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“The Government should provide a reasonable number of undergraduate scholarships and
graduate fellowships in order to develop scientific talent in American youth. The plans should be
designed to attract into science only that proportion of youthful talent appropriate to the needs of
science in relation to the other needs of the nation for high abilities.”

Vannevar Bush, Science, the Endless Frontier®, 1945

! United States Government Printing Office, Washington: 1945 - http://www.nsf.gov/od/Ipa/nsf50/vbush1945.htm
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EXECUTIVE SUMMARY

A working group of the NIH Advisory Committee to the Director (ACD —charter and roster in Appendix A)
was tasked with developing a model for a sustainable and diverse U.S. biomedical research workforce
that can inform decisions about training the optimal number of people for the appropriate types of
positions that will advance science and promote health. Based on this analysis and recognizing that
there are limits to NIH’s ability to control aspects of the training pipeline, the working group was asked
to make recommendations for actions that NIH should take to support a future sustainable biomedical
research infrastructure.

The working group met 11 times in 2011 and 2012, including 4 in-person meetings and 7
teleconferences, with a goal to provide recommendations to the ACD in June 2012. In addition, a
subcommittee consisting of social scientists (primarily economists) with expertise in the scientific
enterprise and NIH-funded investigators with expertise in mathematical models was formed to gather
and analyze data on the biomedical research workforce and develop a model (see roster in Appendix A).

This report summarizes the workforce data collected and the working group’s recommendations. The
working group did not have either the time or the expertise to propose details on how the
recommendations should be implemented. This will require thoughtful consideration by NIH. The
working group recommends that changes to existing programs be phased in gradually and pilot
programs be conducted to test new ideas. The outcomes of all changes should be evaluated rigorously.

Additional workforce data can be found at http://report.nih.gov/investigators and trainees/ACD BWF.

The overall purpose of the recommendations is to ensure future US competitiveness and innovation in
biomedical research by creating pathways through undergraduate, graduate and postdoctoral training
that provide excellent preparation in a timely fashion to:

e Attract and retain the best and most diverse scientists, engineers and physicians from around the
world to conduct biomedical research as well as increase the number of domestic students from
diverse backgrounds who excel in science and become a part of the Science Technology
Engineering and Mathematics (STEM) workforce

e Prepare biomedical PhD students and postdoctoral researchers to participate in a broad-based
and evolving economy

The working group appreciates that K-12 and undergraduate education are major factors that influence
the success of building of the biomedical research workforce but has confined its recommendations to
graduate training and beyond as NIH funding and training focuses on those stages.

Graduate Students

The working group recognizes that the overall number of PhD students in biomedical research is in large
part determined by the budget of the NIH. The vast majority of graduate students in the US are
supported on a combination of NIH training grants, fellowships and research project grants. The
number of fellowships and traineeships has remained relatively constant over time, but the number of
students supported on research grants has grown substantially without any mechanism in place to
review the quality of training that students are receiving. Although the vast majority of people holding
biomedical PhDs are employed (i.e. unemployment is very low), the proportion of PhDs that move into
tenured or tenure-track faculty positions has declined from ~34 percent in 1993 to ~26 percent today.
In contrast the proportion of non-tenured faculty has stayed relatively constant during the same period,
while increasing in absolute numbers. The percentages of biomedical Ph.D.s in industry and
government have remained relatively constant. The categories that have seen growth are science-
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related occupations that do not involve the conduct of research and occupations that do not require
graduate training in science.

Despite these changes, graduate training continues to be aimed almost exclusively at preparing people
for academic research positions. Therefore, the working group believes that graduate programs must
accommodate a greater range of anticipated careers for students. Graduate programs should reflect
that range, and offer opportunities for students to explore a variety of options while in graduate school
without adding to the length of training. Graduate programs also should openly communicate the
career outcomes of their graduates to potential students.

Finally, the working group recognizes that there are aspects of the biomedical workforce that make it
less attractive to potential graduate students. The overall length of training in the biomedical sciences
(PhD plus postdoctoral research) is longer than in comparable scientific disciplines such as chemistry,
physics and mathematics. For PhDs graduating in 2001, the median age for biomedical scientists was 32
and the median age for starting a tenure track position was 37; comparable ages for chemistry
doctorates were 30 and 33. Furthermore, academic salaries at public research institutions for assistant
professors in biomedical fields are low compared to other fields. According to the Oklahoma State
University survey of public research institutions; average starting salaries in fiscal year 2011 for
biomedical assistant professors were approximately $68,000 compared to $69,000 for chemistry,
$79,000 for clinical and health fields and over $100,000 for economists. The long training period,
together with disparities in earnings, may make a career in biomedical research less attractive than one
in other scientific disciplines and professional careers.

Recommendations:

e NIH should create a program to supplement training grants through competitive review to allow
institutions to provide additional training and career development experiences to equip students
for various career options, and test ways to shorten the PhD training period. The best practices
resulting from this program will help shape graduate programs across the country. The working
group felt that including diverse types of training (e.g. project management and business
entrepreneurship skills needed in the pharmaceutical and biotechnology industries, or teaching
experiences needed for a successful faculty position in liberal arts colleges) would be particularly
valuable for those who go on to conduct NIH-funded research as well as benefit those students
who do not follow the academic research career track. For example:

o0 Approximately 30% of biomedical PhDs work in the biotech and pharmaceutical industries in
research and non-research positions. Their transition would be more effective if their
training was better aligned with the required skill-sets for these careers. NIH and the
institutions should explore ways to involve relevant employers in the public and private
sector in designing training paths for those students who seek employment in that sector. It
is possible that the pharmaceutical and biotechnology sectors would be willing to partner in
supporting such programs. Another option would be for institutions to develop pilot
programs in partnership with private foundations and industry to prepare Ph.D. graduates
for careers that involve translational research and development. Finally, NIH should
encourage the SBIR/STTR awardees to provide internships for graduate students and
postdoctoral researchers to enable increased hands-on training at small businesses.

0 Institutions also could be encouraged to develop other degree programs, e.g. master’s
degrees designed for specific science-oriented career outcomes, such as industry or public
policy. These could be developed as stand-alone programs or provide sound exit pathways
for PhD students who do not wish to continue on the research career track. However, this
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would require a change in the definition of “success” in the evaluation of NIH training
grants.

e To encourage timely completion of graduate degrees, NIH should cap the number of years a
graduate student can be supported by NIH funds (any combination of training grants, fellowships,
and research project grants), with an institutional average of 5 years and no one individual
allowed to receive support for more than 6 years. Note that a different cap may be needed for
physician scientists (MD, DDS, MD-PhD etc.). NIH should continue to assess the pre-doctoral
stipend level annually.

e To ensure that all graduate students supported by the NIH receive excellent training, NIH should
increase the proportion of graduate students supported by training grants and fellowships
compared to those supported by research project grants, without increasing the overall number of
graduate student positions.

¢ NIH should revise the peer review criteria for training grants to include consideration of outcomes
of all students in the relevant PhD programs at those institutions, not only those supported by the
training grant. Study sections reviewing graduate training programs should be educated to value a
range of career outcomes. This recommendation could be phased in relatively quickly.

e The very different requirements and characteristics of training programs at each NIH Institutes
and Center (IC) constitute a substantial burden on the institutions. All NIH ICs should offer
comparable training programs and fellowships and their requirements should be harmonized.

Postdoctoral Researchers

As the number of graduate students doubled over the past twenty years, it is not surprising that there
was a comparable increase in US-trained postdoctoral fellows, along with a significant influx of foreign-
trained fellows. There are very little reliable data on the number of postdoctoral researchers in the US
and the length of their training (see below for specific recommendations to address the lack of data).
This is due to a dearth of information about the numbers of foreign-trained postdoctoral researchers, as
well as changes in the titles of postdoctoral researchers as they proceed through their postdoctoral
positions. The lack of reliable estimates of the population size and rates at which people enter and
leave the postdoctoral pool complicated the analysis.

Nonetheless, after analyzing the available data, the working group believes that the postdoctoral
experience be considered an extension of the training period primarily intended for those Ph.D.
graduates who intend to pursue research-intensive careers. Fellows should be given structured career
development opportunities and there should be incentives provided by NIH to move postdoctoral
fellows to more permanent positions as soon as possible. The working group also recognizes that
postdoctoral fellows have spent years in graduate training, and should be compensated accordingly.

Recommendations:

e Toensure that all postdoctoral fellows supported by the NIH receive excellent training and
mentoring, NIH should increase the proportion of postdoctoral researchers supported by training
grants and fellowships and reduce the number supported by research project grants, without
increasing the overall number of postdoctoral researchers.

¢ NIH should create a pilot program for institutional postdoctoral offices to compete for funding to
experiment in enriching and diversifying postdoctoral training, including partnerships with other
entities (industry, private foundations, government, etc.).
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e The current stipends for NIH-supported postdoctoral fellows need to be adjusted to levels that
better reflect their years of training. The working group recommends that the NIH should adjust
the starting stipend levels of the Ruth L. Kirschstein National Research Service Awards (NRSA) to
$42,000 and index the starting stipend according to the Consumer Price Index (CPI-U) thereafter.
Stipend levels should increase with each year of experience in any postdoctoral position
irrespective of their titles by 4% for the second and third years and 6% for years 4 through 7. The
large jump between years 3 and 4 is meant to emphasize a transition from postdoctoral training
to research production, and to incentivize Pls to move fellows to more permanent positions. This
salary scale will apply to postdoctoral researchers supported by research project grants as well,
and institutions should be encouraged to adopt this scale for all postdoctoral researchers,
irrespective of the source of their support.

NIH should evaluate this policy in the decade after implementation to determine whether the
postdoctoral period has shortened. If it is not reduced, then perhaps NIH should experiment with
a cap on the length of funding for postdoctoral researchers.

¢ NIH should require and adjust its own policies so that all NIH-supported postdoctoral researchers
on any form of support (training grants, fellowships or research project grants) receive benefits
that are comparable to other employees at the institution. Such benefits include paid time off,
health insurance, retirement plans, maternity leave etc.

e Toencourage larger numbers of PhD graduates to move rapidly into permanent research
positions, NIH should double the number of Pathway to Independence (K99/R00) awards, and
shorten the eligibility period for applying to this program from the 5 years to 3 years of
postdoctoral experience.

