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The U.S. Department of Energy
Computational Science Graduate Fellowship, 1991-2011

Recipient Outcomes and Programmatic Impacts

Executive Summary

A strategic priority of the United States (U.S.) Department of Energy
(DOE) involves contributing to national progress through scientific and
technological discovery and innovation. To that end, DOE has instituted
special initiatives aimed at developing and maintaining a pool of
talented, highly qualified, and motivated scientists and engineers for
service in government laboratories and in academia and industry.
Especially notable among these initiatives is the DOE Computational
Science Graduate Fellowship (DOE CSGF).

Established in 1991 and administered since 1997 by the Krell Institute,
DOE CSGF is especially on target since computational science has been
described as essential to advances throughout society and deemed one
of the most important technical fields of the 21st century.
Computational science — or, more inclusively, computational science
and engineering (CSE) — is a multidisciplinary field involving “the
innovative and essential use of high-performance computation, and/or
the development of high-performance computational technologies, to
advance knowledge or capabilities in a scientific or engineering
discipline.”! The DOE CSGF includes a required program of study,
research practicum, and annual conference, among other features. It
was launched specifically to provide education and training for the
development of CSE skills and techniques in promising doctoral
students within and across science, technology, engineering, and
mathematics (STEM) fields.

This report presents a study of DOE CSGF recipient outcomes and
programmatic impacts, focusing on the 1991-2011 Fellow cohorts. The

' From the DOE CSGF application.
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three-pronged research strategy is based on data collection via 1) a
general survey of former and current Fellows and 2) reviews of Fellow
curricula vitae, and supplemented by 3) in-depth interviews.

Survey

The survey instrument was designed to capture a broad range of
information about the Fellowship recipients, with particular reference
to their DOE CSGF experiences, educational effects, and employment
issues. Reflecting an overall 70% response rate (236 respondents), the
survey respondents constituted a generally representative sample
across DOE CSGF cohorts and doctoral fields.

Fellowship Experience: Positive Fellowship experiences and high levels
of satisfaction were found to be the rule. Virtually all Fellows found the
Fellowship useful and indicated high levels of satisfaction with the
Fellowship program in general, and found it useful in a variety of ways
beyond the financial support provided, particularly as regards
intellectual stimulation and exchange, interaction with other
researchers, and professional growth. In particular, 96% reported the
usefulness of the annual conference, especially in regard to intellectual
stimulation and exchange, followed by cross-disciplinary interaction,
and networking opportunities. Along the same lines, the generation of a
DOE CSGF community of scholars and the building of collaborative
networks — notably, often across generational and disciplinary lines —
were found to be critical outcomes of the Fellowship experience.
Moreover, enduring professional relationships and personal friendships
were not unusual and the idea of “giving something back” was
prominent among alumni Fellows. Mentoring also, in terms of both
giving and receiving, was especially valued, as was the practicum
experience, which offered Fellows work in national laboratories.
Interestingly, virtually no actual substantively negative statements were
offered about the Fellowship experience in any of the survey responses
or related comments, even though opportunities to provide them were
presented as a matter of course.

Education Effects and Attainment: Over 98% of the respondents

indicated a direct impact of the DOE CSGF on their research, not only in
the methods they used to pursue it in light of their exposure and
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training in computational techniques and expanded computing
capabilities, but also their scientific research focus. Comments by
survey respondents consistently pointed to the DOE CSGF as critical to
their academic success and development. While referencing the
program of study and practicum requirements, they also repeatedly
emphasized the importance of the conference and access to the DOE
CSGF network and other researchers in their development as
computational scientists and engineers and to broadening their
scientific horizons.

Professional Direction and Employment: The majority of respondents
(68.6%) indicated professional association membership, which is
typically employed to signal professional participation and involvement.
Furthermore, in reference to the multidisciplinary nature of CSE, 30%
reported membership in professional associations outside of their
doctoral disciplinary fields. Also, when involved in professional
associations, Fellows tended to be engaged in special roles (e.g,
organizational officer, board member, committee chair, etc.). Of Fellows
with completed doctorates, 28% were in government, 38% in education,
and 34% in the private sector. Moreover, 89% indicated CSE-related
employment. In fact, 71 Fellows reported DOE employment, of which
44, or 62%, indicated employment in the very same DOE laboratory in
which they had carried out their DOE CSGF research practicum,
arguably showing a direct Fellowship effect. Also, 97% of the Fellows
indicated that, besides their own personal motivation, the quality of
their education and training was the most important factor affecting
career advancement in their positions, followed by mentoring cited by
71%.

Curricula Vitae Analysis

Curricula vitae (CVs) obtained from 170 Fellows also were used as a
research device, providing information on awards, careers, productivity,
collaborations, and service, particularly in regard to scientific
community development and participation.

Awards and Honors: For excellence in their work and for outstanding
service, 145 Fellows reported receiving some 387 special recognition
awards conferred from a variety of sources, including private



foundations and government agencies. Also, 40 Fellows reported
winning 92 relevant grants and contracts, again from a variety of
private and public sources (including DOE). Also striking were the 113
Fellows indicating the award of other types of fellowships; counts of
fellowships came to 186 across the CVs. In addition, 8 individuals
reported patents, both awarded (8) and pending (6).

Public Intellectual and Service Activity: Some 32 Fellows indicated
contributions to the media and public sphere through, among other
things, writing reviews, providing special topic interviews, acting as
experts and advisors, and developing and contributing to special
informational programs and websites. Also, Fellows performed a wide
range of secondary and optional unpaid service activity roles, such as
volunteer instructors and tutors, Service as academic and professional
mentors was specifically indicated by 54 Fellows, and referee and
reviewer service was mentioned by 63 Fellows. In general, assistance to
various groups in numerous principal and supportive positions were
notable among alumni Fellows.

Leadership Positions: With some reporting multiple positions, 17
Fellows reported having held leadership positions across various
sectors. These ranged from team leaders, directors, and managers to
organizational presidents and executives, and were, as might be
expected, especially apparent among Fellows from the earlier DOE CSGF
cohorts — including leadership positions in DOE and other government
agencies.

Collaborations: Research and publication collaborations reflect
relational structures through which scientists and engineers are linked
to wider professional communities. Examining the CVs for indicators of
possible DOE CSGF-influenced co-authorships and research projects
after Fellowship completion, 31 Fellows were found to have
collaborative relationships with practicum laboratory members and 41
reported collaboration with other Fellows, indicating a growing
community and network among DOE CSGF participants.

Publications: Number of publications often is used as an indicator of

productivity and of participation and position in professional
communities. Although the high and low counts of publications for
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individuals were quite variable, the median number of publications for
142 Fellows since DOE CSGF completion has ranged from 18 to 33. Also,
peer-reviewed publications in top-ranked journals are treated as a
major indicator of scientific productivity and of contributions to
research and knowledge creation. In that regard, at least 96 alumni
Fellows have published in the top-ranked journals for STEM in general
and for their specific fields.

Interviews

In-depth semi-structured interviews were conducted with 20 Fellows,
selected across cohorts and fields, to complement the survey and CV
findings for a more detailed understanding of the DOE CSGF recipient
outcomes and programmatic impacts. The interviews were transcribed
and analyzed as text using both deductive and inductive approaches.
These involved association and concordance analyses of primary
themes and keywords determined based on conceptual relevance and
textual mapping: fellowship, computational science, laboratory, career,
collaboration, network, conference, mentoring, and service. =~ Word
associations, showing keywords and their significant one-to-one
relationships with other words within the textual corpus, and
concordances, involving the examination of actual occurrence contexts
and specificity relative to explicit word usage, constituted the initial
interpretive components for analyzing the interviews.

All of the interviewed Fellows spoke highly about their Fellowship
experience, and almost all made similar mention of their practicum.
Usually, they mentioned it by name and described the nature of their
work and gave tribute to their advisor. Almost all — 19 of the 20 — also
described what they considered other valuable features of the program,
most commonly the course requirements and the funding.
Furthermore, these comments also were used to draw points of
comparison and to distinguish DOE CSGF — in very positive terms —
from other fellowships. Most interviewees suggested that they are
leaders in their respective fields and are working on projects that they
described as innovative with the potential to impact the future in
positive ways. Moreover, they cited DOE CSGF as a critical influence in
this regard. Also, explicitly pointing to their scholarship as such,
references to, for example, recognition and awards for groundbreaking
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research, patents, and the establishment of cross-disciplinary projects
were made by the Fellows. Interestingly, especially given concerns
about recipient roles and Fellowship impacts, discussions of scholarship
were framed largely in terms of practical applicability. Note that most
discussions of service focused on dedication to mentoring and to
recruitment of new talent to the DOE CSGF program. Also, while not
typically discussed directly as such, community building was evidenced
in references to recruitment, mentoring, collaboration, and networking
activities with other Fellows.

Conclusion

The DOE CSGF has played a critical role in educating and training
scientists for DOE and other government agencies, academia, and
industry. Indeed, the DOE CSGF represents a major investment in STEM
in service to the country. Managed by the Krell Institute, the DOE CSGF
program has consistently garnered high praise by recipients. The
superior benefits and opportunities that DOE CSGF offers have made it
one of the most sought-after and effective fellowships available in terms
of support, education, and training in related fields and otherwise. It
also has operated to maximize contributions to knowledge creation and
community building and to the broader DOE mission.

Taking all of the components of this study together, it is clear that DOE
CSGF recipients can be characterized as playing important roles as
computational scientists and engineers and as community builders and
leaders. DOE CSGF recipients are arguably high achievers by nature and
their successful outcomes and engagement of the Fellowship were to be
expected, especially given the rigorous and competitive selection
process and the continual evaluation and commitment required by the
program. By linking individual elements with institutional and external
realities and needs, the DOE CSGF program itself has operated to
identify and involve individuals who might serve not only the field and
their own professional goals, but also the national agenda and society
more generally, both directly and indirectly. Accordingly, Fellows act as
partners in providing support and assistance for fulfilling needs
delineated in the DOE CSGF objectives and the DOE mission. This point
was supported across the research platforms and strategies, and was
reflected in both overall and individual Fellow profiles.
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Introduction

The mission of the United States Department of Energy (DOE) involves
contributing to national progress through scientific and technological
discovery and innovation. As a strategic priority of the DOE,
accomplishing this mandate requires a workforce with a range of
expertise in science, technology, engineering, and mathematics (STEM).
It refers, in particular, to expertise that includes high quality
computational skills to meet the increasingly complex challenges and
demands of today’s innovation-driven knowledge society. Accordingly,
DOE looks to develop the kinds of talent necessary to excel in this
environment.

More specifically, recruiting, developing, and sustaining a STEM
workforce with topnotch computational skills is a necessary goal for
staffing and fulfilling the crucial roles of the DOE national laboratories,
and for meeting increasing demands for such skills in other government
agencies and in the private sector. To that end, DOE has developed
special initiatives aimed at keeping “a steady stream of bright and
motivated new talent flowing into the DOE workforce” to ensure to the
scientific and technological success of the country.! Especially notable
among these initiatives is the DOE Computational Science Graduate
Fellowship (DOE CSGF).

Established in 1991, the DOE CSGF program is in keeping with
government recommendations for creating and maintaining a qualified
and competitive STEM workforce as a national planning activity that is
sustained, ongoing, and coordinated for continuing progress (cf. Graham
et al. 2004; Brody 2005; NAS 2005, 2010). In particular, DOE CSGF
supports doctoral students in the pursuit of “novel scientific or
engineering discoveries” using high performance computing (HPC)
resources.? It advocates taking advantage of innovations in emerging
computing technologies to advance knowledge and practical
applications. More to the point, the necessity of HPC for scientific
discovery and innovation is increasingly apparent in the face of the
complex problems and needs of society today. DOE CSGF is especially

" http://jobs.energy.gov/entry-level-students
? From the CSGF application.



on target since computational science has been described as essential to
advances throughout society and deemed one of the most important
technical fields of the 21st century.3

Against this backdrop, this report presents a study of DOE CSGF
recipient outcomes and programmatic impacts, focusing on the 1991-
2011 Fellow cohorts. It addresses a variety of both general and specific
questions to explore related issues and determine the effects of the
Fellowship relative to the general DOE mission. For example, how
successful has DOE CSGF been in contributing to the STEM workforce?
What has been its impact, if any, on advancing computational science as
a field? In practical terms, to what extent has the DOE CSGF helped to
increase the pool of qualified computational scientists and engineers
from which DOE can draw to staff it national laboratories and from
which other government agencies, academia, and industry can benefit?
In response to such questions, the Krell Institute which, on behalf of
DOE, has administered the DOE CSGF program since 1997, called for the
conduct of this independent study as part of its overall assessment and
management efforts.

In this introductory section, a brief conceptual discussion of
computational science itself is next provided as a foundation for
understanding the role and broader implications of DOE CSGF relative
to the purpose of this report and to the STEM workforce in general. An
overview of the Fellowship program, with particular reference to its
special features, is then offered as background, followed by a general
description of the study assessment approach and research strategy.
Various aspects of the DOE CSGF program and Fellowship recipients are
identified and delineated as indicators for the later parts of the report in
which the study findings are detailed. These include sections on the
Fellowship experience itself, on Fellowship recipient education, on
Fellowship recipient careers and accomplishments, and on Fellowship
recipient demographic backgrounds. The concluding section consists of
final comments and assessments.

? See Kiernan (2005); President’s Information Technology Advisory Committee (PITAC) reports
[http://www.nitrd.gov/pitac/reports]



The Field of Computational Science and Engineering

Computational science — or, more inclusively, computational science
and engineering (CSE) — is an evolving field that entails “the innovative
and essential use of high-performance computation, and/or the
development of high-performance computational technologies, to
advance knowledge or capabilities in a scientific or engineering
discipline.”* More to the point, CSE is a multidisciplinary area with
connections across STEM fields. It focuses on the development of
problem-solving methodologies and robust tools for the solution of
scientific and engineering problems, and, arguably, will play an
important — if not dominating — role for the future of the scientific
discovery process and engineering design (SIAM 2006). CSE
encompasses the systematic development and application of computing
systems and computational solution techniques for modeling,
simulation, and analysis of scientific and engineering phenomena.>

To model complex systems, scientists and engineers develop computer
programs and application software necessitating massive amounts of
calculations, the execution of which are possible only via distributed
computing platforms or on high performance or super computers. As a
multidisciplinary field, CSE can be engaged both to enable HPC
applications to important domain-specific problems and to confront
“grand-challenge” science and engineering applications. Accordingly, it
can lead to insights that might not be possible if relying on more
traditional theory or experimentation alone.

The role and purpose of CSE in this environment is one of next
generation computing, supporting large-scale operations that cover
“applications in science/engineering, applied mathematics, numerical
analysis, and computer science. Computer models and computer
simulations have become an important part of the research repertoire,
supplementing (and in some cases replacing) experimentation. Going
from application area to computational results requires domain
expertise, mathematical modeling, numerical analysis, algorithm
development, software implementation, program execution, analysis,

4 From the DOE CSGF application.
> Cf. http://catalog.gmu.edu/preview_program.php?catoid=17&poid=6884&returnto=1307.



validation, and visualization of results. CSE involves all of this.”¢ More
to the point, the DOE CSGF program was launched specifically to
develop related skills and techniques in individuals within and across
STEM fields.

The Fellowship Program

The DOE CSGF is defined within the mission of DOE’s Advanced
Scientific Computing Research program to “discover, develop, and
deploy computational and networking capabilities to analyze, model,
simulate, and predict complex phenomena important to the Department
of Energy.”” Sponsored by DOE’s Office of Science and National Nuclear
Security Administration, the Fellowship is aimed at training scientists
and engineers to meet U.S. workforce needs in CSE, and at building a
larger CSE-based community across STEM fields. Between 1991 and
2011, the DOE CSGF was awarded to 344 Fellows, as shown in Figure 1a.

