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Preface

This analysis of the workforce needs in the biomedical,
social and behavioral, and clinical sciences began in May
2008, when the storm clouds on the financial horizon were
developing. We had our second meeting in late September
2008 in the midst of the financial meltdown. This has made
the business of making projections into the future a very
uncertain business indeed. The attempts to do just that were
nonetheless carried out by the workforce committee, which
met to review what data were available (not as much as
one might wish) and to formulate recommendations to the
National Institutes of Health (NIH) and the Congress as to
what changes might best lead to continued vigor in what has
been a great experiment in the training of biomedical scien-
tists for over 35 years now. The ideas behind the recommen-
dations were debated and analyzed by experts in the many
areas toward which we were expected to direct our scrutiny.
Eventually a broad consensus was attained, and that forms
the basis of the recommendations in this document.

The basic biomedical sciences workforce itself numbers
some 120,000 personnel with doctoral degrees mostly
from U.S. institutions. These individuals are distributed
primarily among academia (62,000), industry (29,000), and
government or nonprofit organizations (12,000). Although
it is somewhat of an oversimplification, the workforce
can be considered as being composed of two groups, one
consisting of the 57,000 workers who are advanced in their
careers and are mainly involved in managing or direct-
ing research (61 percent of the 90,600 non-postdoctoral
researchers), and the other consisting mainly of graduate
students (25,000) and postdoctoral fellows (26,000). In
some academic fields and some government laboratories
the latter group provides much of the hands-on aspect of
the research conducted. In other words the trainees them-
selves are an integral and key component of the workforce.
In fact, after World War II the federal government made the
deliberate decision to fund basic research through academic
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institutions in order to integrate research training with the
active conduct of research.

By comparison, the research workforces in the behav-
ioral and social sciences and the clinical sciences are much
different. These research workforces are harder to quantify
since many of those holding doctorate degrees turn to private
practice after receiving their research degrees or else to other
positions that do not rely on their research potential. With
some qualification, the total number of U.S. doctorates in the
behavioral and social sciences workforce is about 95,500,
with over 47,100 in academic positions, about 32,800 in
industry (including individuals who are self employed),
8,700 in government, and 6,900 in other employment sectors.
There are only about 9,000 postdoctoral fellows included in
these figures, and while they contribute to the research enter-
prise, they are usually not part of a large research group. The
clinical sciences workforce is different still, since it is made
up of doctoral fellows with either a Ph.D. in a clinical field
or a specific professional degree. Many of these postdoctoral
fellows will be recruited into faculty positions. In nursing, for
example, a shortage in faculty in the near future will lead to
pressure to increase the number of Ph.D.s who can contribute
in this regard. Again, unlike the basic biomedical workforce,
graduate students and postdoctoral fellows make up a small
subset of the overall clinical research workforce.

The committee identified a number of important issues,
and in this overview we mention the most pressing, upon
which we dedicated a considerable amount of discussion
time. These most pressing issues are: (1) the job situation for
postdoctorates completing their training, (2) questions about
the continued supply of international postdoctorates in an
increasingly competitive world, (3) the need for equal, excel-
lent training for all graduate students who receive NIH fund-
ing, regardless of whether it is from the National Research
Services Award (NRSA) program or through ROI support,
and (4) the need to increase the diversity of trainees.
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THE JOB SITUATION

The biomedical workforce, then, is different from the
other fields in that a major component (perhaps as much as
50 percent) is composed of individuals who are in training
primarily within an academic research environment. This
body of graduate students and postdoctoral fellows provides
the dynamism, the creativity, and the sheer numbers that
drive the biomedical research endeavor. As such, this group
is of enormous value to the country’s investments in obtain-
ing knowledge about the fundamental nature of disease pro-
cesses and in developing the means to correct malfunctions.
It has to be understood that, to a significant degree, the value
of the trainees supported by the NIH lies more with their cur-
rent research output while they are trainees than with their
future career development.