¢ NIH also should double the number of the NIH Director’s Early Independence awards to facilitate
the “skip-the-postdoc” career path for those who are ready immediately after graduate school.

¢ NIH should require individual development plans (IDPs) for all NIH-supported postdoctoral
researchers, whether on training grants, fellowships, or research project grants. Assessment of
implementation of this requirement should be included in the review criteria of training grants.

Staff Scientists

The typical academic laboratory consists of a Pl and one or a small number of permanent technical staff,
with the majority of the research carried out by trainees. This creates a system in which a large number
of future scientists are being produced each year, well in excess of the number of research-oriented jobs
in academia, government and industry. The working group believes that even a modest change in the
ratio of permanent staff to trainees could have a beneficial effect on the system without reducing the
productivity of the research enterprise. Staff scientists - individuals with masters or PhD degrees - could
play a more important role in biomedical research (one that may become increasingly necessary if the
market for biomedical researchers strengthens outside of the United States in coming years).

Today, these scientists bring stability to many labs and provide important functions as part of
institutional core facilities, but have a wide variety of titles and employment conditions. As an example,
staff scientists constitute an essential part of the NIH intramural research program. In the extramural
program, these scientists do not apply for their own grants, but are supported by research project,
Center and Program Project grants. They should be differentiated from “soft money” scientists, whose
employment depends upon their successful competition for research funds, a category that has been
increasing over the last few years.
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The working group encourages NIH study sections to be receptive to grant applications that include
staff scientists and urges institutions to create position categories that reflect the value and stature of
these researchers.

Salary Support

Originally the conduct of federally-funded research at universities and other extramural institutions was
based on an understanding that institutions would provide the bulk of facilities and salaries to the
researchers and the NIH would provide the majority of funds for conducting research. Over the past
decades, this distinction has become increasingly blurred, with NIH providing an increasing proportion of
faculty salary support and the institutions covering a larger percentage of the research costs. This is
especially true during the start-up period, which has become significantly longer as young investigators
struggle to receive their first RO1 grants. The growth in “soft money” positions in academic medical
schools, in which investigators are required to raise 100% of their salaries and research funds, has
contributed to the negative views of a career in biomedical science, and has had the additional
consequence of encouraging institutions to expand their physical space without making additional long
term commitments to faculty.

The working group believes that institutions should provide some fraction of salary support for their
researchers in order to qualify for NIH funding. That being said, the working group appreciates that any
reduction in NIH salary may have major consequences on institutions.

The working group recommends that NIH consider a long-term approach (over a 20 year period) to
gradually reduce the percentage of funds from all NIH sources that can be used for faculty salary
support.

Physician Scientists

The working group was charged with addressing physician scientist training as well as PhD training. The
economic and educational drivers which affect the training and career paths of the physician scientist
workforce are very different from those underlying PhD research training and career paths and there
was not sufficient time for the working group to examine this important part of the biomedical
workforce in detail. In addition, the changing landscape of health care and the effects these changes
likely will have on academic medical centers need to be projected carefully and considered when
analyzing the future physician scientist workforce.

Therefore, the working group recommends that NIH conduct a follow-on study that focuses on
physician scientists and involves people who train physician scientists, as well as economists who
focus on medical education costs, career choices, and the role of these as incentives.

Information Collection, Analysis and Dissemination

The working group was frustrated and sometimes stymied throughout its study by the lack of
comprehensive data regarding biomedical researchers. The timeframe and resources of the study did
not allow for comprehensive data collection or the implementation of a comprehensive model of the
biomedical workforce. It is evident from the data-gathering and analyses undertaken by the working
group that there are major gaps in the data currently being collected on foreign-trained postdoctoral
researchers and those who work in industry.

The working group also believes that it is imperative to provide as much information as possible to
prospective graduate students and postdoctoral researchers on career outcomes both nationally and at
their specific training programs so they can make more informed decisions about their future.
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Recommendations:

¢ Institutions that receive NIH funding should collect information on the career outcomes of both
their graduate students and postdoctoral researchers, and provide this information to prospective
students/ postdoctoral researchers and the NIH. Such information should include completion
rates, time to degree, career outcomes for PhD trainees, as well as time in training and career
outcomes from postdoctoral researchers over a 15-year period. Outcome data should be
displayed prominently on the institution’s web site. This will require institutions to track the
career paths of their students and postdoctoral researchers over the long-term. One way to do
that would be to assign graduate students and incoming postdoctoral researchers an identifier
that can be used to track them throughout their careers.

e NIH, working with other agencies in the Federal Government, should address the identified data
gaps and collect information on the biomedical and scientific workforce on an ongoing basis.

¢ NIH should create a permanent unit in the Office of the Director that works with the extramural
research community, the National Science Foundation (NSF) and the NIH ICs to coordinate data
collection activities and provide ongoing analysis of the workforce and evaluation of NIH policies
so that they better align with the workforce needs.

Diversity

Increasing diversity of trainees and the workforce is critical to the future of biomedical research in the
US, particularly as the share of the US population comprised of underrepresented groups increases. The
committee recognizes that this is the responsibility of the entire scientific community but feels NIH
should set an example.

Although the working group recommendations are not aimed specifically at increasing diversity, the
group feels that implementation of these recommendations will increase the overall attractiveness of
the biomedical research career and consequently its attractiveness to underrepresented ethnic and
racial minorities and women.

The working group is aware that another working group of the Advisory Committee to the NIH
Director is focused on this issue but would like to highlight the need for much stronger coordination of
the many diversity-related efforts at the NIH and for rigorous evaluation of the outcomes of all
programs.

Conclusion

The working group is aware that similar recommendations have been made in the past by other groups
that studied the biomedical research workforce. Many of those recommendations were not
implemented, in part because of funding constraints and in part because of resistance from the scientific
community. Therefore, the working group urges NIH to provide the funds necessary to implement
these recommendations and encourages institutions to work with NIH on the implementation.
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INTRODUCTION

Over the years, biomedical research, funded in large part by the National Institutes of Health (NIH), has
contributed enormously to an increase in health and life expectancy in the US. As described in the 2007
NIH biennial report to Congress?, life expectancy increased by 7.4 years from 1961 to 2004. Infant
mortality has decreased from 26 deaths per 1,000 live births in 1960 to 6.9 in 2005. Biomedical research
has and continues to expand our understanding of the physiology underlying many diseases (often at
the molecular level), contributing, along with other factors such as changes in behavior, to numerous
advances in treatments and improved health care. The change in the prognosis for HIV patients is one
example of these benefits. In the 1990s, the discovery and development of antiretroviral drugs
transformed HIV infection for many individuals from a death sentence into a chronic disease. In
addition, the results of biomedical research have led to important changes in the US economy, launching
the biotechnology industry and changing the way pharmaceutical companies develop new drugs and
treatments.

Successful biomedical research relies on the talent and dedication of the scientific workforce and a
continued supply of highly trained people of the best quality who can bring new insights to our
understanding of biology and advance the translation of these insights into improved health for all. To
this end, NIH supports training of graduate students and postdoctoral researchers both with dedicated
training grants and fellowships and as employees on research project grants.

Training at NIH

The training of biomedical researchers has been an integral part of the NIH mission since its earliest
days. In 1930 the Ransdell Act® established the National Institute of Health. By the early 1970s, the
NIH included multiple institutes and the training programs had grown substantially; nearly 15 percent of
NIH extramural funding was dedicated to research training. The National Research Act of 1974
amended the Public Health Service act by repealing existing research training and fellowship authorities
and consolidating these authorities in the National Research Service Awards (NRSA) authority.

In 2002, Congress renamed the National Research Service Award program after Ruth L. Kirschstein in
recognition of her many scientific accomplishments in polio vaccine development, and her tenure as the
first woman director of an NIH Institute. Dr. Kirchstein was a champion of research training and a strong
advocate for the inclusion of underrepresented individuals in the scientific workforce®.

Today, NIH has authority to award NRSA individual fellowships to support predoctoral and postdoctoral
training of individuals to undertake biomedical, behavioral, or clinical research at domestic and foreign,
public and private institutions. The NRSA legislation authorizes NRSA institutional research training
grants and limits institutional NRSA support to training and research at domestic public and non-profit
private entities. Individuals trained in these programs must be citizens (or noncitizen nationals) of the
United States or have been lawfully admitted for permanent residence by the time of the award.

Individuals receiving postdoctoral support under individual fellowships or institutional research training
grants are required to pay back to the Federal government their initial 12 months of Kirschstein-NRSA
postdoctoral support by engaging in health-related biomedical, behavioral and/or clinical research,
research training, health-related teaching, or any combination of these activities. Arguably the most
important feature of the service payback obligation is the requirement to monitor the payback

2 http://report.nih.gov/biennialreport/
®p.L.71-251, 46 Stat. L. 379
4 http://www.nigms.nih.gov/Training/RuthKirschstein
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obligations, which necessitates careful data collection and tracking of NRSA recipients. This data
collection has allowed for comprehensive evaluation of the programs.

In FY2012, these research training programs comprise 3% of the NIH budget®. The number of NRSA
training positions awarded has not changed substantially in the past decade®. For every graduate
student and postdoctoral researcher supported by NRSA NIH research training programs, however,
there are between 2 and 4 individuals who are supported as research assistants and associates working
on NIH research project grants.

Assessment of Biomedical Research Workforce Training

Together with the NRSA act, Congress created a companion act that requires regular assessment of the
needs for research personnel, the fields of training, and the kinds and intent of such training. That
assessment is carried out by the National Research Council (NRC). Initially those studies were required
every year and then every four years.

The last such study was completed in 20117, This study, chaired by Roger Chalkley of Vanderbilt School
of Medicine, found that, based on the observation of low unemployment rates of biomedical and
behavioral scientists and models that predicted substantial growth in scientific employment
opportunities over the next decade, the number of NRSA positions is adequate and should remain at the
same level in biomedicine and should be increased in behavioral sciences.