Figure 1a. Cumulative Number of Awards, 1991 - 2011
(N=344)
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 SIAM (2001).
7 http://science.energy.gov/ascr/about



The DOE CSGF is highly competitive, with qualified applicants far
exceeding the number of available awards. (For example, in 2011, 628
applicants vied for the 17 Fellowship awards that were afforded in the
program.) Eligibility extended to senior undergraduate and first and
second year graduate students pursuing STEM doctoral degrees.? The
DOE CSGF is open to U.S. citizens or permanent resident aliens who are
planning full-time, uninterrupted study toward a Ph.D. at an accredited
U.S. university. Selected STEM doctoral students were provided support
for up to four years of study, with funding provided through the DOE
Office of Science and National Nuclear Security Administration. The
Fellowship screening committees have been constituted by experts in
related fields from academia, DOE and other government agencies, and
industry, and by former DOE CSGF recipients who serve to “give back”
to the community.

The DOE CSGF is a unique and innovative fellowship program with four
principal objectives, as reported on its website?:

1) To help ensure an adequate supply of scientists and engineers
appropriately trained to meet national workforce needs,
including those of the DOE, in computational sciences.

2) To make national DOE laboratories available for practical work
experiences for fellows ensuring cross-disciplinary experience
in highly productive work teams.

3) To strengthen collaborative ties between the national
academic community and DOE laboratories so that the
multidisciplinary nature of the fellowship builds the national
community of scientists.

4) To raise the visibility of careers in the computational sciences
and to encourage talented students to pursue such careers,
thus building the next generation of leaders in computational
science.

Various fellowship features were put into place in pursuit of these
objectives, most notably

¥ Beginning in 2013, only senior undergraduate and first year graduate students are eligible to apply.
? http://www krellinst.org/csgf/about-doe-csgf



* adetailed interdisciplinary program of study providing a broad
and encompassing education as a foundation for further CSE
training and practice;

* aresearch practicum which provides experience working with
experts in DOE laboratories on applicable CSE projects;

* an annual conference which offers knowledge exchange, career
development, and networking opportunities; and

* various other Fellow interaction and community building
activities.

Particularly unique to the DOE CSGF are the program of study and the
research practicum as central requirements. While DOE CSGF recipients
are pursuing doctoral degrees in STEM fields, the individualized
programs of study that are required for the Fellowship typically must be
completed prior to the third year of the Fellowship. The curricular
requirements are meant to instruct STEM students in the use of
advanced computational tools; the programs of study are developed to
enhance the applicable knowledge and computational skills that the
students will obtain relative to and beyond that typically required in
their disciplines alone. CSE itself, as previously discussed, is
approached as an integrated interdisciplinary field and the Fellowship’s
curricular requirements are aimed at providing a comprehensive
“toolkit” of mathematical, scientific, and computational skills and
techniques that can be brought to bear on relevant issues in
government, academic, and industrial sectors today and in the future.
Such skills are especially critical given projected needs for exascale
computing capabilities for the scientific and technological modeling,
simulation, and analysis required in today’s innovation-driven world
and — in keeping with DOE’s overall mission — to meet the
environmental, economic, and security challenges of the future.

The Fellowship was designed specifically to expand understanding and
develop skills to bring computational breadth and techniques to bear
across STEM fields (and beyond). In particular, the DOE CSGF’s
program of study and practicum requirements ensure that recipients
obtain the background and necessary skills to excel as computational
scientists and to actively participate in related applications. Thus, for
example, along with the required coursework in the program of study,



the practicum allows Fellows to gain relevant experience in various
aspects of CSE.

Note that, while Fellows have represented diverse STEM disciplines,0
reflecting the interdisciplinary nature of the CSE community, their
doctoral fields have been broadly categorized for administrative
purposes under four main headings:

*Biological Sciences and Bioengineering

* Computer Science and Applied Mathematics
*Physical Sciences

*Engineering

In addition, Social Sciences have been considered when relevant. As is
apparent in Figure 1b, the majority of Fellows over time have been in
Engineering. = However, the twelve-week research practicum is
deliberately set outside of the Fellow’s formal field of study. This is a
particularly defining feature and benefit of the Fellowship, operating to
bridge gaps and cross boundaries to expand related knowledge and
build a broader scientific community.

Figure 1b. Awards by Fellow Doctoral Field
(N=344)

Social Sciences
0.29% Biological Sciences &
Computer Science & Bioengineering
Applied Mathematics 13.08%
18.31%

Physical Sciences
27.03%

Engineering
41.28%

' Including, chemistry, computer science, earth sciences, engineering, environmental sciences, life
sciences, mathematics, physics, space sciences, and statistics. [http://www krellinst.org/csgf/about-doe-
csgf/fields-study]



DOE CSGF programmatic aims include encouraging HPC use through
related education and training, offering HPC-focused practica, and
facilitating access to DOE systems. The DOE CSGF practicum opens
doors to students and offers the DOE national laboratories as unique
opportunities for education and training for the future. Moreover, the
available practicum sites, as delineated in Table 1, are represented in
the national laboratory system, offering “access to leading scientists;
world-class scientific user facilities and instrumentation; and large-
scale, multidisciplinary research programs unavailable in universities or
industry.”11

Table 1. Practicum Sites

Practicum Laboratory/Research Site Short Form/Abbreviation
Ames Laboratory Ames
Argonne National Laboratory ANL
Bettis Atomic Power Laboratory Bettis
Brookhaven National Laboratory BNL
Fermi National Laboratory Fermi
Idaho National Laboratory INL
Knolls Atomic Power Laboratory Knolls
Lawrence Berkeley National Laboratory LBNL
Lawrence Livermore National Laboratory LLNL

Los Alamos National Laboratory LANL
National Renewable Energy Laboratory NREL
Oak Ridge National Laboratory ORNL
Pacific Northwest National Laboratory PNNL
Princeton Plasma Physics Laboratory PPPL
Sandia National Laboratories — CA SNL—CA
Sandia National Laboratories — NM SNL—NM
Savannah River National Laboratory SRNL
SLAC National Accelerator Laboratory SLAC
Supercomputer Computations Research Institute SCRI

Again, the practicum turns on HPC — the heart of CSE — and access to
DOE computing facilities provides the means by which related training
and applications are pursued. Through the practicum requirement,
Fellows have access to DOE laboratories where they build collaborative
relationships through their participation on team projects and by
pursuing cross-disciplinary research. Students are provided firsthand
experience and opportunities to learn and better understand related
techniques and tools and to pursue high-end operational skills and
large-scale science. Based on cutting-edge computational projects and

" http://science.energy.gov/wdts



HPC access, it is the basis on which much scientific progress and
technological advancement relies.

Another critical feature of the program is the annual conference, offering
professional workshops, presentation opportunities, information on
DOE resources, and exposure to and networking with CSE experts and
scholars. Held in the Washington, DC, area each summer, the annual
conference is a venue in which past and current Fellows, DOE staff,
faculty, and other members of the CSE community come together to
share ideas, support one another, and learn about DOE research and
employment opportunities. Future employment and career
development prospects are presented for planning and placement and
the conferences also serve as important networking venues, as do DOE
CSGF-supported regional events. Collaborative and mentoring
relationships are often established through formal and informal means
at the conferences, with past Fellows and other CSE experts interacting
with each other and providing guidance to new Fellows.

The DOE CSGF program demands excellence of its Fellows, making
progress and accomplishment a requirement for continued
participation. Offering up to four years of support, the award must be
renewed each year, dependent on assessments of Fellow active
involvement and progress. While continual feedback and evaluation are
key elements of the program, they also provide information for the
Fellows and serve as resources for further refinement of the program in
keeping with its overall purpose.

Research Strategy

A multifaceted research strategy was engaged for this study. A mixed-
method and multi-level approach in which both quantitative and
qualitative data were collected and analyzed was used to provide an
overall picture of DOE CSGF recipient outcomes and program effects.
Primary data collection was conducted via 1) a general survey of former
and current Fellows and 2) reviews of Fellow curricula vitae and
resumés, and supplemented by 3) in-depth interviews. The research
design was developed to capture and explore selected outcomes vis a vis
the 1991-2011 Fellowship recipients, including, for example,



disciplinary preparation, doctoral degree completion, and employment
sector. The data were used, in part, to build a set of measures to
characterize fellowship participation in relation to program and degree
completion and career trajectories. In addition, more focused
examinations of selected DOE CSGF recipients and their contributions
were conducted in consideration of program objectives emphasizing
leadership and community building.'?

The general survey was administered online, with 236 respondents (an
overall 70% response rate) across Fellow cohorts, as can be seen in
Figure 1c relative to the total 1991-2011 DOE CSGF awards.

Figure lc. CSGF Awards/Survey Respondents by Fellowship Year
30
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n

M Awards (N=344)
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The survey was meant to gather data on Fellows relative to their CSE
experience and degree and career outcomes and to provide general
insight into DOE CSGF impact and effectiveness. Moreover, it offered
Fellows an opportunity to evaluate Fellowship benefits and outcomes
and for self-assessment. Accordingly, the survey instrument was
designed to capture a broad range of information about the Fellowship
recipients,!3 including

12 See Appendix A for additional methodological notes.
13 See Appendix B for a copy of the survey instrument.

10



- educational backgrounds, trajectories, and outcomes,
- demographic profiles,

- doctorate disciplinary fields,

- doctorate completion rates,

- career paths, expectations, and outcomes,

- occupation and employment characteristics, and

- Fellowship experiences.

As can be seen in Figures 2a and 2b, survey respondents constituted a
generally representative sample across Fellowship cohorts and doctoral
fields.

Figure2a. Survey Respondents by Fellowship Cohort
(N=236)

1991-1995
16%

2006-2011
40%

1996-2000
16%

2001-20058
28%
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Figure2b. Survey Respondents by Doctoral Field
(N=236)

Biological Sciences &
Computer Science & Bioengineering
Applied Mathematics 14%

Physical Sciences
29%
Engineering

39%

Also, curricula vitae (CVs) and resumés were collected and used as an
additional data source. For purposes of this study, the CV is more than
simply a list of credentials; it is a historical document that evolves over
time, capturing changes in interests, jobs, and collaborations.
Accordingly, it can be a rich source of longitudinal data, containing
information on the timing, sequence, and duration of jobs, work
products (e.g., articles, patents, papers, etc.), collaboration patterns, and
scholarly lineage. Therefore, using the CV as a data source and research
device, each Fellow was treated as “a walking set of knowledge, skills,
technical know-how and, just as important, a set of sustained network
communications” (Dietz et al. 2000, p. 420),* and a related coding
protocol was developed to capture a wide range of relevant
information.’> CVs for 170 Fellows, as represented in Figures 2c and 2d,
were collected.

' Much of the pioneering work using CVs as data sources and on CV analysis in this regard was sponsored
by DOE’s Office of Science (Dietz et al. 2000).
1> See Appendix C.
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Figure2c. Fellow CVs by Doctoral Field
(N=170)

Biological Sciences &
Bioengineering
14%

Computer Science &
Applied Mathematics

Physical Sciences
33%

Engineering
36%

Figure2d. Fellow CVs by Fellowship Cohort
(N=170)

1991-1995
13%

2006-2011
30%

1996-2000
19%

2001-2005
38%

Furthermore, in-depth, semi-structured interviews were conducted
with 20 alumni Fellows, randomly selected across cohorts and fields

13



from an initial pool of 217, to augment and extend the other data
collection activities. The interviews provided a means, on the one hand,
to gather insights and learn more about the nuances that can be lost in
surveys and, on the other hand, to gain a sense of the extent to which
the Fellows view the findings as applicable or not and why, given their
specific situations.

While common themes and elements were expected, discussions with
Fellows were used to gain a clearer picture of how other conditions and
structural features might affect Fellow outcomes and the overall efficacy
of the program. Accordingly, an interview protocol was developed with
an eye to further contextualizing and providing a more detailed
understanding of the Fellowship experience and outcomes. To a certain
extent, the survey and CV findings were used to inform the interview
strategy, pointing toward certain dimensions as more critical than
others. However, the interviews, which were conducted via telephone,
were semi-structured, with an emphasis on drawing out the Fellows’
own opinions, rather than forcing their ideas into narrow categories.
Each interview was transcribed and then thematically coded and
analyzed using individual review and discursive analytic techniques.1®

In general, the surveys, CVs, and interviews provided data on the
backgrounds, experiences, program participation, career trajectories,
and contributions of individual fellows, along with other relevant data
on their educational attainment, interdisciplinary research, laboratory
projects and performance, and professional achievements and
recognition. Also, where appropriate and possible, these data were
supplemented with information from the Krell Institute database, with
particular reference to disciplinary features, curricular background, and
laboratory experience, and to information about program
administration. Together, these data collection efforts provided means
for developing broader integrated profiles on Fellow participation,
productivity, and contributions and general Fellowship effects, as
reported in the following sections.!”

' Based on hand coding and also employing text mining and qualitative data analysis software (T-Lab and
Nvivo). See Appendix D for thematic coding categories.
'"See Appendix A for additional methodological notes.
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Who Will Do (Computational) Science?: The Big Picture

“Innovation” and “discovery” are the watchwords of the day, and the
relevance of science, technology, engineering, and mathematics (STEM)
is front and center in addressing environmental, economic, and security
issues not only in the United States (U.S.), but in countries around the
world. However, just as when Pearson and Fechter (1994) posed the
critical question in their landmark volume — Who will Do Science?
Educating the Next Generation — it is perhaps even more pressing today
and is particularly apt in reference to Computational Science and
Engineering (CSE) as a growing field. While controversies and debates
abound surrounding STEM workforce capacities in general, the need for
computational scientists and engineers with knowledge and skills
focused on high performance computing (HPC) goes without question.
Moreover, as also noted by Pearson and Fechter in reference to STEM in
general, the need for support during the lengthy training needed to
pursue STEM careers must be addressed in response to calls for
expanding the CSE workforce. It is in this vein that the U.S. Department
of Energy’s Computational Science Graduate Fellowship (DOE CSGF) is
here assessed relative to recipient outcomes and effects on CSE capacity
building efforts.

To derive an overall picture of this situation and the relevant structural
issues and dynamics attending it, this part of the study relies primarily
on findings obtained from responses to a survey of 1991-2011 DOE
CSGF recipients. It looks especially to explore the Fellowship
experience, education, employment, and demographic background of
the Fellows in terms of the DOE CSGF objectives, as discussed in the
previous section, aimed at CSE-related education and training, careers,
and community building and participation.

The Fellowship Experience

Employing a more comprehensive approach to the notion of support, a
goal of the DOE CSGF has been to add value to the Fellowship
experience of award recipients through programmatic elements aimed
specifically at driving excellence in CSE and providing opportunities and
resources for advancement. In addition to basic financial assistance, the
DOE CSGF has included elements by which skills, knowledge,
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opportunities, and other resources for navigating and succeeding in CSE
and related employment could be imparted to Fellowship recipients.
Accordingly, as previously discussed, the DOE CSGF program has
included a variety of other features — such as the research practicum
and the annual conference — to encourage and support individual
efforts in completing their STEM doctoral education and attaining
training and success in CSE and related careers.

As an initial point of reference, note that all — 100% — of survey
respondents, across cohorts and disciplines, indicated satisfaction with
the Fellowship and their experience. The multidimensional approach
engaged in the CSGF program reflects an integrative model representing
a well-defined plan developed to deliver a broad base of services and
resources to Fellows for disciplinary and further professional
socialization and development.’® As shown in Figure 3, the vast
majority of Fellows also reported not only the overall usefulness of the
DOE CSGF program in their academic pursuits, they reported that it had
been useful in a variety of ways beyond the financial support provided,
especially as regards intellectual stimulation and exchange, interaction
with other researchers, and professional growth. Indeed, virtually all
respondents — 99.5% — were affirmative in indicating the program’s
usefulness.