Indeed, the size of this component of the biomedical
research workforce is greater than the number needed to
staff the current and estimated future openings in the pool
of positions for academic principal investigators. As a result,
the number of trainees hired and trained is determined by the
number of personnel needed to perform the work rather than
the number needed to replenish retiring senior investigators,
who are involved mainly in administering their laborato-
ries. This situation has been exacerbated in recent years by
financial stresses and the understandable reluctance of older
but healthy faculty members to retire. As a consequence, the
primary regulator of the size of the student and postdoctoral
workforce is not determined by anticipated specific employ-
ment needs in the generally older group of research managers
and directors. Instead, it is governed mostly by the amount
of funds (mostly ROI grants) made available (primarily by
the NIH and other federal agencies) for the conduct of bio-
medical research.

A direct corollary of this approach is that the workforce
is constantly being replaced with new cadres of graduate
students and postdoctorates. Although some trainees do, of
course, move on to employment as “independent investiga-
tors” in academia or industry, this is definitely not the case for
the majority of those completing their training—in contrast
to the situation 30 years ago. Certainly many of the graduates
have, out of necessity, been highly creative in looking for
new career outcomes, and in a sense this has also supported
science within this country. However, the fact remains that
more recently this incredibly productive approach has gen-
erated a significant number of individuals who leave bench
science after completion of their training. No one disputes
that the system has been incredibly successful in pushing
the boundaries of scientific discovery, but, at the same time,
it has compelled both individuals and institutions to be cre-
ative in preparing for the wide range of so called “alternative
careers” that many of the graduates of the training programs
now prepare themselves for. In this regard it is important
that institutions are honest with entering graduate students
as to what they may expect and that students recognize that
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the best opportunities will come to those postdoctorates who
have dedicated themselves to excellence.

The financial crisis not only has affected the process of the
review of this committee, but also has clearly exacerbated a
number of issues that had been developing in previous years.
A key issue concerns the likelihood of obtaining a position
in the academic research environment. The age of retirement
in academia is increasing significantly (see specific data in
chapter 3). Furthermore, the financial issues of the past two
years have substantially affected faculty 401(k) plans, and
it seems unavoidable but that the consequence will be a
further decrease in retirement rate until the retirement funds
have recovered some of the lost ground. A further result of
the problems over the past two years is that universities in
general have not expanded their research activities, and this
has put further stress on the availability of new positions.
The net effect is that the previously tight job situation for
postdoctorates looking for teaching or research academic
positions is likely getting worse.

Concern for the employment issues (some said the plight)
of postdoctorates surfaced in the late 1990s as postdoctorates
found that the traditional paths for career development had
become less accessible. Some thought that perhaps this was
because postdoctorates were being held in the postdoctoral
position beyond the time in which the training was complete.
These issues were debated by distinguished groups, and this
led to the formation of the National Postdoctoral Association.
One of the major goals of this organization was to impose
a time limit on the postdoctoral period in the hope that this
would lead to the timely identification of a career position.
Indeed, many institutions promptly implemented policies
forbidding the postdoctoral time period from being longer
than (usually) 5 years. The outcome was predictable: This
approach did nothing to create new jobs or positions, but
instead it probably led to postdoctoral fellows being reclassi-
fied as research (non-tenure-track) faculty, a type of position
that mostly lacks individual space, intellectual independence,
or financial resources. This “faculty” position has been the
most rapidly growing one in medical schools over the past
decade, and it has served to accommodate, in a somewhat
precarious position, significant numbers of Ph.D.s in mostly
clinical departments, where they remain subject to the vaga-
ries of NIH funding as well as to departmental strategic plans
and the funding exigencies of their senior faculty advisors.

