monitoring and evaluation terms and a
common time line. Develop clear distinctions between those involved in the activities
and the observers who are doing the monitoring and assessing.
• Support a series of research projects that explicitly link characteristics of global
competence (such as curiosity, flexibility, and trust) to professional competence and the
development of science and engineering knowledge, skills, and behaviors. Be able to
identify experiences (such as putting students in an unfamiliar domestic environment or
providing virtual learning opportunities) that might contribute to global competence
among scientists and engineers without requiring travel abroad.

Institutional Level
In addition to advancing the career development of individual scientists and engineers, another
underlying goal of NSF OISE is to enhance the capabilities of the institutions it supports to
participate actively and continuously in international collaborations. Of particular importance is
the ability of institutions to sustain, deepen, and expand existing international networks to meet
new science and engineering challenges and opportunities around the globe. Developing the
institutional flexibility to participate in cutting-edge research wherever and whenever it occurs
will help to promote globally competent research and educational institutions. Both the funding
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institutions and the institutions that they fund were discussed in terms of how to develop
evaluation criteria for tracking the impact of international collaborations on the institutions.
•

•

•

Identify the appropriate level—university-wide, departmental, or somewhere in
between—of an institution to study in order to measure the impact of a specific program
on that institution. When an institution has multiple international projects
simultaneously, how can the direct effects of specific projects like those supported by a
PIRE or an IRFP grant be separated from other factors?
Conduct studies of funded projects that examine the effect of the type of project on any
changes in institutional development at the U.S. institution. Is there a difference between
projects that involve only one researcher initiating a project abroad versus those that
involve multiple researchers and multiple disciplines? Is there a difference in short-term
versus long-term projects on institutional policies and practices? Taxonomies of project
types need to be developed for all levels before comparisons can be made and impacts
assessed.
Conduct research to determine if the region of the world where the research is
conducted and field of study affect the kinds of institutional changes that take place at
the host U.S. institution. (An explanation of these differences is found in more detail on
page 13 of this report.)

Knowledge Environment Level
The research areas below are intended to start the process of pinpointing the effects of
international collaborations on the knowledge environment and the degree to which
international collaborations add to the quality (of outputs and outcomes) of both “normal”
science and “transformative research.” Of the three elements that were discussed at the
workshop, participants found that this was the most difficult to address.
• Conduct background research to determine what other agencies, institutions, and
programs (both within and outside NSF) have done to evaluate their international
science and engineering programs in terms of qualitative and quantitative impacts on
discovery and innovation. One possibility is to compare the effects that an international
component had within NSF disciplinary programs to those without an international
component.
• Clearly identify learning styles, methods, techniques, and problem-solving approaches
used outside the United States that might help advance science and engineering research.
Which of these might facilitate productive research and lead to new discoveries and
innovations?
• Develop prototypes of effective international collaborations at all levels of education and
research, and include models of both short-term and long-term projects. This process
should include a more detailed examination of what it means to produce better research
“outputs” and “outcomes.”
• Develop examples of discovery, innovation, and best practices that constitute
transformative science, with a focus on those that involved international collaborations.
Continue to refine the characteristics of transformative research.

Methods
Because of the dearth of quantitative and qualitative studies that directly measure the impact of
international collaborations on science and engineering at all three levels, the methods that were
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suggested were primarily exploratory in nature. They are intended to define categories
(taxonomies) more clearly and to suggest causal links, as well as to produce descriptive and
explanatory models. Of particular interest was the development of models that examine the
depth and breadth of science and engineering social and information networks that can be
established, sustained, and expanded, and the use of both traditional and nontraditional means
of communication (CIT) that intercultural science and engineering communications might
require.
The discussion centered on the following groups of methods across all three levels:
• Surveys and longitudinal data collection
• Comparative case studies
• Interviews and focus groups
• Social and knowledge (communications) network analysis

Summary and Conclusions
Developing effective tools to evaluate such collaborations will take time and money.
Participants arrived at the workshop with years of experience participating in, administering
and evaluating international projects, but no one was able to offer existing long-term systematic
evaluations or models that address all three of the levels of interest to NSF. At this point, most
of the evidence remains anecdotal and unsystematic.
To address this shortcoming by doing everything suggested in the report would be quite timeconsuming and expensive, and it would require the dedicated efforts of faculty and staff at
various institutions for many years. The key recommendation is to develop some short-term
feasible metrics that can be used to evaluate the impacts of IRFP and PIRE while studying some
of the leading elements to develop more complex models in the future.
It also became clear at the workshop that specific programs such as PIRE and IRFP cannot be
studied in a vacuum. Evaluations of their effectiveness must take into account other
international activities that are taking place at institutions and the students and faculty involved
in them. It was also noted that it is important to study the failures of international collaborations
as well as the successes. Another point of agreement is that the impact of international
collaborations will vary depending on the subject being studied and the region where the
research is being carried out.
The discrepancy between the needs of industry and the needs of U.S. research institutions is
another issue that remains unresolved. Industry wants competent U.S. scientists and engineers
at all educational levels who are able to work, live, and operate effectively abroad for extended
periods of time. Much of the research conducted by industry is applied research. It will result in
the development of new products and new markets. Agencies such as NSF, however, want
globally competent scientists and engineers to go abroad to conduct cutting-edge basic research
and then return to the United States to teach and mentor others and advance U.S. contributions
to the global process of research and development. One question that remains is what
complementary and integrative roles different agencies and institutions involved in research
play in developing global competence. This raises other questions as well, such as whether the
process of evaluating international programs will be the same for all participants, including
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academic institutions and industry, or whether NSF should develop assessment tools that apply
only to agencies with similar goals and strategies.

Next Steps
In order to develop a set of essential, feasible quantitative and qualitative monitoring and
assessment tools for NSF OISE programs, the following steps should be taken:
• Determine what NSF and other governmental and nongovernmental agencies here and
abroad have done to assess their international science and engineering programs.
Identify key elements that can be adapted to NSF program evaluations.
• Prioritize the research agendas identified in this report and the lead NSF offices that
might sponsor the research needed in these agendas.
• Develop several request-for-proposals based on these agendas that explore the
development of monitoring and assessment tools at the individual, institutional, and
scientific-research levels of analysis.
• Work with other agencies to develop a common set of evaluation standards.

6
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I. Introduction
The information included in this report resulted from a workshop conducted by Sigma Xi, The
Scientific Research Society, on July 28 and 29, 2008, at the U.S. National Science Foundation
(NSF) headquarters in Arlington, Virginia. The purpose of the workshop was to gather advice
from experts on how to evaluate the impact of international programs that involve U.S. students,
researchers, and educators in international scientific and engineering collaborations, such as
those funded by NSF’s Office of International Science and Engineering (OISE). The sixteen
invitees responded to a series of questions regarding the development of monitoring and
assessment tools that could be used to assess three aspects of collaborative international
research: (1) the impact of the collaboration on an individual scientist or engineer; (2) the impact
on the institutions involved in the collaboration; and (3) the impact on the quality of science and
3
engineering that resulted from the collaboration. The primary purposes of the workshop were
to help identify the unique contributions that international collaborations make to promoting
excellence in scientific and engineering research and to use that information to develop
monitoring and evaluation criteria for OISE programs. The workshop grew out of a 2006
conference that focused broadly on developing a globally competent U.S. science and
4
engineering workforce.
Two specific types of programs were discussed. The first includes programs that focus on
funding individual scientists and engineers to begin collaborative projects with international
partners for the first time. These programs are exemplified by NSF’s International Research
Fellowship Program (IRFP), which provides awards to individual postdoctoral scholars for up
to two years of international research. The goal of the IRFP is to introduce scientists and
engineers to collaborative international research early in their careers, thereby facilitating their
ability to develop long-term relationships with colleagues abroad and giving them a global
perspective on their field.
The second type of program discussed includes those that involve more complex collaborations
across institutions and disciplines, both in the United States and abroad. One example is NSF’s
Partnerships for International Research and Education (PIRE), which awards up to $2.5 million
per year for five years to Ph.D.-granting institutions and involves participants at all stages of
their academic careers. PIRE is intended to help institutions in the United States build
partnerships with foreign counterparts, with the goals of encouraging cutting-edge research,
giving U.S. students international research experiences, and creating new models of
5
international research collaboration.
The workshop focused on developing ways to monitor and evaluate such programs in terms of
the impact on individuals, institutions, and quality of research—and the extent to which those
3

Biographies of the invitees are included in Appendix I, and the questions that were developed can be found in
Appendix II.
4
Information about the 2006 workshop, its subsequent report, and an executive summary can be found on Sigma
Xi’s Web site: http://www.sigmaxi.org/global. The report—Embracing Globalization: Meeting the Challenges to
U.S. Scientists and Engineers—includes some 90 recommendations to funding agencies and research institutions to
help ensure that the U.S. workforce will be able to thrive in a global environment.
5
There are other OISE programs that resemble IRFP and PIRE, but participants were asked to focus on these two.
For a complete description of all OISE programs see: http://www.nsf.gov/OISE.

