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Executive Summary

In April 2003, the DOE/NSF Nuclear Science Advisory Committee charged its Subcommittee on
Education with broadly assessing “how the present NSF and DOE educational investments
relevant to nuclear science are being made” and with identifying “key strategies for preparing
future generations of nuclear physicists and chemists.” In particular, the agencies asked the
Subcommittee to examine current educational activities, including K-12 education and public
outreach, and to “articulate the projected need for trained nuclear scientists, identify strategies for
meeting these needs, and recommend possible improvements or changes in NSF and DOE
practices.” Consistent with this charge, we offer a series of recommendations both to the funding
agencies—the DOE and the NSF—and to the broad community of nuclear scientists.

It is important to emphasize the success of current programs. The nuclear science research
enterprise continues to make great strides in exploring the nature of nuclear and nucleonic
structure, probing matter at extreme energy densities, understanding the processes of
nucleosynthesis and stellar evolution, elucidating the nature of matter in the universe, and
exploring the fundamental symmetries of nature. New facilities have come on line in recent years,
and the community now looks forward to the Rare Isotope Accelerator. The field thus remains
vital and exciting. At the same time, however, we observe a slow decline in the production of
nuclear science Ph.D.’s, a scarcity of nuclear science courses available to undergraduates, a lack
of ethnic and gender diversity in the field, and broad public misconceptions about all things
“nuclear.”

Bearing these issues in mind, the Subcommittee held four two-day meetings and consulted
frequently by phone and e-mail between May 2003 and the publication of this document, to
discuss and formulate its responses to the NSAC charge. Further, we conducted extensive
surveys among undergraduates, graduate students, postdoctoral fellows, and recent Ph.D.’s five
to ten years following their doctorates. This report presents in some detail the results of these
surveys, together with available demographic data, in support of our recommendations, given
below.

In addition, we emphasize that the strength and future of the educational enterprise rest on
forefront research opportunities and forefront facilities. Any effort to improve nuclear science
education and to provide the nation with a skilled workforce and an educated populace will fall
without the necessary investments in research opportunities as outlined in the 2002 NSAC Long-
Range Plan for nuclear science.

Outreach

We recommend that the highest priority for new investment in education be the creation by
the DOE and the NSF of a Center for Nuclear Science Outreach.

Ph.D. Production

We recommend that the nuclear science community work to increase the number of new
Ph.D.’s in nuclear science by approximately 20% over the next five to ten years.

Diversity and Professional Development

We recommend that there be a concerted commitment by the nuclear science community to
enhance the participation in nuclear science of women and people from traditionally
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underrepresented backgrounds and that the agencies help provide the support to facilitate
this enhanced participation.

We recommend that there be a concerted commitment by the nuclear science community to
establish mentoring and professional development programs and that the agencies support
such efforts through the funding of competitive proposals.

Undergraduate Education

We recommend that the NSF and the DOE continue supporting research mentorship
opportunities in nuclear science for undergraduate students through programs and research
grant support. Additionally, we recommend that they consider expanding support if proposals
for undergraduate student involvement in nuclear science research increase.

We recommend the establishment of a third summer school for nuclear chemistry, modeled
largely after the two existing schools.

We recommend that there be a concerted commitment by the nuclear science community to
be more proactive in its recruitment of undergraduates into nuclear science, especially
among underrepresented groups. We also recommend that the NSF and the DOE continue
to be supportive of requests for recruitment and outreach support.

We recommend that the Division of Nuclear Physics of the American Physical Society
consider the establishment of a community-developed recognition award for individuals
providing research opportunities and/or mentoring to undergraduates in nuclear science.

We recommend the establishment of an online nuclear science instructional materials
database, for use in encouraging and enhancing the development of undergraduate nuclear
science courses.

Graduate and Postdoctoral Training

We recommend that the nuclear science community assume greater responsibility for
shortening the median time to the Ph.D. degree.

We strongly endorse the Secretary of Energy Advisory Board’s 2003 recommendation that
new, prestigious graduate student fellowships be developed by the Office of Science in the
areas of physical sciences, including nuclear science, that are critical to the missions of the
DOE.

We also strongly endorse the accompanying recommendation that new training grant
opportunities in nuclear science be established.

We recommend that prestigious postdoctoral fellowships in nuclear science be established,
with funding from the NSF and the DOE.

We also endorse the broad principles reflected in the NSF’s Criterion 2, which seeks to ensure
that research activities have an impact beyond their narrowly defined intellectual objectives.
Ancillary benefits of proposed research should be considered, including its success in promoting
teaching, training, and learning; broadening the participation of underrepresented groups;
enhancing the infrastructure for research and education; increasing scientific and technological
understanding; and broadly benefiting society.




