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EXECUTIVE SUMMARY

The National Institutes of Health (NIH) and the National Science Foundation (NSF) make
significant investments in research training, education, and career development in the multi-
disciplinary fields of bioengineering and bioinformatics. During interagency discussions
between NIH and NSF regarding their roles in these fields, questions have been raised
concerning (I) how well current NIH and NSF programs are meeting the needs of these
rapidly growing disciplines and (2) whether the agencies should consider collaborative efforts
to address training and education gaps. To obtain community input on these issues, a
workshop was held on June 13-14, 2001, at NSF Headquarters in Arlington, Virginia. The
objectives of this workshop were to (l) assess needs in bioengineering and bioinformatics
research training, education, and career development at all levels and (2) develop a list of
recommendations for NIH and NSF collaborative actions to address identified gaps and
support the needs with the objective of assuring the availability of future generations of
highly-trained professionals in these fields. Twenty-seven participants from academia,
industry, laboratories, and foundations with strong interests in bioengineering and
bioinformatics participated and provided their perspectives related to the objectives of the
workshop. In addition, six senior NIH and NSF staff also participated as information
resources during the discussions.

The workshop provided a detailed assessment of the gaps in research training, education,
and career development at all career levels; the main obstacles or barriers to having the gaps
addressed; actions that can be taken to make careers in these scientific fields more attractive
to all social groups; and collaborative actions for the NIH and NSF to enhance training and
education opportunities for the bioengineering and bioinformatics communities.

Specific priority recommendations based on plenary discussions for NIH and NSF
consideration included:

1. Provide a clear and continuous path of education and career development
opportunities from the undergraduate through senior career levels (e.g., to address
gaps in mechanisms of support for cross-disciplinary training at the junior faculty or
mid-career levels);



2. Develop additional opportunities for cross-disciplinary training beyond those offered
through institutional training grants (e.g., NSF training supplements to NIH research
grants, and NIH support of IGERT-type research and training opportunities);

3. Increase the number of individual fellowships and institutional training grants at all
career levels that include quantitative biology, computational biology, and integrative
systems modeling; are cross-disciplinary (e.g., basic life scientists and engineers or
computer scientists); include funds to support faculty with complementary expertise
(e.g., computer scientists to teach biologists or basic biologists to teach engineers and
physical scientists); and support the development and testing of curricula;

4. Develop programs that include interactions with industry (e.g., career counseling and
potential sources for a research experience, using industry scientists to teach courses,
supporting industry internships, including the participation of scientists from industry in
the review process, expanding training plans of post-doctoral staff and fellows involved
in research to include teaching and experience in industry, and conducting reviews of
NIH and NSF training activities by industry panels);

5. Provide opportunities or infrastructure support for training (e.g., databases, hardware,
software, and personnel for bioinformatics and state-of-the-art teaching laboratory
equipment for bioengineering); and

6. Strengthen the review process for multi-disciplinary research and training grant
applications to ensure that the importance of cross-disciplinary, non-hypothesis-driven
research is appreciated and considered and that the reviewers’ qualifications are
appropriate for the proposed projects.

These recommendations and other results of the workshop will be evaluated by a Joint
NIH/NSF Bioengineering and Bioinformatics Training Committee which will determine a
course of action regarding collaborative efforts. These results will also be made available to
individual NIH research institutes and NSF engineering and science programs as information
that may be useful in the development of agency education and training initiatives.

WORKSHOP SUMMARY AND RECOMMENDATIONS

BACKGROUND

The National Institutes of Health (NIH) and the National Science Foundation (NSF) make
significant investments in research, research training, education, and career development in
the multi-disciplinary fields of bioengineering and bioinformatics. The development of trained
professionals in these areas requires opportunities and support all along the career
continuum including the undergraduate, pre-doctoral, post-doctoral, junior career, and senior
career levels. Considering the nature of these fields, training and education programs require
trans- or cross-disciplinary interaction between the engineering, physical, and computational
sciences and the biological and medical sciences.