Figure 3. Fellowship Usefulness
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'8 Cf. Bowman and Stage (2002).
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A central activity and resource provided by the Fellowship program has
been the annual conference. As a principal DOE CSGF component, the
conference serves various purposes for the individual Fellows, including
providing opportunities for networking, mentoring, career guidance,
and intellectual exchange. According to survey responses and
individual comments, the conference has been a vital means for
facilitating networking and fostering the mutual exchange of
experiences and ideas. It especially provides opportunities for
professional socialization, a process that involves learning and adapting
to professional cultures, internalizing professional identities, and
demonstrating professional membership.1® Moreover, the conference
has operated to encourage communication and information sharing
among Fellows that extend far beyond the formal programmatic
activities. Thus, the usefulness of the conference relative to the specific
purposes for which it was established was a key issue explored in the
survey.

As can be seen in Figure 4, an overwhelming number of Fellows found
the conference useful along several dimensions. In particular,
intellectual stimulation and exchange, followed by cross-disciplinary
interaction, and networking opportunities were rated highly across all
Fellows. Over 96% of 223 respondents found the conference especially
useful in terms of intellectual stimulation. Of 224 respondents, 93%
cited interaction with researchers in other fields as particularly useful,
as did 93% of 222 respondents in regard to networking opportunities
afforded by the conference. In fact, all of the specified aims of the
conference received positive marks in general relative to their
usefulness, with 96% of Fellows reporting positive ratings of its overall
usefulness.20

' Cf. Dryburgh (1999).
2 The numbers reported here do not include counts for those respondents indicating “does not apply” for
the specified Conference features.
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Figure 4. Conference Usefulness
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Also, as indicated in Figure 5, the generation of a DOE CSGF community
of scholars and the building of collaborative networks — notably, often
across generational and disciplinary lines — have been critical
outcomes of the Fellowship experience. Many former Fellows have
displayed a deep commitment to the DOE CSGF program and mission,
continuing to actively contribute to the program through the provision
of formal and informal mentoring to other Fellows, screening committee
service, networking and collaboration, representation at professional
meetings, employment opportunities, and a variety of other activities.
Moreover, former Fellows play active roles in outreach, recruiting,
engaging, and training the next generation of computational scientists;
the Fellows themselves often act as emissaries for the DOE CSGF
program, both formally and informally recruiting applicants and serving
as information resources and liaisons. As mentioned above, past
Fellows increasingly attend the annual conference, serving as speakers,
workshop leaders, advisors, and general information resources. Again,
not only does the conference serve as an important venue in which they
provide insights, guidance, and opportunities for new Fellows, it also is
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a networking site through which they establish links among themselves
and others working in similar areas. Such CSE community building is
critical for creating, advancing, and diffusing knowledge for progress
and innovation. Indeed, enduring professional relationships and
personal friendships have marked the Fellowship program.

Figure 5. CSGF Community Building

Encouraged study and use of CSE
Recommended CSGF

Contacted another Fellow for information/advice
Collaborated on research with another Fellow

Published research with another Fellow

B Yes
H No

Mentoring relations hip with another Fellow

Community Building Feature

Post-CSGF contact with practicum laboratory member for
information/advice

Post-CSGF collaboration on research with practicum
laboratory member

Published research with practicum laboratory supervisor

Published research with other member of practicum team

0 50 100 150 200 250 300 350 400

Number of Fellows

Mentoring too is integral to academic success and, accordingly, the
Fellowship program encompasses a number of effective mentoring
strategies, not the least of which are resources such as provided by
individual advisory meetings and mentor identification. The key
importance of mentoring has been indicated by Fellows in their
assessment of Conference usefulness and, more, of DOE CSGF usefulness
in general. Past Fellows typically serve as mentors and advisors to new
DOE CSGF recipients. Also, both formal and informal network
development and community building have been central features in
support of mentoring relationships through the DOE CSGF program and
participation. As is apparent in Figure 6, Fellows recognize the
importance of mentoring relationships in general and reported that
they value both providing and receiving mentoring.
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Figure 6. Mentoring Importance
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Furthermore, the required program of study and practicum experiences
were designed to expose Fellows to powerful research techniques and
approaches and to expand their skill sets to include “areas of
heterogeneous high performance computing and software performance
optimization.”?! The practicum, in particular, is a 12-week requirement,
usually completed during the summer months, which Fellows have
undertaken at various sites, as shown in Table 2.

Table 2. Fellow Practicum Sites, 1991-2011

Practicum Sites Fellows
Argonne National Laboratory 31
Brookhaven National Laboratory 4
Lawrence Berkeley National Laboratory 61
Lawrence Livermore National Laboratory 43
Los Alamos National Laboratory 56
Oak Ridge National Laboratory 30
Pacific Northwest National Laboratory 11

*! Quotation drawn from a 2011 practicum supervisor comments.
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Princeton Plasma Physics Laboratory 3
Sandia National Laboratories - CA 19
Sandia National Laboratories - NM 46
SLAC National Accelerator Laboratory 1
Supercomputer Computations Research Institute 1
Other 13

While the initial practicum must be completed within the first two years
of the Fellowship, students often are encouraged to continue or to
return for an additional experience — not only for developing their own
computational acumen, but also for the important contributions that
they make to the laboratory projects and teams. Practicum supervisors
consistently use words such as “impressive,” “excellent,” “amazing,”
“exemplary,” “outstanding,” and “remarkable” to describe the Fellows
and their progress and contributions.?? Such descriptions were even
more noteworthy given that the practicum projects fall outside of the
work the Fellows were following within their own fields. Additionally,
the other side of this coin is that the Fellows learned how computational
techniques could enhance their other research efforts. Given the
“exemplary performance” and “impressive contributions” of the
Fellows, it is not unusual for practicum supervisors to suggest that the
students extend or pursue additional practica or, even more, to return
in postdoctoral positions upon completion of their degrees.

”n «

Interestingly, virtually no actual substantively negative statements were
offered about the Fellowship experience in any of the survey responses
or related comments, even though opportunities to provide them were
presented as a matter of course. Although a suggestion was made about
holding the conference at other sites (e.g., at the different DOE
laboratories), most survey respondents found the Washington, DC, site
a benefit and attraction, increasing the likelihood of attendance by
former Fellows and other participants. Indeed, as indicated on the DOE
CSGF website, meeting in Washington, DC, facilitates conference
attendance and participation by DOE leadership and, also, interested
Congressional members and staff.

High levels of satisfaction and positive Fellowship experiences were
found to be the rule.  The Krell Institute has taken an anticipatory

22 . .
Drawn from practicum supervisor reports.
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approach in administering the DOE CSGF, working diligently to
determine and address the needs of the Fellows and of the DOE as its
first priority. Its strategy has included, among other things, constant
inquiry and interaction with the Fellows and with laboratory practicum
and project directors; a highly engaged steering committee; self-
examination and critique; independent analysis and evaluation; and,
importantly, regular attention to and specification of DOE workforce
needs and mission.

Education Effects and Attainment

The DOE CSGF has been charged with creating a community of scholars
and analysts who can use the latest in HPC resources to blaze new trails
in scientific discovery and innovation. To that end, the DOE CSGF
program has been dedicated to developing talented individuals with the
knowledge and skills to engage the large-scale computer platforms
necessary to pursue this mission. It has supported the education and
training of students from across the STEM fields — as previously noted
and shown here in Table 3 — to stimulate and enable the effective use
of advanced computer technologies in inquiry-based CSE to address
related challenges and demands in the country’s public and private
spheres.?3

Table 3. Fellow Doctoral Fields, 1991-2011

Doctoral Field %PFellows (N=344)
Physical Sciences 27.039
Biological Sciences & Bioengineering 13.08¢
Computer Science & Applied Mathematics 18.319
Engineering 41.289
Social Sciences 0.299

Moreover, the DOE CSGF has had a definite impact on the research
pursued by the students, in substance and approach, stretching them
and leading them to explore questions and issues beyond their typical
disciplinary areas. Indeed, over 98% of the survey respondents, across
disciplinary fields, indicated that the Fellowship directly impacted

* Note that, while the earlier DOE CSGF cohorts were dominated by engineering, later groups have
reflected greater breadth across STEM fields.
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various aspects of their research. This effect referred not only to the
methods they used to pursue their research in light of their exposure
and training in computational techniques and expanded computing
capabilities, but also to their scientific research foci, as shown in Figures
7a and 7b.

Figure 7a. CSGF Research Impact
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Along the same lines, Fellows were able to pursue various specialized
activities due specifically to their CSE education and training. As
indicated in Figure 8, such activities included, for example, participating
in the team development of scientific codes or software and, also,
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developing open source scientific software. Also, as might be expected,
related activities increased over time within and across fields.

Figure8. Specialized Activities
(N=235)
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As can be seen below in Figure 9, Fellows in the 1991-2011 cohorts
have pursued their doctorates at some of the leading universities in the
country, as also represented in the survey respondent pool, of which
227 had completed their degrees, as shown in Figure 10. Comments by
survey respondents consistently pointed to the DOE CSGF as critical to
their academic success and to their development as scholars and
researchers, and for providing them with the tools for their future
careers. While referencing the importance of the program of study and
practicum requirements, they also repeatedly emphasized the
importance of the conference and access to the DOE CSGF network and
other researchers in their development as CSE scientists and engineers
and to broadening their scientific horizons.
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Figure9. Fellow Doctoral Institutions
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Professional Direction and Employment

All in all, the DOE CSGF provides a practical basis on which to address
the looming need for well-qualified computational scientists and
engineers, as projected by the DOE in relation to its mission.
Development of such a workforce is no small task, and educational
attainment and training are only part of the overall picture. As
discussed, the CSGF program has taken a multifaceted and
comprehensive approach to preparing promising doctoral students to
take their place as contributors and leaders in the broader CSE
community and workforce. That is, designed to address the research
and development activities in DOE and other federal laboratories,
academic institutions, and high-technology firms, the DOE CSGF paves
the way for various employment opportunities. = The program
encourages and facilitates access and success for Fellowship recipients
in CSE-related careers. Indeed, as previously mentioned, DOE first
established the Fellowship as a means for developing a pool of
specialized workers with skills particular to its mission and growing
needs. Thus, professional development and participation have been
critical topics on the DOE CSGF agenda.

A typical indicator of professional community involvement and
participation is membership in discipline-based professional
associations. However, to date, there is no professional association
explicitly identified with CSE as such, which largely reflects its still
evolving nature and nascent community.?* In any case, Fellows have
specific STEM disciplinary affiliations to which their doctoral degrees
are tied. Therefore, as a first take, the survey simply requested
information about Fellow membership in professional associations in
general. However, of 255 Fellows for whom information was available,
31% actually indicated no memberships. Still, as shown in Figure 113,
the majority of respondents — 69% — did indicate one or more
professional association memberships.

** A few professional associations have sections devoted to CSE (e.g., the Society of Industrial and Applied
Mathematics), but a separately identified organization has not been established.
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Figure1la. Fellows with Professional Association Memb erships
(N=255)
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An alternative perspective on this issue concerns the multi-disciplinary
nature of CSE, which speaks to the DOE CSGF requirement for Fellows to
pursue research outside of their major fields. Therefore, moving
beyond discussions of professional associations that assume discipline-
related membership, the survey requested information on Fellow
memberships in associations outside of their individual doctoral fields.
As shown in Figure 11b, 30% of Fellows indicated such memberships.
Furthermore, active participation involves more than mere
membership, especially in regard to leadership considerations.
Interestingly, when Fellows indicated involvement in these associations,
they also tended to be engaged in special roles and activities. As shown
in Figure 11c, of the survey respondents, 54 indicated holding or having
held special leadership roles in their professional associations, including
organizational officer and board member positions.
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Figure 11b. Fellows with Professional Association Memberships Outside of Doctoral Field
(N=184)
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Note that the unevenness of these responses to questions of
professional association membership and participation may be an
artifact of the data, but, in addition to the fact that there is no CSE-
specific organization, it also might point to different kinds of
participation taking precedence among computational scientists and
engineers and/or to the nature of their particular employment, as will
be discussed later.

Regarding Fellow employment, the survey queried a variety of issues,
such as employment sector and earnings, and looked particularly at
employment in the DOE given the expressed aims of the early
Fellowship program to expand the pool of eligible high quality HPC
recruits for DOE ends. Related questions focused on employment
experiences and also considered position responsibilities and
advancement.

According to 2008 figures, 64% of U.S. workers with their highest
degree in STEM fields were employed in for-profit firms, 7% in the non-
profit sector, 13% in government, and 16% in academia (NSF 2012).
However, of employed STEM doctorate holders, 38% were in the for-
profit sector, 6% in non-profit, 9% in government, and 47% in academia
(NSF 2012).25 Of survey respondents with completed doctorates, 155
provided employment sector information with, as Figure 12 shows,
28% in government, 38% in education, and 34% in the private (for-
profit and non-profit) sector. Furthermore, of 63 current Fellows who
had not yet completed their doctorates, 27% indicated plans for
employment in government, 44.4% in education, and 11.1% in the
private sector (for-profit); the remaining 17.5% were undecided or
unknown.26

> Some indicators for 2010 suggest 35% of STEM doctorate holders in for-profit firms and 41% in
academic institutions.

?% Note that 159 of the survey respondents with doctorates indicated that they were employed, but 4 did not
provide sector information.
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Figure 12. Primary Employment Sectors
(N=155)
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Of course, a critical issue in relation to the DOE CSGF concerns whether
Fellows are employed in CSE-related positions. Note that 82% of U.S.
workers with doctorates in STEM fields, but not working explicitly in
STEM occupations, still reported jobs that were either closely or
somewhat related to their degrees (NSF 2012).2? Those with
backgrounds in CSE appear to have similar occupational outcomes. Of
responding DOE CSGF recipients with completed doctorates, as shown
in Figure 13, across cohort and field, 138 (89%) reported CSE-related
employment. Furthermore, referring to Figure 14, primary employment
with DOE was reported by 71 of the Fellows. In fact, an especially
telling point is that, of those, 44 (62%) indicated that their employment
was in the very same DOE laboratory in which they carried out their
DOE CSGF research practicum, showing an arguably direct Fellowship
effect. (Of course, this outcome can be attributed to the nature of the
work that they carry out in the laboratory. However, that too can be
linked directly to their DOE CSGF practicum experience, i.e., that it
started the Fellow down a particular research and career path.)

7 According to 2008 data.
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Figure 13. CSE-Related Primary Employmentby Cohort and Field
(N=155)
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Beyond the basic issue of employment sector is the more specific
concern of career advancement. Typically involving promotions, pay
raises, and/or other situationally positive factors, career advancement
usually refers to progression from one level to the next and/or other
enhanced employment conditions and increased responsibilities.
Possibilities for advancement are not only relevant to the individual in a
position, but also to the message communicated about the working
conditions to others considering similar paths.

In the face of such issues, questions regarding CSE employment are
particularly germane to DOE CSGF goals. As already discussed, various
aspects of the Fellowship program were devised in support of CSE
career development. Therefore, given this understanding, a principal
aim of the survey was to capture information on the actual careers and
relative outcomes of the Fellowship recipients. The contribution of the
DOE CSGF to the CSE field began with an emphasis on educating and
training award recipients for related careers.

As can be seen in Figure 15, of employed Fellows with completed
doctorates, 97% indicated that, besides their own personal motivation
and drive, the quality of their education and training was the most
important factor affecting career advancement in their positions. Also,
in keeping with earlier discussions, another 71% pointed to mentoring
as a critical factor in support of their career advancement. These issues
are especially relevant to this study given that they are, in fact, central
tenets on which the DOE CSGF program turns.
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Figure 15. Career Advancement Factors
(N=155)
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Also, salary must be mentioned since level of earnings is often a critical
factor affecting employment decisions. According to data from the
National Science Foundation (2012), workers with STEM degrees,
regardless of occupation, typically earn more than workers with
comparable-level degrees in other fields, and half of the workers in
STEM occupations earned $73,290 or more in 2010 — more than
double the median earnings ($33,840) of the total U.S. workforce. For
recent STEM doctorate recipients, up to 5 years after receiving the
degree, the 2008 median annual salary was $67,000 (NSF 2012).28 In
contrast, the median annual salary of the DOE CSGF survey respondents
was $95,673. The mean base salary of the employed Fellows with
completed doctorates who responded to related queries was $94,329.
Among those Fellows employed in the education sector, the mean base
annual salary was $70,351; among Fellows employed in the private
sector, the mean base annual salary was $122,100; and among Fellows
employed in the government sector, the mean base annual salary was
$95,571. Of course, salaries can vary along a variety of dimensions, such
as years since completion of the degree. However, while those in the
older cohorts and holding the doctorate for 13-18 years tend to be in

% These figures were the latest available and were updated in July 2012.