7

Developing Evaluation Approaches to International Collaborative
Science and Engineering Activities – Workshop Report

effects were unique to international collaborations. Effective assessments would be able to
compare an international collaboration to a domestic project, measure a project’s contributions
to the overall goals of a funding program, evaluate its costs and benefits in terms of human and
other resources, and measure the degree to which initial support from NSF led to sustained
collaborations even after such funding ended.
There are a number of stakeholders—Congressional committees, NSF management, OISE
management and program staff, and the Primary Investigators of NSF grants that have an
international research or education component—with interests in insuring that NSF funds the
most promising proposals. Only long-term monitoring and assessment tools can measure the
real impact that international collaborations have on the U.S. science and engineering enterprise.
Such evaluations contribute to the internal and external accountability that all government
agencies have to these stakeholders and, indeed, to the American taxpayer.

II. Background
Increasing international competition and workforce mobility, combined with a surge in
international collaboration in science and engineering research, continue to alter the science and
engineering landscape worldwide. To lead within this broader global context, the U.S. science and
engineering workforce must build greater capacity for productive international collaborations.
—NSF Strategic Plan
NSF’s strategic plan clearly acknowledges the growing need for U.S. scientists and engineers to
6
address questions of global scale and significance. It also recognizes that applying the results of
basic research to longstanding international challenges—such as epidemics, natural disasters,
and the development of alternative energy sources—will require globally engaged investigators
working collaboratively with agencies and organizations both within the United States and
abroad. As recent economic and social trends have indicated, the global economy involves an
interconnected web of economic and social networks that impact stakeholders throughout the
world. An economic or political crisis in one country has economic, social, and political
reverberations around the globe, often with unintended consequences. Now, more than ever,
the role that international scientific collaborations and science diplomacy can play to fully meet
the challenges and opportunities of advancing discoveries in health, food supply, energy, and
environment, and even developing new models of economic development, takes on added
significance in the coming decades of the 21st century.
The goal is clear. One problem, however, is that as scientists and engineers use advanced
technology to build increasingly complex systems, it becomes more difficult to evaluate their
progress toward that goal. Disciplines often have their own evaluative criteria, and these can be
hard to compare and contrast to other fields of research. International collaborations add
further difficulty by involving different cultures, metrics, and even definitions of “successful.”
The workshop attempted to grapple with these important but complex issues by developing
criteria for measuring the effectiveness of international collaborations on three levels:

6

National Science Foundation, Investing in America’s Future: Strategic Plan, FY 2006–2011 (Arlington, VA:
National Science Foundation).
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1) The impact on an individual researcher
2) The impact on the institutions involved
3) The impact on the quality of the research produced
The following sections will address each of these three levels.

III. The Individual
Defining Global Competence
As we advance into the 21st century, it is now clear that the rapid pace of science and
engineering must be tempered with a new sensibility—an international sensibility that embraces
and can bend to accommodate the nuances of cultural diversity.
7
—Indira Samarasekera
An individual who chooses to participate in international exchanges and collaborations is
assumed to return with new attitudes and beliefs that contribute to “global competence.” One
definition of global competence is “having an open mind while actively seeking to understand
cultural norms and expectations of others, leveraging this gained knowledge to interact,
8
communicate, and work effectively outside one’s own environment.” Gary Downey has
applied this definition specifically to engineers, describing a globally competent engineer as one
who has “the knowledge, ability, and predisposition to work effectively with people who define
9
problems differently than they do.”
One aspect of the discussion at the workshop focused on whether a person really develops
intercultural or global competence during a particular international collaboration. One way to
approach this question is to look at global competence as a process that begins with an initial
experience in a foreign setting and progresses to the ability to participate effectively in
environments around the world. Many researchers might take part in the first steps of this
process, but it is possible that only a few will have the leadership skills and knowledge to be
able to cooperate in a truly global environment.
In general, students who travel abroad are assumed to acquire or strengthen a number of traits,
including openness, curiosity, empathy, trust, and the ability to operate in different cultural
settings. Measuring these traits is not easy, however, and it is even more difficult to quantify the
differences between those students who take part in international collaborations and those who
do not. For individuals involved in science and engineering, another important question is how
international collaborations will result in the acquisition of knowledge, skills, and behaviors
that strengthen their ability to engage in scientific discovery and innovation.

7

Keynote Address, 2006 Workshop on “Assuring a Globally Engaged Science and Engineering Workforce,”
September 24, 2006.
8
Hunter, B., et al., “What Does It Mean to Be Globally Competent?” Journal of Studies in International Education
10 (Fall 2006), 267–285.
9
Downey, G., et al., “The Globally Competent Engineer: Working Effectively with People Who Define Problems
Differently,” Journal of Engineering Education 95 (April 2006), 1–16.
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Discussion

Source: Proceedings of the International Research and Education in Engineering (IREE) 2007
Grantees Conference: Summary and Recommendations, Y. Chang and E. D. Hirleman, April
2008, available at https://engineering.purdue.edu/GEP.

At the outset of the workshop, participants noted that above all else, students and researchers
should be technically and professionally competent in their fields of study. As Figure I indicates,
global competency involves applying professional and technical competencies to a broader and
more complex international environment. Together, these capabilities are what is expected of a
scientist or engineer in the 21st century. The degree to which international collaborative
experiences enhance or contribute to these attributes is an empirical question.
While there was agreement on the importance of these skills, there was a noticeable distinction
between industry representatives and academics regarding the kinds of individuals and
behaviors desired. Industry representatives were interested in the development of global
collaborations at all levels of higher education—from community college to postgraduate
programs—because there are a variety of tasks and job skills at each level. Moreover, industry
representatives want employees from the United States to be able to travel, work, and live
abroad for extended periods of time. Academic representatives expressed more interest in
ensuring that individuals return to the United States to create new opportunities for themselves
and others. One way to classify these differences is that industry may view the movement of
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U.S. scientists and engineers to other countries as “brain circulation,” whereas others view it as
“brain drain.”
During the course of the workshop, the following types of knowledge, skills, and behaviors
were discussed. These can be used as a way to compare those scientists and engineers who have
had collaborative international experiences with those who have not.

Knowledge
•
•
•
•
•

Knowledge of new methods or techniques not available in the U.S.
Access to information not available elsewhere or not in English-language journals
Understanding of different languages and cultures
Understanding of the different economic, social, and political systems that govern laws
and regulations relevant to science and engineering, such as intellectual-property laws
Knowledge of differences in finance, international standards, global product platforms,
and marketing

Skills
•
•
•
•
•

Use of new information technology, including software, hardware, equipment, and
facilities
Use of nontraditional means to gather, analyze, and communicate research
Ability to discern cultural differences in laboratory rules and dynamics
Ability to develop and expand sustainable international science and engineering
networks
Ability to lead and produce “transformative science” in environments other than one’s
own

Behaviors
•
•
•
•
•

•

Operate effectively in foreign environments
Operate comfortably in foreign environments (e.g., eat native food and live without
additional accommodations)
Participate in additional international or global experiences in the United States and
abroad
Access media that report on international happenings (e.g. internationally oriented
newspapers, foreign journals, and foreign-policy journals)
Publish in foreign journals, participate in international conferences, teach or conduct
research abroad for extended periods, publish with authors from outside the United
States
Obtain non-U.S. patents or licenses
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Figure II summarizes the discussion about impacts on the individual experiencing international
collaborations by 1) delineating differences among the types of scientists and engineers
participating in international collaborations; 2) identifying differences among the types of
collaborations that may affect the outcomes and outputs of the collaboration; and 3) linking the
traits that were discussed with possible knowledge, skills, and behaviors that result from the
collaborations.

Individual Differences
Some variables that might influence the results of the international experience include the age
and maturity of that person and the educational and professional level they had attained at the
time of the experience. Whether the person was an undergraduate or senior research professor,
for example, will influence the person’s motivations or goals for participating. In addition,
where the individual previously participated in international teams, or even that person’s
country of origin and international travel experiences, can often influence the degree of comfort
and success achieved by the international experience. Finally, whether the individual’s home
institution actively supported the experience or put up hurdles to clear before he or she could
collaborate might also influence the type of international experience that person had and the
short- and long-term outcomes.
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Collaboration Types
Not all research or educational experiences are alike, and these differences can affect the
impacts of the experience on the individual. For example, some are of short duration and
include just one international event, while others can take place over several years. In addition,
in some experiences the host institution might be minimally involved, providing primarily
logistical support for access to information, for example. Other experiences can involve large
multidisciplinary, multinational teams that have day-to-day contact with each other and
provide mutual support and key contributions. Thus, the depth and breadth of the science or
engineering networks established by the teams can also have an impact on the opportunities
made available to the individual participant.
The discipline or subject area as well as the region of the world where the experience took
place could also influence the outcome. A physics experiment with access to CERN facilities in
Europe provides a very different work environment from in-depth biodiversity field studies in
varying types of ecosystems. Working in developing countries can introduce unique challenges
and prompt the use of creative coping skills more so than working in cultures similar to that of
the United States. Similarly, working in highly developed countries with very different cultures
and language structures from the United States (such as Japan or China, for example) also
produces its own set of unique challenges.
The different types of experiences will influence not only the impacts on the individuals
participating in them, but also the institutions supporting them, and the quality of science and
engineering outcomes and outputs that result.