During interagency discussions, questions were posed concerning (1) how well current
research training, education, and career development programs of NIH and NSF are meeting
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the needs of these rapidly growing fields and (2) whether the agencies should consider
collaborative efforts to address training gaps. A committee of NIH and NSF representatives
(Joint NIH/NSF Bioengineering and Bioinformatics Training Committee) was formed under
the auspices of the Bioengineering Consortium (BECON) to address these questions and to
coordinate subsequent interagency efforts.

A workshop to obtain community input on these issues was held on June 13-14, 2001, at
NSF Headquarters in Arlington, Virginia. The objectives of the one-and-one-half days
workshop were to (1) assess needs in bioengineering and bioinformatics research training,
education, and career development at all levels and (2) develop a list of recommendations for
NIH and NSF collaborative actions to address identified gaps and support these needs with
the objective of assuring the availability of future generations of highly-trained professionals
in these fields. Twenty-seven extramural participants from academia, industry, laboratories,
and foundations with strong interests in bioengineering and bioinformatics research training
and education were invited to participate and provide their perspectives on the objectives of
the workshop. In addition, a total of six NIH and NSF staff also participated as information
resources during the discussions. The agenda and the list of attendees (invited participants,
NIH resources, and NSF resources) are attached as Appendices A and B, respectively.

WORKSHOP FORMAT

For the purpose of this workshop, three technical areas — bioengineering, medical
engineering, and bioinformatics - were defined based on curricular differences required to
support research training in each area and differences in ultimate career paths.
Bioengineering was considered to be an emerging basic engineering discipline with cellular
and molecular biology as the underlying core science (just as the science of chemistry
underlies chemical engineering). Bioengineering includes the development of molecular-to-
systems analytical models that predict system behavior based on fundamental
physiochemical and kinetic phenomena as well as the synthesis of new products such as
engineered molecules and tissues. While some applications of bioengineering can involve
clinical medicine, other applications can also involve the agricultural, pharmaceutical, and
biotechnology industries. Medical engineering represents the application of all engineering
and/or physical science fields to clinical medicine. It includes the rapidly growing application
of bioengineering and physics to clinical medicine and also encompasses a wide range of
endeavors such as instrumentation and imaging that require in-depth training in the physical
sciences, electrical engineering, mechanical engineering, etc., as well as some training in
physiology and clinical medicine. Medical engineering does not generally require
comprehensive training in biology especially at the cellular or molecular levels.
Bioinformatics refers to the application of computational or mathematical techniques to
address a variety of biological or medical problems. This field emphasizes the ability to
discern predictive patterns and correlations from large data sets, to make predictions from
those patterns, and to manage the data effectively. The range of data considered in the
discussions was from genomic sequence through structure and function to pathways and
tissues reaching to predictive outcomes from therapies.

To ensure active interaction, opportunities for participation, and adequate consideration of the
unique needs of each technical area, the participants were divided into three groups of nine
members each according to their areas of specialty — bioengineering, medical engineering,
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and bioinformatics. The overlap in expertise among all groups and the fact that the groups
were not mutually exclusive were recognized and discussed by the participants and were not
believed to be obstacles in addressing the objectives of the workshop.

The NIH and NSF offer a number of opportunities aimed at supporting the education and
research training of students, faculty, and career scientists. To provide background
information on these opportunities, participants were provided with information about the
relevant NIH and NSF programs in the areas of bioinformatics, medical engineering, and
bioengineering prior to the workshop. Additional orientation was provided during the first
session of the workshop, which included oral presentations by senior NSF and NIH staff on
the research training, education, and career development programs of the respective
agencies.

To keep the discussion focused on the objectives of the workshop, the groups were asked to
address the following five questions with regard to their specialty areas:

(1) What are the priorities or opportunities which are currently being addressed at all
career levels?

(2) What are the gaps in research training, education, and career development at all
career levels?

(3) What are the main obstacles or barriers to having these gaps addressed?

(4) What actions can be taken to make careers in these scientific disciplines more
attractive to all groups?