Introduction and Recommendations

The United States’ leadership in science and technology demands enduring attention to
adequate science education—not only the education of undergraduates, graduate
students, and postdoctoral fellows, but also the education of precollege students and the
broader public. The 2002 Nuclear Science Advisory Committee (NSAC) Long-Range
Plan, “Opportunities in Nuclear Science,” recognized this explicitly:

The education of young scientists must be an integral part of any
vision of the future of nuclear science, as well as being central to
the missions of both the NSF and the DOE. Well-designed
educational programs, ensuring a stable supply of nuclear
scientists—as well as a scientifically literate society—are essential
not only to the fertility of academic research, but also to the needs
of medicine, defense, industry, and government.

This educational mandate is thus an essential part of the Department of Energy (DOE)
and National Science Foundation (NSF) efforts in nuclear science, together with the
maintenance of a vigorous research program and the construction and operation of
state-of-the-art research facilities. Indeed, these three elements are closely linked. For
example, without forefront research opportunities at our universities and national
laboratories, we cannot attract and educate the next generation of talented scientists
needed to meet the nation’s demands in the area of applied nuclear science.

At the outset, it is important to underscore the success of current programs. Since the
mid-1990s, the nuclear science research enterprise has made great strides in exploring
the nature of nuclear and nucleonic structure, probing matter at extreme energy
densities, understanding the processes of nucleosynthesis and stellar evolution,
elucidating the nature of matter in the universe, and exploring the fundamental
symmetries of nature. During this same decade, the Continuous Electron Beam
Accelerator Facility (CEBAF) began operation at Jefferson Lab, and the Relativistic
Heavy lon Collider (RHIC) came on line at Brookhaven. The community now looks
forward to the Rare Isotope Accelerator (RIA), which will allow us to map and define the
limits of nuclear existence and help us to understand the origin of the elements and the
generation of energy in the stars.

Nuclear science thus remains vigorous and stimulating, and our graduates are becoming
the new leaders in the field, filling crucial roles in society. This success would have been
impossible if our educational system were not producing top-flight researchers. And yet,
some warning signals cannot be ignored: a decline in the production of nuclear science
Ph.D.’s, a scarcity of nuclear science courses available to undergraduates, a lack of
ethnic and gender diversity in the field, and broad public misconceptions about all things
“nuclear.”

In the following pages, the DOE/NSF NSAC Subcommittee on Education addresses
each of these educational points in its response to a March 4, 2003, charge from the

Introduction and Recommendations i



DOE and the NSF to NSAC. That charge, reproduced in Appendix A, requested NSAC
to assess “how the present NSF and DOE educational investments relevant to nuclear
science are being made and to identify key strategies for preparing future generations of
nuclear physicists and chemists.”

In particular, the DOE and the NSF requested an assessment that would “document the
status and effectiveness of the present educational activities, articulate the projected
need for trained nuclear scientists, identify strategies for meeting these needs, and
recommend possible improvements or changes in NSF and DOE practices. [The] report
should also identify ways in which the nuclear science community can leverage its
capabilities to address areas of national need regarding K-12 education and public
outreach.”

Consistent with this charge, we address a series of recommendations both to the
funding agencies—the DOE and the NSF—and to the broad community of nuclear
scientists.

The Highest Priority: Broadening Our Reach

Nuclear science is a vital and exciting field; its several facets, including physics,
chemistry, medicine, and engineering, offer intellectual stimulation and provide tangible
benefits for the future of society. The 2002 Long-Range Plan presents a detailed picture
of a lively and compelling field. Yet, in a time when the general public has become more
and more critical of the need for basic scientific research, nuclear science faces
especially acute public misperceptions. On the one hand, our field is sometimes
characterized as a “mature”—a euphemism for “stale’—discipline offering little scope for
exciting new discoveries; on the other, it is tarnished by the public fear surrounding
anything “nuclear.”