As described later in this report, the data gathered by the ACD working group do not indicate such
growth in employment opportunities. Rather, the numbers of positions available for biomedical PhDs
that take advantage of their long training are less than the number of PhDs produced each year. As a
consequence their career path is marked by uncertainty. Compensation is relatively low compared to
other disciplines such as engineering and the physical sciences, and the NIH funding environment is
highly uncertain for the near future.

The NRC report also recommended increases in the number of Medical Scientist Training Program
(MSTP) students, increases in graduate and postdoctoral stipends, increases in the indirect cost rate on
training grants and career development awards, and increases in efforts to enhance the diversity of the
graduate and postdoctoral training programs. Finally, the report suggested improvements in the way
workforce data are collected and managed, recommended changes in the content of training grant
applications, and made a number of additional discipline and training content focused
recommendations.

Other studies of the NRSA program have been conducted over the years. In 2001, NIH published an
evaluation of The Early Career Progress of NRSA Predoctoral Trainees and Fellows, conducted by
Georgine Pion of NIH and Vanderbilt University®. The study compared career outcomes of NRSA award
recipients who completed their doctorate between 1981 and 1992 to students who did not receive
NRSA predoctoral support (either in departments that had NRSA predoctoral training grants or in those
that did not have such grants). The outcomes measured included educational attainment, postdoctoral
training, research-related employment, success in applying for NIH and NSF research support, and
research productivity as defined by publication and citation rates

® http://report.nih.gov/NIHDatabook/Charts/Default.aspx?showm=Y&chartld=5&catld=1

® http://report.nih.gov/NIHDatabook/Charts/Default.aspx?showm=Y&chartld=52&catld=17
" http://grants.nih.gov/training/Research_Training_Biomedical.pdf

8 http://grants.nih.gov/training/career_progress/index.htm
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The study found that predoctoral NRSA recipients completed their degrees in less time and were more
likely to engage in postdoctoral research training, assume faculty positions, apply for and receive NIH
and NSF grants, and publish highly cited papers than individuals who graduated at the same time in the
same field without the benefit of NRSA support.

In 2006, NIH conducted a study of The Career Achievements of NRSA Postdoctoral Trainees and Fellows:
1975-2004°. The study evaluated career outcomes of postda0.001my

e success in obtaining NIH research grant support
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who use their training in other ways. The working group would collect data on the complete biomedical
research workforce to support a more comprehensive assessment of the workforce are needed to fill
biomedicine-related positions now and in the future (see charter and roster in Appendix A).

The working group appreciates that K-12 and undergraduate education are major factors that influence
the success of building of the biomedical research workforce but has confined its recommendations to
graduate training and beyond as NIH funding and training focuses on those stages.

The working group met a total of eleven times in 2011 and 2012, including four in-person meetings and
seven teleconferences, with a goal of providing recommendations to the ACD in June 2012. In addition,
a subcommittee consisting of social scientists (primarily economists) with expertise in the scientific
enterprise as well as NIH-funded investigators with expertise in mathematical models was formed to
gather and analyze data on the biomedical research workforce and develop a model (see roster in
Appendix A). The subcommittee met three times in 2011 and 2012, including two in-person meetings
and one teleconference.

This report summarizes the workforce data collected and the working group’s recommendations.
Additional data can be found at http://report.nih.gov/investigators_and_trainees/ACD_BWF.
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PATH TO A CAREER IN BIOMEDICAL SCIENCES

This section presents the data gathered by the working group on biomedical research training and
the workforce as well as describes how the data inform our understanding of the current

workforce.

Considerations about the Data

The various entities that
collect data on the
workforce have different
field (areas of science)
definitions. The definitions
in the text box were used
in the data that follows,
unless otherwise stated.

In addition, due to the
different definitions and
various collection methods,
different sources on the
same topic may provide
varying numbers. The
working group focused on
overall trends rather than
specific numbers. The
frameworks below

Field (Areas of Science) Definitions

Basic Biomedical—Focus of our study (Biochemistry, Bioinformatics,
Biological Sciences, Biomedical Engineering, Biophysics,
Biotechnology, Cell Biology, Developmental Biology/Embryology,
Endocrinology, Genetics, Immunology, Microbiology, Molecular
Biology, Neurosciences, Nutritional Science, Parasitology,
Pharmacology, Pharmaceutical Chemistry, Physiology, Toxicology,
Veterinary Medicine, Zoology )

Clinical Sciences (Biometrics and Biostatistics, Environmental Health,
Epidemiology, Exercise Science, Health Sciences, Health
Administration, Nursing, Pharmacy, Public Health, Rehabilitation
Services, Physicians in Academic Medicine)

Behavioral & Social Sciences (Anthropology, Audiology/Speech
Pathology, Demography/Population Studies, Sociology, Psychology)
Other Life Sciences (Agricultural and Food Sciences, Environmental
Life Sciences

Chemistry — used as a comparison field in this study

represent the best effort to reconcile data from the different sources.

The “gold standard” for data about careers and training of US-trained PhDs in the sciences is the
Survey of Doctorate Recipients (SDR™), a longitudinal study of individuals who received a doctoral
degree from a US institution in a science, engineering, or health field. The SDR has been conducted
every 2 to 3 years since 1973 for the National Science Foundation (NSF) in conjunction with the NIH.
However, the SDR has some shortcomings that have limited this analysis. It does not include
information on foreign-trained doctorates (an increasing share of the biomedical workforce), and the
data are reported with a significant lag (the most recent data available to the committee were from

2008).

Data that were presented to the working group but not included in the report are presented in

Appendix B and at http://report.nih.gov/investigators_and_trainees/ACD_BWF.

Graduate Students

The number of PhDs trained in biomedical science in the US has risen steadily over the past decade as
evident from the data below. In contrast, the number of PhDs trained in Behavioral and Social Sciences
and Chemistry has been stable over the same period (see Figure 1). The steep increase in the number of
biomedical PhDs awarded began in 2004, just after the end of the doubling of the NIH budget (1999-
2003). Given a 5-7 year training period, this illustrates a close relationship between the size of the NIH
budget and the number of biomedical PhD slots.

u http://www.nsf.gov/statistics/srvydoctoratework/
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Figure 1: US Graduate Degrees Awarded, by Field**

NIH supports the vast majority of biomedical graduate students in the US on a combination of training
grants, fellowships and research project grants. Many more students are supported on research grants
than by training grants and fellowships. The number of students on research grants has grown
considerably over the past decade, in parallel with the doubling of the NIH budget (Figure 2). On the
other hand, the number of students supported by traineeships and fellowships has increased only
modestly over the same period. Training grants uniquely provide the NIH with a mechanism for peer
review of training, and permit the NIH to require attention to issues such as outcomes, diversity and
professional ethics training. On the other hand, there are no training-related requirements for students
on research grants. The existence of an NIH training program at an institution, however, can motivate
graduate programs to provide all students at that institution with training that conforms to NIH
guidelines and expectations.

Figure 2: Doctorate Students by Type of Support13

Along with the increase in the number of biomedical PhD students trained in the US, there is a
perception in the community that the length of PhD training also has increased. As shown in Figure 3,

2seD
B Gss
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the time to degree and age at degree of biomedical PhDs actually have remained stable or decreased in
the past 15 years.

Figure 3: Time to Degree and Age at Degree14

Nevertheless, the overall length of training in the biomedical sciences (PhD plus postdoctoral research)
is longer than in comparable scientific disciplines such as chemistry, physics and mathematics,
particularly for those scientists who go on to tenure-track research positions. For PhDs graduating in
2001, the median age for biomedical scientists was 32 and the median age for starting a tenure track
position was 37; comparable ages for chemistry doctorates were 30 and 33. This difference can be seen
in the SED data presented below in Figure 7. In addition, the increasing age at which medical school
faculty obtain their first tenure-track position has increased, as shown in Figure 17.

Postdoctoral Researchers

As the number of graduate students doubled over the past twenty years, it is not surprising that there
was a comparable increase in postdoctoral fellows. This increase was augmented by a significant influx
of foreign-trained fellows. As the working group began its work, it quickly became clear that there are
very little reliable data on the number of postdoctoral researchers in the US and how this number has
changed over the years (see below for specific recommendations to address the lack of data). Thisis
due to a dearth of information about the numbers of foreign-trained postdoctoral researchers, as well
as changes in the titles of postdoctoral researchers as they proceed through their training. The National
Postdoctoral Association defines a postdoctoral scholar as “an individual holding a doctoral degree who
is engaged in a temporary period of mentored research and/or scholarly training for the purpose of
acquiring the professional skills needed to pursue a career path of his or her choosing.*” We have used
the term postdoctoral researcher throughout this report. The lack of reliable estimates of the
population size, and the rates at which people enter and leave the postdoctoral pool, greatly
complicated the analysis conducted by the working group.

Nevertheless, the available data do provide some insights into the state of US-trained postdoctoral
researchers in the biomedical sciences. Like graduate students, postdoctoral researchers primarily are

Y SED
1 http://www.nationalpostdoc.org/policy/what-is-a-postdoc
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supported by the NIH with a combination of training grants, fellowships, and research grants. The vast
majority of US-trained postdoctoral researchers are supported on research grants and that number has
increased steadily for a long time (Figure 4). Note that data from other sources including NIH suggest
that the number of postdoctoral researchers in the figure below may be under-estimated by as much as
a factor of 2, due in part to the nomenclature problem and to the fact that the GSS (from which the data
are derived) only includes postdoctoral researchers who are at degree-granting institutions.

Figure 4: Biomedical Postdoctoral Researchers by Type of Support™

The other source of support that has been growing over the last five years is “nonfederal support”,
defined as support from state and local government; the institution, such as stipends; foreign sources,
such as foreign governments, foreign firms, and agencies of the United Nations; and other US sources,
such nonprofit institutions, and private industry.

A large number of postdoctoral researchers are foreign-trained. The available data suggest that their
number has grown immensely over the past two decades (Figure 5). Non-US citizens (the majority of
foreign-trained postdoctoral researchers) are not eligible for most NIH training grants or fellowships.
The majority of these researchers are supported by research project grants.