(5) What can NIH and NSF do collaboratively to enhance the training, education, and
career development opportunities for the bioengineering, bioinformatics, and medical
engineering communities?

Following group discussions of these questions, participants presented their
recommendations in a plenary session. As a final exercise during a plenary session, the
invitees were asked which recommendations they considered to be the highest priorities
for research training, education, and career development.

SUMMARY OF DISCUSSIONS

During the afternoon plenary session on June 14, results of the morning group discussions
were presented and summarized. A summary of the plenary discussions and group
recommendations is given in the following text. Many of the results were similar for the three
working groups, and some of the following items are combinations of similar
recommendations.



1. What Are The Gaps in Research Training, Education, and Career Development at All
Career Levels?

Career Level: K-12. Students have little or no exposure to these three fields in their
science curricula or through other formal or informal educational activities.

General: There is generally no support for administration of inter-disciplinary programs
(i.e., funding for teaching release, etc.) in addition to research and teaching
responsibilities at universities. Most universities provide no support for faculty who invest
a lot of time establishing inter-disciplinary programs primarily because these types of
rewards are handled by individual departments.

Career Level: Undergraduate

* Advanced biology courses are often not available to engineering students due to
limited enrollment. Basic and advanced computer science and engineering courses
are often not accessible to science students due to limited enrollments and the large
number of prerequisites in math and engineering analysis.

» Courses in bioengineering and bioinformatics, like other engineering courses, are not
usually provided in the early stages of undergraduate education.

» Undergraduate interdisciplinary research experiences that are integrated into the
education curriculum are minimal.

* More exposure to industry perspectives (e.g., the need for integration from
molecular/organism to product level) through formal courses, internships, and
interaction with professional societies is needed. Review of NIH and NSF training
activities by industry panels would provide an industrial viewpoint to the broad
perspective which is essential for the national scientific enterprise to fully thrive and
produce benefits to society. Since industry stands to gain much from these efforts,
joint funding (Federal and industrial sources) may be appropriate.

* Opportunities to understand the role of engineering in clinical medicine should be
made available. Undergraduates need to develop an appreciation for the impact that
engineers can have in medicine without going to medical school. Although campus
biomedical engineering societies or premed societies may partly fill this need, formal
exposure to clinical needs and opportunities may be more effective.

Career Level: Graduate

» Support for the first two years of graduate school is not widely available resulting in
students having limited choices from which to select research projects/experiences.

* There is insufficient academic training for interdisciplinary work in areas such as
integrative systems modeling which are of interest to industry.



» Overall, the numbers of bioengineering and bioinformatics students are insufficient to
keep up with the demand.

» Students find it difficult to bridge the gap between bioengineering/bioinformatics
curricula and research experiences in the clinical setting.

» Training programs generally lack plans that incorporate alternatives to an academic
career (e.g., experiences in technology development that encompass the continuum
from prototype development to application).

* Resources to support new ways of learning and sharing information (e.g., on-line
curricula, databases, and informatics tools, etc.) are lacking.

» Opportunities for experiences in industry are limited.

Career Level: Post Graduate
» Courses that enhance the ability to do multi-disciplinary research are not available.

» Professional development opportunities in areas other than research (e.g., teaching
and project management) are minimal.

Career Level: Mid-Career

* There is an absence of resources and limited or no available time for professional
development for junior- and mid-level faculty or mid-career industrial scientists who
wish to take courses or have a research experience in another technical discipline.

2. What Are the Main Obstacles or Barriers to Having These Gaps Addressed?

Career Level: Undergraduate

» Several obstacles were identified that relate to how well undergraduate students are
prepared academically for interdisciplinary experiences including:

- The revolutions in cell biology, genomics, and proteomics that have occurred in the
past decade provide an important new scientific foundation for engineering
applications in the future and should be an integral part of undergraduate engineering
education through both basic science courses and as components in core subjects.
Many faculty in traditional engineering disciplines who teach core engineering subjects
have not had the opportunity to be educated in modern biology, and thus cannot
integrate material from biology adequately into core undergraduate engineering
curricula. Support for release time should be made available for faculty to take
intensive subjects in molecular cell biology, proteomics, and genomics. At the same
time, as biology becomes more quantitative and mechanistic in the post-genomic
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world, funds should be made available to support release time and training of biology
faculty who are preparing for the era of large-scale systems biology and informatics.