These perceptions ignore the profound contributions of nuclear science in our daily lives,
most visibly, perhaps, in modern medical diagnosis and treatment and in nuclear energy
policy; they overlook the growing need for trained nuclear scientists in an age of
reshaped global threats; and they pay no heed to the unpredictable benefits of cutting-
edge basic research. Above all else, we were concerned by these misconceptions, by
the often distorted public discourse that underlies them, and by the absence of focused
educational resources that might correct them. Only a more broadly educated society—
one with a practical, basic knowledge of nuclear science—can hope to deal effectively
with a wide range of important scientific topics, including medicine, energy policy, and
the potential for nuclear terrorism. A narrower concern, but one of particular
consequence to our field, is the impact of distorted perceptions on the recruitment of
future nuclear scientists. The omission or careless treatment of nuclear topics in
precollege curricula can seriously limit the number of students who might ever consider
a career in the field. And the absence of regularly taught undergraduate courses in
nuclear science at many U.S. universities further obstructs the path to nuclear science
careers. In addition, we strongly urge each nuclear scientist to become more active in
educational outreach, particularly in K-12 science education.




In summary, we conclude that a new educational effort—a central organization, staffed
with experts in nuclear science and in education—should be formed and supported by
the federal granting agencies. Accordingly,

We recommend that the highest priority for new investment in education be the
creation by the DOE and the NSF of a Center for Nuclear Science Outreach.

The Center would establish appropriate ties with the American Physical Society’s
Division of Nuclear Physics and its Committee on Education, as well as the Division of
Nuclear Chemistry and Technology of the American Chemical Society. Its broad goal
would be to approach the level of societal recognition currently enjoyed in space-based
research programs. The Center would serve as a resource for all nuclear scientists and
would help them promote their research and technical accomplishments to a broad
audience. It would create materials to convey the excitement of nuclear science to the
general public, help dispel widespread misconceptions by making people aware of the
natural radiation in our environment, develop educational materials for K-12 teachers
and students, and work to paint a more accurate picture of a vitally active field in the
minds of legislators and academic leaders.

The Nuclear Science Pipeline: Production and Diversity

Underlying the recommendation for an outreach center is the recognized need for a
continuing stream of nuclear science Ph.D.’s, men and women who will be leaders in
nuclear science education and basic research, and who must also supply expertise
critical to our nation’s economic welfare and security—expertise in isotope science,
radiation detection, nuclear medicine, and nuclear engineering, as well as the broad
technical expertise to fill related “non-nuclear” positions in industry and government. To
better understand the “Ph.D. pipeline” for nuclear science, we developed a detailed
picture of the field’s demographics, both its current profile and the dynamics of the past
decades. Based on our analysis, we find that the current level of Ph.D. production in
nuclear science may not be sufficient to meet future demand; to contribute adequately to
the near-term needs of related fields such as nuclear engineering; or to realize the future
opportunities outlined by the DOE Office of Science Twenty-Year Plan, the report of the
Interagency Working Group on the Physics of the Universe, and the 2002 NSAC Long-
Range Plan.

The reasons for this anticipated shortfall include the needs of homeland security,
expected retirements at the national laboratories, and demands in nuclear engineering
and nuclear medicine. For example, we note the projection that, within the next ten
years, about three-quarters of the workforce in nuclear engineering will reach retirement
age. Nuclear physics and nuclear chemistry Ph.D.’s must contribute at least modestly to
filling the resulting demand. Therefore,

We recommend that the nuclear science community work to increase the number
of new Ph.D.’s in nuclear science by approximately 20% over the next five to ten
years.
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This would represent an increase from slightly more than 80 to about 100 new Ph.D.’s
each year. We feel that this goal can be achieved without the allocation of additional
resources by the NSF Division of Physics or the DOE Office of Science, principally by
shortening the time students spend in the Ph.D. program and taking advantage of other
funding opportunities for graduate students in areas of national need, at the same time
that we enhance recruitment efforts aimed at students with undergraduate research
experience. For this strategy to be successful, it is essential that the DOE and the NSF
continue to place high priority on investment in graduate education and to maintain, at a
minimum, their current level of educational expenditures.

Specific steps that address the issue of shortening the time to the Ph.D. degree are
included in recommendations regarding graduate and postdoctoral education, discussed
below.

Demographic data also highlight the striking underrepresentation of women and
minorities within the nuclear science workforce. Women represent approximately 10% of
tenure-track faculty and national laboratory employees. Recent progress in addressing
this underrepresentation is encouraging, but inadequate: About 20% of new tenure-track
faculty hires in nuclear science are female, compared with the few percent hired in the
"70s and '80s. Minorities are even more poorly represented. Recruitment from both of
these underrepresented groups will become increasingly necessary to meet the field’s
workforce needs—in terms of both diversity and numbers—in the coming years. To
make progress, we must continue to transform our institutions to lower the barriers to
inclusion and success, and we must give individuals today the tools to survive (in fact, to
thrive) in a system still in transition.