Linking Traits with Specific Science and Engineering Knowledge,
Skills, and Behaviors
Post-travel surveys of students traveling abroad indicate the development of a series of
attitudes and beliefs, including openness and trust in others. The most interesting research
challenge is to link the kind of traits associated with travel-abroad experiences to specific
science and engineering knowledge, skills, and behaviors. Workshop participants mentioned
several times that international collaborations help to develop cooperative and willing “world
citizens,’ but it is the role of NSF and other institutions to identify the science and engineering
contributions catalyzed by such traits.

Methods
Several methods were mentioned that can help begin to measure the impact that international
collaborations have on students and researchers. These include:
• Surveys: The Intercultural Development Inventory (IDI) and the Beliefs, Events, and
Values Inventory (BEVI) were mentioned as tools to examine changes in certain traits
10
exhibited by those who have international experiences. However, these indices do not
directly relate such traits to science and engineering competence. Additional surveys
would need to be developed or adapted from other evaluations to link the traits
measured with science and engineering knowledge, skills, and behaviors.

10

For a description of the IDI, see http://www.mdbgroupinc.com/idi_background.htm. For a description of the BEVI,
see http://www.forumea.org/research-bevi.htm.
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•

•

•

•

Longitudinal data collection: The development of methods and tools to track individuals
as their careers progress could provide a means to analyze the effect international
experiences have on career paths and success. These tools might include automatic datacollection tools that could be used by subjects to report on career changes.
Interviews: Responses gathered from qualitative interview questions could root out
metrics that could be used to measure how international collaborations enhance an
individual’s scientific or engineering career.
Case studies and focus groups: These could help identify differences between types of
international projects and between individuals who do and do not take part in
international collaborations.
Studying IRFP and PIRE: These programs provide interesting comparisons and can be
used to assess the impact of international experience on individuals, both those who
have international experience early in their careers (IRFP), and those who are involved
in established networks of collaboration at various stages of their careers (PIRE). Similar
metrics can be used to assess the effect of international collaboration as long as type(s) of
experiences can be clearly defined.

Issues and Research Agendas
What are the Sample Populations?
More than 200,000 U.S. students study abroad each year, but very few of them specialize in
science or engineering. At this point, we do not really know what types of experiences our
undergraduate or graduate students in science, technology, engineering, and mathematics
(STEM) fields are having. Moreover, we do not know what percentage of educators and
researchers who are not students take part in international collaborations. This is true both for
scientists and engineers receiving NSF grants and for the science and engineering population as
a whole.
It may be useful to conduct “before-and-after” studies of those who take part in international
collaborations, but there must also be measurements that compare these individuals with those
who do not take part in such collaborations. Otherwise, there is no way of knowing whether
international projects make a unique contribution to science and engineering outcomes. One
suggestion at the workshop was that virtual international learning experiences that take place
within the United States might help develop some of the same knowledge, skills, and behaviors
as travel abroad. This possibility raises the question of whether face-to-face collaborations in
foreign settings provide a unique set of elements that no other experience can replicate.
Another problem concerns postdoctoral researchers, assistant professors, and others early in
their careers. Is taking part in international collaborations a hindrance for them, or does it
contribute to long-term career success?
Research Area 1: Support research that seeks to identify the impact of international
collaboration on the careers of scientists and engineers at all stages of their career development.

Motivations
There are a number of possible motivations for a student or researcher to pursue international
opportunities, including previous international travel, family ties to a specific region, enhancing
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a resume, or working with leading researchers abroad. These motivations might depend in part
on an individual’s stage of career development and level of education.
Research Area 2: Conduct studies that more fully identify the motives for international
collaboration. Identify possible correlations to previous experiences and level of education and
career development. Previous studies can be used as a backdrop for developing motivational
variables.

Time Line
It is important to conduct longitudinal studies that measure the effects of international
collaborations in both the long term and the short term, and the degree to which one
international experience led to others. This raises the question of identifying the appropriate
length of time to use when measuring the effect of international collaborations on career
development (outcomes) as opposed to career productivity (outputs).
Research Area 3: Examine what other programs have done to evaluate the career development
of students and faculty who participate in international programs. Support a series of pilot
projects that will explore the short- and long-term effects of international experiences on career
outputs and outcomes.
Research Area 4: Identify academic institutions (both four-year and graduate-degree-granting)
and specific programs to use as models for developing best practices for international
experiences. Support the development of systematic monitoring, assessment, and evaluation
tools to compare the impact of international experiences across institutions and programs. As
part of this project, develop a consensus of terms and a common time line. Develop clear
distinctions between those involved in the activities and the observers who are doing the
monitoring and assessing.

Linking Global Competence Traits to Science and Engineering Knowledge,
Skills, and Behaviors
As stated previously, there has been a lot of discussion regarding the meaning of global
competence in terms of specific traits and skills, but these discussions have usually not directly
addressed how global competence relates to the professional development of scientists and
engineers. It is important to examine how international experiences prepare scientists and
engineers to operate in a global environment.
Research Area 5: Support a series of research projects that explicitly link global competence
traits to professional competence and the development of knowledge, skills, and behaviors. Be
able to identify experiences (such as putting students in an unfamiliar domestic environment or
providing virtual learning opportunities) that might contribute to global competence among
scientists and engineers without requiring travel abroad.

Testable Hypotheses
Throughout the workshop, participants were asked to develop specific, testable hypotheses that
would be measured either quantitatively or qualitatively and used to examine the unique
contributions that international collaborations provide. Hypotheses that might be used to
measure the impact of collaborations on the individual level include:
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H1: The earlier a student participates in a meaningful international collaborative experience
(ICE), the more likely it is that he or she will stay in the field/earn an advanced
degree/attain professional and technical competencies.
H2: Students with ICE on their resume are more likely to get hired by industry or pursue an
academic career.
H3: Scientists and engineers with ICE are better able to create, expand, and sustain
international networks than those without it.
H4: Scientists and engineers with ICE use different information technologies and other tools to
collect, analyze, and disseminate information than those without it. These include
nontraditional tools.
H5: Scientists and engineers with ICE develop a unique set of knowledge, skills, and behaviors
that those without ICE lack.
H6: Students with ICE make different career choices within and outside STEM fields than
those with no ICE.
H7: Students with ICE are more productive (produce higher-quality output) during their
careers than those without ICE.
H8: Globally competent scientists and engineers are better able to participate in
“transformative” science and engineering. (See Section V.)

Individual Career Development
There are many variables that affect an individual’s career, apart from any international
research or educational experiences the individual may have. Family circumstances,
institutional barriers, the economy, and even international politics can play direct and indirect
roles in career choices. Still, as some of the workshop participants noted, international
experiences lay the groundwork for the development of individuals who, over time, will
develop the cultural sensitivities necessary to operate in a global environment. Locating good
models of international engagement, identifying what types of experiences work best, and
integrating international experience into programs that result in globally competent scientists
and engineers is a daunting challenge, but it is one that NSF and others must undertake to
ensure that international programs produce the desired results.

IV. Institutional Development
In addition to advancing the career development of U.S. scientists and engineers, another
underlying goal of NSF OISE is to enhance the capabilities of the institutions it supports to
participate actively and continuously in meaningful international collaborations. Of particular
importance is the ability of institutions to sustain, deepen, and expand existing international
networks to meet new science and engineering challenges and opportunities around the globe.
Both the funding institutions and the institutions that they fund were discussed in terms of how
to develop evaluation criteria for tracking the impact of international collaborations on the
institutions.
These goals raise the question of what it means to be a globally competent institution. How can
a college, university, or other academic or research institution actively support its faculty, staff,
and students in participating in a global science and engineering environment?
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Discussion
Some institutions already have active international programs; other institutions are just
beginning to develop them. There are several components to a mature global-engagement
program. These include receiving outside funding from NSF and other agencies that support
international research and education; contributing the institution’s own human, financial, and
infrastructure resources to support international programs; and the encouragement of a global
culture both on campus and off by the institution’s leadership. At a globally competent
institution, international science and engineering experience would be the rule, not the
exception. As with individual career development, creating globally competent institutions is a
long-term, evolutionary process that will take place over not just years, but decades.
A number of benchmarks can be used to track an institution’s progress toward global
competence in terms of impacts on institutional policies and practices, outreach activities, and
evaluation activities. These include:
Institutional policies and practices:
• Inclusion of global competence issues within an institution’s vision, mission, and
strategic priorities
• Curriculums with a global perspective and international emphasis
• Courses that integrate language skills with technical science and engineering subjects,
including a joint language/science and engineering degree
• Mandatory requirements for students to travel as part of the degree-granting process at
all levels
• Providing orientation, mentoring, and other activities for students before, during, and
after international programs
• Flexibility to deal with the dynamic environments and different standards and values
that are involved in dealing with different cultures
• New centers, multidisciplinary studies, and other academic changes that integrate global
activities within the institution
• Backfilling for teachers’ positions for those who participate in international projects
abroad
• Developing incentives in terms of promotions and tenure that encourage foreign
engagement in science and engineering activities
Outreach:
• The ability to develop, sustain, and expand international science and engineering
networks and the information technology and other infrastructure needed for such
activities
• Cross-institutional programs with foreign counterparts, including shared credit- and
degree-granting standards
• Inviting foreign faculty to lecture at the institution
• Outreach to the broader public to explain the impact of international programs on the
quality of science and engineering
Monitoring and evaluation:
• Consciously attending to and measuring the impacts of multiplier effects brought about
by international science and engineering programs
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•

Consciously attending to and measuring the impacts of international experiences on
career choice and development of its science and engineering faculty and alumni

One major issue underlying the process of attaining the goal of global competence is how NSF
programs, such as PIRE and IRFP, affect the ability and motivations of institutions to achieve
this goal.