- Core curricula for some science and engineering disciplines have not been updated
to take advantage of multi-disciplinary approaches to problem-solving. While
engineering courses must be updated to include the role of biology, biology courses
must also consider the role of engineering.

- Bioengineering and bioinformatics students interested in medical engineering as
defined in this Workshop do not have adequate exposure to clinical environments.

» Support for research experiences in industry (e.g., internships, fellowships, and
summer/semester programs) is insufficient or not available.
Career Level: Graduate

» Restricted class sizes in the basic sciences and computer sciences limit educational
opportunities for students in multi-disciplinary fields.

» There are few individual fellowships or institutional training grants in bioengineering

and bioinformatics. This is compounded by the fact that most training grants seem to
be concentrated at a few universities.

Career Level: Post Graduate

» The research environment in industry involves a team approach. Students who are
not trained in integrated, multi-disciplinary research are at a disadvantage.

Career Level: Mid-Career

» Traditional engineering and basic science departments generally do not reward (i.e.,
promotions, access to departmental funds, and access to graduate students) faculty
for participation in multi-disciplinary and inter-departmental training and research. This
serves as a disincentive for junior or mid-career faculty.

» Federal agencies do not provide sufficient research support for integrative science and
engineering projects which also fund graduate student research projects.

3. What actions can be taken to make careers in these scientific disciplines more
attractive to all groups?

Opportunities for all members of the population to participate in research training, education,
and career development programs are necessary to ensure that the best scientific talent can
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be identified and developed to meet the education and research agendas of the 21st century.
Workshop participants were asked to identify ways to attract all groups to science and
engineering. The groups were unanimous in recommending that mechanisms be developed
to specifically target the recruitment of under-represented populations into bioengineering
and bioinformatics at all career levels. Specific suggestions included:

Career Level: K-12:
» Develop middle and high school programs that expand students' perspectives so that

they might consider careers in bioengineering and bioinformatics. Involve teachers in
research laboratories to expand their knowledge of science and engineering.

Career Level: Undergraduate
* Promote good societal role models for bioengineers

» Change the perspectives of students about bioengineering and bioinformatics through
better career counseling and exposure to industrial practice.

* Promote summer programs at universities to introduce (1) high school students to
bioengineering and bioinformatics as well as campus life and (2) undergraduate
engineering or science students to biomedical research.

» Foster interdisciplinary “teams” of students at the undergraduate level, such as the
University of Maryland's Gemstone Program (http://www.gemstone.umd.edu/).

Career Level: Graduate

Increase the participation of under-represented minority groups on training grants and
individual fellowships.

* Provide research experiences by working with multi-disciplinary teams of researchers.

* Promote short-term intensive training programs such as those at Cold Spring Harbor
Laboratory and Woods Hole.

» Develop special grant supplements for students who are co-mentored by a biologist
and an engineer.

Career Level: Mid-Career

* Provide career development awards to junior and mid-career faculty interested in
interdisciplinary research.



4. What can NIH and NSF do collaboratively to enhance the training, education, and
career development opportunities for the bioengineering and bioinformatics
communities?

The consensus of the participants was that the very existence of the Workshop reflected the
importance of the fields of bioengineering and bioinformatics for the NIH and NSF with regard
to the missions of the agencies, and discussions during the Workshop reinforced the key role
of training to support these missions. Although there are differences between the views and
scopes of bioengineering and bioinformatics that are fostered by the NIH and NSF, and
differences between the cultures and constituencies of the agencies, these multi-disciplinary
and evolving fields represent an interdependence of resources and objectives that is the
result of the revolution in biology and medicine (biomedicine) and is important to both
agencies if they are to succeed in their missions. Not only do the agencies have to be
cognizant of this interdependence, but they also have to be aware of their constituents
(scientists and educators) as well. The NIH and NSF must take positive and pro-active steps
to establish communication and collaboration among their various organizational components
and to establish appreciation and cooperation with the cross-constituencies. Reliable and
articulate spokespersons within the agencies and constituencies will be necessary to support
and establish structured programs resulting from the Workshop. An Advisory Committee
would provide a continuous body that would help maintain the focus, both internally and
externally, towards the constituencies.