33



the higher salary ranges, as might be expected, the situation is highly
variable across groups.

Overall, Fellows are active contributors across government, private, and
education sectors. As mentioned above, the benefit to the DOE also is
reflected in the number of Fellows who pursue their careers within or in
coordination with DOE laboratories. The development and engagement
of a top-notch CSE workforce is critical to the DOE’s overall mission and
the DOE CSGF encourages and offers Fellows the opportunity to explore
related careers, positioning them for employment in DOE laboratories.
In addition, many Fellows have taken academic positions, a point that is
particularly important given that, as faculty, they serve an important
role in furthering CSE as an area of study and in educating and training
the next generation of computational scientists and engineers.

A Demographic Note

Again, as noted, DOE CSGF was developed to meet the projected need
for trained computational scientists and engineers by DOE and other
government agencies and for supporting U.S. leadership in related STEM
fields. To reach that goal, the participation of women and minorities in
the program also has been raised as an important consideration (ASCAC
2011), especially since women and minorities have been generally
underrepresented in degree attainment in STEM fields (NAS 2007,
2011).2° Put forward in terms of strategic capacity building, these
groups have been viewed as a generally untapped and underdeveloped
resource.

Since related questions often arise in assessments of the STEM
workforce and to further delineate the Fellowship reach and response
population, the Krell Institute administers surveys requesting self-
identified demographic information. Optional requests for demographic
information also are included as part of the application process, with
the aim of providing a more detailed picture of the applicant pool and
overall Fellow profile, as illustrated in Table 4 using the 2011 outcomes.
Also, such information can prove valuable for recruitment and outreach

* However, women have reached parity in certain selected STEM fields, most notably in the biological
sciences.
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planning and for a better-informed understanding of the applicant pool
relative to the broader STEM population.

Table 4. DOE CSGF 2011 Applicant and Fellow Demographic Features*

Demographic Feature % Applicants (N=628) % Fellows (N=17)
Gender
Female 21.6 23.5
Male 78.4 76.5
Race/Ethnicity
African American 3.9 0.0
Asian/ Pacific Islander 12.9 14.3
Caucasian 71.8 71.4
Hispanic 6.5 14.3
Multi-Racial 4.2 0.0
Native American 0.7 0.0
Disability 3.6 0.0

*From Krell Institute surveys.

DOE CSGF is an equal opportunity program open to all qualified persons
without regard to race, gender, religion, age, physical disability, or
national origin. Accordingly, the Krell Institute has undertaken
outreach activities to address this issue and has seen increases in
participation and diversity among qualified applicants. For example, in
2011, as seen above, 21.6% of 628 applicants were female. In fact,
considering possibilities for graduate school enrollment as required for
DOE CSGF recipients, it is important to note that, while “the number and
proportion of female undergraduates in computing fields has been
declining over recent years, CSE, and especially CSE applied to biological
sciences, typically attracts a much higher proportion of females. It is not
uncommon for undergraduate applied mathematics programs to have a
majority of female students, and it is very common for biology, for
example. CSE therefore represents a good opportunity to attract a more
diverse student body into computing” (SIAM 2006, p.1). Moreover,
recent concerns about scientific workforce capacity have led to
demands for greater attention to the potential of all groups to
contribute to the larger scientific enterprise in society. DOE CSGF
outreach activities are aimed at increasing representation of highly
qualified applicants across groups and the Krell Institute has been
commended for its efforts in this regard (ASCAC 2011). While their
activities speak more generally to questions surrounding the
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participation of DOE CSGF recipients and other computational scientists
and engineers in related careers and pursuits, they also address efforts
to harness the full diversity of intellectual capacity needed to fuel the
research enterprise that is critical to scientific advancement and
application today.
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Integrated Profiles and Community Development

A general goal of this study is to determine ways in which DOE CSGF
recipients take part in and contribute to CSE community development.
To that end, building upon basic features determined in the previous
section, more detailed and individualized information is here engaged
to develop Fellow profiles to explore the dynamics, disciplinary and
professional cultures, and knowledge production that characterize and
mark the related scientific community.

As in any community, membership and participation are defining issues,
and the logic of community membership and participation — and, thus,
of legitimation — determines the acceptance and diffusion of ideas and
information, as well as career opportunities, within and across groups.
Accordingly, in this case, scientific communities operate as channels for
the generation and dissemination of knowledge, while also serving as
sources for mutual recognition and validation. @ With growing
complexity and differentiation characterizing STEM fields and enhanced
by technological capabilities and innovation, possibilities for community
involvement mark the scientific enterprise and related productivity.
The underlying question here is the extent to which the Fellowship itself
might be an affective factor determining the dimensions of a related
scientific community. These dimensions can vary both independently
and interactively according to field and differing structural, disciplinary,
and occupational features.

Membership in the scientific community can be marked relative to a
variety of participation indicators, such as professional training and
socialization — evinced by, for example, attainment of a related
advanced degrees, research experience and publications, and
professional association memberships — and recognized criteria for
excellence, prestige, and reputation, all of which are legitimating factors
within designated fields. Therefore, considered especially in terms of
scientific field, institutional referents, and professional age and status,
and also relying on basic scientometric indicators to gauge
participation, the task here is to determine conditions for an emergent
community among computational scientists and engineers, in light of
their own disciplinary dynamics and directions. The basic aim is to
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develop a fuller understanding of the diffusion of STEM talent, which
also means employing an analytical stance that directly addresses
participation patterns relative to professional relations and outcomes.

Accordingly, criteria identified as community motivations are invoked
here relative to DOE CSGF recipients. These include, for example,
recognition of expertise, access to resources, visibility, professional
advancement, productivity, collegial interaction, intellectual interest,
and advancement of knowledge and learning (cf. Beaver 2001; Katz and
Martin 1997). Of immediate concern, of course, are the
accomplishments of individual Fellows. Specific, individualized data on
170 DOE CSGF recipients were drawn from curricula vitae (CVs), as
discussed in Section I, to explore individual productivity and
involvement.

Awards and Honors

As a first indicator of accomplishment and community recognition,
different types of awards and honors bestowed upon DOE CSGF
recipients were considered. As can be seen in Figure 16, the vast
majority of Fellows — 145 — indicated receiving special awards and
honors in recognition of excellence for their work and of outstanding
service that they performed. Note too that these awards were not
necessarily single occurrences; many individuals received multiple
awards, with 387 different ones reported by the 145 individuals. These
special recognition awards came from a variety of sources, including
private foundations and government agencies. Furthermore, 40 Fellows
reported winning 92 relevant grants and contracts, again from a variety
of private and public sources (including DOE). Also striking were the
113 Fellows indicating awards of other types of fellowships; counts of
fellowships came to 186 across their CVs. In addition, 8 individuals
reported patents, both awarded (8) and pending (6).
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Figure 16. Award-Winning CSGF Recipients
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Analysis of CVs also made it clear that some Fellows might be viewed as
public intellectuals or as participating in related service activities and
roles. While not consistent, some 32 Fellows indicated contributions to
the media and public sphere through, among other things, writing
reviews, providing special topic interviews, acting as experts and
advisors, and developing and contributing to special informational
programs and websites. Also, preparation of special reports and service
on government committees, review panels, and advisory boards reflect
such expertise and recognition. In addition, the CVs reflected a wide
range of secondary and optional unpaid service activity roles performed
by the Fellows. For example, 31 Fellows indicated serving as instructors
and tutors, and 54 specifically listed service as academic and
professional mentors. Referee and reviewer service — including work
for journals and for funding organizations — also were prominent on 63
CVs, as was assistance to various groups in numerous principal and
supportive positions. Furthermore, other factors such as leadership
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positions and publications also play a role in framing Fellows in terms of
public intellectual and service activities.

Leadership Positions

Some Fellows also were revealed to hold Ileadership positions.
Leadership refers in general to processes of organizing and influencing
behavior and support among others to accomplish some task or goal
(Chemers 1997). While it can encompass informal relations, formal
recognition of leadership is here considered relative to its importance
not only in professional capacities as scientists and engineers, but
additionally in broader community interactions (directly and
indirectly). Therefore, the fact that 17 Fellows reported having held
such positions across various sectors — with some reflecting multiple
positions, as shown in Figure 17 — is somewhat notable. These ranged
from team leaders, directors, and managers to organizational presidents
and executives, and were, as might be expected, especially apparent
among Fellows from the earlier DOE CSGF cohorts — including
leadership positions in DOE and other government agencies.

Figure 17. Fellows in High Leadership Positions by Sector and Cohort
(N=17)
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Collaborations

Furthermore, a principal way in which scientific communities have been
identified and operationalized in related studies is through
collaborations, particularly in terms of research and publication. While
past studies of scientific productivity tended to focus primarily on the
individual researcher, collaboration has been increasingly recognized as
critical for related processes, especially given the growing complexity
attached to scientific discovery and technological innovation. Indeed,
the complex network layers and patterns evinced in collaborative
relations are now widely considered indicative of productivity.
Collaborations reflect relational structures through which scientists are
linked to wider professional communities, calling attention to the
nature of networks and interaction.

Among DOE CSGF recipients themselves, with more and more Fellows
educated and trained as computational scientists and engineers, greater
interconnectedness is obviously possible across cohorts and fields,
providing means by which the features of internal CSE epistemic
network construction might be determined.3® Whereas collaborative
relationships might begin by chance, intention, or recommendation, or
as career expectations (Beaver 2001), keep in mind that DOE CSGF
programmatic elements have been instituted to encourage such
outcomes. Accordingly, while collaboration networks can be wide-
ranging, the issue here is to consider CSGF itself as a path to community
development — an especially apt point since, for example, the required
practicum experience is grounded in teamwork and the annual
conference and several other activities are designed to promote
interaction among Fellows. Therefore, the extent to which Fellows
might collaborate on research and publications with their practicum
laboratory team members or with other Fellows can evidence specific
DOE CSGF-influenced networking and community building. Examining
the CVs for indications of such co-authorships and research projects
after Fellowship completion, 31 Fellows were found to have
collaborative relationships with practicum laboratory members and 41
reported collaboration with other Fellows, as shown in Figures 18a and
18b, suggesting a growing community among DOE CSGF participants.

30 Cf. Wagner and Leydesdorff (2004); Glinzel (2001).
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Figure 18a. Fellows with CSGF-Related Collaboration Partners by Field
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Figure 18b. Fellows with CSGF-Related Collaboration Partners by Cohort
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Publications

Extending these issues of productivity and legitimacy, one way in which
participation and position in scientific communities has been indicated
is through publications, especially in peer-reviewed STEM journals.
Publication of related articles occurs within a relational structure
representing a network of direct and indirect epistemic attachments,
and operating as "a mechanism for both gaining and sustaining access to
recognition in the professional community" (Beaver and Rosen 1978, p.
69; Beaver 2001). In terms of publications, Fellows tend to be quite
professionally active. As shown in Figures 19a and 19b, DOE CSGF
alumni for whom CVs were available (142) reflected median numbers of
publications of 18 to 33, reflecting contributions to community and
knowledge dissemination. Of course, the actual number of publications
for individual Fellows in terms of high and low counts can be quite
variable and depend on a variety of factors, e.g., discipline and the
amount of time necessary to complete research projects on which
articles might be based.

Figure 19a. Median Number of Publications by Years Since CSGF Completion
(N=142)
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Figure 19b. Median Number of Publications by Field and Years Since CSGF Completion
(N=142)
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Moreover, peer-reviewed publications in top-ranked journals have long
been the conventional basis for many of the indicators used to
characterize scientific productivity and to evaluate contributions to
research and knowledge creation. That is, published articles and
assessments of their outlets — the type and status of journals in which
they appear — are a paramount consideration in recognizing position
and influence within scientific networks. Accordingly, this study
proffers an approach for delineating community involvement based on
authorship in top-ranked science and engineering journals. Drawing
from scientometric perspectives for assessing career relations and
productivity, a simplified approach was invoked here to garner insights
on the CSE multidisciplinary landscape in terms of participation in
scientific communities.3!

While, as indicated above, DOE CSGF alumni have been somewhat
prolific in regard to publishing, the outlets in which they have published
is the concern here, especially in light of disciplinary and community

3! Scientometrics involves scientific measurement and analysis, typically employing bibliometric tools to
assess scientific publication impact — although their use is not without controversy. See discussion and
references in Stonebraker et al. (2012).
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dynamics. Therefore, using a combination of the journal impact factor
and Eigenfactor values, convention was followed in identifying top-
ranked journals in STEM in general and, more specifically, in Fellow
designated fields.3? The impact factor and Eigenfactor are metrics for
ranking the quality of publication outlets and are commonly employed
for assessing the scholarly contributions and influence of journals
(Fersht 2009; Craig and Ferguson 2009; Garfield 2006; McKerahan and
Carmichael 2012; Stonebraker et al. 2012). Looking to determine if
CSGF recipients have published in top-ranked STEM journals, a review
of information available in their CVs showed that at least 96 Fellows
have, in fact, done so, as can be seen in Figures 20a and 20b. Again, the
publication outlets for these Fellows have included the overall top-
ranked STEM journals — Science, Nature, and the Proceedings of the
National Academy of Sciences — and the top-ranked journals affiliated
with the various disciplinary areas and subfields in which
computational scientists and engineers work.

Figure 20a. Fellows with Publications in Top-Ranked STEM Journals by Cohort
(N=96)
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32 From ISI Web of Knowledge/Thomson-Reuters 2010 Journal Citation Reports, Science Edition;
http://www.eigenfactor.org/methods.php
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Figure 20b. Fellows with Publications in Top-Ranked STEM Journals by Doctoral Field
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Interviews and Fellow Perspectives

The DOE CSGF was established to help develop a qualified workforce
with the knowledge and skills to advance the DOE national agenda and
meet the environmental, economic, and security challenges of today and
the future. To that end, the DOE has instituted programs aimed at
developing computational talent and increasing excellence in pursuit of
its mission and as a contribution to national wellbeing. Central to its
efforts championing the related STEM enterprise has been the DOE
CSGF, developed to maximize the education and training of its
recipients, especially as regards HPC. While the Fellowship objectives
refer to a generally encompassing rationale and motivation, they at the
same time provide a platform on which the DOE CSGF outcomes can be
explored in both broad and specific terms. Beginning with the goal of
enhancing the STEM workforce, computational scientists and engineers
are treated as fundamentally critical to societal advancement.

However, although the DOE CSGF was established with the goal of
producing eminently qualified and talented candidates who can employ
HPC and other robust technologies in support of the STEM research
infrastructure, the value of the DOE CSGF is not simply assumed here.
Rather, it is a matter for investigation, and exploring the
accomplishments and contributions of DOE CSGF recipients is a vital
task for documenting and determining Fellowship impacts in both
direct and indirect terms. Accordingly, particular attention must be
given to, for example, scholarship, leadership, recognition,
collaboration, and service. Such interrelated areas are linked intimately
to how science is conducted and used in society, thereby providing a
basis on which to identify and assess Fellowship impact. By considering
DOE CSGF effects and influence on individual Fellows, a more detailed
picture of recipient outcomes and programmatic impacts can be
determined relative to disciplinary and professional dimensions.

Thus, interviews were employed here as a research strategy to
supplement and extend the findings in the previous sections. Using
interviews to explore the paths followed by the Fellows, framed by their
choices, decisions and perspectives, can illuminate differences that
might be more obscure in surveys or variable on CVs. In this sense, the
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interview strategy complements the CV and survey-based findings for a
more detailed and finer grained picture of the outcomes in question.
While, by themselves, interviews can be viewed as offering only
individual or idiosyncratic opinions and perspectives, when
incorporated as part of the larger research strategy, they can address
and provide insight into Fellow perspectives and the broader issues in
question. Indeed, they can help to demonstrate linkages between
programmatic elements and computational research and applications.