We offer two recommendations to address the diversity gap in nuclear science. First, it is
essential that we actively work to identify promising members of underrepresented
groups and to increase the opportunities for their full participation in the community. It is
also essential not only that we enable individuals to prosper within our current
institutions, but also that we reexamine our basic assumptions and reevaluate our
institutions to see how they might accommodate a broader group of individuals.
Accordingly,

We recommend that there be a concerted commitment by the nuclear science
community to enhance the participation in nuclear science of women and people
from traditionally underrepresented backgrounds and that the agencies help
provide the support to facilitate this enhanced participation.

The following steps might be taken as part of this concerted commitment:

e Enhance connections with the faculty and students of institutions and consortia
that serve traditionally underrepresented groups.

o Establish programs that help facilitate the transition of early-career scientists into
forefront research activities and educational opportunities. The agencies might,
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for example, establish and fund master’s-to-Ph.D. bridge programs for graduate
students not yet fully prepared for doctoral-track graduate studies.

e Adopt policies that recognize the personal and family responsibilities of nuclear
scientists, in particular, the prevalence of female nuclear scientists whose
husbands or partners have a Ph.D. in the same field. Realistic family leave
policies are a key example. Policies should also facilitate “partner hires.”

o Develop effective models for enhancing the participation of individuals from
traditionally underrepresented backgrounds and disseminate them via best-
practice sessions.

A commitment to the goals of the NSF’s Criterion 2 would also have a salutary impact on
diversity in nuclear science. We discuss this in a separate section, below.

A second recommendation recognizes effective mentoring as critical to preparing
nuclear scientists for the future. This is particularly true for members of
underrepresented groups, who face significant barriers to success in nuclear science
research and education. But even among the broader community of nuclear science
Ph.D.’s early in their careers, concerns about finding a job—and, for many, disappointed
expectations of finding an academic or national laboratory position—point to a need for
much better career advising. Therefore, it is essential that the nuclear science
community work actively to provide mentoring and professional development
opportunities for all aspiring scientists in the field, and especially for members of
underrepresented groups. If this is done well, we can ensure that our students and
postdocs have fulfilling careers. By being more supportive and welcoming, our field
should also become more attractive to promising people early in their careers.
Therefore,

We recommend that there be a concerted commitment by the nuclear science
community to establish mentoring and professional development programs and
that the agencies support such efforts through the funding of competitive
proposals.

Two steps, in particular, might be taken in support of this commitment:

o Develop programs at professional meetings, such as the American Physical
Society’s annual Division of Nuclear Physics meeting, and at the national
laboratories that provide realistic career advising and support professional
development.

e At our universities, enhance mentoring and career advising of undergraduate and
graduate students and postdoctoral scholars, especially members of
underrepresented groups.

Increasing the representation of women and minorities in nuclear science would
materially enrich the educational experience for all and improve our success in recruiting
students to the field. Several of the recommendations in the following section thus also
focus on encouraging diversity within nuclear science.
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At the same time, it is important to underscore that diversity issues—and many of the
other issues we have identified here—are not peculiar to nuclear science, or to physics
more broadly. We thus see an opportunity for nuclear scientists to play a leading role in
addressing matters of broad importance to education.

Enhancing the Undergraduate Experience

The undergraduate years offer the prime opportunity for introducing students to the tools
and methodology of physical science. It is therefore especially important that the nuclear
science community focus its attention on those crucial years for the recruiting and
retaining of interested students. If science has not seized their interest, either before
entering college or during their first year or so, they are much less likely to pursue a
scientific career. Likewise, if they have an interest in science but no opportunity to
participate in research, they are less likely to be attracted to graduate school. And as we
have already emphasized, deep-seated misconceptions about nuclear science make our
challenges even greater.

To gain a clearer picture of the undergraduate years, we conducted four surveys
relevant to this critical period: one survey of nuclear physics course offerings in the U.S.,
two online surveys of undergraduate students (one of Research Experience for
Undergraduates [REU] students and one of Conference Experience for Undergraduates
[CEU] students), and one e-mail query of REU program directors. One important finding
was the shortage of courses in nuclear science available to undergraduate students in
the U.S. More hopeful was the success of those courses that are available, of
opportunities for research, and of interactions with the larger nuclear science community
in providing the kinds of experiences that materially aid the recruitment of future nuclear
scientists. Accordingly, we strongly endorse the important role played by undergraduate
programs aimed at training and motivating young scientists. These include

e The NSF REU and Research at Undergraduate Institutions (RUI) programs. The
REU program has been particularly successful at engaging women and has had
a demonstrably positive influence in motivating, equipping, and retaining bright
and energetic students.

o DOE university research grant support, which allows 100 or more undergraduate
students to pursue research in nuclear science with supported investigators at
universities or national laboratories.