Although research is currently and appropriately the central issue at both agencies, the
“pipeline” for investigators is often neglected. These evolving disciplines are revolutionizing
biology and medicine (academic and industrial). Education of the workforce defines the fields
and is vital to progress and the economy. Producing “clones” of existing researchers will not
fill the research training and education needs required for multi-disciplinary, integrative
research. Collaborative efforts by the NIH and NSF can address gaps in the career
continuum and support the types of programs required to provide future generations of high-
guality bioengineers and bioinformaticians.

General:

* NIH and NSF should share information about each other's programs with investigators
and students in bioengineering and bioinformatics. Possible modes of implementation
for this communication include joint workshops/symposia, demonstration projects, and
periodic reviews by non-Federal committees.

* The agencies should collaborate with regard to advertising education and training
opportunities to ensure that appropriate members of the community are informed.

» Consideration should be given to increasing the duration of institutional training grants
from the current 3-5 year awards to ten years with 2-year non-competitive renewals.

* An extramural advisory committee to periodically assess NIH and NSF bioengineering

and bioinformatics education and training opportunities and programs and to
recommend changes to address gaps and deficiencies should be considered.
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Career Level: Undergraduate

* NIH should consider supporting undergraduate training programs. Joint BS-MS
programs could provide a partial solution to the problem of limited undergraduate
training opportunities.

* NSF and NIH should jointly fund the development of interdisciplinary, problem-based
modules for implementation as part of the undergraduate curriculum starting at the
freshman level.

Career Level: Graduate

* NIH and NSF should jointly sponsor individual graduate and postdoctoral fellowships
in bioengineering and bioinformatics.

* NSF and NIH should jointly support and help establish guidelines for industrial
internship programs that include bioengineering and bioinformatics. The agencies
should help establish guidelines for issues such as intern salaries, intellectual
property, and conflict of interest issues for these internships. Joint Federal and
industrial funding for these opportunities should be considered.

Policy Considerations:

* Develop consistent approaches to bioengineering and bioinformatics training and
education by:

- Developing standard definitions of “training” and “education”;

- Accepting bioengineering and bioinformatics education and training as areas of joint
interest; and

- Communicating their shared interests in bioengineering and bioinformatics training to
the communities possibly by a position paper in a widely read scientific journal (e.g.,
Science).

» Expedite the funding of short-term and long-term programs in multi-disciplinary
research training, education, and career development by:

- Supplementing grants to support students and faculty development to promote
integrative research;

- Increasing the number of training grants targeted to bioengineering and
bioinformatics;

- Providing support for administration of inter-disciplinary training and research
programs; and

- Supporting combined BS-MS degree programs to partly alleviate limited
undergraduate training opportunities.

10



Facilitate cross-disciplinary training by having bioinformaticians or bioengineers and
basic scientists as co-training directors on training grants and as co-mentors on
individual fellowships.

Strengthen interdisciplinary training by supporting:

- The development of curricula as part of training grants at all career levels;

- The development of faculty in the areas of bioengineering and bioinformatics at all
career levels; and

- Some level of clinical training for students in a bioengineering curriculum.

Evaluate the way fellowship and training grant applications are reviewed to ensure that
the reviewers appreciate the importance of multi-disciplinary research which might not
be hypothesis-driven (i.e., needs- or technology-driven projects) and that the
reviewers’ qualifications are appropriate for the proposed projects.

PRIORITY RECOMMENDATIONS FOR NIH AND NSF CONSIDERATION

The following items were identified as priority recommendations for NIH and NSF
consideration during the closing plenary session on the afternoon of June 14. Although some
can be handled by the individual agencies, several may be more effectively addressed by
collaborative opportunities.