The organizational logic for the interviews was based on the set of
considerations delineated in conducting the survey and CV analyses,
offering a framework for analyzing, interpreting, and integrating
findings. To that end, basic guiding questions were developed as initial
considerations:

* How would you describe your DOE CSGF experience?

* Has the DOE CSGF and CSE been relevant to your career and
professional development?

* Have you participated in relevant organizational activities (in
general and, more specifically, in CSE-related areas)?

* What have been/are the contributions and significance (if any)
of your work and other professional activities both in and
beyond your field?

These questions were expanded and supplemented to capture a broad
range of information on the program and its effects from the Fellows’
perspectives. The overall concern was to learn as much as possible
about participant perceptions of the nature and impact of the DOE CSGF
program.

Approach

As mentioned, this section is based on in-depth semi-structured
interviews with 20 DOE CSGF alumni Fellows. Interviewees were
randomly selected within groups determined by Fellowship cohort and
doctoral field to ensure general representation over the program’s
history. Of the selected individuals, 15 were male and 5 were female,
with an age range spanning late 20s to mid-late 40s. Also, as shown in
Figure 21, their doctorates were completed between 1995 and 2010,
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with a third receiving them in engineering; the rest were in the physical
sciences, biological sciences, and computer science and applied
mathematics. All interviewees were employed, holding positions in
government-funded laboratories, universities, and industry.

Figure 21. Interviewees by Doctorate Year
(N =20)

W 1995-1999

W 2000-2004

W 2005-2009
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Interviews were transcribed and analyzed as text through both
deductive and inductive approaches,3? informed particularly by content
and discursive analytic methods. Used for analyzing texts and large
corpora of related documents, discourse analysis allows for the
identification of textual patterns and makes replicable valid inferences
from the data to their context (Baker 2006; Schiffrin et al. 2001;
Krippendorff 1980). Adapted for use in this study, a hermeneutic
approach to discourse analysis was employed, with interview content
interpretation based on the systematic identification of specific
characteristics of the related texts in terms of lexicon, syntax, and
morphology. From this common set of features, various indexing and
classification schemes were derived to provide links to specified items
both within and across texts, thus allowing for thematic inferences that
tie the contents of specific interviews to their DOE CSGF-related and

3 Cf. Liu (2007).
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community contexts. Such classifications or categories help to make
sense of the common connections among individual interviewees,
whether through job choice, practicum experience, or some personal
identification. For example, one important category by which the
interviews were classified from a Fellowship perspective was based on
practicum location. Interestingly, although the interviewees were
randomly selected, for the most part they were equally distributed
among practicum sites, as can be seen in Table 5.

Table 5. Interviewee Practicum Sites

Practicum Site Interviewees
Argonne National Laboratory

Lawrence Berkeley National Laboratory
Lawrence Livermore National Laboratory
Los Alamos National Laboratory

Oak Ridge National Laboratory

Pacific Northwest National Laboratory
Sandia National Laboratories - NM

WwIihhjwWwlw|w

Also, a basic lexicon of relevant lemma terms was established for
analytical purposes; a lemma is the foundational linguistic term from
which other terms are derived. Similarly, keywords — i.e., terms
indicating the semantic typology of the different interviews — were
determined for analytical purposes. Thus, for example, thematic
keywords such as fellowship, mentoring, collaborate, laboratory,
computational science, service, and so on, were designated and then used
to perform various occurrence, association, and concordance analyses.
The basic analysis included determination of word frequencies drawn
from occurrence values relative to a list of 1000 lexical units or words,
including various elements of speech (e.g., nouns, verbs, adjectives,
adverbs, etc.). Word associations show keywords and their significant
one-to-one relationships with other words within the textual corpus,
and concordances involve the examination of actual occurrence contexts
and specificity referencing explicit word usage. Together, these
approaches constitute the primary interpretive components for
analyzing the interviews.34

* Cf. Baker (2006).
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While each Fellow had their own individual story to tell about the paths
they had followed in their personal and professional lives, they all
shared a common bond through their DOE CSGF experience. Indeed, in
considering both commonalities and differences, evidence was clear of
the power that the DOE CSGF program held not only to find talented
individuals, but also to cultivate them to become leaders and innovators
who are changing the future of their respective fields. Employing
content analysis of the interviews, references to items associated with
the Fellowship, including the annual conference and related network,
were examined. In addition, the practicum experience, career choice,
mentoring, and service related activities were explored.

To that end, a basic task was determining associations among words
and terms and their variations in the related discourse of individuals in
their roles as Fellowship recipients and as leaders in their fields. First
considered were specific keywords — fellowship, computational science,
laboratory, career, collaboration, network, conference, mentoring, and
service — selected based on conceptual relevance and preliminary
textual mapping, which were then used to identify other lexical units
occurring in the same contexts. Also, in light of the overall focus of the
study, concordance analyses were run for the same nine keywords as
means for further considering the contexts of specific word usage.
Word frequencies and associations within the interviews were analyzed
to gain insight into the impact of the Fellowship on recipients.3>

As mentioned, the textual corpus was comprised of the 20 transcribed
interviews that were conducted with alumni DOE CSGF recipients. As a
point of reference, note that, together, the interviews contained 4,626
lemmas.?¢ To ensure statistical reliability, the threshold for inclusion
was a minimum of 6 occurrences for the corpus.?” For purposes of this
study, the relatively common occurrence of words related to the
Fellowship itself is especially telling. As shown in Table 6, the
“fellowship” lemma (fellowship and related words and phrases, e.g,,
fellow, fellows, fellowship experience, Krell, DOE CSGF fellow, etc.) was
itself the third most used lemma, occurring 589 times. The

> T-Lab Pro 6.0 textual analysis software was used to perform the analysis (http.//www.tlab.it).

36 Also, the interviews contained 6,086 words and 6,792 contexts.

37 T-Lab determines the threshold value choice using an algorithm based on low frequency range detection
relative to the corpus size.
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“computational science” and “research” lemmas occurred 493 and 202
times, respectively. Further, the Ilemmas for “mentoring,”
“collaboration,” and “network” occurred 196, 176, and 74 times,
respectively. Research in discourse analysis and linguistic studies, and
also in ethnographic and interview methodologies, suggest that such
occurrences indicate the critical role of such utterances as markers of
relevance and impact (Fairclough 2003; Schiffrin et al. 2001). The point
here is that the common reference to terms such as "fellowship" and
even "science" potentially reflects internal perspectives or opinions that
were voiced by the interviewees.

Table 6. Interview Lemma Occurrences

Rank | Lemma Occurrences
1 | think 808
2 | work 629
3 | fellowship 589
4 | Computational Science 493
8 | laboratory 346

13 | research 202
17 | mentoring 196
18 | collaboration 176
28 | software 138
36 | teach 117
42 | engineer 109
44 | science 107
46 | conference 105
53 | service 100
71 | network 74

Word Associations

The strength of association was measured for particular lemmas in
order to examine the lexical units with which they were associated or
co-occurred within the interviews. This type of examination aids in
determining contextual meanings of the selected words. Again, of
special interest are the word associations with the aforementioned
selected keywords — fellowship, computational science, laboratory,
career, collaboration, network, conference, mentoring, and service —
whose frequencies lend support to notions positing their potential
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substantiation of related issues. Word association radial diagrams for
the selected keywords (Figures 22-30) are presented to depict the
strength of association between each central lemma and the lemmas
most significantly associated with it on a one-to-one basis, i.e,
indicating words with high degrees of associations with the keywords.38
The distance from the central lemma represents strength of association,
with numerical values corresponding to the indicated similarity
coefficients or association indices. These coefficients, reflecting a value
range of 0 to 1, are utilized to analyze the co-occurrence of terms within
the context by employing binary data that captures the relative
presence or absence of the two terms.

As shown in Figure 22 below, high level word associations with
fellowship follow conventional lines showing strong associations with
purpose, change, rigorous, competitive, attractive candidate, and
professional development.

Figure 22. Associations with Fellowship
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Similarly, Figure 23 shows high level word associations for terms
related to computational science. For example, as expected,
computational science has the strongest relationships with engineer.
Additionally, other computational science references followed
traditional assumptions indicating the field and included words such as
science, mathematics, chemistry, and biology. Of course, this finding is as
expected since Fellows tend to discuss issues related to computational
science in respect to various disciplines and within the larger STEM
context.

Figure 23. Associations with Computational Science
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Figure 24 shows associations with laboratory. Again, these
relationships follow expected patterns since the majority of practicum
experiences take place in one of the national laboratories. Their
influence is evident in the strong associations with the terms summer,
exposure, intern, fellowship, and positive experience. Moreover, a quarter
of the Fellows interviewed went on to careers in national laboratories,
reflected in work, and the associations with collaboration and mentoring
extend to both practicum experiences and career decisions.

Figure 24. Associations with Laboratory
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In regard to career, the strong associations with relevant, fellowship, and
computational science, as shown in Figure 25, are especially worth
noting given their pertinence to the current study. Moreover, strong
relationships between career and change and between career and
impact suggest their importance to Fellows in their chosen careers.
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Figure 25. Associations with Career
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As can be seen in Figure 26, collaboration too shows a strong
association with computational science. Interestingly, Facebook also is
strongly associated with collaboration, highlighting the role of social
media. The association between Ilaboratory and collaboration is
especially notable in that a number of interviewees spoke about the
opportunities their practicum laboratory experiences afforded for
collaboration.

Figure 26. Associations with Collaboration
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The keyword network, represented in Figure 27, also provides a good
comparison point with collaboration, given its different associations
within the corpus. The network of scholars and Fellows were
represented through the terms big, robust, fantastic, helpful, and
fellowship. Other references were represented through the terms social
and social media; in fact, the strongest relationship with network was
with the social. Note that all expressions related to network were
positive.

Figure 27. Associations with Network
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Associations with conference, shown in Figure 28, followed traditional
lines and emphasized the various aspects of the annual CSGF
conference. Abstract, presentation, attend, seminar, organize, and
meeting describe involvement at or with the conference, while strong
associations with valuable describe thoughts and assessments on the
conference. Of course, it also has a strong association with fellowship.

Figure 28. Associations with Conference
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High level associations for the word mentoring span the range of the
mentor/mentee relationship, as reflected in Figure 29. Thus, service,
teach, effective, and work as well as helpful, summer, and thesis are all
attached to mentoring.
mentoring and effective.
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Figure 29. Associations with Mentoring

PEOPLE
0.05

TEACH
0.04

SERVICE
0.12

FRESHMAN
0.09

STYLE
0.09

POSTER
0.07

COLLABORATION
0.04

SUMMER KNOW
0.05 0.05
THESIS
0.08 LABORATORY
0.08
EFFECTIVE
0.13
WORK
0.08
SERVICE
0.09
OPPORTUNITY
0.06
EXCELLENT
0.05
HELP
0.04

The strongest association was between

60



Interestingly, as seen in Figure 30, the strongest association reflected
with service was mentoring. Both mentoring and writing code express
forms of service, while high school, summer, class, fellowship, and
laboratory all express periods or places where individuals might
performed service.

Figure 30. Associations with Service
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Concordances

To further facilitate interpretation of terminological significance within
the context of interview statements, a concordance analysis —
consisting of in-context searches — was performed on the keywords as
delineated above. As can be seen in Figure 31, fellowship and related
words were present in all 20 interviews, as was computational science.
Laboratory was found in 19, collaboration in 10, conference in 15,
mentoring in 16, network in 14, and service in 8. More than simply
understanding the number of interviews in which these terms were
present, which indicates their centrality and importance relative to DOE
CSGF impact, this analysis also considers how they were used in the
interviews and provides representative examples of Fellow statements.

Figure 31. Interview Topic Concordances
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The Fellowship was discussed by the interviewees also in terms of their
experiences and views of its effects. For instance, as expressed by one
Fellow,

If you're stuck in your pigeonhole, which is what science is, to some
extent, more and more becoming, you’re not exposed to these ideas.

62



And the DOE CSGF kind of breaks you out of that because of the
course requirements, because of the practicum, because of the
conferences, because of everything.

Regarding perceptions about the purpose of the fellowship, the
following statement also captured a broad sentiment of several of the
interviewees.

If the purpose of the fellowship was to encourage people to get
involved in computational methods and perhaps support DOE work,
from my perspective it was just about perfect, because that’s exactly
what it did for me. [I've never worked anywhere other than DOE
labs.

Taking it a step farther,

Yes, that’s kind of different because, to some extent, I think the DOE
CSGF was trying to create people who don’t naturally exist in the
academic environment, and I think that was one of the more
exciting aspects of it.

In terms of overall feelings on the fellowship, nearly all were positive,
indicating that it was a career changing experience.

The Fellowship really had a direct impact on the direction I took in
my career... Had I not had the fellowship, I might have selected a
different advisor, worked on something else, and so it definitely
started my career off in a certain way, and I'm glad it also forced me
to take classes in computer science and, I guess, applied math. Since
I'd already done a master’s in math, that wasn'’t really an issue, but
it did also, I suppose, help me get started on interdisciplinary work,
which I continue, obviously, to this day.

The Fellows commonly spoke about the DOE CSGF in comparison to
other fellowship programs and providers, such as from the National
Science Foundation and the Department of Defense. Although the most
common comparisons made related to the amount of funding provided,
other issues such as requirements, conferences, and networking were
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also described. For most, the DOE CSGF provided an experience that
could not be replicated.

DOE CSGF is very unique, and if DOE CSGF does not exist, there is no
replacement in terms of the absolute topnotch computational
science graduate program. It is not a valid substitute to say NSF or
DOD or any of these other programs because none of them have the
deeply invested pedagogical intervention that it offers.

The importance of funding also was stressed in terms of recruiting
students to pursue CSE.

What it illustrates, though, is students do have to think about
funding, and so when the government provides, in this case through
the Department of Energy, a fellowship, they are really giving
serious encouragement to those students to go into a certain area.
So, if the government wants to develop a certain area, like
computational science, then this really does help. It certainly put
me on that path, and I might not have gone on that path otherwise.

In speaking of the future of the program, many of the interviewees were
willing to participate and support it or were already involved. The
following statement is an example of just how strongly some Fellows
felt about their experience.

Well, I just really hope that the DOE CSGF program continues. If
there’s anything I can do to help make it continue, then I'll do that,
because there isn’t a fellowship program that’s as good, as well
managed, as well defined. I think the goals and objectives of the
DOE CSGF are so clear, and I think the way that they’re carried out
are more clear than any other fellowship there is, and I think other
fellowships should learn from the DOE CSGF. For that reason, I'll do
anything to make sure the DOE CSGF continues.

Computational Science
On the relationship between DOE CSGF and computational science, most

participants were highly supportive of the program for recruiting
students to the field:
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If I ever run across somebody who is interested in computational
science, I always think of the DOE CSGF first, because it was a really
wonderful experience and I enjoyed almost every minute of it.

Furthermore, how the alumni Fellows saw themselves within CSE and
whether or not they considered themselves computational scientists
was a topic of interest, with many stressing the relationship to various
disciplinary fields.

That’s a really interesting question, and a difficult one, actually. 1
think of myself as a computational biologist, and I think of
computational biology as a computational science.

From all indications in the interviews, DOE CSGF alumni are leaders and
innovators in their respective fields and in the area of computational
science in general. Many are involved in projects across sectors from
academia to national laboratory work, and to industry as well in areas
such as finance and social networking. Moreover, they think of
themselves in transformative terms, as pushing the boundaries of their
fields of study.

I really want to be part of the group of people that tries to resolve
these questions and lays the groundwork for the next epoch of
computational science in chemistry and material science.