Figure III summarizes the discussion and organized institutional behaviors according to their
effects on faculty, students, courses and curriculums, and basic institutional infrastructures.

Methods
Evaluating the degree to which NSF programs directly impact an institution’s development is a
very complex issue, as many institutions already have international programs. This is especially
true of those institutions that are at the forefront of scientific and engineering research.
Therefore, workshop participants suggested ways that comparisons could be made between
those institutions that receive NSF funding and those that do not. These methods include:
• Social and communication network analyses to examine the degree to which science and
engineering networks that resulted from NSF funding were sustained, expanded, and
deepened
• Comparative case studies across different projects that would examine similarities and
differences in impacts depending on the type of research and where it was conducted
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•
•

Focus groups of award recipients that would more clearly identify both specific
institutional impacts and institutional barriers to the development of global-engagement
programs
Comparisons across institutions to see which characteristics of a globally engaged
institution were enhanced or changed due to specific projects

Issues and Research Agendas
There are several other issues involved in trying to measure the impact of specific NSF
programs on the institutions being funded. One such issue is determining the level of the
institution to evaluate. Should it be at the level of the entire university or college, or should it be
11
a narrower focus, such as at the school, department, or center level?
Research Area 1: What is the appropriate level of an institution to study in order to measure the
impact of a specific program on that institution? When an institution has multiple international
projects simultaneously, how can the direct effects of a PIRE or IRFP grant be separated from
other factors?
Another question raised regarding institutional change was NSF’s motivations in funding
specific projects. Will NSF fund the best research within a global environment, or will it act as a
catalyst for new institutions to initiate international research projects? Understanding the
answer to this question is important for assessing what and how much institutional
development occurred.
Research Area 2: Conduct studies of funded projects that examine the effect of the type and the
duration of the project on any changes in institutional development at the U.S. institution.
One final problem is that whereas some organizations track international exchanges, there is no
group that specifically examines the institutional changes that take place when institutions are
involved in international science and engineering projects.
Research Area 3: Conduct research to determine if the region of the world where the research is
conducted and field of study affect the kinds of institutional changes that take place at the host
U.S. institution. As discussed on page 13, an individual may be influenced by the region of the
world and the subject area where research is being discussed. US institutions may also have to
make different kinds of arrangements depending upon whether the partnering institution is
located in a developing country with currency, visa, and other restrictions or a developed one
with strong financial and social support systems. Similarly, institutions will also be influenced
on the degree of investment needed depending on the field of study. Institutional
arrangements with CERN, for example, would be very different in terms of infrastructure
support compared to doing biodiversity field research is Botswana.

11

Some surveying has been done of the impact of international experiences on students at the institutional level. See,
for example, Green, M. F., et al., Mapping Internationalization on U.S. Campuses: 2008 edition (Washington, DC:
American Council on Education), http://www.acenet.edu/programs/international/mapping2008.
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Testable Hypotheses
Any testable hypothesis here assumes the ability to place institutions along a spectrum of
international engagement, from those that have no or minimal international involvement to
those with extensive international programs. These hypotheses can be used to assess the impact
of specific programs, such as IRFP and PIRE, on a given institution. Generally, institutions with
extensive international experience:
H1: are better able to develop, sustain, and expand international research and education
networks to meet research and education challenges.
H2: have developed more flexible infrastructures to adapt to changing arenas for cutting-edge
and high-risk areas of research.
H3: have developed new and nontraditional means to communicate data and research
findings of international projects.
H4: are more likely to develop multidisciplinary, multicultural research settings with a global
emphasis on their campuses.
H5: are more likely to develop curriculums with an international component and to stress
learning foreign cultures and languages.
H6: will have a higher retention rate in STEM fields.
H7: will have a higher percentage of students seeking further education in STEM fields.
H8: will have a higher job-placement rate for their students.

V. Improved Science and Engineering
Knowledge Environments
Discussion
Participants in the workshop agreed that assessing the impact of international engagement on
the quality of science and engineering research is a very difficult task. There seems to be an
underlying assumption that international collaborations such as IRFP and PIRE provide unique
enhancements to conducting research and creating educational environments that domestic
experiences do not provide. It is also assumed that people seek out these experiences for the
unique opportunities they offer in terms of access to new equipment, facilities, expertise, data,
and phenomena. Finally, there is an assumption that international collaborations provide
12
opportunities to participate in transformative research, whenever and wherever it may occur.
Participants expressed the view that many issues in science and engineering are inherently
global issues and cannot be successfully addressed without international collaborations. A
globally competent science and engineering community, then, is one that avails itself of
opportunities for new discoveries, knowledge, and innovation regardless of location.
The United States is now just one actor in an ever-expanding global research community. Other
nations are increasingly funding high-risk, high-payoff research and creating international
research consortia. The question for the United States is how to use the nation’s resources to
ensure a high return on investment in international science and engineering collaborations.

12

For an initial discussion of “transformative” research, see National Science Board, Enhancing Support of
Transformative Research at the National Science Foundation (Arlington, VA: National Science Foundation), May 7,
2007.
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Answering that question requires the development of a set of metrics that measure the impact
of international collaborations on the quality of science and engineering knowledge and
education. What new opportunities does working with foreign colleagues offer U.S. scientists
and engineers? What methods can be used to track the unique effects of such collaborations? Do
they, in fact, lead to “better” science and engineering? One note: It may require a long
timeframe to track the contributions of international collaborations to advancing and changing
science and engineering in the United States.
Some of the possible benefits of international collaborations that were discussed are:
• New methods for solving problems
• New approaches to learning
• New equipment, tools, and facilities
• Access to experts
• Access to new information
• Access to phenomena (such as a specific geological site, species, ecology, or weather
pattern)
• Creation of new “consumers” or “markets” for knowledge
• Understanding of international standards or culturally laden rules for creating and
disseminating knowledge
• New intellectual property, such as foreign patents, licenses, publications, citations, and
recognition
• A broader societal, political, or economic impact
Aspects relating to “transformative” science that could be explored might include:
• Peer recognition of cutting-edge or innovative science and engineering
• New subfields within a discipline
• New interdisciplinary foci
• New technologies
• Paradigm shifts
• More and/or better publications in peer-reviewed journals
• Awards and grants from diverse sources
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Figure IV provides a conceptual framework for visualizing how international research
collaborations contribute to both “normal” and “transformative” science. These contributions
contain both science “outputs” and “outcomes,” although many of the reports addressing the
nation’s loss of its competitive edge focus on outputs, such as patents, publications, citations,
13
and relative research and development expenditures. New metrics are needed to measure the
effects of U.S. participation in the global science and engineering environment and how that
participation affects the quality of the science and engineering that the nation produces.

Methods
Participants suggested several methods for beginning the process of defining and refining
aspects of research that are uniquely improved by international collaboration. Preliminary
research must be done to develop categories and comparative samples for all types of these
collaborations, from single, short-term initial visits to long-term, complex, multidisciplinary,
multinational projects. Among the methods suggested are:
• Creation of an initial glossary of evaluation terms so that project evaluators would be
operating with the same working definitions
• Interviews with participants in these projects to help answer the question: What in this
work could not have happened if it were not international?
13

See, for example, National Science Board, Research and Development: Essential Foundations for U.S.
Competitiveness in a Global Economy, available at http://www.nsf.gov/statistics/nsb0803/start.htm.
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•
•
•

Focus groups of participants in similar and dissimilar projects to focus on specific
elements of knowledge outcomes and outputs
Case studies of specific projects that delineate similarities and differences between
program designs and evaluation criteria. It is important to note whether the approach
used is inductive or deductive.
Knowledge-network analysis, including the use of new or nontraditional ways of
generating, analyzing, and communicating information

Issues and Research Agendas
The research areas below are intended to start the process of pinpointing the effects of
international collaborations on the knowledge environment. Of the three elements of impact,
this was the most difficult to address.
Research Area 1: Determine what other agencies, institutions, and programs (both within and
outside NSF) have done to evaluate their international science and engineering programs in
terms of qualitative and quantitative impacts on discovery and innovation. One possibility is to
compare the effects that an international component had within NSF disciplinary programs to
those without an international component.
Research Area 2: Clearly identify learning styles, methods, techniques, and problem-solving
approaches used outside the United States that might help advance science and engineering
research. Which of these might facilitate productive research and lead to new discoveries and
innovations?
Research Area 3: Develop prototypes of effective international collaborations at all levels of
education and research, and include models of both short-term and long-term projects. This
process should include a more detailed examination of what it means to produce better research
“outputs” and “outcomes.”
Advances in information technology, among other factors, have contributed to the acceleration
of new discoveries and the development of new fields and new paradigms. Still, it remains a
long-term process for “normal science” to become “transformative science.”
Research Area 4: Develop examples of discovery, innovation, and best practices that constitute
transformative science, with a focus on those that involved international collaborations.
Continue to refine the characteristics of transformative research.