Provide a clear and continuous path of education and career development
opportunities from the undergraduate through senior career levels. Develop specific
mechanisms to support cross-disciplinary training for junior and mid-career faculty and
administration of inter-disciplinary research and training programs.

Support additional opportunities for cross-disciplinary training beyond that offered
through institutional training grants (e.g., NSF training supplements to NIH research
grants, NIH support of NSF IGERT-type programs, and NIH opportunities for NSF
Engineering Research Centers that are focused on bioengineering and bioinformatics
research and education).

Increase the number of individual fellowships and institutional training grants at all

career levels in bioengineering and bioinformatics that:

- Include quantitative biology, computational biology, and integrative systems
modeling;

- Are cross-disciplinary (e.g., basic life sciences and engineering or
computer science);

- Include funds to support faculty with complementary expertise (e.g., computer
scientists to teach biologists or basic biologists to teach engineers); and

- Support the development and testing of curricula and new training approaches.

Support training programs that increase interactions with industry. Examples include
but are not limited to (1) career counseling that includes information about industry as
a potential source for a research experience; (2) involving industry scientists in
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teaching courses; (3) increasing the number of industry internships; and (4) increasing
the participation of scientists from industry in the grant review process. Another option
is to expand the training plans of postdoctoral staff and fellow involved in research to
include teaching and experience in industry. Industrial input to NIH and NSF training
activities could also provide a commercial perspective which is essential for national
scientific enterprise to fully thrive and produce benefits to society. Industrial
contributions to funding these positions should be considered to supplement Federal
support and reflect the commercial sector commitment.

* Increase opportunities for infrastructure support such as databases, hardware,
software, systems, and personnel (e.g., systems support staff, maintenance
personnel, operations instructors) for bioinformatics and state-of-the-art teaching
laboratory equipment for bioengineering.

» Strengthen the review process for multi-disciplinary research and training grant
applications to ensure that the importance of cross-disciplinary, non-hypothesis-driven
(needs-driven) research is appreciated and considered and that the reviewers’
qualifications are appropriate for the proposed projects.

FUTURE ACTION

The challenge following this workshop is to convert the findings and recommendations into
viable and effective programs at the NIH and NSF. To ensure that all results have been
adequately addressed and considered, all workshop participants will have an opportunity to
review and comment on this report. Based on these comments, a revised report will be
prepared and circulated to members of the BECON and NIH/NSF Bioengineering and
Bioinformatics Training Committee for information. A meeting of the NIH/NSF Joint Training
Committee will then be held to discuss and evaluate the workshop results and
recommendations and to determine a course of action. The version of the report used for
NIH/NSF Joint Training Committee and BECON discussions will be placed on the NIH
Bioengineering Web site.
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APPENDIX A: AGENDA FOR NIH/NSF WORKSHOP

June 13 — Arlington Hilton and Towers

7:00 PM Welcome Dinner

8:00 Orientation and Charge to the Committee
Dick Swaja, NIH and Sohi Rastegar, NSF
Overview of NSF and NIH Training and Career Development Programs
Walter Schaffer, NIH and Wyn Jennings, NSF

9:00 Adjourn

June 14 — NSF Headquarters, 4201 Wilson Boulevard, Arlington, VA

8:00 AM Continental Breakfast (Stafford Building, Room 375)

8:30 Welcome by NSF and NIH Representatives (Stafford Building, Room 375)
Joe Bordogna, NSF and Donna Dean, NIH
Meeting Logistics and Agenda
Sohi Rastegar, NSF and Dick Swaja, NIH

9:00 Concurrent Sessions: Training, Education and Career Development Needs
(Stafford Building)

Groupl: Bioengineering, Linda Griffith, Chair (Room 365)
Group2: Bioinformatics, Shankar Subramaniam, Chair (Room 380)
Group 3: Medical Engineering, Murray Sachs, Chair (Room 390)
10:00 Coffee Break
10:15 Return to Concurrent Sessions

11:30 Working Lunch (Stafford Building, Room 375)
Each group to prepare a summary of its discussions for presentation during
afternoon sessions.