They also are considering change in a variety of ways, including thinking
about what they do as affecting their fields in other terms, as expressed
here:

Transformational is a really strong term. I don’t know if anything
I'm doing is transformational. I do think that there need to be more
women in computational science, so I think about it in that sense —
about running a lab that’s all women, that’s all computation, and
having the women be the system administrators — because when
you stereotypically think of a system administrator, you don’t think
of a woman.
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Laboratory

Laboratory-related references, including the names of the various
national laboratories, came up repeatedly in the interviews, in part
because at least a third of the interviewees currently work at one of the
laboratories and because they were the sites where most Fellows
fulfilled their practicum requirement. While national laboratories were
referenced in general in 19 interviews, as shown in Figure 32, individual
laboratories were specified in 4 to 5 interviews, and Lawrence Berkeley
was talked about most often, with references in 7 interviews.

Figure 32. Interviews Specifying National Laboratories
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The general feeling about the practicum was expressed in the following
comment:

To me, my practicum experience especially represents the right way

people should do computational science, period - and, therefore, is
something that should be templated.
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It is clear that the practicum had a significant impact on many of the
Fellows, due in large part to the mentoring that often went hand in hand
with the practicum. In some cases, such as the one mentioned below,
the Fellows even went on to replicate their experience based on the
value they saw in it.

I tell them that, as a recruiting tool, to say look at the breadth of
expertise... and this is true at all the national labs, but of course I'm
a little bit biased towards Argonne. This environment is unique
compared to academia, and it was something that I learned at
PNNL, and I try and make sure that it exists here.

The model of academia is a mentoring of one to N, meaning one
faculty member teaches N students.... First of all, the student will
never be able to get enough time with the faculty member if they're
competing with N other students and, second, you're entirely limited
to whatever that faculty member knows. Whereas in the national
lab, with there being hundreds of staff members and only dozens of
interns, for each intern there can be one to five staff members who
might be helping them on a regular basis and teaching them in the
way that I was taught.

So I'm a huge advocate of the practicum experience model for
interns, and that’s why I try and make sure that, whether or not
they’re DOE CSGFs, that all of my interns basically get that
experience.

Since an important part of the DOE CSGF mission was to develop a pool
of computational scientists and engineers for the national laboratories,
it is of little surprise that the practicum also was used to not only
cultivate these individuals, but also to acclimate them to such
environments.

I had such a great experience on the practicum and thought, this is

someplace where [ know I fit in. I've got friends here, I have the
support infrastructure, and I can see myself being successful.
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Career

According to many of the Fellows, the DOE CSGF was an important
influence on their career paths. Statements like the following showed
up repeatedly:

Just basically the entire trajectory of my career so far wouldn’t have
happened without DOE CSGF.

Similarly,

[ am very grateful for the DOE CSGF support that I enjoyed at a very
early stage in my career. It gave me the independence to work on
high-risk and high-reward research as a graduate student and
helped me get started on a career in computational science and
collaboration with DOE.

Even those who did not draw a direct link between the Fellowship and
their careers still saw it as helpful in the grand scheme of things.

I don’t think my advisor liked the fellowship so much after I was in it
because it did require so many classes to be taken. In hindsight, as a
student, I like that because it did kind of push me into other areas
and, you know, I had to take a ton of computer science, and I
wouldn’t have probably taken that otherwise, and it’s ultimately
been good for my career.

Collaboration

Discussions of collaboration went beyond mere reference to
collaborating on a research paper or project to address the collaborative
role of a computational scientist or engineer as part of a team. For
example,

If we add a new development, then it’s usually done in collaboration
with the support engineers because they’ll be the ones talking with
the customers and understanding what exactly their need is. Then
they will work with us, the software developer engineers; we will

68



together put together a plan of how we can satisfy the customer’s
needs.

Some Fellows also expressed different viewpoints on being a
computational scientist. This point is made below while a Fellow notes
how universities use collaborations between departments to fill gaps.

Different places are handling it differently. Some places hire people;
some universities hire people. Some universities set up
collaborations between CS and biology, and all these things are
being tried, and people are definitely making progress. But part of
the problem is the senior people have to start appreciating the
computer science and the computational biologist people as
colleagues, not as service providers.

Conference

The conference was another prominent aspect of the program about
which three-quarters of the interviewed Fellows spoke.

I think the best part about it for me was attending the conferences
and just getting to see all the different kinds of problems that
computational science can address.

Although attendance at the conference is required for new students,
many alumni Fellows continue to participate in it because of the
opportunities to network, to see friends, and to hear and discuss
information on relevant scientific topics.

I have attended DOE CSGF every single year that I have been invited
to go, and I intend on attending it every year as long as I am able.

Also mentioned in Section II of this report, one individual offered a
suggestion for changing the conference from the Washington, DC, area,
as indicated below.

That was one thing I would suggest changing.... Going around to

visit the various labs I think would be tremendously helpful, or
perhaps on a semiannual basis. But the content of the conferences
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is always good. The contacts you get through the Fellowship are
always very good. It’s very generous compensation, so I wouldn'’t
change that or the practicum.

Mentoring

Two-thirds of the interviewees mentioned mentoring relationships,
either having a strong mentor or acting as one. Several DOE CSGF
alumni served as mentors in part because of the mentoring they
received and thought it was their duty to give back. Also, of those who
were acting as mentors to university students, most had encouraged
their mentees to apply for the DOE CSGF.

My point is that, going all through this, there’s been lots of
mentoring that people have taken the time to do for me, and part of
that then is there’s a certain expectation to pay it forward. I can’t
pay those people back for taking the time out of their schedules to
do it, but I can certainly pay it forward.

As often as the topic of mentors came up in relation to academia, it
occurred even more in relation to the practicum. This is because of the
nature of the experience and the fact that it is the ideal environment for
providing a host of potential mentors for a student.

It was such an amazing experience to be in a work environment
where, as opposed to academia, they actually have people whose job
it is to help others do stuff they don’t know how to do. The
computer people there...taught me basically everything I know
about compilers, parallel computing, debugging, and programming
language.

It is worth noting that some practicum team leaders were mentioned in
several interviews, accompanied by praise and gratitude for the impact
they had on future work and directions.

This is one thing that I'm very happy that I have been able to
leverage having a very large number of people whom I consider my
mentors.

My practicum advisor is at the absolute top of my list.
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Network

The vast majority of interviewees talked about networking in some way,
including networking opportunities at conferences, how networking
with other Fellows aided in job placement, and the role networking
played in collaboration efforts.

Even without the perks of the funding or whatever, it was just a
great network, and it is a great network to have.

Social networking too was an important topic that arose in several
interviews. One Fellow in particular talked about their career and how
they used computational science in the creation of social networking
sites.

Right now, basically, I'm using somewhat similar techniques to
model how people, users, behave in social networks and social
media. The abstraction there is that instead of having a group of
neurons that talk to each other via chemical synapse, you have real
people, and they talk to each other through social media or

Facebook or whatever.
Service
Service — and volunteering in particular — also are related to the

notion of giving back to society, and the interviewees tended to embrace
this idea, especially in regard to sharing what they had learned.
Mentoring, again, was especially discussed in terms of service and was
the issue raised most frequently in this regard.

I've been fortunate enough to have excellent mentors in my own
experience, so a lot of it has been sort of through osmosis, seeing
how they have mentored students in the past, and realizing that you
need to focus on what is good for the student and good for the
mentored more than what is good for you as the mentor. So I try to
say what do I need to provide to let you get your work done and
then, beyond that, try and get out of their way so that I'm not a
hindrance to them. But if they want help or advice or guidance in
anything, I try to provide that as best I can.
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General Comments

Based on interviews with 20 random DOE CSGF recipients, the analysis
and comments offered in this section are not meant to be exhaustive.
Rather, they are linked to and provide “texture” for the overall study,
helping to illustrate the underlying structures and dynamics that
determine the bigger picture. The interviews were semi-structured, on
the one hand, to provide more detailed information on the issues
pursued in the survey and CV analyses on the DOE CSGF recipient
outcomes and programmatic impacts. On the other hand, open-ended
questions and flexibility were built into the interviews to allow for
clarification, participant expression, and sensitivity to varying
experiences, interests, and opinions.

All of the interviewed Fellows spoke highly of their Fellowship
experience, and almost all made similar mention of their practicum.
Usually, they mentioned the practicum site by name and described the
nature of their work and their advisor. Almost all — 19 of the 20 — also
described what they considered other valuable features of the program,
most commonly the course requirements and the funding. Moreover,
these points also were used to draw points of comparison and to
distinguish DOE CSGF — in very positive terms — from other
fellowships.

Most interviewees suggested that they are leaders in their respective
fields and chosen professions and are working on projects that they
described as innovative with the potential to impact the future in
positive ways. Explicitly pointing to their scholarship as such,
references to, for example, recognition and awards for groundbreaking
research, patents, and the establishment of cross-disciplinary projects
and programs were made by the Fellows. Interestingly, especially given
concerns about recipient roles and Fellowship impacts, discussions of
scholarship were framed largely in terms of practical applicability.
Knowledge creation in particular was tied explicitly to broader impact
and societal benefit. The Fellows appeared, as a whole, to be very
driven and high achieving, with clear future goals for themselves and
their work. Also, while not typically discussed directly as such,
community building too was evidenced in references to recruitment,
mentoring, collaboration, and networking activities with other Fellows.
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Conclusion

STEM workforce capacity has been a prominent topic on policy agendas
in the U.S. and elsewhere, and calls for computational expertise and HPC
resources in particular have been growing in prominence in both public
and private spheres. Indeed, already back in 1991 in response to
related projections for its own workforce needs, the DOE established
the DOE CSGF program to ensure an adequate pool of individuals
trained in computational science and engineering. Over time, DOE CSGF
has played a critical role in educating and training scientists for DOE
laboratories and for other government agencies, academia, and
industry. Indeed, the DOE CSGF represents a major investment in STEM
in service to the country. Reaching across disciplinary boundaries, it is
a fundamental force in knowledge creation, development, and
application. It has played “a key role in training the next generation of
researchers who are skilled in harnessing the potential of high
performance computing to advance science and engineering.”3° Aimed
at developing and maintaining the computational and computing
infrastructure, including HPC resources and tools, the DOE CSGF
provides resources to ensure that DOE’s and other national laboratories
are engaged as sites of research and mentoring for computational
scientists and engineers.

Managed by the Krell Institute, the DOE CSGF program has consistently
garnered high praise by recipients. The superior benefits and
opportunities that the DOE CSGF offers have made it one of the most
sought-after and effective fellowships available in terms of support,
education, and training in related fields and otherwise. They also have
operated to maximize contributions to knowledge and community
building and to the broader DOE mission. The rigorous approach
employed by the DOE CSGF is unmatched and the curricular and
laboratory practicum requirements facilitate translating knowledge into
discovery and practice. At the conferences, in addition to presenting
their own work, Fellows learn about other kinds of research undertaken
by their colleagues and have opportunities to interact with each other,
DOE laboratory managers and personnel, and other CSE experts,

3% From a 7 March 2011 charge letter for a review of DOE CSGF to the ASCAC Chairman from the
Director of the DOE Office of Science.
[http://science.energy.gov/~/media/ascr/ascac/pdf/meetings/marl1/Csgf ascac_charge.pdf]
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including those who serve on DOE CSGF selection and steering
committees. Not only does the Fellowship offer a comprehensive
education and training opportunity, it does so across fields. It requires
that students expand their limits; they must reach beyond their specific
disciplines to develop an understanding of the broad application and
importance — indeed, the necessity — of computational approaches in
solving the problems of today’s increasingly complex and expanding
world.

Furthermore, scientific productivity today is a highly networked,
dynamic, and interactive process. Indeed, scientific and technological
innovation in today’s complex world is, almost by definition, the result
of collaboration and teamwork (Rykroft and Kash 1999). The digital
domain in particular offers innovative ways to collaborate and
communicate findings, extending networks and productivity. Social
media and online networking have been recognized as important means
for community building and, more, for enhancing productivity. Online
social networks — whether mainstream or targeted specifically to
scientists — offer mechanisms for researchers to meet and exchange
ideas. In contrast to traditional scientific communities, especially those
based primarily on face-to-face contact, such mechanisms facilitate
interaction, communication, and the diffusion of knowledge across time
and space (Ginsparg 2011). Moreover, in addition to digital networks,
tools like blogs and wikis are increasingly popular means for
disseminating research findings. Characterized particularly by
collective intelligence and shared knowledge, this environment has
been referred to as Science 2.0 (Tapscott and Williams, 2008).
Although, in keeping with convention, the issue of publications as career
indicators was broached in Section III, diverse media today serve as
avenues for dissemination to reach broad audiences and the Science 2.0
environment also renders notions of scientific productivity much more
complex than traditional notions based on stock indicators like
publication counts.

In the face of new dynamic and interactive ways to conduct and
disseminate research, the Krell Institute has supported several digital
networking sites for Fellows, including web meetings, Facebook and
LinkedIn groups, and private wikis for past and current Fellows and
“friends of the program.” The Krell Institute also has undertaken
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various tracking efforts as part of its efforts to maintain contact and
encourage the involvement and participation of former Fellows.
Additionally, DOE CSGF print and online publications — featuring
articles on practicum experiences, projects at the DOE laboratories,
Fellow profiles, research collaborations, events, etc. — offer further
means for continuing communication.#® Together with face-to-face
networking at the annual conference and other sponsored events, such
activities are critical to community-building efforts and to instituting
CSE as a field.

The purpose of this study was to document the effects of the DOE CSGF
on the individuals who were awarded the Fellowship between 1991 and
2011, as well as to understand the accomplishments and contributions
of the Fellows to the scientific community and to society more generally.
Taking all of the components of the study together, it is clear that DOE
CSGF recipients can be characterized as playing important roles as
computational scientists and engineers and as community builders and
leaders. DOE CSGF recipients are arguably high achievers by nature and
their successful outcomes and engagement of the Fellowship were to be
expected, especially given the rigorous and competitive selection
process and the continual evaluation and commitment required by the
program. By linking individual elements with institutional and external
realities and needs, the DOE CSGF program itself has operated to
identify and involve individuals who might serve not only the field and
their own professional goals, but also the national agenda and society
more generally, both directly and indirectly. Accordingly, Fellows act as
partners in providing support and assistance for fulfilling needs
delineated in the DOE CSGF objectives. This point was supported across
the research platforms and strategies, and reflected in both the overall
and individual Fellow profiles.

Fellows use the program of study and the practicum to expand their
research capabilities. Moreover, working with some of the top scientists
in the world, the practicum also provides focused mentoring and
recognition by and entrée into the growing CSE community. The
generation of a “community of scholars” and the building of
collaborative networks — notably, often across generational and

“0E.g., Deixis magazine, Deixis online, community newsletters, etc.
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disciplinary lines — has been a critical outcome of the Fellowship
experience. Indeed, in addition to personal friendships, enduring
collaborative relationships have been typical among the Fellows
themselves. The salience of this point is grounded in recognition of
collaboration as a principal factor determining scholarly productivity
and efficacy.

The transformative service role of mentor was expressed consistently
by Fellowship recipients. Mentoring was identified as a primary activity
for Fellows — mentoring to students within their institutions and,
significantly, also to students at other institutions who have established
contacts through disciplinary and Fellow networks. In fact, formal and
informal network development has been a central feature in support of
mentoring relationships through the fellowship programs and the value
of mentoring relationships has been indicated consistently by Fellows.

Fellows also reported high levels of service and leadership. While
particularly true, as might be expected, in their professional
associations among those who belong to them, Fellows also engaged in
volunteer and other service activities outside of these venues (including,
for example, community organizations, government agencies, local
schools, etc.). As tutors, project leaders and participants, leaders and
members on advisory boards and committees, and so on, the Fellows
actively contribute to the overall societal wellbeing.