18 NSF Graduate Students and Postdoctorates Survey
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Figure 5: Biomedical Postdoctoral Researchers by Citizenship17

There is a perception in the biomedical community that the postdoctoral training period has lengthened
over time. With the caveats in accessing accurate data listed above, data from the SDR suggest that
most US-trained biomedical PhDs spend fewer than 5 years in postdoctoral positions, although that
number has been steadily growing with time (Figure 6). Furthermore, there are a significant number
who remain in postdoctoral training between 5-8 years. There is some indication that the researchers
remaining in the postdoctoral position the longest are the ones who go on to tenure-track academic
research careers. For example, in Figure 7, it is evident that the age at first non-postdoctoral job (many
of which are in industry) has been consistently a year or two lower than the age of first tenure-track job.
Note that the latest data in this graph (2002-2003) may be underreported due to a lag-time bias.

Figure 6: Years Biomedical PhDs Spend in Postdoctorate Training Positions ™

7 Gss
¥ SpR
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Figure 7: Age at First PhD, First Non Postdoctoral Job, First Tenure Track Job, for US trained Doctorates®

In addition, the scientific fields most likely to have postdoctoral researchers coincide with the top fields
funded by NIH? (see box).

e Fields where postdoctorates are more likely (top 10):

Genetics Developmental Biology
Biochemistry Molecular Biology
Immunology Cellular Biology
Endocrinology Biophysics
Microbiology Neuroscience

-7 are in the top 10 fields receiving NIH funding
e Fields where postdoctorates are less likely:

Biometrics/Statistics Pharmaceutical Science
Nursing Rehabilitation
Kinesiology Health Science, Other
Public Health Environmental Health
Veterinary Medicine Health Sciences General

-> 9 are in the bottom 10 fields receiving NIH funding

The current stipend levels of postdoctoral NRSA awardees are listed in Table 1 below. When compared
to stipends of postdoctoral fellows funded by other agencies such as NSF ($45,000%!) and the
Department of Energy ($65,000%), the NIH stipends for biomedical postdoctoral researchers are low.

“ SED

DR

2! http://www.nsf.gov/pubs/2011/nsf11499/nsf11499.pdf page 6

2 http://www1.eere.energy.gov/education/postdoctoral/benefits.html
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Level Years of Experience| Stipend for FY 2012

Postdoctoral 0 $39,264
1 $41,364

2 $44,340

3 $46,092

4 $47,820

5 $49,884

6 $51,582

7 or More $54,180

Table 1: FY 2012 Ruth L. Kirschstein National Research Service Award (NRSA) Stipend Levels®

Career Qutcomes

As mentioned above, data from the SDR, which is designed specifically to track the PhD labor force
and is thus the major source for data on US-trained biomedical PhDs, extends only through 2008.
Therefore, much of the information presented below about career outcomes does not take into
account the past four years (including the recent recession). The working group gathered more
up-to-date data from other sources and those are included where possible.

Even as the number of US-trained doctoral recipients in the fields analyzed generally increased from
1993 to 2008, the number of PhD recipients that are employed has declined slowly although
unemployment has remained remarkably flat (Figure 8).

Figure 8: Employment Status of US Doctorates™

As can be seen in Figure 9, across science and engineering PhD fields 60-80% of graduates report that
they are employed in occupations that are closely related to their PhD field. However, the percent in
biomedical sciences decreased between 1997 and 2008 from 70% to just below 59%. Other fields do
not show a decrease of this magnitude. Figure 10 shows that over 70% of biomedical PhDs begin

2 http://grants.nih.gov/grants/quide/notice-files/NOT-OD-12-033.html
24
SDR
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working in research positions immediately after graduate school. By 11 years after their PhD 60% still
work in a research occupation, but once again, the percentages among relatively recent graduates have
steadily decreased since 1995. Taken together, these data indicate an increasing imbalance in the
supply and demand of individuals in research-related occupations over time. Given the current state of
the US economy, it is reasonable to predict that this imbalance will continue, and possibly grow.

Figure 9: Relationship between Science and Engineering PhD Field and Occupation25

Figure 10: U.S. Trained Biomedical PhDs in Research Occupations, by Years since Degree26

Figure 11 shows employment of US-trained biomedical PhDs at various times after obtaining their
degree. Most of the individuals in the academic non-tenure track group 1-5 years since their degree
probably are postdoctoral researchers. The trend data 6-10 years and 11-20 years after the PhD show
that the proportion of academic tenured or tenure-track positions has decreased over the past decade,
while the proportion of non-academic non-research positions have increased over the same period.

% SpR
% SpR
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Figure 11: U.S. Trained Biomedical PhD employment, by Years Since Degree27

Focusing on PhD employment in the academic sector, it is evident from Figure 12 that the number of
biomedical PhDs employed in this sector increased from 1993 to 2006. However the percentage of
tenure or tenure-track positions decreased steadily during this period, as colleges and universities chose
to increase their staff by increasing the number of non-tenure-track positions. These positions often are
dependent on obtaining outside funding (mainly from NIH) to cover 100% of salary. There seems to be a
decline in all positions between 2006 and 2008 and it remains to be seen whether this will continue
when the 2010 data are released. Academic employment in other life sciences showed a similar trend
but at a much lower level. In contrast, academic employment in chemistry was stable over the same

time period.

Figure 12: U.S. Trained PhDs in academic employment, by tenure track status®

2" SpR
% SpR
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The AAMC faculty roster provides the opportunity to take a closer look at employment in medical
schools as Figure 12 includes all academic institutions. Figure 13 shows faculty appointments between
1980 and 2010. MD tenure-track appointments represent the largest component of medical school
faculty appointments, but as summarized in the conceptual framework (Figure 20), the vast majority of
those are in Clinical Departments where the primary focus is not research. Non-tenure track
appointments increased during the early part of the millennium and stabilized in 2006.

Figure 13: Number of Medical School Appointments, by Degree and Tenure Status®

The working group collected data on the MD and MD/PhD workforce, mainly from the AMA and AAMC
and incorporated them into a conceptual framework (see Figure 20). However, neither organization
provides much detail on the fraction of the MD workforce that conducts biomedical research, either as
their main occupation or in addition to their clinical duties.

According to the AMA¥®, 82% of physicians are strictly involved in patient care. This is consistent with
data from the AAMC Medical School Graduate Questionnaire®, which indicated that 16.7% of
respondents in 2011 expected to be significantly involved in research during their medical career. This
percentage has been relatively stable over the past 5 years.

One measure of the number of physician scientists conducting research is the percentage funded by
NIH. As can be seen in Figure 14, researchers with an MD or MD/PhD comprise around 30% of NIH-
funded Principal Investigators (Pls). Although the combined percentage has remained steady for many
years, the percentage of MDs has declined and the percentage of MD/PhDs has increased slightly in the
past few years. These percentages correspond to approximately 4,700 MDs and approximately 3,000
MD-PhDs in FY 2011.

% AAMC Faculty Roster
%0 Physician Characteristics & Distribution in the US — 2012 Edition
%! https://www.aamc.org/download/263712/data/qqg-2011.pdf
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Figure 14: Distribution of NIH RPG Principal Investigators by Degree Type32

The working group gathered data from several sources to evaluate the status of biomedical PhD
employment in industry. The SDR only includes data through 2008, while the Bureau of Labor Statistics
Occupational Employment Statistics (OES) program includes data through 2011. The OES gives the
number of people employed in a field by sector of employment but does not clearly indicate the number
of PhDs. The number of PhDs in each occupation was estimated based on the SDR. Unlike the SDR, the
OES sample includes both US- and foreign-trained workers.

To extend employment information beyond 2008 and try and reconcile the various data sources,
Figure 15 compares the trends in employment of various biomedical occupations in the SDR (1993-
2008) and the OES (2002-2011). The numbers in each occupation category are not identical but the
trends are informative and show a general flattening or decrease in job growth in jobs over the
past few years, with the exception of “medical scientists”. These data should be considered in
light of the fact that the number of newly minted US-trained biomedical PhDs has been increasing
over the past decade, particularly after the doubling of the NIH budget and reached 9,000 in 2009.
Although ~70% of these graduates go on to postdoctoral training, this number is an indication of
the magnitude of the number of US-trained PhDs seeking positions. In addition, there are many
non-US citizen PhDs in postdoctoral positions, most of whom are foreign-trained and many of
these also are seeking positions. The SDR shows growth in biomedical employment (especially
medical scientists) through 2008. However, the OES indicates that between 2008- 2011,
biomedical employment has been flat in some fields and declined in others. Overall, based on the
BLS quarterly census of employment and wages, the pharmaceutical and medicine manufacturing
sector lost almost 16,000 jobs between 2008 and 2011*. This includes all levels (not just PhDs) and all
parts of the sector (not just research and development) but provides an idea about the magnitude of the
job loss.

%2 NIH OSAR. RPGs include the following activity codes: R00, R01, R03, R15, R21, R22, R23, R29, R33, R34, R35,
R36, R37, R55, R56, RL1, RL2, RL5, RL9, P01, P42, PN1, UA5, UC1, UC2,UC3, UC4, UC7, UH2, UH3, UM1, U01, U19,
U34, DP1, DP2, DP3, DP4, DP5, RC1, RC2, and RC3

s http://data.bls.gov/pdqg/querytool.jsp?survey=en; searched for Total US, NAICS 3254 Pharmaceutical and
medicine manufacturing
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Figure 15: Estimated Change in Biomedical Employment Levels in Biomedical Occupations34

Compensation of Biomedical PhDs

Earnings potential is one measure of career attractiveness (although by no means the only one). The
working group compared the earnings potential of biomedical PhDs to that of PhDs in other scientific
fields and professions. As can be seen in Table 2 below, starting salaries of biomedical PhDs are lower
than in other fields. However, this is no longer the case in the late career stage (30 years after the PhD).
Figure 16 shows that lifetime earnings are comparatively low in biomedical fields but earnings growth is
higher in the mid- to late-career. More specifically, academic salaries at public research institutions for
assistant professors in biomedical fields are low compared to other fields. According to the Oklahoma
State University survey of public research institutions, average starting salaries in fiscal year 2011 for
biomedical assistant professors were approximately $68,000 compared to $69,000 for chemistry,
$79,000 for clinical and health fields and over $100,000 for economists.