¢ The CEU program, which gives undergraduate students a venue for presenting
research to and interacting with the professional community.

e Summer schools in nuclear chemistry and radiochemistry, sponsored by the
Division of Nuclear Chemistry and Technology of the American Chemical Society
and funded by the DOE'’s Office of Basic Energy Sciences and Office of
Biological and Environmental Research. Given the declining number of students
pursuing nuclear chemistry Ph.D.’s, these schools serve an important role in
attracting new graduate students to the field.
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Two recommendations follow from the success of these programs:

We recommend that the NSF and the DOE continue supporting research
mentorship opportunities in nuclear science for undergraduate students through
programs and research grant support. Additionally, we recommend that they
consider expanding support if proposals for undergraduate student involvement
in nuclear science research increase.

We recommend the establishment of a third summer school for nuclear chemistry,
modeled largely after the two existing schools.

We also commend the nuclear science community, and specifically the American
Physical Society’s Division of Nuclear Physics, for its active and dedicated support of
undergraduate research and for the quality of experiences it provides for the motivation
and training of young scientists. Nonetheless, we wish to encourage an even deeper
commitment among our colleagues to recruiting the most promising undergraduates into
nuclear science. Therefore,

We recommend that there be a concerted commitment by the nuclear science
community to be more proactive in its recruitment of undergraduates into nuclear
science, especially among underrepresented groups. We also recommend that the
NSF and the DOE continue to be supportive of requests for recruitment and
outreach support.

As an example of such activity, several REU programs have funds designated for the
purpose of program promotion and recruitment—funds that could be used for travel to
institutions with high numbers of students from underrepresented groups. For
recruitment to be effective, it is essential that good working relationships between
institutions be established, and that individuals with interest in these areas be identified
and encouraged to build and maintain these ties. More broadly, we believe that a
mechanism should be available to publicly acknowledge and celebrate individuals
committed to recruiting, developing, and mentoring undergraduate students. Therefore,

We recommend that the Division of Nuclear Physics of the American Physical
Society consider the establishment of a community-developed recognition award
for individuals providing research opportunities and/or mentoring to
undergraduates in nuclear science.

Finally, we recognize the disparity in resources available to large Ph.D.-granting
institutions and to the smaller four-year colleges that confer nearly half of all physics
bachelor’'s degrees. In an effort to make additional resources available to these smaller
institutions,

We recommend the establishment of an online nuclear science instructional
materials database, for use in encouraging and enhancing the development of
undergraduate nuclear science courses.
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Graduate School and the Postdoctoral Years

To assess the effectiveness of the nation’s investment in graduate and postdoctoral
training and to help us understand the factors influencing a successful and satisfying
career in nuclear science, we contacted 627 graduate students, 352 postdoctoral
fellows, and 412 men and women who received their nuclear science Ph.D.’s five to ten
years ago. We sought information about background, ethnicity, age, and citizenship
status; probed attitudes about the adequacy of their preparation and about their current
situation; and asked questions designed to allow assessments about “quality of life.” The
results (see “The Surveys: Some Revealing Results,” page xv) indicated a high level of
satisfaction among these individuals who have chosen careers in nuclear science. At the
same time, we exposed some shortcomings that we believe can be addressed by a
series of corrective measures.

Among these shortcomings was the lack of adequate career advising, mirrored in a
significant degree of disappointment among Ph.D.’s five to ten years after their
degrees—disappointment arising from a misunderstanding of the breadth of the
“traditional job market” for nuclear scientists and thus an unrealistic focus on academic
or national laboratory positions. We believe this “expectation-reality” mismatch can be
addressed by active advising and mentoring efforts. This finding is one of the roots of
our recommendation, above, for enhanced mentoring and professional development.

Also prominent among our findings was the length of time required for a student to
progress from entry into graduate school to a first job. The median registered time from
bachelor’s degree to a Ph.D. in nuclear physics or nuclear chemistry has been 7.0 years
over the last five reporting periods (1998—-2002). Seventy percent of these Ph.D.’s then
take one or more (almost mandatory) postdoctoral positions lasting an average of 3.3
years. Therefore, ten-plus years pass before the “typical” nuclear science Ph.D. has a
first job. This is too long. Not only can it deter career-minded students who might instead
choose to pursue a different advanced degree, but it also deprives the U.S. of the
independent intellectual contributions of these talented scientists during a creative time
of their lives. We believe that the time to the Ph.D. should be shortened to five and a half
or six years.