Through an exploration of career directions and outcomes that
influence broader community development, the study presented here
can help to illuminate affective factors for the development and
implementation of Fellowship features for “growing” CSE talent.
Furthermore, the productivity and impact analyses can serve to better
contextualize the Fellow and program contributions. The multi- and
inter-disciplinary nature of CSE offers avenues for integrating research
to address related issues in a broader context, and more discipline-
specific and discipline-spanning understandings of research, career
interaction, and knowledge creation can generate relevant data for use
by analysts and policy makers.
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Appendix A: Methodological Notes

As indicated, data for this study were drawn primarily from three
sources: 1) a general survey, 2) Fellow curricula vitae, and 3) semi-
structured interviews.*? Whether referencing the survey, curricula
vitae, or interviews, major limitations to keep in mind are problems of
recall and perception and the point that not all issues were addressed
equally by or for all Fellows in the samples. However, taken together as
a comprehensive approach, they provide a roadmap and analytic
direction for understanding the broader dynamics that shape the
relationships and outcomes of interest.

* Survey

The 2012 DOE CSGF Survey was aimed at developing a comprehensive
overview of individuals awarded the Fellowship during the 1991-2011
period. Meant to gather information on their Fellowship experiences
and on their educational and career outcomes in particular, the survey
instrument was designed as a broadly inclusive query on the Fellows
across cohorts and doctoral fields. In an effort to provide at least a
rudimentary sense of data continuity and to capture similar types of
information, crucial survey components and questions were determined
through an in-depth examination of the DOE CSGF program features and
of related surveys previously conducted by the Krell Institute and of
information already present in their DOE CSGF database. Also, the
survey instrument design was informed by a review of literature on
effective strategies for educational attainment and professional
development and a consideration of assessment strategies for other
prominent fellowship programs.*? In general, a desire for future data
comparability, tracking, and contextual placement dictated modeling
the Survey instrument as much as possible in keeping with other
database formats and categories.

The self-administered questionnaire was distributed electronically
using individualized confidential links to 335 Fellows through an online

*2 Information was gathered separately via these means, but, ideally, future efforts will look to structure and
combine them to increase the number of cases and general coverage.
43 E.g., National Science Foundation, Ford Foundation, Gates Foundation, etc.
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survey service.** The number of Fellows was determined by the
availability of validated contact information and a number of tracking
and contact efforts were undertaken to obtain as many responses as
possible. Two information notices announcing the upcoming survey
were first sent via e-mail in December 2011 to all Fellowship recipients
with validated contact information, and the survey instrument was
tested (and revised accordingly) during the first week of January 2012.
The survey was launched via e-mail on 12 January 2012, with follow-up
reminders on 19 January, 25 January, and 1 February. Telephone calls
were also made to Fellows during this period to encourage
participation, and a final reminder was sent on 7 February 2012, the last
day of the survey. The total number of respondents was 236, for an
overall 70% response rate to the survey.>

In general, the data collected through the Survey imparted information
on the distribution of and relationship among the various instrument
items regarding the characteristics of fellowship recipients along a
variety of dimensions, as discussed in the main text. This information
provided a basis for general assessments of Fellowship impact and
Fellow accomplishments and the data was used to build a set of
measures to characterize DOE CSGF participation and to determine the
extent to which they relate to program participation and career
trajectories. Straightforward contingency tables and cross-tabulations
presenting frequency distributions and central tendencies, variation,
and other pertinent information showing the relative associations and
distributions of such items were developed as basic descriptive and
analytical contributions allowing for a generally contextualized
depiction of Fellowship recipient outcomes.

* Curricula Vitae

Curricula vitae (CVs) were coded to capture more focused
individualized data.*¢ They represent self-reports by Fellows on their
careers and roles as computational scientists and engineers and as
broader community members. The CVs were collected through various
means. Their submission was requested on all of the Survey

* Survey Monkey [http://www.surveymonkey.com]
* See Appendix C for the survey instrument.
% See Appendix D for the CV coding protocol.
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announcements and reminders, as delineated above; initial and follow-
up telephone calls were made to Fellows requesting them; and intensive
online searches were conducted to locate as many CVs as possible. As
indicated in the main text, these efforts resulted in the collection of CVs
for 170 Fellows.

Regarding the use of both the impact factor and Eigenfactor values for
determining the top-ranked journals, both factors were used to provide
a broader perspective and representation of journal status across
Fellow disciplinary fields. (Also, as a technical consideration, the factors
can be adapted for use within distinct disciplinary contexts.)

* Interviews

The interviews were conducted by telephone, generally lasting 1 to 1.5
hours. However, due to their open-ended and flexible structure, any
given interview could last between 0.75 and 2 hours. Note that the
interviewees were selected without intervention by or consultation
with the Krell Institute staff; nor were they previously known by the
researcher. The interviewee list was determined according to three
basic criteria — cohort (fellowship year), degree field (discipline), and
employer category — and individuals were randomly selected within
delineated groups to achieve overall DOE CSGF representation. (Degree
institution also was considered, but did not change the overall
representation or sampling pattern.)4’

7 See Appendix E for Interview Guide.
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Appendix B: Survey Instrument

The 2012 DOE-CSGF Survey

Survey Instructions

Ve are seeking Information, at the requast of the Department of Energy (DOE}, fom past and curment reciplents of the DOE Computatonal Science
Graduate Fellowship [CSGF) for 3 study of Fellowship oucomas. Your panticipation |5 vitaily Important to this effort. Responses o this survey wil
provite Insights on the education, cansars, and Fellowship expeniances of the Felows. AN Nfommation Mat you provide Wi be treated as
confidential and will not be raporied In any way that wil aliow Individual identfication WHhou! yoUr EXprass permission.

Survey Instructions
= The survey requines about 20 minubes bo complede; please allow enough time to Ninksh the survey In one sitting.

* Please respond as compistely 35 possibie. If you cannot answer a given question or pant of a question, simply procesd fo the next one and
continue from there.

» Direstions are provided throughout the survey. Mote that not ail questions: will apply to all respondants and you may be asked to skip certain
questions.,

« Yo will have the opportunity to make addiional comments throughout the survey. Please feal free to oo so.
You may direct any questions to DOE CSGF Survey Information at Emall Me or at 515-508-2723.

Thank you for taking the fme fo compizts tis survey.
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The 2012 DOE-CSGF Survey

DOE CSGF Experience and Community Building

Your DOE CSGF statusis
& Cument Fellow

' Past Feliow

A1. Please rate how useful you found the DOE CSGF for the following items:

Rl o ey

Collaborative opporinities [ r e o
Irderaction with researchers In your fieid c c c e e
Interaction with reseanchers In oiher iskds L r C & e
Cpportunities to develop mentonng relabionships c c c - e
Inteliectual stimulation and exchange © £ e e &
Kniowiedge attainmend In oher Nelds c c c e e
Praciical experience In oiher flelds c C C = e
Joo Sttainment [ r‘ [ e e
Fublishing opporunities [ ~ r e e
Professkonal growth and direction [ e e e e
Financial support [ r r e e
Appreciation of and identmcation with Computational c e C c c
Seience and Engineering as a field
Other (Please speghy in the Comments box below) c e r = e
Flease rale Me overall ussfuiness of the DOE CSGF C & c e
Fellowship
Commants
A2. Overall, how sarisfied werefare you with your DOE CSGF experience?

Very Somawhat Meutsal Mot Vary ot At Al
Satisfaction with DOE CEEF axpesience e e c L %

T A a0 n E

i s |

;I

Do Mot Mmow

AJa. Have you ever attended a DOE CSGF Conference?
= veg

Mo Pleass skip 10 quesTion Ada
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The 2012 DOE-CSGF Survey

A3b. If you have completed your Fellowship, how many DOE CSGF Conferences have you

attended since completion?
Hone

Mumber of DOE C3GEF r
Conferences

a8
Ll
2
s
H]

Aldc. Please rate the usefulness of the DOE CSGF Conference for the following items:

B e e
Collaboration opportunities © -." r e ©
InfEraction with FESSarthert In your fisid r e e e e e
Inferaction with researchers In oiher fiskds - s e e = =
Opportunities to develog mentorng relationships r s c = e r
Intellachual stimulation and exchange r e c = e r
Opporiunities io presant your resaarch r e e e e e
Cpporiunities for feagback on YOUr researh e e e e e e
Contacts for obtaining empioyment r e e e e r
Postooctoral opporunitas r o e~ e e r
Networking opportunities r i e e e r
Other (Piease specty in the Comments bax below) ~ o o ' o ~
Please rate Me overall Iseiness of the DOE CSGF r c c e e r
Conference
Commants

“|

|
Ada. Have you ever encouraged students and'or colleagues to pursue Computational
Science and Engineering as a field of study?

T ¥es
& Mo

Commants
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The 2012 DOE-CSGF Survey

Adb. Have you'would you recommend the DOE CSGF to students?
©  Wes
© Mo

H Moy, ploase indicate your reason(s .

Ade. If you have recommended the DOE CSGF to students, have any of those students
applied?

© ves

Mo

© Do nct know

™ Mot Applicable

Comimants

AS5. Collaboration with DOE CSGF Fellows

Yas Mo
ASa. Have you ever contacted anciher jcurment or past) DOE CSGF Falow for e e
Information or advice?
ASb. Have you ever collabarated on research with another (current or past) DOE CSGF - ©
Fellow?
ASc. Have you ever published reseanch with anoiher jcument or past) DOE CSGF e e
Fellow?
Commants
¥ you are 3 covment DOE CRGF Fallow, please S0 quesDion AE and coNminge 10 QUESHIoN A7.
A6. Collaboration after completing your fellowship
Yoz Mo
ASa. After compieting the Feliowship, have you ever contacied your DOE laboratory pracicum supervisor or ieam = r
miemibers for Information or advice
Akb. After compleding the Fallowshlp, have you ever collaborated on research with your DOE laboratory practicum e c
sups=risor or another member of your DOE laboratory practicum team?
Commants
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The 2012 DOE-CSGF Survey

AT. Published Research

Yas M
AT Have you ever published with your DOE [aboratory praciicum supenisor? =
ATh. Have you ever published with another member of your IDOE laboratory practicum «
team?®
Commants
“|
|
AB. Mentoring
Yas Mo
ABba. Have you ever baen mentored by another {cument or past) Fellow? =
Alb. Hawe you ever served a8 3 mentor to andther {cument or past) Fellow andior -
others? (If Mo, please skip b ASd)
Optional Commants
=l
|

ABc. How frequently have you engaged in the following aspects of providing mentoring to
Fellows and/or others ?

Often Soma times Havar N
Cpportunities to collaborate on ressarch C C C C
Guidancaisuppon for publishing - - - -
Opportunities for developing and obtalning research grants C C C C
Co-authored publications = = = =
Advice reganding professional surdval and politics C C C C
Guidancaisupport for taaching, stsdent advising, ate. - - - -
Opporiuniies io network with other scholars, publishers, ediors, e, C C C C
Cpporturifies o presant reseanch = = = =
Guidanceisuppot for obiaining employment C C C C
Guidance/support for obiaining grants, contracks, Tellowships, and other C C C C
MesoUries
Peychological or emational support c c c c
Optional Commants

“|

;I
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The 2012 DOE-CSGF Survey

ABd. To what extent do you value the following aspects of mentoring that you have
received?
Highly Valus  Walus "’:::" Do Hot Valus MIA
Cpportunities io collaborate on resaarch C C - e -
Guldancefsupport for my resaarch e e e e
Guidancaisuppon for publishing L. L. = e C
Advica neganding professional surdval and politics c c - e c
Guidancaisupport for teaching, shedent advising, e, L L e e *
Cpporturities io nebwork with ofhar scholars e e & e e
Cpporiunifies io present reseanch L. L. = e C
Guidanceisuppodt for obialning employment c c - e c
Guidanca'support fior pbialning grants, contracts, fellowships, and other r © e e ©
MEE0UrTES
Psychoinglcal and emotional support s c = e r
Commants
=
j
A9, Please rate the impact that your Fellowship has had on the following:
High impact  Some impact A Littie impsct Mo Impact Y
Your scenific resaarch focus e & C £ &
Your computing capabillties & e e e
Other aspects of your reseanch (Please specly in the e L. C L.
Comments box)
Optional comments.
=
j
A10a. Have you participated in any team development of scientific codes or scientific
software suites?
™ s (If Yes, please speclly codes and SoMwa/e sulfes i1 the Comments bax )
© o
Ploase spechly codes and soffwars sultes
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The 2012 DOE-CSGF Survey

A10b. Have you any developed open source scientific software?

-~

Yes (IF Yes, please Indicate soflware names, &5 well a5 commert! on who has used your saftware, in the Commerts bax )

-

L]

Plaase indicate software names and whe has msed your soffware.

.

A10¢. Have you ever contributed to any open source scientific software projects?
™ g (If Yos, please specky SoMware prjects In the Comments ba)
Mo

-

Ploase specify softwars projects.

Please coNEnue 1o Secmon B, EDUCA THOM
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The 2012 DOE-CSGF Survey

B. Education

B1. Pluasa list all colleges (incisding 2-pear) and gradests instiutions you have sttonded as wall a5 each degres samed { any), imcluding
your doctorsd instiution|s) and degroses).

B1a. Institution

Institution Mame

Branch or city of Instiution

State

Courry (I not USA)

Yesars attended {from and to)
Major Flald of Stugy

Type of Degree Grantad (B.5., MS., et
Year of Degree

B1b. Institution

Institution Mame

Branch or city of Instiution

State

Country (It niot LISA)

Yaars attended {from and io)
Major Fleld of Study

Type of Degree Grantad (B.5., MS., &tc.)
Yaar of Degree

B1c. Institution
Institution Mame

Branch or city of Instiution

State
Country (It niot LISA)

Yaars attended {from and to)
Major Fleld of Stugy

Type of Degree Grantad (B.5., MS., et
Yaar of Dagree
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The 2012 DOE-CSGF Survey

E1d. Institution

Institution Mame

Branchi or city of Instfiution

State
Country [If niot LISA)

Yfears attended (from and to)

Major Fleld of Study

Type of Degree Grantad (B.S., MS., et

Year of Degres

B1e. Institution
Institution Mame

Branch or city of Instiution

State
Country (If ok LISA)

Years attended {from and to)

Major Flald of Stugy

Type of Degree Granted (B.5., MS., et

Year of Degres

B1f. Institution

Institution Mame

Exanch or city of Instiution
Siate

Courry (I not USA)

Yaars attended {from and to)
Malor Fiaid of Stusy

Type of Degree Granted {B.5., M5, atr.)

Yaar of Degres
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The 2012 DOE-CSGF Survey

E1g. Institution
Institution Mame

Branchi or city of Instfiution

State
Country [If niot LISA)

Yfears attended (from and to)

Major Fleld of Study

Type of Degree Grantad (B.S., MS., et

Year of Degres

B1h. Institution

Institution Mame

Branch or city of Instftution
State

Country (If ok LISA)

Years attended {from and to)
Major Flald of Stugy

Type of Degree Granted (B.5., MS., et

Year of Degres

B2. Please indicate your high school/'secondary school graduation (or equivalent) year.
Example: 1965

—

B3.What is the state (U.5.) or country of the high school'secondary school you last
attended?

B4. What was your academic standing at the time of your initial (successful) DOE CSGF
application?

Ungemyraduate stdentiGradusie school applicant
©  Finstayear gracuate student
™ Secondyear graduate student

B5a. Have you completed your doctoral degree?
©  Yeg I yes, Ship T QuUesTon BE

.
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The 2012 DOE-CSGF Survey

BSh. If you plan to complete your doctoral degree, please provide the projected month and
year of your doctoral completion. Exampfe: Month 06/Year 2013

Month |

Year |

B5c. If you do not plan to complete your doctoral degree, please indicate the primary
reason for not completing it.

il
B6. In your estimation, how many years of full-time study (or the equivalent) were/will be
required after the bachelor's deqree to complete your doctorate?

3 a 5 & 7 & g mare than o
Equivalant years of full- a r r i c e ' r
time stusty
Optional Comments

Plaase conamie ro Secuon G, EMPLOYMENT/CAREER. IT you have DOf recelved your doceoval degres, please conanue 1o C1. IF you have
recefved your doctoral degree, please skip o C2a.
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The 2012 DOE-CSGF Survey

C. Employment/Career

Please answer QUBSTION CT I ou have Ot et received your doctoraTs . Othanviss, please sip i Quesoon C2a.
C1. Please indicate in what sector you expect to find your main source of employment
after receiving your doctoral degree.