51,594 | 66,804
87,766 199,972 | 94,180 | 87,853 | 113,314

55,532 72,992

57,775

123,959 |109,277( 122,148 | 107,321 | 133,292
Table 2: Salary across Broad Fields by Years of Experience™

* SED and OES
* SpR
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Figure 16: Discounted Earnings Profiles®

Trends in Age Distribution of Biomedical Researchers

The age at which researchers obtain a medical school faculty position and the age at which they receive
their first RO1 grant both increased steadily between 1980 and 2010 (see Figure 17 for a comparison
between 1980 and 2010; data for the entire time series is posted at
http://report.nih.gov/FileLink.aspx?rid=827). In addition, the percentage of older workers also has
increased during that period (Figure 18). In 1980, less than 1% of Pls were over age 65, and in 2010 PlIs
over age 65 constituted nearly 7% of the total. In parallel, in 1980, close to 18% of all PIs were age 36
and under. That number has fallen to about 3% in recent years. These significant changes account at
least in part, for the difficulties current trainees encounter in finding an independent academic research
position.
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Figure 18: Age Distribution in 1980 and 2010%

¥ NIH and AAMC
* Source NIH and AAMC
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WORKFORCE FRAMEWORKS

Based on the data presented above and additional analyses performed by the modeling subcommittee
(see details in Activities sections below), conceptual frameworks were developed to provide static
models of the workforce — one each for the PhD and the MD and MD-PhD workforces. The frameworks
shown below were populated with information on each career stage and transition, summarizing the
current state of the workforce as can be determined from available data. The post-training workforce
boxes are color coded, with light blue denoting those in research positions and academic teaching
positions.

Due to the lack of data on certain sectors of the workforce (see details of these data gaps in Appendix
C), many of the numbers shown in the diagrams below are estimates. The color of the numbers
indicates the level of confidence in the numbers due to the precision of both the underlying data and
the methods by which estimates were derived (with red denoting rough estimates). The data sources
and methods by which the numbers were derived are described in the footnotes and additional
information can be found at http://report.nih.gov/investigators_and_trainees/ACD_BWF.
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The PhD biomedical research workforce is summarized in Figure 19. It is important to note that the
“Post-Training Workforce” box contains information on US-trained PhDs only as these are captured in
the SDR. There is very little available information on the career outcomes of foreign-trained PhDs (one
of the major data gaps).

The “Science Related Non-Research” box includes individuals employed by industry, government, or
other who do not conduct research. However, this box is colored dark blue to indicate that many of the
careers represented in this box are closely related to the conduct of biomedical research and require
graduate training in biomedical science. Examples of such careers include program and review officers
at NIH and managers in many biotechnology companies. The 18% in this box is comprised of 13% PhDs
employed by industry, 2.5% by government, and 2.5% other. Therefore, all individuals employed by
industry (research plus non-research occupations) comprise ~30% of the workforce and all individuals
employed by government comprise ~9%.

Colleae Graduates~_

in 20091 \

Figure 19: Conceptual Framework of the PhD Biomedical Research Workforce®

% Data Sources:

Graduate Education and Training - Green numbers: NSF GSS or SED; Yellow Time to degree range: NIH statistics,
Council of Graduate Schools completion rates, and NSF time to degree. International - Yellow International return:
Oak Ridge Institute for Science and Education reports authored by Mike Finn (http://orise.orau.gov/science-
education/publications/default.aspx); Red International to postdoc: derived from comparing the ratio of temporary
to permanent residents from the graduate student to postdoctoral populations; this is an estimated range because
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The MD and MD-PhD workforce is summarized in Figure 20. Although there are a large number of MDs
in the US, only a small fraction conducts research. The AAMC and AMA collect extensive data on MDs
but the available data do not identify clearly those who conduct research. More information about this
workforce is included in the Physician Scientists section of the Recommendations chapter.

Figure 20: Conceptual Framework of the MD and MD-PhD Workforce*
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Weighing all the data that were analyzed, the working group concluded that the combination of the
large upsurge in US-trained PhDs, continued increased inflow of foreign-trained PhDs, and aging of the
academic biomedical research workforce (i.e. increase in older researchers over time) make launching a
traditional, independent, academic research career increasingly difficult. In addition, the long training
time and relatively low early-career salaries when compared to other scientific disciplines and
professional careers may make the biomedical research career less attractive to the best and brightest
of our young people. Finally, the current training programs do little to prepare people for anything
besides an academic research career, despite clear evidence that a declining percentage of graduates
will find such positions in the future.

The working group’s recommendations are aimed at modifying the career paths to biomedical research
S0 as to:

e Attract and retain the best and most diverse scientists, engineers and physicians from around
the world to conduct biomedical research as well as increase the number of domestic students
from diverse backgrounds who excel in science and become a part of the STEM workforce.

e Prepare biomedical PhD students and postdoctoral researchers to participate in a broad-based
and evolving economy.

Care — American Medical Association, Physician Characteristics and Distribution in the US — 2012 Edition;
Unemployed — American Medical Association, Physician Characteristics and Distribution in the US — 2012 Edition
IMGs: International Medical Graduates

PGY-1: Post-graduate year 1

FTE: full-time employed

GSS: NSF Graduate Student Survey

FASEB: Federation of American Societies for Experimental Biology
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RECOMMENDATIONS

Graduate Students

Graduate training historically has been aimed almost exclusively at preparing people for academic
research positions. However, as can be seen in the PhD framework summary (Figure 19), less than half
of US-trained biomedical PhDs go on to a career in academia. Almost a quarter conduct research in
industry or government settings and almost one fifth are in science-related occupations but do not
conduct research (e.g. program and review officers at NIH or managers in the biotechnology industry).

Given the changing face of the biomedically trained workforce, the working group believes that
graduate programs must accommodate greater diversity in anticipated career outcomes for students.
Graduate programs should offer opportunities for students to explore options relatively early in
graduate school, so that they are able to adjust their training to the kinds of careers they will pursue.
Graduate programs also should openly communicate the career outcomes of their graduates to
potential students. This would allow potential graduate students to choose graduate programs that are
more aligned with their career aspirations. Some institutions already post comparable data on the web
sites. For an example, Duke University posts information about outcomes of its PhD students by
program (http://gradschool.duke.edu/about/stats.php).

The long training period through both PhD and postdoctoral training (Figures 3 and 6), increased age at
which researchers obtain a faculty position (Figure 17), and the disparities in early-career earnings and
life-long earnings potential compared to other scientific disciplines (Table 2 and Figure 16) may make a
career in biomedical research less attractive than one in other scientific disciplines and professional
careers. Therefore, the working group believes it would be desirable to shorten the overall training
period (PhD and postdoctoral training) in biomedical sciences. This is reflected in the recommendations
related to graduate students described below and those related to postdoctoral researchers in the next
section.

Specific Recommendations:

e NIH should create a program to supplement training grants through competitive review to allow
institutions to provide additional training and career development experiences to equip students
for various career options, and test ways to shorten the PhD training period. This would mean
that NIH-trained and other US-trained students would become available earlier and would likely
be more competitive for the next phase of their career.

e The best practices resulting from this program will help shape graduate programs across the
country. The working group felt that including multiple types of training (e.g. project management
and business entrepreneurship skills needed in the pharmaceutical and biotechnology industries,
or teaching experience needed for a successful faculty position in liberal arts colleges) would be
particularly valuable for those who go on to conduct NIH-funded research as well as benefit those
students who do not follow the academic research career track. For example:

o0 Approximately 30% of biomedical PhDs work in the biotech and pharmaceutical industries in
research and non-research positions (Figure 19). Their transition would be more effective if
their training was better aligned with the required skill-sets for these careers. NIH and the
institutions should explore ways to involve relevant employers in the public and private
sector in designing training paths for those students who seek employment in that sector. It
is possible that the pharmaceutical and biotechnology sectors would be willing to partner in
supporting such programs. Another option would be for institutions to develop pilot
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programs in partnership with private foundations and industry to prepare Ph.D. graduates
for careers that involve translational research and development. Finally, NIH should
encourage the SBIR/STTR awardees to provide internships for graduate students and
postdoctoral researchers to enable increased hands-on training at small businesses.

0 Institutions also could be encouraged to develop other degree programs, such as master’s
degrees designed for specific science-oriented career outcomes, such as industry or public
policy. These could be developed as stand-alone programs or provide sound exit pathways
for PhD students who decide not to continue on the research career track. However, this
would require a change in the definition of “success” in the evaluation of NIH training
grants.

e To encourage timely completion of graduate degrees, NIH should cap the number of years a
graduate student can be supported by NIH funds (any combination of training grants, fellowships,
and research project grants), with an institutional average of 5 years and no one individual
allowed to receive support for more than 6 years. Note that a different cap may be needed for
physician scientists (MD, DDS, MD-PhD etc). NIH should continue to assess the pre-doctoral
stipend level annually.

e Today, the vast majority of PhD students that receive NIH support are funded by research project
grants (Figure 2) and yet the NIH has no influence over the quality of the training of these
individuals. Training grants uniquely provide the NIH with a mechanism for peer review of
training, and permit the NIH to require attention to issues such as outcomes, diversity and
professional ethics training. Therefore, to ensure that all graduate students supported by the NIH
receive excellent training, NIH should increase the proportion of graduate students supported by
training grants and fellowships compared to those supported by research project grants, without
increasing the overall number of graduate student positions.

e Even though the NIH training programs are able to fund only a limited number of students, the
existence of an NIH training program at an institution can motivate graduate programs to provide
all students at that institution with training that conforms to NIH guidelines and expectations. To
reinforce this, NIH should revise the peer review criteria for training grants to include
consideration of outcomes of all students in the relevant PhD programs at those institutions, not
only those supported by the training grant. Study sections reviewing graduate training programs
should be educated to value a range of career outcomes. This recommendation could be phased
in relatively quickly.

¢ The very different requirements and characteristics of training programs at each NIH IC constitute
a substantial burden on the institutions. All NIH ICs should offer comparable training programs
and fellowships and their requirements should be harmonized.