We also recognize the value and importance of the postdoctoral experience for many
newly minted Ph.D.’s. However, we urge principal investigators to evaluate the total time
being spent by their postdocs during this stage of their careers and to make sure that
these individuals are receiving the training they need to enhance their subsequent
career prospects.

As a first step toward reducing the overall time to the first job,

We recommend that the nuclear science community assume greater responsibility
for shortening the median time to the Ph.D. degree.

The following activities should be among those considered to realize this goal:




¢ Nuclear science faculty should conscientiously monitor the progress of their
graduate students toward the Ph.D. degree.

¢ Recognizing that a high-quality Ph.D. program contains, in addition to research,
various scholarly components such as coursework, qualifying examinations, and
in some cases serving as a teaching assistant, nuclear science faculty should
work with their departmental colleagues to optimize these components for their
students' education. In doing this, individual graduate students' needs and goals
should be taken into account.

¢ Nuclear science faculty should identify new ways to engage graduate students in
research early in their graduate careers.

o The funding agencies should be apprised of graduate students' progress in their
research and toward their degrees, and work to help faculty toward the goal of
optimizing the educational experience and reducing the time to completion of the
Ph.D. degree. Monitoring the placement of graduate students after their Ph.D.
work, as well as the attrition of those who do not finish, will also provide important
data to improve overall graduate student education.

At the same time, we recognize the overarching importance of quality—of ensuring that
nuclear science continues to attract “the best and the brightest.” Recent years have seen
a tremendous increase in the number of graduate students in the life sciences, while in
the physical sciences, the number of students has not increased, even though the
scientific challenges are great and the need for scientists in the physical sciences
continues to grow. The consequent need to increase the number of young Americans
pursuing careers in the physical sciences and engineering was explicitly underscored in
the Secretary of Energy Advisory Board's 2003 report, “Critical Choices: Science,
Energy, and Security,” which recommended new undergraduate, graduate, and
postdoctoral fellowship programs.

We strongly endorse the Secretary of Energy Advisory Board’s 2003
recommendation that new, prestigious graduate student fellowships be developed
by the Office of Science in the areas of physical sciences, including nuclear
science, that are critical to the missions of the DOE.

We also strongly endorse the accompanying recommendation that new training
grant opportunities in nuclear science be established.

Prestigious fellowships would serve to attract the most promising graduate students,
providing them with the flexibility to prepare for research in their subfield of choice. The
training grants in nuclear science could, in particular, prepare undergraduate and
graduate students and postdoctoral scholars for careers at the DOE and at the DOE-
supported national laboratories that require expertise in nuclear science and its
applications.

The need for this kind of support and encouragement extends beyond graduate school.
There are relatively few ways in which nuclear scientists early in their careers are
recognized for their accomplishments and potential, and even fewer ways in which this
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recognition extends beyond the nuclear science community. Prestigious postdoctoral
awards in other physical sciences have served to meet both of these challenges. With
similar postdoctoral fellowships in nuclear science, the visibility of nuclear science would
be enhanced, encouraging undergraduate and graduate students to pursue such
studies, and colleges and universities would be able to identify the top candidates for
faculty positions.

The establishment of prestigious postdoctoral positions would also support a
recommendation of the NSAC theory subcommittee in its 2003 report, “A Vision for
Nuclear Theory.”

We recommend that prestigious postdoctoral fellowships in nuclear science be
established, with funding from the NSF and the DOE.

We recognize that the funding agencies will ultimately define the logistics to realize
these prestigious opportunities. A reasonable approach to implementing this
recommendation might be 12 two-year fellowships. In this approach, six of these
fellowships would be awarded annually, with typically three each to theorists and
experimentalists. Eligible applicants would have no more than two years of previous
postdoctoral experience. At least initially, preference would be given to applicants with
Ph.D.’s from U.S. universities. Compensation would be significantly above the standard
stipend in nuclear science and would include an institutional payment to provide health
benefits and a research account to provide some research independence for the
recipient. The fellows could use their awards at any U.S. university or national
laboratory; however, an effort should be made to limit the number of these prestigious
scholars at a single host institution.

The mechanism for nomination of candidates for both graduate and postdoctoral
fellowships should encourage the patrticipation of both men and women of all ethnic
backgrounds.