1:00 PM Summary of Training/Career Development Needs - Results of Morning
Discussion (Stafford Building, Room 375)
Presentations by Group Chairs and Discussion by Participants
Sohi Rastegar, Moderator

2:30 Coffee Break

2:45 Recommendations for NIH and NSF Collaborations
Discussion with Participants and NIH/NSF Staff
Dick Swaja, Moderator

3:45 Course of Action and Summary, Sohi Rastegar and Dick Swaja
4:00 Adjourn
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H. Steven Wiley, PhD

Fundamental Science Division

Pacific Northwest National Laboratory
MSIN: P7-56

P.O. Box 999

Richland, WA 99352

TEL: 509-373-6218

FAX: 509-376-6767

E-MAIL: steven.wiley@pnl.gov

17

Jack Winters, PhD

Department of Biomedical Engineering
Marquette University

P.O. Box 1881

Milwaukee, W1 53201

TEL: 414-288-3375

FAX: 414-288-7938

E-MAIL: jack.winters@marquette.edu

John Yin, PhD

Associate Professor and Cargill Faculty
Fellow

Department of Chemical Engineering
University of Wisconsin-Madison

1415 Engineering Drive

Madison, W1 53706-1691

TEL: (608) 265-3779

FAX: (608) 262-5434 (shared)

E-MAIL: yin@engr.wisc.edu

FOUNDATIONS

John H. Linehan, PhD

Vice President

The Whitaker Foundation

1700 North Moore Street, Suite 2200
Rosslyn, VA 22209

TEL: 703-528-2430
FAX:703-528-2431

E-MAIL: linehan@whitaker.org
http://www.whitaker.org



NSF Staff

Sohi Rastegar, PhD, PE

Bioengineering and Environmental Systems
Division

National Science Foundation

4201 Wilson Boulevard

Arlington, VA 22230

TEL: 703-292-7946

FAX: 703-292-9098

E-MAIL: srastega@nsf.gov

C. Denise Caldwell, PhD

Physics Division

National Science Foundation

4201 Wilson Boulevard, Room 1015
Arlington, VA 22230

TEL: 703-292-7371

FAX: 703-292-9078

E-MAIL: dcaldwel@nsf.gov

Mita Desai, PhD

Division of Experimental and Integrative
Activities

National Science Foundation

4201 Wilson Boulevard

Arlington, VA 22230

TEL: 703-292-5346

FAX: 703-292-9030

E-MAIL: mdesai@nsf.gov

Wyn Jennings, PhD

Division of Graduate Education
National Science Foundation
4201 Wilson Boulevard

Arlington, VA 22230

TEL: 703-292-5307

FAX: 703-292-9048

E-MAIL: email: pjenning@nsf.gov

Lynn Preston, MA

Engineering Education and Centers Division
National Science Foundation

4201 Wilson Boulevard, Suite 585
Arlington, VA 22230

TEL: 703-292-8381

FAX: 703-292-9051

E-MAIL: Ipreston@nsf.gov
http://www.eng.nsf.gov/eec/erc.htm

18

Sylvia Spengler, PhD

Division of Biological Infrastructure
National Science Foundation

4201 Wilson Boulevard

Arlington, VA 22230

TEL: 703-292-8470

E-MAIL: sspengle@nsf.gov

Gerald Selzer, PhD

Division of Biological Inftrastructure
National Science Foundation

4201 Wilson Boulevard

Arlington, VA 22230

TEL: 703-292-8470

E-MAIL: gselzer@nsf.gov

NIH Staff

Richard Swaja, PhD

Senior Advisor for Bioengineering
Office of Extramural Research
National Institutes of Health

1 Center Drive, Room 152
Bethesda, MD 20892

TEL: 301-402-2725

FAX: 301-496-0232

E-MAIL: swajad@od.nih.gov

Bettie J. Graham, PhD

National Human Genome Research Institute
National Institutes of Health
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