Postdoctoral Researchers

Despite the paucity of the data on the current state of postdoctoral researchers, it is evident that the
postdoctoral period has become a holding pattern for many young researchers. Although a postdoctoral
fellow is considered a trainee, in many laboratories fellows receive little additional preparation for their
future careers, even for those in academic research. For example few postdoctoral fellows receive
instruction in grant writing, laboratory and personnel management, and teaching, all skills that are
necessary for a successful academic career.
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The majority of postdoctoral fellows are funded by research project grants (Figure 4), which are able to
support the growing number of non-US citizens (Figure 5). In addition, although the average
postdoctoral period has increased only slightly over the years (Figure 6), there is some evidence that
those postdoctoral researchers that go on to an academic tenure-track research career are staying in
postdoctoral training for a longer period (Figure 7) while those going on to other careers such as those in
industry move on after a shorter period of time to higher paid positions. The working group concluded
that the decline in growth of academic positions has led to longer postdoctoral periods, in which fellows
hope to generate more papers in order to be competitive for positions. This system leaves trainees in
subordinate positions at a time when they are expected to be highly productive as independent
investigators.

There is little information about the amounts and types of benefits received by postdoctoral researchers
although anecdotal evidence suggests that there is a wide variation among institutions. In December
2011, the NPA conducted a test survey of institutional policies regarding postdoc compensation,
benefits, and professional development opportunities®’. Almost all the 74 institutions that responded
provide health insurance benefits and about two thirds offer some amount of paid time off. Fewer than
one third of the responding institutions provided retirement benefits. There was a significant difference
in regard to postdoctoral researchers who are classified as employees as compared with those who are
not classified as employees. For example, 64.5% of responding institutions provided paid sick leave to
postdoctoral researchers classified as employees, while only 43% provided paid sick leave to those
postdoctoral researchers not classified as employees. Note that almost all the 74 responding
institutions were NPA members and thus may provide a higher than average level of benefits to their
postdoctoral researchers.

After analyzing these and other data and receiving input from stakeholders, the working group
concluded that the postdoctoral experience should include structured career development, and
incentives should be provided by NIH to move postdoctoral fellows to more permanent positions as
soon as possible. The working group recognizes that after a reasonable period of training — ideally three
years — there is diminished value for the trainee in staying in a subordinate position. Also, the group
feels that those postdoctoral researchers who do not go on to conduct research in an academic setting
should receive training in the skills needed and information about other career options. Finally, the
working group also recognizes that postdoctoral fellows have spent years in graduate training, and
should be compensated accordingly including receiving a reasonable level of benefits.

Specific Recommendations:

¢ As mentioned above, the vast majority of PhD students that receive NIH support are funded by
research project grants (Figure 4). Training grants uniquely provide the NIH with a mechanism for
peer review of training, and permit the NIH to require attention to issues such as outcomes,
diversity and professional ethics training. This is even more important for postdoctoral
researchers than for PhD students as the students are all in a graduate program, regardless of
their source of support, while many postdoctoral researchers supported by research project
grants have no structured training at all. Therefore, to ensure that all postdoctoral fellows
supported by the NIH receive excellent training and mentoring, NIH should increase the
proportion of postdoctoral researchers supported by training grants and fellowships and reduce
the number supported by research project grants, without increasing the overall number of
postdoctoral researchers.

4 http://www.nationalpostdoc.org/policy/institutional-policies
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¢ NIH should create a pilot program for institutional postdoctoral offices to compete for funding to
experiment in enriching and diversifying postdoctoral training, including partnerships with other
entities (industry, private foundations, government, etc.).

e The current stipends for NIH-supported postdoctoral fellows need to be adjusted to levels that
better reflect their years of training. The working group recommends that the NIH should adjust
the starting stipend levels of the Ruth L. Kirschstein National Research Service Awards (NRSA — see
current levels in Table 1) to $42,000 and index the starting stipend according to the Consumer
Price Index (CPI-U) thereafter. Stipend levels should increase with each year of experience in any
postdoctoral position irrespective of their titles by 4% for the second and third years and 6% for
years 4 through 7. The large jump between years 3 and 4 is meant to emphasize a transition from
postdoctoral training to research production, and to incentivize Pls to move fellows to more
permanent positions. This salary scale will apply to postdoctoral researchers supported by
research project grants as well (thus also affecting non-US citizens), and institutions should be
encouraged to adopt this scale for all postdoctoral researchers, irrespective of the source of their
support.

NIH should evaluate this policy in the decade after implementation to determine whether the
postdoctoral period has shortened. If it is not reduced, then perhaps NIH should experiment with
a cap on the length of funding for postdoctoral researchers.

¢ NIH should require and adjust its own policies so that all NIH-supported postdoctoral researchers
on any form of support (training grants, fellowships or research project grants) receive benefits
that are comparable to other employees at the institution. Such benefits include paid time off,
health insurance, retirement plans, maternity leave etc.

¢ NIH should double the number of Pathway to Independence (K99/R00) awards, which provide a
proven mechanism for postdoctoral researchers to achieve an independent research position, to
encourage larger numbers of PhD graduates to move rapidly into permanent research positions.
In order to hasten the transition, NIH should shorten the eligibility period for applying to this
program from 5 years to 3 years of postdoctoral experience.

e The working group was supportive of the NIH Director’s Early Independence award program that
facilitates the “skip-the-postdoc” career path for those who are ready immediately after graduate
school. Although this program is its early stages and it is too soon to evaluate career outcomes of
those who have received such an award, the working group recommends that NIH also should
double the number of these awards.

e To provide some structured training experience for all postdoctoral researchers, NIH should
require individual development plans (IDPs) for all NIH-supported postdoctoral researchers,
whether on training grants, fellowships, or research project grants. Assessment of implementation
of this requirement should be included in the review criteria of training grants.

Staff Scientists

The typical academic laboratory consists of a Pl and one or a small number of permanent technical staff,
with the majority of the research carried out by trainees. This creates a system in which a large number
of future scientists are being produced each year, well in excess of the number of research-oriented jobs
in academia, government and industry. The working group believes that even a modest change in the
ratio of permanent staff to trainees could have a beneficial effect on the system without reducing the
productivity of the research enterprise. Staff scientists - individuals with MSc or PhD degrees - could
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play a more important role in biomedical research (one that may become increasingly necessary if the
market for biomedical researchers strengthens outside of the United States in coming years).

Today, these scientists bring stability to many labs and provide important functions as part of
institutional core facilities, but have a wide variety of titles and employment conditions. As an example,
staff scientists constitute an essential part of the NIH intramural research program which employed
1367 of these scientists in 2011*. In the extramural program, these scientists typically do not apply for
their own grants, but are supported by Research Project, Center and Program Project grants. They
should be differentiated from “soft money” scientists, whose employment depends upon their
successful competition for research funds, a category that has been increasing over the last few years.

As a result of the wide variety of titles held by these researchers, it is difficult to determine the exact
number of staff scientists in the extramural biomedical research workforce. However, an estimate can
be obtained from SDR data. Figure 21 presents a rough estimate of these positions, counting people: 1)
whose primary/secondary work activity is basic or applied research, 2) are working in Academia, 3) are
non-tenure track, 4) are non-postdoctoral researchers, and 5) whose primary/secondary work activity is
not teaching.

Figure 21: Staff Scientist Positions, by Degree Field and Organization Type43

The working group encourages NIH study sections to be receptive to grant applications that include
staff scientists and urges institutions to create position categories that reflect the value and stature of
these researchers.

Salary Support

Originally the conduct of federally-funded research at universities and other extramural institutions was
based on an understanding that institutions would provide the bulk of facilities and salaries to the
researchers and the NIH would provide the majority of funds for conducting research.

Over the past decades, it seems that this distinction has become increasingly blurred, with NIH providing
an increasing proportion of faculty salary support and the institutions covering a larger percentage of

*2 NIH Office of Intramural Research
“ SDR
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the research costs. This is especially true during the start-up period, which has become significantly
longer as young investigators struggle to receive their first RO1 grants (Figure 17). The growth in “soft
money” positions in academic medical schools, in which investigators are required to raise 100% of their
salaries and research funds, has contributed to the negative views of a career in biomedical science, and
has had the additional consequence of encouraging institutions to expand their physical space without
making additional long term commitments to faculty.

That said, however, there is little or no reliable information on the percentage of salary covered by
federal grant dollars. Data from several sources suggests an overall range of 30% - 50% of salaries for
faculty derived from federal funds. For example an Association of Chairs of Departments of
Physiologists Survey found that the average proportion of faculty salary derived from research grants
was 37% in 2009*. The AAMC Research Metrics Survey® found that medical school faculty with
external research support received an average of 36% of total salary support from grants in FY 20009.

The proportion of salary derived from grants ranges from 14% to 67% at different medical schools. The
average was 29% for MD and 49% for PhD faculty. However, both these surveys included small numbers
of institutions only. In addition, there is almost no information about how the distribution of NIH salary
support has changed over the years.

The working group has identified this area as one of the major data gaps and made recommendations
about how to collect this information in the future (see Appendix C). Collecting reliable information
about salaries most likely would require the use of administrative data from institutions (such as the
data collected by STAR METRICS*®) and NIH should require institutions that receive NIH funding to
participate in programs that collect such data.

That being said, the working group believes that institutions should provide some fraction of salary
support for their researchers in order to qualify for NIH funding. The group appreciates that any
reduction in NIH salary may have major consequences on institutions.

The working group recommends that NIH consider a long-term approach (over a 20 year period) to
gradually reduce the percentage of funds from all NIH sources that can be used for faculty salary
support.
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development experience in the fields of biomedical and behavioral research, including
translational research.

o The K23 career development award program that supports the career development of
investigators who have made a commitment to focus their research endeavors on patient-
oriented research.

e Loan Repayment Program to recruit and retain highly qualified health professionals as clinical
investigators, and specific programs for pediatric, health disparities, and contraception and
infertility research®®,

About 30% of NIH Pls hold an MD or an MD-PhD and that combined percentage has not changed over
the past two decades (Figure 14). Although extensive data are collected on the training and careers of
MDs (summarized in Figure 20), comparatively little is known about those physician scientists who
conduct research. In addition to the paucity of research-specific data, the working group recognized
that the economic and educational drivers which affect the training and career paths of the physician
scientist workforce are very different from those underlying PhD research training and career paths.

There was not sufficient time for the working group to examine this important part of the biomedical
workforce in detail. Furthermore, the changing landscape of health care and the effects these changes
likely will have on academic medical centers need to be projected carefully and considered when
analyzing the future physician scientist workforce.