The NSF's Broader Impacts Criterion

Ensuring that research activities have an impact beyond their narrowly defined
intellectual objectives is a challenging but critical component of the effort to achieve the
goals of the national research program. To meet this challenge, the NSF has established
a “broader impacts” criterion that takes account of the ancillary benefits of proposed
research:

¢ How well does the activity advance discovery and understanding while promoting
teaching, training, and learning?

o How well does the proposed activity broaden the participation of
underrepresented groups (e.g., gender, ethnicity, disability, geographic, etc.)?

¢ To what extent will it enhance the infrastructure for research and education, such
as facilities, instrumentation, networks, and partnerships?
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¢ Wil the results be disseminated broadly to enhance scientific and technological
understanding?

¢ What may be the benefits of the proposed activity to society?

We support the broad principles reflected in this criterion. We therefore encourage the
nuclear science community (and the individual scientists within it) to think broadly about
the possible synergistic effects of their research and educational activities. In addition to
more general activities, there are many ways in which nuclear scientists can use their
education, training, and facilities—and the paradigm of the science—to contribute
uniquely to the objectives embodied in this criterion. Possible activities include, but are
certainly not limited to, the following:

¢ Nuclear science education and research aimed at the development of future
scientists: postdocs, graduate students, undergraduates, and high school
students and teachers. Efforts can include career advising and successful
placement of apprentice scholars.

e Mentoring of future scientists not directly related to nuclear science education
and research, in particular, the mentoring of men and women within traditionally
underrepresented and disadvantaged groups.

e Activities that reflect favorably on the nuclear science community or that enhance
public awareness and understanding of nuclear science and energy.

¢ Involvement in nuclear science and technology courses and workshops outside
the university and basic science communities.

o Efforts to build and sustain relationships with institutions, and their students, that
serve traditionally underrepresented groups.

e Involvement in public education and outreach to schools and to the public.
Examples include lectures, tours of facilities, Web page development, and
collaborations with teachers in the schools.

e Contributions of techniques, expertise, and workforce to areas of national need,
including homeland security, medicine, and energy.

e Research that affects other areas of science.

Several of these activities would be facilitated by implementing the recommendations
above, especially the recommendation for a Center for Nuclear Science Outreach,
whose goals would include public education, the broad dissemination of research
results, and the development of K-12 teaching materials.

Plan of the Report

Following a brief summary of our survey findings, the eight chapters of this report flesh
out the outline above. Chapter 1 presents a detailed picture of the nuclear science
community, with much of the data drawn from American Institute of Physics and NSF
publications. Chapter 2 summarizes our surveys of undergraduate students and
presents recommendations based on conclusions drawn largely from those surveys.
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Chapters 3-5 focus, respectively, on graduate students, postdoctoral fellows, and
Ph.D.’s five to ten years after their degrees, each chapter summarizing in some detalil
the results of extensive surveys of those groups. Chapter 6 then draws on these survey
results to present a series of recommendations to enhance the quality of graduate and
postdoctoral training in the U.S. The issue of diversity, exposed as a serious concern in
each of the foregoing chapters, is the focus of Chapter 7. Finally, Chapter 8 discusses
current shortcomings in education and public outreach efforts and reiterates our
recommendation for a dedicated outreach center.
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The Surveys: Some Revealing Results

A Profile of the Community

Our recommendations rest in large measure on the
results of surveys conducted among undergraduates,
graduate students, postdocs, and recent Ph.D.’s five to
ten years following their doctorates. The results of these
surveys are summarized in Chapters 2-5; we offer a
few highlights here. In addition, Chapter 1 offers a
demographic picture of the nuclear science community.
The key findings include the following:

¢ Women and minorities remain significantly
underrepresented in nuclear science. The recent
trend of 20% female new hires for tenure-track
faculty is an encouraging improvement, but it
remains inadequate.

e We observe a modest shift in the percentage of
foreign Ph.D.’s taking positions in the U.S.,
including tenure-track faculty positions, where
historical percentages of 20% foreign hires have
now increased to over 30%. The implications are
unclear.

e We also find indications that U.S. colleges and
universities are losing positions in nuclear physics
and nuclear chemistry—positions that are
imperative to the Ph.D. stream.

Opportunities for Undergraduates

To assess exposure to nuclear science during the
undergraduate years, we compiled data from 23 Ph.D.-
granting physics departments, averaging 20 or more
physics majors per year for the most recent available
years (1999-2001). Among these largest departments,
only six offered an undergraduate course in nuclear
physics (which was thus available to fewer than 18% of
the undergraduates represented by this sample).
Another 12 departments offered a combined nuclear
and particle physics course. The situation was similar
among four-year colleges: Of the seven departments
that averaged 15 or more physics majors per year,
surveyed for the same time period, two offered a course
in nuclear physics, one a combined nuclear/atomic
physics course, and another a combined
nuclear/particle physics course.