Testable Hypotheses
Compared to research collaborations based in the United States alone, international research
collaborations will result in:
H1: access to new information, expertise, tools, facilities, and/or phenomena not found in the
United States.
H2: development of new methods, technologies, and approaches to problems.
H3: use of nontraditional and new ways to record and analyze data and communicate research
findings.
H4: understanding of new standards, designs, and intellectual-property approaches not found
in the United States.
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H5: obtaining foreign patents, licenses, and other intellectual property.
H6: expanded, flexible, and sustainable science and engineering research networks that can
take advantage of new research opportunities wherever they occur.
H7: a greater probability of transformative research.

Summary and Conclusions
Summary
Measuring the impact of international collaborations on science and engineering is not an easy
task. Developing effective tools to evaluate such collaborations will take time and money.
Participants arrived at the workshop with years of experience participating in, administering,
and evaluating international projects, but no one was able to offer existing long-term systematic
evaluations or models that address all three of the levels of interest to NSF—the impact on the
individual, on the institution, and on the quality of research.

Conclusions
The one-and-a-half-day workshop was composed of participants involved in advancing
international engagement within their institutions, either through direct involvement or
through evaluating international projects. It is clear that there are few, if any, proven
quantitative or qualitative metrics that can be used to assess the effects of international
collaborative research programs on individuals, institutions, and research. At this point, most of
the evidence remains anecdotal and unsystematic.
To address this shortcoming by doing everything suggested in this report would be quite timeconsuming and expensive, and it would require the dedicated efforts of faculty and staff at
various institutions for many years. The key recommendation is to develop some feasible shortterm metrics that can be used to evaluate the impacts of IRFP and PIRE while studying some of
the leading elements to develop more complex models in the future.
It also became clear at the workshop that specific programs such as IRFP and PIRE cannot be
studied in a vacuum. Evaluations of their effectiveness must take into account other
international activities that are taking place at institutions and the students and faculty involved
in them. Participants were involved in administering or evaluating a variety of programs other
than IRFP and PIRE, and they brought their own experiences and perspectives to bear on the
discussion. It was also noted that it is important to study the failures of international
collaborations as well as the successes.
Another point of agreement is that the impact of international collaborations will vary
depending on the subject being studied and the region where the research is being carried out.
Participants in these projects may also have different motivations—they may be seeking to
improve the infrastructure for conducting research, or they may be pushing the frontiers of
scientific knowledge.
The differences between the needs of industry and the needs of U.S. research institutions is
another issue that remains unresolved. Industry wants competent U.S. scientists and engineers
at all educational levels who are able to work, live, and operate effectively abroad for extended
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periods of time. Much of the research conducted by industry is applied research. It will result in
the development of new products and new markets. Agencies such as NSF, however, want
globally competent scientists and engineers to go abroad to conduct cutting-edge basic research
and then return to the United States to teach and mentor others and advance U.S. contributions
to the global process of research and development. One question that remains is what
complementary and integrative roles different agencies and institutions involved in research
play in developing global competence. This raises other questions as well, such as whether the
process of evaluating international programs will be the same for all participants, including
both academic institutions and industry, or whether NSF should develop assessment tools that
apply only to agencies with similar goals and strategies.
At the end of the workshop, each participant was asked to make some closing remarks. Here
are some of the more noteworthy conclusions:
• There are many research questions and some basic metrics, but more needs to be done in
terms of evaluations and basic research on the topic.
• In developing evaluation criteria, it is important to understand who the audience is.
What information is needed, and to whom should it be provided? Would qualitative or
quantitative information be more effective for a particular audience?
• Evaluation does not have to begin and end with numbers. Numbers can be supported
by qualitative knowledge and experience. Do not apply different methodologies for
different audiences.
• Strategically integrate quantitative and qualitative indicators.
• There is a need to find key indicators of success.
• Multiplier effects should be used to obtain the biggest bang for the buck.
• International collaborations accomplish more than simply contributing to building
global competence.
• There is an enormous landscape of indicators. What is the purpose of evaluation:
building capacity? Facilitating good programs? Predicting success?
• It is important to select a small but important group of factors when conducting
evaluations. The principle of good assessment is to measure just enough. Contact
primary investigators and ask them what questions need to be asked to evaluate
international collaborations. What is the minimum set to get at the richness?
• Primary investigators need to be well prepared to evaluate programs—give them
assessment tools.
• Develop a catalog of data collected by those involved in collaborations. Collate all these
resources to find out who is doing what.
• There is a need to identify not only what worked, but what did not work.
• There is a need to link personal with professional growth and to continue to test
hypotheses over time.
• Develop the idea of a logic model or theory of change.
• The levels of interest are overlapping and can be hard to delineate.
• We’re not done yet—a majority of the work remains to be done.

Next Steps
Evaluating programs such as IRFP and PIRE should not be done without background research
into existing evaluation methods and tools used by programs such as Engineers Without
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Borders, programs run by the Gates Foundation in the developing world, and United Nations
programs that provide education and research experiences in remote parts of the world.
1. Find out which of the other programs at NSF have conducted evaluations of their
programs—especially those programs that address the quality of scientific research—
and whether those metrics can be applied to IRFP and PIRE.
2. Through meetings, interviews, and/or workshops, examine what other U.S. government
agencies and granting institutions (such as NIH, the Departments of Energy, Agriculture,
and Education, NASA, USAID, the Gates Foundation, and the Ford Foundation) have
done to evaluate their international programs relative to domestic ones.
3. Through meetings, interviews, and/or workshops study what other non-U.S.
government agencies and other institutions (such as the European Union, NATO, and
the International Council for Science) have done to evaluate their international programs.
4. Prioritize the research agendas identified in this report and the lead NSF offices that
might sponsor the research needed in these agendas.
5. Develop several request-for-proposals based on these agendas that explore the
development of monitoring and assessment tools at the individual, institutional, and
scientific-research levels of analysis.
The goal of the National Science Foundation is to advance excellence in scientific and
engineering research. To fulfill that mission, it is essential to develop key monitoring and
assessment tools for all NSF programs, especially those that promote global competence. Other
nations have taken purposeful steps to train their scientists and engineers to succeed in an
international environment. We can learn from these efforts even as we continue to develop our
own understanding of how best to advance scientific and engineering research as it becomes an
increasingly diverse and global enterprise.
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809 United Nations Plaza
New York, NY 10017-3580
Tel: 212-984-5347
rbhandari@iie.org
www.iie.org

Rajika Bhandari directs IIE’s research and program evaluation activities and leads two major research
projects—Open Doors and Project Atlas—that measure international higher education mobility at the
domestic (U.S.) and international level. She also conducts evaluations of IIE’s international scholarship
and fellowship programs. Before joining IIE, Bhandari was a Senior Researcher at MPR Associates, an
educational research firm in Berkeley, California, that provides research and evaluation services to the
U.S. Department of Education, state departments of education, and foundations. She also served as the
Assistant Director for Evaluation at the Mathematics and Science Education Network at the University of
North Carolina at Chapel Hill, where she directed research and evaluations of mathematics and science
education pre-college and professional development programs. Bhandari has substantial experience
conducting educational research in the U.S. and in India on topics such as women and education in
developing countries, immigrant parents’ participation in children’s education in the U.S., and adult
education and lifelong learning. She holds a doctoral degree in psychology from North Carolina State
University and a B.A. (Honors) in psychology from the University of Delhi, India.
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Chang, Yating
Assistant Director, Global Engineering Programs
Purdue University
Civil Engineering Building Rm#G175, 550 Stadium Mall Drive
West Lafayette, IN 47907, USA
Tel: 765-496-1810
ychang@ecn.purdue.edu