Therefore, the working group recommends that NIH conduct a follow-on study that focuses on
physician scientists and involves people who train physician scientists, as well as economists who
focus on medical education costs, career choices, and the role of these as incentives.

Points that should be considered during such a follow-on effort include:

o There appears to be a growing deficiency in the pool of physician scientists who are sufficiently
trained to become academic, independent, tenure-track scientists addressing basic and/or
translational questions.

e The MD-PhD Programs have been highly successful in training future academicians, with ~75-
80% of these graduates continuing on as independent academic faculty, although this group
constitutes only 3% of the total MD pool, they are increasingly successfully competing for K and
Research Project grants. Based on demand and empirical evidence, the National Research
Council twice has recommended expansion of MD-PhD training. Note that this mechanism is
currently not supported by all NIH ICs.

e The NIH requirement that MSTP must diversify the MD-PhD student pool has resulted in the
recruitment of the best and brightest of under-represented minority applicants, nurturing them
through the MD-PhD career track, and contributing to a more diverse physician scientist
workforce. As such, these MSTP-specific efforts have an important impact on overall medical
and graduate student diversity at each MSTP medical school.

e The MD-only pool entering academic scientific careers is diminishing at a significant rate. The K
award mechanism appears to enhance Research Project Grant success for both this group and
the MD-PhDs, thus expansion of this funding mechanism should be considered.

e There are several systematic and external disincentives that impede medical students and
residents from pursuing careers as academic physician scientists, including:

48 http://www.lrp.nih.gov/about the programs/index.aspx
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o0 Increased emphasis on volunteer clinical activities, rather than research experiences as
criteria for admission to medical school, which diminishes the importance of research
from the very beginning and thus students fail to establish relationships with research
mentors early in careers

0 New medical curricula that de-emphasize science and provide minimal time for research
while in medical school

o Significant accrual of debt, deterring fellows from pursuing academic careers (the Loan
Repayment Program provides some relief in this regard)

0 Increased Graduate Medical Education (GME) regulation of residency training, with little
flexibility for substantive research experiences

o Few American Board of Internal Medicine fast-track and/or Physician Scientist Training
Programs

e Further impediments occur when MDs become faculty, such as:

o Significant work load due to electronic record keeping and regulatory compliance, which
consumes much more time when in the clinics

0 Requirement to raise one’s salary, with no or little protected time

o Little to no career guidance at start of academic appointment

Information Collection, Analysis and Dissemination

The working group was frustrated and its activities were held back throughout its study by the lack of
comprehensive data regarding biomedical researchers. The timeframe and resources of the study did
not allow for comprehensive data collection or the implementation of a comprehensive model of the

biomedical workforce. It is evident from the data-gathering and analyses undertaken by the working
group that there are major gaps in the data currently being collected on foreign-trained postdoctoral

researchers and those who work in industry.

In general, there are two fundamental types of data that are valuable — aggregate-level data and
individual-level longitudinal data — and two broad sources for each type of data — administrative records
and surveys. Aggregate level data is necessary to determine the number of people in various positions,
but individual-level data and especially longitudinal individual data, in which individuals are tracked over
time, makes it possible to identify the characteristics and trajectories of individuals and is important for
rigorous modeling and evaluation. Survey data is valuable for addressing targeted questions, especially
guestions that do not leave accessible administrative records, but is costly to collect and therefore
usually collected on limited samples and frequently it takes a long time until these data are ready for
analysis. Administrative data can cover an entire population and be obtained through near real-time
feeds. Our ability to use administrative data is improving rapidly and NIH already has and is continuing
to develop a wealth of such data (e.g. the STAR METRICS project).

The main sources of data on graduate students and postdoctoral researchers - The Graduate Student
Survey (GSS), the Survey of Earned Doctorates (SED), and the Survey of Doctorate Recipients (SDR) -
omit large portions of the postdoctoral population. The GSS reports only on institutions that offer the
PhD Institutions such as independent research centers without graduate programs and national labs
are not surveyed and the postdoctoral researchers that work in those settings are not counted. A
separate survey reports on postdoctoral researchers at national labs including the NIH intramural
program. The SDR and the SED only include information on US-trained doctorates.

Another factor is the growth in job titles attached to what are effectively postdoctoral research
positions. Often after 5 years, postdoctoral researchers continue in a non-tenure track, postdoctoral-
like positions with another title. The NSF has estimated that all of these factors may result in a 2 fold
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undercount of postdoctoral researchers employed in the US. Anecdotal evidence suggests that another
factor may relate to the institutional contacts that provide the annual report to NSF for the GSS. Some
institutions apparently rely on the graduate dean’s office rather than a postdoctoral contact. There is
some evidence that NSF is addressing these issues. For example, in recent years the GSS survey has
been extended to count recent PhDs in non-postdoc positions that are outside tenure or tenure track
job series. Also in recent years, NSF has attempted to collect more complete demographic information
on postdoctoral researchers (citizenship, sex/gender, race, ethnicity, foreign/domestic doctorate, etc.).
This kind of information should be made available as soon as possible.

The SDR, on the other hand, includes only those individuals who have records in the Survey of Earned
Doctorates (SED), i.e. individuals who have doctoral degrees from domestic institutions. The NSFis in
the process of developing an Early Career Doctorate study where the frame includes individuals who
have earned a doctorate from any domestic or foreign institution within the past 10 years and are in
postdoctoral position, faculty positions, or various non-postdoc, non-faculty positions. The information
for this frame will be provided by GSS institutions along with Federally Funded Research and
Development Centers and the NIH Intramural Program.  Unfortunately, data from this survey are not
currently available.

Data on MDs and MD/PhDs are primarily collected by AAMC and the AMA, neither of which identifies
the level of research involvement with enough detail to predict long-term trends in the involvement of
MDs in research. Moreover, the AAMC has preferred to share data in aggregated form rather than the
underlying individual-level data. This makes it very difficult to predict and potentially explain the
observed, slow decrease in the participation of MDs as Pls on NIH research grants or perform rigorous
analysis and modeling.

The best sources of information on industrial employment of biomedical researchers are the NSF
Scientists and Engineers Statistical Data System (SESTAT) and the Bureau of Labor Statistics (BLS) surveys
and data collections that result in the Occupational Employment Statistics (OES) data. However, SESTAT
has a 3-4 year lag and the OES does not include information on education levels, making it difficult to
identify jobs for those with PhDs. Because of changes in survey methodology, the BLS says that OES
data cannot be used reliably for time series or trend analysis. In addition, there is currently no
centralized source of information on the number of job openings and employment opportunities for
biomedical researchers with the PhD.

Finally, the working group believes that it is imperative to provide as much information as possible to
prospective graduate students and postdoctoral researchers on career outcomes both nationally and at
their specific training programs so they can make more informed decisions about their future.

Specific Recommendations:

e Institutions that receive NIH funding should collect information on the career outcomes of both
their graduate students and postdoctoral researchers, and provide this information to prospective
students/ postdoctoral researchers and the NIH. Such information should include completion
rates, time to degree, career outcomes for PhD trainees, as well as time in training and career
outcomes from postdoctoral researchers over a 15-year period. Outcome data should be
displayed prominently on the institution’s web site. This will require institutions to track the
career paths of their students and postdoctoral researchers over the long-term. One way to do
that would be to assign graduate students and incoming postdoctoral researchers an identifier
that can be used to track them throughout their careers. This could be part of a unique
researcher ID system that would allow tracking of all researchers throughout their career. The ID
would need to relate to any NIH ID assigned to the individual.
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¢ NIH, working with other agencies in the Federal Government, should address the identified data
gaps and collect information on the biomedical and scientific workforce on an ongoing basis.

o NIH should create a permanent unit in the Office of the Director that works with the extramural
research community, the NSF and the NIH ICs to coordinate data collection activities and provide
ongoing analysis of the workforce and evaluation of NIH policies so that they better align with the
workforce needs.

Appendix C contains more detailed recommendations to address specific data gaps.

Diversity

Increasing diversity of trainees and the workforce is critical to the future of biomedical research in the
US, particularly as the share of the US population comprised of underrepresented groups increases. The
committee recognizes that this is the responsibility of the entire scientific community but feels NIH
should set an example.

Although the working group recommendations are not aimed specifically at increasing diversity, the
group feels that implementation of these recommendations will increase the overall attractiveness of
the biomedical research career and consequently its attractiveness to underrepresented ethnic and
racial minorities and women.

The working group is aware that another working group of the Advisory Committee to the NIH
Director is focused on this issue but would like to highlight the need for much stronger coordination of
the many diversity-related efforts at the NIH and for rigorous evaluation of the outcomes of all
programs.
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ACTIVITIES OF WORKING GROUP AND SUB-COMMITTEES

The working group met a total of eleven times in 2011 and 2012 to define the issues that should be
addressed, hear from stakeholders, review and discuss data and input provided by the modeling
subcommittee and the NIH Training Advisory Committee (TAC) workforce committee, and to develop
recommendations for the ACD. Following are details of these activities.

Modeling Subcommittee

The modeling subcommittee, composed of social scientists (primarily economists) with expertise in the
scientific enterprise as well as NIH-funded investigators with expertise in mathematical models, was
charged with providing input to the working group, particularly on the data and modeling aspects of the
workforce charge (see roster in Appendix A). The subcommittee met three times in 2011 and 2012,
including two in-person meetings and one teleconference. Additionally, the subcommittee maintained
extensive informal communication with each other and outside experts in various areas who provided
input to the subcommittee.

The subcommittee reviewed the options for constructing a model of the current biomedical research
workforce, taking into account the availability of data and the time period of the study. The
subcommittee decided to take a two-tiered approach that includes descriptive analyses and a
conceptual framework (model). This entailed a number of analyses of key aspects of the workforce and
the development of conceptual frameworks to organize the analyses — one each for the PhD and the MD
and MD-PhD workforces (see section on Current Workforce above). The conceptual frameworks were
populated with information on each career stage and transition. The data were organized according to
the conceptual framework to build a comprehensive resource upon which recommendations were
based. These conceptual frameworks are designed to be developed into a full dynamic model at a
subsequent stage.