One hundred sixty-five undergraduates, from
approximately 30 sites, responded to our survey of the
REU program. Men and women were roughly equally
represented among the respondents, but ethnic
minorities were poorly represented. Asked why they
chose to participate in an REU program, more than 60%

of respondents said they did so in anticipation of
attending graduate school, and overall, students
expressed strong satisfaction with their research
projects and with the value of the experience in terms of
their future career plans. Students were also asked to
assess the effect of the REU experience on their
graduate school plans. About 65% expressed no
change in plans, but nearly 25% experienced an
increase in their interest, indicating that the experience
bolstered interest and confidence in future graduate
school plans.

We also surveyed the participants in CEUO3, which took
place in Tucson, Arizona, concurrently with DNPO3. Of
the 65 or so participants, 44 replied to the survey (about
68% overall). Among respondents, 27% were women
and 73% men, representative of participation in the CEU
program. Seventy-seven percent of CEU participants
indicated plans to pursue graduate studies in physics or
chemistry (52% “definitely,” 25% “probably”). An
additional 9% said they might pursue studies in those
fields. Fully 90% reported that the CEU experience
increased their interest in nuclear science, and among
those planning for graduate school, 40% reported they
would definitely or probably pursue nuclear science,
while another 40% said they were not sure, but would
consider it.

Graduate Students: Attitudes and
Demographics

Graduate students were asked general questions about
their background, ethnicity, age, and citizenship status,
as well as their undergraduate experience, current
experiences in graduate school, “quality of life,” and
career plans. Among respondents,

e  About 80% were male and 20% female.

e  Approximately 60% of the students were U.S.
citizens. About 95% of these were Caucasian.

e The average age of the students was about 28
years.

e On average, non-U.S. citizens were older by about
1.5 years. The average age of U.S. females (about
26 years) was lower than either their U.S. male
counterparts (27.5 years) or the average for the
entire population.

e Most of the respondents were in their second
through fifth year of graduate study, although 18%
were in their sixth year or beyond. Nine percent had
already completed five or more years of research.

e Over 80% had undergraduate research experience.

Introduction and Recommendations

XV



e Lessthan 30% of U.S. citizens (versus about 60%
of foreign students) had taken an advanced
undergraduate nuclear science course.

When students were asked to rank the “best things”
about their graduate school experience, the
overwhelming winner was the research experience. In
second place came the students’ advisers, closely
followed by graduate student colleagues, advanced
classes, and teachers/professors. We found very little
difference in these rankings among the different
categories of respondents. The worst thing about
graduate school life was said to be salary, followed
closely by quality of life (i.e., no spare time, etc.) and
advanced classes. Regarding salary, almost 80% of the
students thought they were paid enough to ensure an
adequate standard of living and that their standard of
living was about what they expected when they started
graduate school. Overall, more than 60% of the
students thought that the working environment for
women was positive. About 82% of U.S. women and
more than 90% of foreign female graduate students
rated their working environments as positive.

The U.S. and non-U.S. citizens responded very
differently when asked to rank the adequacy of their
undergraduate coursework as preparation for graduate
school. Most U.S. citizens ranked their preparation as
either average or above average; only about 20% said
they had an excellent preparation for graduate school.
In contrast, the majority of non-U.S. citizens said their
preparation was excellent or above average. Similar
attitudes emerged when U.S. citizens were asked to
compare their preparation with that of foreign students—
and vice versa. Also, U.S. citizens did not rate
themselves highly when asked to compare themselves
academically with other graduate students in their class.
It is perhaps noteworthy that 21% of U.S. female
students ranked themselves in the bottom 25% of their
class—the only group to rank themselves this low.

Although 40% of nuclear science graduate students are
non-U.S. citizens, 70% of those are planning careers in
the U.S. Among all nuclear science graduate students,
25% said they were undecided about future jobs, but
very few (less than 7%) were considering careers
outside higher education or the national laboratories.
Students considered learning communications skills,
teamwork, and collaboration as important parts of their
graduate education.

Postdoctoral Training: Evaluating the
Experience

Only 29% of current postdoctoral fellows are U.S.
citizens who received their degrees in the U.S., but 25%
of the non-U.S. citizens also received their Ph.D.’s in the
U.S. This indicates that the quality of advanced training
in nuclear science in the U.S. brings many foreign
students and postdocs into the U.S. program. Among
the U.S. citizens, we found essentially no ethnic
diversity, and the 