Yating Chang’s role as assistant director involves raising the participation and impact of global
experiences undertaken by students in Purdue’s College of Engineering. Chang has an M.S. in crosscultural psychology and an Ed. D degree in higher education administration from the Peabody College at
Vanderbilt University in April 2007.
As the Study Abroad Coordinator at Western Kentucky University from 2001–2006, she drove a threefold
increase in global educational experiences, working with a predominately local/in-state student
population that does not have a natural inclination for study abroad (many being the first in their family
to attend college). This work experience—the engagement of underrepresented populations in education
abroad—has become her focus. At her current position, Chang works to promote global education to
engineering majors—another underrepresented population in study abroad programs. During her career
at Purdue University, the number of engineering majors participating in overseas study has increased
from 86 to 224. Her main responsibilities include engagement of both students and faculty members at
Purdue University to embrace global engineering mindsets and practice. She has served as the program
chair for the NSF Grantee Conference of International Research and Engineering Education (IREE) from
2007–2008
Chang is a committee member of the Sub-Committee of Underrepresentation in Education Abroad in
Education Abroad of NAFSA: Association of International Educators. Concurrently, she serves as the
2008 network leader of the International Education Leadership Development network of NAFSA. She has
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study abroad programs, and on the different approaches required when advising Chinese-origin students
from different countries. She served on the Board of Trustees (2002–2006) of the Cooperative Center for
Study Abroad, as Fulbright Advisor, and as a Selection Panelist for the Gilman International Scholarship
Program.
Chang was born in Taiwan, grew up in Singapore, and has traveled to 26 different countries.
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Frehill, Lisa
Executive Director
Commission on Professionals in Science and Technology
1200 New York Ave., NW, Suite 113
Washington, DC 20005
Tel: 202-326-7080
lfrehill@cpst.org
www.cpst.org

Lisa Frehill holds a doctoral degree in sociology with a minor in systems engineering from the University
of Arizona and a bachelor's degree in industrial engineering from General Motors Institute (now
Kettering University). Prior to coming to CPST, Dr. Frehill was an Associate Professor of sociology at
New Mexico State University (NMSU). She was also the Program Director and Principal Investigator of
that institution's National Science Foundation–funded ADVANCE: Institutional Transformation award
and served for a year at the University of California at Irvine as the ADVANCE Program Director.
4.

Gerhardt, Lester
Vice Provost and Dean of Education
Rensselaer Polytechnic Institute
110 Eighth Street
Troy, NY 12180
Tel: 518-276-6400
gerhal@rpi.edu

Lester Gerhardt’s career combines industrial and academic experience. At Rensselaer Polytechnic
Institute, his specialty is digital signal processing, emphasizing image processing, speech processing, and
brain computer interfacing, and he conducts sponsored research and teaches in this field. He has been
actively involved in academic administration concurrent with his professorial career. He has served in the
roles of Chair of the Department of Electrical, Computer, and Systems Engineering, which was then cited
as the most improved department in the U.S. at the time by the National Academy of Engineering;
Founding Director of the Center for Manufacturing Productivity, which was then the second such Center
in the U.S.; Director of the Computer Integrated Manufacturing Program, which then won the National
LEAD (Leadership, Excellence, and Development) Award; Associate Dean of Engineering for Research; a
Vice President of Research Administration and Finance and was the Inaugural Recipient of the National
ASEE Research Administration Award; Dean of Engineering; and most recently as Vice Provost and Dean
of Graduate Education.
Gerhardt has served as a delegate to NATO and as a consultant to the governments of Singapore,
Portugal, Canada, Germany, and the United Kingdom. He co-founded the ongoing Global Engineering
Education Exchange Program in 1995; originated the Rensselaer Education Across Cultural Horizons
(REACH) Program requiring an international experience of each undergraduate student in 2008; served
on the International Advisory Board of the ASEE; was awarded an honorary doctorate by the Technical
University of Denmark; has numerous presentations and publications on the subject of globalization of
higher education; and travels globally extensively.
He is an active consultant to industry, government, and academe, sits on the board of a privately held
company, is a Fellow of the IEEE and ASEE; and holds several patents.
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Sigma Xi, The Scientific Research Society
3106 East NC Highway 54, P.O. Box 13975
Research Triangle Park, NC 27709
Tel: 800-243-6534
www.sigmaxi.org

rharris@sigmaxi.org

Roger Harris is Director of Emerging Technologies and Research Analysis at Sigma Xi, The Scientific
Research Society.
In this role, he strategizes, guides, and implements key business plan features of the 60,000-member
global scientific society. Among his other responsibilities, Roger created and implemented a strategic
communications and marketing plan. He supervises a suite of member communications vehicles
including print media and direct and electronic mail. His most recent initiative is to bring Web 2.0
functionality to the organization by introducing collaborative, interactive online media
such as blogs, wikis and forums, and a full-featured social networking platform. He is also a former
American Scientist contributing editor.
Harris has extensive international experience, including being raised in Africa, and he has traveled to 47
countries in Africa, Europe, and South America. He is the creator and proprietor of an educational Web
site about the Amazon, http://www.junglephotos.com, and coauthor with Peter Hutchison of The
Amazon: The Bradt Travel Guide, the third edition of which was published in August 2007.
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Herman, Joan
Director, National Center for Research on Evaluation, Standards, and Student Testing
CRESST/UCLA
300 Charles E. Young Drive North
Los Angeles, CA 90095-1522
Tel: 310-206-3701
herman@cse.ucla.edu
http://www.cse.ucla.edu/about.html

Joan Herman is Director of the National Center for Research on Evaluation, Standards, and Student
Testing (CRESST) at UCLA. Her research has explored the effects of accountability and assessment on
schools and teaching and the design of assessment systems to support school planning and instructional
decision-making. Her recent work has focused on the validity and consequences of teachers’ formative
assessment practices and the design of new indicators for measuring program implementation and
impact.
Herman has strong interests in bridging research and practice, particularly in applications serving
English Language Learners and at-risk students. She is a frequent advisor in prominent state and federal
research and development enterprises, including repeated service to the National Academy, and has been
active in a variety of international collaboratives. She is past president of the California Educational
Research Association; has held a variety of leadership positions for the American Educational Research
Association, including current service as a member-at-large and liaison to international initiatives; serves
on the executive board of Knowledge Alliance; and is current editor of Educational Assessment.
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7.

Kirk, Elizabeth
Visiting Scholar
Sigma Xi, The Scientific Research Society
3106 East NC Highway 54, P.O. Box 13975
Research Triangle Park, NC 27709
Tel: 302-645-9061

ejkirk@verizon.net

Elizabeth Kirk is a consultant on issues relating to international science, technology, security, and science
policy. She is currently a Visiting Scholar at Sigma Xi, The Scientific Research Society, in Research
Triangle Park, NC, working on an NSF grant focusing on the development of a globally engaged U.S.
scientific, technical, and engineering workforce. Prior to that, she organized Capitol Hill and other
briefings on science and security for Women in International Security (WIIS) under a John D. and
Catherine T. MacArthur Foundation program.
From 2002–2003, Kirk served as the Technical Liaison for the President’s Information Technology
Advisory Committee (PITAC) at the National Coordination Office for Information Technology Research
and Development. From 1988–2002 she was Senior Political Scientist and Program Director in the
International Directorate of the American Association for the Advancement of Science. Prior to that, she
was a Systems Analyst at the Mitre Corporation’s Battlefield Systems Division. Kirk received her B.A.
from Douglass College, Rutgers University, and her M.A. and Ph.D. from Purdue University.
8.

Kuber, Andre
Hewlett Packard
Tel: 650-857-5989

andre.kuber@hp.com

Andre Kuber works extensively with a wide variety of universities and business schools, including
UCLA, University of Florida in Gainesville, Stanford University, Dartmouth and UCLA-Berkeley's Haas
Business School, in collaboration on supply chain management and operations research, focusing on
mutual benefits to both academia and the businesses involved. One of the challenges he addresses in this
collaboration is that the needs of academia and business are difficult to align, but they depend on one
another to be successful.
He is also a leader in the application of Web 2.0 technologies to training, and in measuring the impact of
training on business results. Kuber has a master’s degrees in both instructional design and applied
physics. He is fluent in English, Dutch, French, and German.
9.