In addition, the subcommittee discussed the unintended incentives and disincentives underlying the US
biomedical research enterprise and drafted a memo to the working group outlining the incentives
related to NIH policies and practices that might be affecting the behavior of biomedical research
institutions, researchers, and students, particularly those that operate in directions opposite to other
important NIH goals. This memo is attached as Appendix D.

Summary of Subcommittee Findings and Recommendations

The subcommittee reviewed all the workforce data gathered and analyzed (see below for list), and
drafted recommendations for the working group to consider in its deliberations. These
recommendations are attached as Appendix E and summarized below.

While the US biomedical research enterprise is highly productive, data show a weak market for
biomedical PhDs in the period after attaining a PhD and “boom and bust” dynamics during and after the
NIH doubling period. The weak early career outcomes are visible in the form of the long and uncertain
postdoctoral fellowships frequent in biomedicine, especially for researchers focused on academic
research careers; an age at first research program grant close to 42; and a large outflow of women
during the postdoctoral years. Although people are motivated by a wide range of factors, the relatively
weak market can also be seen in early-career earnings that are among the lowest among research
doctoral scientists. The boom and bust dynamics are also visible in trends in the lengths of postdoctoral
fellowships and space investments.

A number of factors underlie the weak early careers. Although the US has benefitted tremendously from
an inflow of highly-trained foreign researchers, the availability of foreign-trained researchers has
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depressed the market for domestic biomedical researchers. Moreover, our production of biomedical
researchers exceeds new job openings. Consequently a decreasing share of biomedical researchers is
using their research training on their jobs. Compounding these issues, a large body of established senior
researchers makes it harder for young researchers to launch independent careers. The subcommittee
also noted that relatively little information on either the outcomes of people from specific programs or
information on the overall job market is available to help people contemplating careers in biomedical
research make informed decisions.

Based on this broad analysis, the subcommittee sketched 12 recommendations to facilitate the working
group’s discussions (included in Appendix E). These were organized into 3 categories:

(1)

(3)

The nature and characteristics of biomedical graduate training and postdoctoral fellowships.
These recommendations combined efforts to improve the quality of training (e.g. by shifting
trainees from research grants to training grants and exploring ways of scoring the training
aspects of research proposals); to address the factors that lead trainees, including
underrepresented minorities, to leave the biomedical research enterprise; and to improve the
early-career outcomes of biomedical researchers.

The allocation of resources by NIH. These recommendations focused on policies that could
stabilize the biomedical research system; shift resources in ways that would assist researchers in
launching independent careers; and gradually shift lab staffing from temporary postdoctoral
researchers to staff scientists to reduce reliance on trainees.

Collecting, analyzing, and disseminating data to inform potential trainees about career
prospects and to inform NIH’s own policy making. Some of these recommendations focused on
informing potential trainees about prospects in particular training programs and in general.
Others focused on filling critical gaps in data on the biomedical research enterprise and
establishing an ongoing effort to analyze the biomedical research enterprise to inform NIH

policy.

The subcommittee emphasized that the first two sets of recommendations should be implemented
gradually.

Data gathered and Analyzed

AAMC and AMA data on career tracks of MDs and MD-PhDs
Data from OPM on biomedical doctorates employed in the US federal civilian workforce and in
the Public Health Service
Demographic Characteristics for Graduate Students and Postdoctoral fellows from the Survey of
Earned Doctorates , the Survey of Doctorate Recipients and the Graduate Student Survey in
Basic Biomedical Science, Clinical Sciences, Behavioral & Social Sciences, and Chemistry (used as
a comparison). Data include:

0 US Graduate Degrees Awarded
Time to Degree and Age at Degree
Age at PhD, First Non Postdoc Job, First Tenure Track Job
Doctoral Students and Doctorates Awarded by Citizenship/Visa Status and Field
Gender, Race, and Ethnicity of Doctorate Students and Doctoral Recipients
Doctorate Students by Type of Support
US PhDs with Postdoctoral Research Plans
U.S. Trained Biomedical PhDs in postdoctoral researcher positions, by Time Since Degree
Biomedical Postdoctorates by Citizenship
Postdoctorates by Field and Type of Support

O O0OO0OO0OO0OO0O0OO0Oo
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o Employment Trends from the National Survey of College Graduates, the Survey of Doctorate
Recipients, the National Science Foundation (NSF) Industrial Research & Development Survey,
the Occupational Employment Statistics (BLS), and job openings from Wanted Technologies.

0 Employment trends for college graduates and doctorates in a biology field
0 Pharmaceutical industry R&D employment (from NSF data to 2008, and BLS data from

2008-2010)

Up to date data on trends of job openings in biotechnology and pharmaceutical sectors

from wanted.com

Trends in Employment Status of US Doctorates

Age Distribution of PhD Workforce, by Field

U.S. Trained Biomedical and Chemistry PhD employment, by Years Since Degree

Employment and Un-/Under-employment of US Biomedical Doctorates, including

Employment in Permanent versus Temporary Positions and Unemployed

0 Employment Status by Gender and Field
e Academic Employment and Resource Allocations from the Survey of Doctorate Recipients
o0 Trends in Employment of US-Trained Doctorates in Tenured Academic Positions, by

Degree Field

U.S. Trained PhDs in academic employment, by tenure track status and by Degree Field

Proportion of Faculty, by Degree Field and Tenure Track Status

Tenure Track Faculty by Degree Field and Institution Type

Tenure-Track Faculty by Degree Field and Gender

Tenure Track Faculty, By Degree Field and Race/Ethnicity

University Assignable Research Space, by Field

Staff Scientist Positions, by Degree Field and Organization Type

Proportion of Staff Scientists, by Degree Field and Gender

0 Proportion of Staff Scientists, by Degree Field and Citizenship
¢ Relationship between Degree and Employment from the Survey of Doctorate Recipients
0 US Doctorate Employment: Relationship to Degree Field, by Field and Years Since
Degree
0 Relationship between Life Sciences, science and engineering PhD field and occupation
o U.S. Trained Biomedical PhDs in research occupations, by Years Since Degree
0 US Doctorate Employment: Hours of Work by Degree Field

¢ NIH Funding Trends

o Market analysis of the biotechnology sector and job market (from publicly available reports).

¢ Healthcare and Pharmaceutical spending (from publicly available reports).

e Stay rates of foreign doctoral students (from publicly available reports by Mike Finn, Oak Ridge
Institute for Science and Education)

e Earnings of Doctoral Recipients

o

O O0OO0O0

O O0OO0OO0OO0OO0O0OO0

Suitable comparisons were sought to benchmark outcomes where possible. The resulting data are
incorporated into various sections of this report, included in Appendix B, or posted at
http://report.nih.gov/investigators_and_trainees/ACD_BWF.

Stakeholder Input

The working group met on the NIH campus on June 21, 2011 and heard various stakeholder perspectives
on the biomedical research workforce and its future direction. Specifically, the speakers were asked to
address the question: “Given the current fiscal climate and the prospect of little or no growth in the near
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future, and within your area of expertise, what in your view are the major issues the task force should
consider?”

The working group heard from representatives of the National Postdoctoral Association and several
scientific societies, a Dean of an academic Medical School, a Director of an MSTP program, and people
involved in two recent National Research Council studies - Study on Research Training and the
Biomedical, Behavioral, and Clinical Research Sciences and the Report on Expanding Underrepresented
Minority Participation, Director, National Research Council’s Board on Higher Education and Workforce.
The participants of the meeting are included in Appendix F.

Soliciting Public Comment

The working group solicited input from the community by means of a Request for Information (RFI),
published on August 17, 2011 in the NIH Guide (http://grants.nih.gov/grants/qguide/notice-files/NOT-
0OD-11-106.html).

The RFI described 8 issues the working group had identified as important to consider in an analysis of
the biomedical research workforce:
o The balance between supply, including the number of domestic and foreign trained PhDs and
post-docs, and demand, i.e. post-training career opportunities.
e Characteristics of PhD training in biomedical research, including issues such as
0 The length of the PhD training period.
0 Recommendations for changes to the PhD curriculum.
o Training for multiple career paths (including bench and non-bench science).
e Characteristics of clinician-research training including issues such as
0 The balance between MDs and MD-PhDs
0 Career development of clinician-researchers.
¢ Recommendations for changes to the curricula for training clinician-researchers.
e Length of Post-doctoral training™.
e The ratio of PhD students and postdoctoral fellows on training grants to those supported by
research grants.
o Possibilities for professional/staff scientist positions and the level of training required for such
positions (e.g. PhD or MSc degrees).
e |Issues related to the attractiveness of biomedical research careers (e.g. salary, working
conditions, availability of research funding)
e The effect of changes in NIH policies on investigators, grantee institutions and the broader
research enterprise.

The RFI asked 3 specific questions about these or any other relevant issues the working group might
consider:

1. For any of the areas identified above and any other specific areas you believe are worthy of
consideration by the working group, please identify the critical issues(s) and impact(s) on
institutions, scientists, or both.

2. Please identify and explain which of the issues you identified are, in your opinion, the most
important for the working group to address and why

3. Please comment any specific ways you feel these issues would or should affect NIH policies or
processes.

“® Broadened to “Post-doc training characteristics” in the analysis of RFI responses
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219 entities (individuals and institutions) responded to the RFI, with 75% providing personal input. A full
report of the responses and the resulting analysis is included as Appendix G. Following are the main
points.

The comments were parsed into 498 “quotations” representing unique ideas, with an average of 2.3
guotations per commenter. The analysis identified four primary issues in addition to the original eight
primary issues included in the RFI*°. The distribution of primary issues, as cited by commenters, is shown

in Figure 22.
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Figure 22: Distribution of Primary Issues

Commenters found that most, if not all, of the primary issues were critical to the development of a
sustainable biomedical workforce. About two thirds of the comments included a secondary issue in
addition to the primary issue. The secondary issues mentioned by the commenters were recorded to
help describe the overlapping and interlocking nature of the issues.

In cases where the primary and secondary issues are similar, the secondary issue covers only certain
aspects of the primary issue. For example, the secondary issue of Career Appeal covers the specific
issue of working conditions; whereas the primary issue of Biomedical Research Career A