Education

WS Govemnment
InCsryEusEnass
Private Foundation
Monprafit, oiher than private foundation

Lnikmcowrn

i TS T T B |

Other jplease specty in Comments box )

5

C2a. Do you currently belong to any professional societies or associations?
L -

= Mo

Approd bar of professicnal intions to which you currently belong:

C2b. Do any of the professional societies or associations to which you belong represent
fieldsidisciplines other than your primary field'discipline?

= Yes (piease note in Comment box Row many)

© Mo

Optional Commants
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The 2012 DOE-CSGF Survey

C2c. Have you ever held any special positionsi/roles or performed special tasks on behalf
of a professional organization in which you were a member? Mark all thar apply.

ho
Yes organtzational ofcar (2.0, president, vica president, secretary, reasumr, o)
Yes boand memioer
Yes: section ofcer

Ye5! COITEmittes BErvice

a0 7 0 a0

Yes: Ciler (piease specl n ComMments bax)

Commants

C3. In what other Kinds of service and leadership activities have you participated?
=l
|

if you harve pof completed your doctorats, please contines to D1.

C4da. Are you currently working for pay (or profit)? This includes postdoctoral appointment,
seff-employment, or temporary absence from a job (e.g., due 1o illness, sabbatical, vacation,
or parenial leave).

Yo (If Yos, please skip 10 qUESTON C53)

& Mo
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The 2012 DOE-CSGF Survey

C4b. If you are not working for pay, what are your reasons for not doing so® Mark all thar
apply.
©  Retired
Sultable |ob not avallabis
Lald off from a |ob
Shudent
Family resporeiniitiss
Chronic Niness o permanent disatility
D niot nesed o Wart wark
Recently comgietad degres an I0okng for empioyment

Oiher (Please specky in Comments bax)

0 37 7 anan

Commants

Cdc. If you are not working for pay, when did you last work for pay (or profit)? Exampfle:
Month 02/Year 2009
mortn |
Year |
C4d. Have you EVER worked for pay or profit after receiving your doctoral degree?
= Yes
= Mo

Comamss
C5a. After receiving your doctoral degree, has your primary employment ever been in a
Computational Science and Engineering related field?

© ¥es

T Mo

Commants
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The 2012 DOE-CSGF Survey

C5h. After receiving your doctoral degree, have you ever had primary employment within
the DOE? Please mark all thar apply.

™ es, In the DOE |abomtory whanz | underiook my DOE-CSGF practicum

™ ¥es, In a differend DOE laboratory from where | underiook my practicum

T ¥es, In another DOE fadiity or ofMce

i

H your primary smphoy aftar ing your o groe was within the DOE, plaase spacity the DOE isboratories, facilties, or
offices im which you scospbed primary smphoyment.

C6a. Currenti/last Employment Sector: For what type of employer did you work during your
current or last employment? If you had more than one employer, please refer 1o your
principal or primary job. Please mark one only.

™ Edwoation: 115, 4year college or university, otver than medical school

™ Edwoations .5 medical school (Including university-amilated hospital or medical centar)
' Edwostion LLS. universiy-amilated or academe rsiated ressarch Instiie

™ Edwowtions LS. 2-year college, [union of community coliege, of technical Insthste
©  Edwcatiom LS. preschool, elementary, middie, of secondary school

" Edwcations Forelgn educational Instution

" Edwcations Other (Flease specly In COMMENEs bax)

*  Gowsmmant Foneign govemment

' Government: LS. miltary service

©  Government: .5 Tegeral government (civillan employes)

' Gowsrmment .5, stabs govemment

Governmant: .5, local govestment jcity, county, eic.)

©  Government: Oher (Please specly In Comments b

" Private Secton Mon-profit organization

Private Secton FORpIONt cOmpany or ongantzation

©  Private Secton Seif-employed of BUSINEss cwner

' Private Secton Ofther (Please spachy in Commants hax)

Comimants

99



The 2012 DOE-CSGF Survey

Cob. What was your occupation (job title or position) on your primary current/last job?
Please be as specific as possible, including any area of specialization. (Example: College
Professor - Computer Science)

- |

[ <]
Cec. Was your currentiast job a postdoctoral appointment? Postdocroral appointment
refers 1o lemporary positions in acadeimia, industry, or government, primarily providing
additonal education, training, or research opportunities.

= ves

.

CTa. Isiwas your currentllast principal empleyer an educational institution?
= ves

™ Mo (I No, pleasa skip 10 guesTion C8)

CTh. if your current/last employer is/'was an educational institution, please indicate your

primary and secondary work activities.
Doas ot Apply
-:‘

Primary
Teaching
Reseanth and development

-y

Administration

~y

Professional senvices

Other (Please speclly in the Comments box)
Commants

s Bs BLs B s |
s s s "-}
,1

i 0

C8. If your current/last principal employer is not an educational institution, is it an
academic-related organization or agency? (e.q., think tank, research center, ete.?)

™ es (Please spechy in the Comments bax)
= Mo

Commants
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The 2012 DOE-CSGF Survey

C9a. Please indicate your basic annual salary (before deductions) in your current/last
principal employment position. (Do not include bonuses, overtime, or supplemental
compensation. If not salaried, please estimare your earned income, excluding business

expenses)

Under $35,000 585,000 - 94,990 $175,000 - 199,999
535,000 - 49,959 595,000- 109,333 " 5200,000 - 299,999
* 550,000 - 64,909 ©  5110,000 - 124,999 ™ $300,000 - 399,999
" §55,000 - 74,909 " $125,000 - 149,999 ™ $A400,000 - 499,999
§75,000 - 64,999 ©  $150,000 - 174,999 " $500,000 or mone

C9b. Was this salary or earmed income based on working full time?
= Yes
© Ho

Commants

C9¢. If your current/last position is an academic position, please indicate the applicable
salary period.

510 months of salary
12 months of salary
Other (Please spechy In the COMMEnts box)

Commants
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The 2012 DOE-CSGF Survey

C10a. What effect have the following factors had on the rate of your career advancement

or development?
No Effect

Quality of education and training
Personal mativation

Family consldarations

Mentaring support

Supplemental duties

Time demands:

SUppOn resounses

Ciher (Flease spechly It Comments box)
Commants

-
"i"l"l"l"i"l"l"iE

% % % % %% 5
5 I RIS T I T |

C10b. Importance of the DOE CSGF experience for your career

Very Important  Somawhat Important  Slightly Important Mot Important
How Important has your DOE CSGF exparience bean for & e e e
your canser advancement posslbilities?

Commants

“|
C11a. While working at your currentlast primary job, did you also have a secondary job?
(This can include part-time, evening, or weekend work)

© ¥es

©  No (IT Mo, please skip 1 Question O]
O ptional Commesnts
C11b. If you have'had a secondary job at your current/last primary job, what was your
occupation (job title or position) on your secondary job? Please be as specific as possible,
including any specialization. (Example: Adjunct Coflege Professor - Applied Mathematics)

=l
hd

Plaase conmnue r Fecoon D, PERSONAL BACKGROLUND
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The 2012 DOE-CSGF Survey

D. Personal Background

D1. What is your date of birth?
(LY Do Y
Date I I

D2. What is your sex?

= Female

= wale

D:3a. What is your Race/Ethnic Self-ldentification? Flease mark the race or ethnic groupy{s)
with which you are principally identified.
T Aslan/Asian Amencan (Flease specky in the Comments bax)
™ Alaska Maltve
Black/Afiican American
Mative American Indlan

Mative Pacific lslandar

a0 a7 a0 an

D3b. Are you a citizen of the United States?
= veg
Mo (If Mo, please specky ciizenship In the Comments bax)

Commants

a

D4. What is (or what do you consider to be) your hometown and state (U.5.) or home
country?

=l

[ /]
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The 2012 DOE-CSGF Survey

D5. Parents® Education

Mothar Fathar
Educstian drop down mesnm I j | j
D&. What is/was your marital status?
Mariial Saus

At the start of your Falowship |

Cumetiy El

D7. How many children did/do you have ?

Mumer of Children

Criligren at the start of your Feliowship '|
Calidren Cumenthy 'I

Plaase conmnue r Sacuon £ CONTACT AND FOLLOW-LIP INFORRMA TROM

104



The 2012 DOE-CSGF Survey

E. Contact and Follow-Up information

E1. What is your name?

E2a. Institutional Affiliation/ Work Address

Company: | |
Address:

|
Addruss 31 | |
CityTown: |

E2b. Is this Institutional Affiliation'Work Address your preferred contact address?
© Yes

~ Mo

E3a. Home Address

E3hb. Is this Home Address your preferred contact address?
& Yes

~ Mo
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The 2012 DOE-CSGF Survey

E4. Other Connections

Emall (If nat alreaty Indicated)
Webslie 1

Biog
Oiher

|
|
Weabsie 2 |
|
|

ES. Are you willing to participate in a formal interview concerning your education, DOE
CSGF experience, career, and related accomplishments?

r Yes
* Mo
© Maybe

ES. Please use this space to provide additional relevant comments on your education,

career, the DOE CSGF program, or other related issues, if desired.
[ |

THANK ToOURH
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Appendix C: Curriculum Vitae Coding Protocol

\ Category Information Definition/Values
Individual

ID DB provided username
Coding date Date coding started
Coder Staff member coding the CV
CV full or partial Values: full, partial, unsure, bio statement
First name DB provided
Middle name DB provided
Last name (current) | DB/CV provided

Last name Any previous names held, such as maiden name

(previous)

Race/Ethnicity Drop down using census data choices from

(from CSGF records) | http://www.census.gov/population/www/socdem
o/race/racefactcb.html

Gender Male/Female (if unsure, leave blank)

Marital status From Census:

(current) http://www.census.gov/prod/2003pubs/c2kbr-
30.pdf
(SEE NOTE BELOW)

Marital status at
start of fellowship

From Census:
http://www.census.gov/prod/2003pubs/c2kbr-
30.pdf

(SEE NOTE BELOW)

Children (current)

Enter number listed

Children (start of

Enter number listed

fellowship)

National origin Country of birth/citizenship
Citizenship DB provided

US citizenship US citizenship?

PRA Permanent resident alien?

Education: code of each degree

Degree Type

B.S., B.A,, M.S,, M.A,, Ph.D,, Sc.D,, etc.

Degree year

Year degree conferred

Degree institution

Institution attended (use NSF institution codes)

Degree field

Field of study (use NSF field codes)
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Employment: code for each job based on title, type/position, and/or
place/institution

Year job started

Year job started

Year job ended Year job ended

Employer Employer name

Job type Job type by position, title and field

Sector Job categories by sector: academia, industry, DOE

lab, DOE appointment, other government

Job title if no job
type

Job or position title

Disciplinary Field

Field of study or teaching

Notes

Publications: include breakdown counts for books, articles, chapters, and other
(e.g., reports, but only if included in the total count; efAlude fellowships,
patents, and grants); code for each publication year

Publication Type

Type of publication (Use codes for books, book
chapters, journal articles, reports, conference
proceedings, etc.)

Publication Year

Publication Count

Number of publications by category for the year,
journal articles will include number of HI journal
articles.

High Impact Journal

List of high impact journals. Select if publication
was in one of these journals.

Journal code

Specific codes for selected journals

High impact journal
year

Year published if high impact journal

High impact journal
count

Number of articles in high impact journals for that
year

Notes

Special Recognition awards (excluding fellowships, patents, and grants): code
each award

Award name

Official name of the award

Year Year awarded

Source/organization | Source or organization presenting or sponsoring
the award

Award The field or discipline in which the award is made

field /discipline (if applicable)

Notes
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Fellowships: code for each fellowship including DOE CSGF

Fellowship name Official name of fellowship awarded

Start/Declined year | Year fellowship started or, if declined, year
declined

Fellowship declined | Defaultis “N”; choose yes if fellowship declined

End year Year fellowship ended

Type Type of fellowship (e.g., graduate student,

dissertation, postdoctorate, etc.)

Source/organization | Source or organization (fellowship sponsor)

Field/discipline Field or discipline required by fellowship

Notes

Grants/Contracts: code for each grant or contract

Official ID Official ID if available (e.g., NSF, NIH, etc. Grant
number)

Start year Year grant or contract awarded

End year Year grant or contract expires

Source/Organization | Source of grant or contract

Amount Dollar amount of the total award

Role Role of fellow in grant/contract execution (e.g., P],

Co-PI, GRA, Consultant, etc.)

Notes

Patents: code for each patent

Patent number Patent number

Patent year Year patent issued

Patent status Pending or granted

Patent US Indicates if patent is a US patent

Patent Int’] Indicates if patent is an international patent
Patent licensed Indicates if patent was licensed

Patent sold Indicates if patent was sold

Professional Association Memberships

Number of current Number of current professional association
professional memberships

association

memberships

Professional Association positions/participation: code for each position

Organization name Official name of the organization

Major position(s) Any major position held in the organization, see
related codes (e.g., president, vice president,
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secretary, treasurer, board member)

Major position years

Number of years major position held

Other positions held | Other positions held (e.g., committee chair,
committee membership, etc.)
Miscellaneous/Other
Additional Include any other relevant information (e.g.,
Information community activities or positions, volunteering,
etc.)
Notes
Notes Additional Observations

Include notes about any problems in coding CV
information

Indicate updated areas if after completion of initial
input

Coder: check here if
you have
encountered any
problems or issues

Box to check if the coder has any questions or
problems with coding the CV

with this CV
Date last update Last date/time a change was made to the record
Update coder Name or user name of person who last coded or

updated information

Race: Use Census 2000 categories (following Office of Management and Budget (OMB) standards for
Federal data on race and ethnicity). Minimum categories for race: American Indian or Alaska Native;
Asian; Black or African American; Native Hawaiian or Other Pacific Islander; White; Some Other Race.
Minimum categories for ethnicity: Hispanic or Latino, Not Hispanic or Latino.

Marital Status: Use Census 2000 categories: Now married; Widowed; Divorced; Separated; Never

Married
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Appendix D: Interview Thematic Coding Categories

>

Fellowship Experience >
Valuable feature(s)
Laboratory team
Networking
Compared to other fellowships
Skill Development/Learning
Conference participation/assessment
= Past
= Present
= Future
Negative aspects
Relevance
Suggestions
ollaboration
Outside Academia
Outside University >
Within University
Outside Field
Within Field
Within Sector
Across Sectors
National/International
Fellowship factors
= Fellows
= Laboratory team
= Others >
Establish New Activities/Programs
o Center/Facility/Institute
o Courses
o Department/Area of Study
o  Workshops
o
C
o

O O O O 0 O

O O O O O OO0 OO0 MO OoOOo

Programs
ommunity Building
Committees
= Faculty
=  Student
o Programs >
o Recruit
= Faculty
= Student
¢ Academia
¢ Field
¢ University
=  Workers/Colleagues
= Trainees
o Scholarship Effects

= Future
= Present
o  CSE field identification >

o Broadening participation
Contracts/Grants/Fellowships
o Types

o Sources

Service

o International
National

Local

State

Local

Professional Association
University

Non-Profit

Other

YV VYV

O O O O O O O O

Leadership
o Academic
o  Community

0 =2000O0

O
O
O

= [nternational

= National

= State

= Local
Government

= Federal

= State

= Local
Industry
Professional Associations
Non-Profit
Other

entoring

Given/Received

= Faculty

= Student

= Trainee

=  Supervisee

= Postdoctoral
Fellows
Laboratory team
Other

Public Intellectual

o

o

O
O

Courts

= Federal

= Local

= State
Government

= Federal

= Local

= State
Non-Governmental Media
Other

Scholarship

o

O O O O O O O

Awards

= Articles

=  Books

= QOther
Cross Field Effects
Models
Innovations, other firsts
Patents
Intellectual impact
Broader impact
Other

Special Recognition/Awards

O
@]

Other Accomplishments/Contributions

Types
Sources

CSE relevance
DOE relevance
Future Plans
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