Kupfer, Linda
National Institutes of Health
Bethesda, MD
Tel: 301-496-3288

kupfer@mail.nih.gov

Linda Kupfer is currently the Deputy Director of the Division of International Science Policy, Planning,
and Evaluation at the Fogarty International Center (FIC), NIH. She directs strategic planning and
evaluation at Fogarty. From 2005–2006, Kupfer was the Acting Director
of the Office of Evaluation for the entire NIH.
Kupfer obtained her B.A. from Cornell University and her Ph.D. in pharmacology from Columbia
University. She was an AAAS Diplomacy Fellow at the State Department in 1984 and remained at the
State Department in Oceans and Environmental Sciences until 1987, traveling to China and Southeast
Asia to negotiate science agreements. She spent 13 years at NOAA (National Oceanic and Atmospheric
Administration), initially working in the agency's International Activities office and finally as program
director of the marine biotechnology extramural program in the national
office of the National Sea Grant College Program. While in Sea Grant, Linda and her colleagues
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developed a Framework for Scientific Program Evaluation. The evaluation procedure, which included the
development of criteria and benchmarks, was implemented for all Sea Grant Programs. A similar
framework has been implemented at Fogarty for six years.
10. Matherly, Cheryl
Associate Dean for Global Education
University of Tulsa
3126 East 5th Place
Tulsa, OK 74104
Tel: 918-631-3229

cheryl-matherly@utulsa.edu

Cheryl Matherly is Associate Dean for Global Education and Applied Assistant Professor of education at
the University of Tulsa, where she directs the institution’s international study, work, and volunteer
programs. She is currently directing the university’s strategic initiatives with universities in China.
Matherly’s special area of interest is the impact of globalization on the workplace. She currently co-directs
the INNOVATE conference, which involves students from five countries in the study of globalization and
technology in Asia, and the NanoJapan program, which is funded by the National Science Foundation in
order to expand international research opportunities for science and engineering majors. NanoJapan was
recognized by the Institute of International Education in 2008 with the prestigious Andrew Heiskell
Award for Innovation in International Education in the category of study abroad. Matherly has written
numerous articles for national publications on international work opportunities. She is the recipient of
two Fulbright grants for international education administrators (Germany and Japan).
11. Matthews, Martha
Manager, Global Quality Training
Biogen Idec
5000 Davis Drive
Research Triangle Park, NC 27709
Tel: 919-993-1216

Martha.Matthews@biogenidec.com

Biogen Idec is a global research, development, manufacturer, and distributor of biotech therapeutic
products for autoimmune diseases and certain types of cancer encompassing 4,000 employees and $2
billion in annual sales.
Matthews is an accomplished executive with extensive experience leading outstanding training and
development opportunities within biotechnology, pharmaceutical, and environmental management
organizations. She is an expert within employee training / instruction, performance improvement
systems, instructional design, team development, and policy development / implementation in lean Six
Sigma environments. She has demonstrated talent in sales territory growth, marketing, regulatory
compliance, and biotech research and development. An articulate communicator, with exceptional
interpersonal skills, she has effectively led and mobilized individuals and work teams to accomplish
objectives and maximize impact. To date educational programs and process improvements have resulted
in substantial cost and efficiency savings for Biogen Idec.
Matthews is a member of the North Carolina Workforce Development Commission and on the Advisory
Board of the Biomanufacturing Training and Education Center. She received her B.A. from Emmanual
College, a Master of Public Health from Boston University, Six Sigma Black Belt Certification from the
University of Texas, Austin, and is pursuing a Doctorate in adult education from North Carolina State
University.
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12. Novotny, Eric
Senior Vice President
Civilian Research and Development Foundation
1530 Wilson Boulevard 3rd Floor
Arlington, VA 22209
Tel: 703-600-3441
enovotny@crdf.org
www.crdf.org
Eric J. Novotny manages CRDF's five operating divisions and coordinates all program planning and
execution. He brings to CRDF more than 20 years of combined experience in international high
technology business partnerships, program development, and administration. Previously, Novotny was
Vice President, Marketing, at Lockheed Martin Corporation, where he directed the company's ventures to
channel Russian defense and space technologies into international markets for peaceful purposes. He has
also served as a consultant to numerous government agencies and corporations on forging international
partnerships, negotiating technology-transfer agreements, and developing successful funding strategies.
He was also Vice President, Europe, for Hughes Electronics, based in Brussels, Belgium. Novotny is
presently an Adjunct Professor at American University's School of International Service. He is a graduate
of Georgetown University, where he received his Ph.D. in international relations, and of Templeton
College, Oxford.
13. Olds, Barbara
Associate Vice President of Educational Innovation
Colorado School of Mines
Golden, CO 80401
Tel: 303-384-2410
bolds@mines.edu
Barbara M. Olds is Associate Provost for Educational Innovation and Professor of Liberal Arts and
International Studies at the Colorado School of Mines (CSM) where she has been on the faculty since 1984.
She received her B.A. from Stanford University and her M.A. and Ph.D. from
the University of Denver, all in English. From 2003–2006 she was on leave at the National Science
Foundation, where she served as the Division Director for the Division of Research, Evaluation, and
Communication (REC) in the Education and Human Resources Directorate. During the 2006–2007
academic year, Barbara was a part-time visiting professor in Purdue University's Engineering Education
Department. Her research interests focus primarily on understanding and assessing
engineering-student learning, including recent work developing concept inventories for engineering
topics with colleagues from CSM and Purdue. She has participated in a number of curriculum innovation
projects and has been active in the engineering education and assessment communities.
Olds is a Fellow of the American Society for Engineering Education (ASEE), currently serving as the
Chair of the International Advisory Committee of ASEE. She is also a member of the Advisory
Committee for NSF's Office of International Science and Engineering, and was a
Fulbright lecturer/researcher in Sweden.
14. Peters, Michael
Professor of Education
Department of Education Policy Studies
University of Illinois at Urbana-Champaign
Tel: 217-244-0753
mpet001@uiuc.edu
Michael A. Peters is professor of education in the Department of Educational Policy Studies at the
University of Illinois at Urbana-Champaign, where he was invited to join the faculty on the basis of an
excellence hire program in 2005. He also currently holds an adjunct appointment at the Royal Melbourne
Institute of Technology in Australia. He previously held a joint professorial appointment at the
University of Glasgow, United Kingdom, and the University of Auckland, New Zealand. He was
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appointed to a personal chair in Education at Auckland in 2000 and also held the position of Research
Professor at the University of Glasgow with the brief to provide research leadership and help to build a
research culture in the new Faculty of Education.
He also has acted as a consultant to various world governments on education policy and the knowledge
economy as well as an advisor to national and international research organizations and funding agencies.
His interests focus broadly on education, philosophy, and public policy and he has written many books
and academic papers, including: Global Knowledge Cultures (Sense, 2008) with Cushla Kapitzke; Knowledge
Economy, Development and the Future of Higher Education (Sense, 2007); Building Knowledge Cultures:
Education and Development in the Age of Knowledge Capitalism (Rowman & Littlefield, 2006), with Tina
Besley. Currently, he is writing a number of books, including: Degrees of Freedom: Openness of Science
and Education in the 21st Century (Trans. Portuguese, Edições Pedago); The Virtues of Openness
(Paradigm), both with Peter Roberts; and a trilogy: Creativity and the Global Knowledge Economy;
Global Creation: Space, Mobility and Synchrony in the Age of the Knowledge Economy; and Imagination:
Three Models of Imagination in the Age of the Knowledge Economy (Peter Lang) with Simon Marginson
and Peter Murphy.
15. Stallman, Elizabeth
Research Assistant, SAGE Grant Project
University of Minnesota
330 Wullung Hall
Minneapolis, MN 55455
Tel: 612-624-7435
stall004@umn.edu
http://www.education.umn.edu/projects/sage/
Elizabeth Stallman is a Ph.D. candidate in the comparative and international development education
program at the University of Minnesota. She is also the lead research assistant on a three-year grant
project titled, "Beyond immediate impact: Study abroad for global engagement." Her research interests
include racial and ethnic identity, intercultural sensitivity, education abroad, college student
development, and internationalization of the campus.
Stallman received her M.A. in international educational development in 2001 from Teachers College,
Columbia University, where she also served as assistant director of International Services. She received
her B.A. in international politics from Penn State University. From 1994 to 1996 she was a JET Program
participant for which she taught English to Japanese high school students in Shizuoka, Japan. Her earliest
connection to international science collaborations was with her first job at the American Association for
the Advancement of Science.
16. Stashko, Ed
Vice President for Global Programs and Partnerships, Organization for Tropical Studies
Duke University
Box 90630
Durham, NC 27708
Tel: 919-684-5774
estashko@duke.edu
www.ots.duke.edu
Ed Stashko oversees the international education and research programs of OTS in South America, Mexico,
and South Africa. OTS created the Global Programs and Partnerships Division (GPP) to scale up the
availability of OTS-level education and training opportunities in science, management, conservation, and
policy across the tropics. GPP is concentrating on building partnerships that strengthen the capacity of
tropical country institutions to create and support their own programs, that create synergies with other
international organizations with complementary knowledge, skills, and resources, and that engage the
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expertise within the OTS consortium of more than 60 institutions. Stashko has his Ph.D. in ecology and
evolution from Northwestern University and has worked in international field-based education and
training in Costa Rica, Mexico, Turks and Caicos, Canada, Palau, Australia, Kenya, South Africa, and
South America. He also provides expertise in program assessment and evaluation, training and
educational methodology, and health and safety for field programs.
17. Strachan, William R.
Program Director, Technical Recruiting
IBM TJ Watson Research Center
P.O. Box 218
Yorktown, NY 10598/MS 06-040
Tel: 914-945-2890

strachen@us.ibm.com

William R. Strachan has been with IBM for 32 years. He has held multiple management and middle
management positions within IBM's Research Division. His background is in device technology,
overseeing the clean room operations for both advance silicon technology and high resolution LCD
displays. Currently, Strachan is the Technical Recruiting Program Director for IBM's Research Division
and is responsible for both Ph.D. university recruiting as well as diversity outreach initiatives.
18. Vaz, Richard F.
Dean, Interdisciplinary and Global Studies
Worcester Polytechnic Institute
100 Institute Road
Worcester, MA 01609 USA
Tel: 508-831-5344
vaz@wpi.edu
Richard F. Vaz received the Ph.D. in electrical engineering from Worcester Polytechnic Institute (WPI),
focusing on signal analysis and machine vision. He held systems and design engineering positions with
the Raytheon Company, GenRad Inc., and the MITRE Corporation before joining the WPI Electrical and
Computer Engineering faculty in 1987.
Vaz is currently Dean of Interdisciplinary and Global Studies at WPI, with oversight of WPI’s nationallyrecognized Global Perspective Program, through which more than 500 students per year complete
research projects at one of 24 Project Centers located in Africa, Asia, Australia, Europe, and the Americas.
He also leads an academic unit focusing on teaching and research in regional and local sustainability. His
interests include experiential learning, engineering design and appropriate technology, and
internationalizing engineering education. He has developed and directed interdisciplinary and technical
student research projects in Australia, England, Ireland, Italy, Morocco, Namibia, the Netherlands,
Thailand, and the U.S.
Vaz is a member of IEEE, ASEE, Sigma Xi, and Eta Kappa Nu, and since 2004 has served as a Senior
Science Fellow of the Association of American Colleges and Universities. He has published and presented
widely and is the recipient of numerous teaching and advising awards, including the WPI Trustees’
Awards for Outstanding Teaching and for Outstanding Advising.
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Appendix II
DISCUSSION QUESTIONS
#1 Breakout Sessions: Evaluation at the Individual Level
Section I: Global Competence – Knowledge Skills, Intangibles, and Career Development
A globally competent engineer has been defined as one who has “the knowledge, ability, and
predisposition to work effectively with others who define problems differently.”
What kind of skill sets, tangible and intangible, do students and researchers acquire from
international scientific and engineering collaborations?
Please identify several tangible competencies that relate to knowledge, skills that result from
having access to expertise, phenomena, data, and/or facilities and equipment in international
settings.
Please identify some intangible skills (such as “flexibility”) that one may acquire by conducting
collaborative research abroad.
Which of these competencies can be gained by those who do not travel? What competencies—
virtual or otherwise—might be useful?
How could we measure the impact of international collaboration on career development?
How could we measure the impact of international activities undertaken within the U.S., such
as the availability of internationally trained teachers and faculty, international curricula, or
international virtual learning projects on the development of global competence?
What added skills or experiences do you think that S&E researchers who work overseas would
have that would be different than working in the US among foreign-born colleagues?
Do you think there is a difference between how researchers/educators would define global
competence and how private industry would define it? If so, what are the differences?
How important is knowledge of the host-country language for: ability to function in the
research setting; social interaction with peers; quality of the overseas experience? Is the
language advantage/disadvantage more marked in some countries/regions than in others?
Section II: There are many types of international research projects available to STEM
(Science, Technology, Engineering, and Mathematics) students - those that provide:
•
•
•

Young researcher grants (e.g. international postdoctoral fellowship)
International basic research award
Applied research to meet a social need (e.g. engineers without borders)
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•
•

Industry-University training partnerships
Virtual/cyber collaborations

Do these different programs have a different impact on the individual scientist or engineer in
terms of global competence skills and career development? Are different criteria needed to
evaluate each type of project?
The rising popularity of study abroad programs suggests a strong demand for an international
experience among undergraduates. What impact can/do study abroad programs have on
participation in international collaborations among graduate students?
Section III: Evaluating the Short and Long-Term impact of international experiences on
individual scientists and engineers
Do educators/researchers who have participated in international collaborations come away
with additional motivations to stay within their STEM fields? How would you measure this?
How would you go about developing sample comparison populations of students, educators,
and researchers and STEM employees to empirically measure the long-term and short-term
impacts of international education/research experiences?
What kind of testable hypotheses can clearly identify what abilities have been developed by
those with foreign collaborations, including those who travel versus those who don’t travel?
How do we measure whether the career stage at which a person has the international
experience – undergrad, graduate, post-doc, etc. - makes a difference in terms of impact?
What competencies do students gain from international research experiences that are valued by
industry?
Does exposure to a foreign language make individuals more interested in doing research in a
country where that language is used?
How can you measure the impact of conducting international research on such things as career
development and staying in science or engineering?
What information would you, as a faculty member, need to convince your department head or
dean that your international efforts are equal to or even more effective than those of colleagues
who only work in the U.S.? In this case, think about faculty and career development,
promotions, tenure, etc.
Are there measures other than grants, patents, and publications that capture the value of
international work?
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#2 Breakout Sessions: Evaluation at the Institutional Level
These breakout sessions will focus on measuring how education and research institutions are
becoming more international in science and engineering.
BACKGROUND
Increased international engagement within institutions can include:
• Establishing formal ties with foreign institutions
• Establishing joint degree programs or curricula with foreign institutions
• Providing language/culture training specifically for STEM students
• Building international communities on campus
• Linking study abroad with research opportunities
• Having overseas campuses or providing faculty to foreign campuses
• Developing intellectual property agreements with foreign institutions
• Establishing offices and policies that foster international S&E activities at all levels
• Leveraging resources to facilitate international linkages
• Recruiting foreign students and faculty
• Establishing international partnerships with industry and other non-academic entities
• Serving as the center for a research and education network involving many US and
foreign institutions
Are there other ways an institution can change to more effectively participate in the global S&E
arena?
What are key factors (e.g., leadership at the highest level) for establishing and sustaining
international programs?
What can institutions do to make it easier to undertake international activities (e.g., incentives,
administrative, logistical, or financial assistance)?
Would it be useful/feasible to design and offer foreign-language courses aimed at STEM
students? What curriculum changes in STEM degree requirements would be needed to
accommodate foreign language study?
EVALUATION
How do we measure the impact of NSF funding on these various institutional characteristics?
Do programs have different impacts across different types of institutions (e.g., community
colleges, small liberal arts colleges, land-grant institutions, research-focused institutions)?
What is the right time scale for measuring impacts of international activities on an institution?
How do we measure the interaction among and/or integration of these various international
activities?
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How could you measure whether NSF-funded activities have an impact on an institution
beyond those directly involved in international travel?
How can NSF work with institutions to track and evaluate the impact of international
experiences on its personnel over time?
How do we measure the impacts of industrial partners in NSF-funded international activities?

#3 Breakout Sessions: Evaluation at the Science and
Engineering Knowledge Level
These sessions will focus on how to evaluate the impact of access to international
collaborations on advancing science and engineering knowledge.
What added value do individuals bring to the classroom or laboratory because of their
international experience? How can that be measured?
How can evaluation criteria be developed to measure the value added or impact in terms of
quality of research and the educational components on other than an individual level?
Is it useful to compare the numbers and quality of new discoveries, methods, techniques,
expertise, and instrumentation between projects that do and do not include international
collaboration?
Does the rationale for international collaboration (e.g. access to experts, data, equipment,
phenomena) differentially impact the added value of the international component of the
research?
How do we measure the impact of where international collaborators go to conduct their
research? (e.g. differences in language, culture, standard of living)
How can international collaboration change how science is being done? Is generation,
communication, and integration of knowledge harder or easier? And how do we measure this?
How do we measure the effects of cyber communication on international collaboration? Does it
increase or reduce travel? Does it enhance or detract from communication? Does it homogenize
or catalyze cultural differences in how science and engineering is done?
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#4: Joint Session: Integration—Next Steps
This joint session will focus on overall evaluation themes and the integration of the 3 elements
(individual, institutional, science and engineering knowledge)
What can U. S. funding and funded institutions include in their infrastructure and policies to
provide the flexibility needed to quickly respond to cutting-edge or new developments outside
of the United States?
How can funding agencies and universities work more closely on a programmatic level with
industry to integrate workforce skills needed for global competitiveness into science and
engineering curricula?
Beyond focusing on individual, institutional, and knowledge elements are there other ways of
evaluating international programs?
Is a research agenda needed to establish how learning takes place and how science and
engineering is conducted in the international context?
How do we assess the complexity of each experience given different countries and regions and
social and economic development?
What do other institutions like industry, private foundations, or other government agencies do
to evaluate their international programs?
From your knowledge, are there other countries or international bodies doing program
evaluations that we may tap into? Are there resources, groups, or tools that we can use in our
own evaluation efforts?
How can we measure the impacts for the U.S. on the international contributions and
participation?
How do we determine the right mix of programs to assure an adequate science and engineering
workforce of the future? (undergraduate, postdoctorate, institutional partnerships)
Should we be concerned with measuring the impacts of NSF activities on other countries? If so
how should we measure these activities? How can we measure the impact of foreign
participation and funding on U.S. individuals, institutions, and science?
What is the right timeframe to measure the impact of international programs following their
initiation given the increasing complexity, scope, and pace of international science?
What should NSF be doing to continuously monitor and improve international programs?
How can we enable PIs in universities to better evaluate their international activities?
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