INTERNATIONAL POSTDOCTORATES

Another consequence of the difficult economic times
should also be considered. As is documented in Chapter
2, more than 50 percent of the postdoctorate workforce is
made up of individuals who obtained their Ph.D. from other
countries. Indeed, one can make a strong argument that the
influx of highly trained and creative foreigners has contrib-
uted greatly to U.S. science over the past 70 years. However,
the difficulty of obtaining jobs after the postdoctorate period
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has discouraged domestic students from pursuing graduate
and subsequent postdoctorate training. The shortfall required
to support the RO1 workforce has been made up with inter-
national scientist postdoctorates. The major source of such
postdoctorates in recent decades has been China and India.
However, in recent years China has been investing mas-
sively in its research base, and it is now second in the world
in research and development, and at the same time the U.S.
share of new doctorates has dipped below 50 percent for the
first time. If the attractiveness of biomedical research con-
ducted in these foreign postdoctorates’ homelands were to
exceed that of a stint in the United States, then the reservoir
from which we have driven (at least in part) our RO1 research
for the past 30 years might well dry up. And because Ph.D.
training is a lengthy process we would not at present be able
to quickly replace this shortfall with homegrown Ph.D.s. If
this process were to happen relatively suddenly (and given
the economic uncertainties this is no longer a outlandish
suggestion) the effect on biomedical research in this country
could be profound.

EXPORTING TRAINING GRANT SUCCESSES TO
NIH-SUPPORTED TRAINEES

The training grant mechanism has contributed to a number
of significant improvements in overall graduate education
over the past two decades. These include improvements in
minority recruiting, more rigorous and extensive training
in the responsible conduct of research and ethics, increased
emphasis on career development, more attention to out-
comes, and the requirement for incorporating more quan-
titative thinking in the biomedical curriculum. At schools
with training grants these attributes unavoidably spill over
somewhat into those graduate programs, which might lack a
training grant. However, without the pressures coming from
the training grants, schools could easily miss out on some
of these benefits.

In practice the majority of students—including, of course,
all non-citizen students—are not supported by training
grants. These students are mostly supported by ROI grants.
The committee felt that all students and postdoctorates who
are supported by NIH monies, either directly or indirectly,
should benefit from the best practices developed through the
training grant mechanism. There are many ways this might be
achieved, and the NIH should encourage universities and other
institutions to develop these approaches in the ways they see as
most applicable to the culture at their own institutions.

DIVERSITY

Training grants have been promoting diversity for
20 years. In some ways they have now succeeded, though
much remains to be done. In particular, the gender differ-
ence has essentially disappeared for graduate students and,
recently, even among postdoctorates. However, it is clear that
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women continue to be less represented among tenure-track
faculty in research-intensive universities.! A series of studies
have suggested that this, in part, reflects the fact that women
in general do not see a tenure-track faculty position as attrac-
tive and family friendly, and improvement is unlikely until
universities change basic policies related to family issues. At
the same time we do see ever more women moving from the
postdoctorate period into non-tenure (research) track posi-
tions (AAMC data book 2010).

The representation of ethnic and racial minorities in
graduate programs has increased quite dramatically in bio-
medical research, almost certainly in response to pressure
from the requirements of training grant applications. In
fact, the representation of such minority groups in graduate-
student and postdoctorate populations is approaching the
same proportion that these groups have represent among B.S.
recipients. However, the appointment of minority groups to
biomedical science tenure-track faculty positions has so far
not followed this trend, and, indeed, minority representation
in medical school basic science faculties has been static for
30 years. As with women, racial and ethnic minorities seem
disinclined (AAMC data) to look for (or stay in) tenure-
track faculty positions. In the past there might have been
a criticism of hiring practices, but increasingly we have to
face the possibility that this is not the explanation for the
current situation and that some other critical issue related
to the satisfaction and stresses of a faculty career is now
coming into play.

DATA COLLECTION

One issue that surfaced time and again was related to
data collection. In its training grant and fellowship applica-
tions, the NIH collects a wondrous amount of information. If
entered into an appropriate database, this information would
provide the foundation for evaluating the effectiveness of
the NRSA funding over time. Unfortunately, although the
information probably exists (and is certainly collected), until
recently it has been difficult to access, as it has existed mainly
in the form of paper files and, more recently, as electronic
“flat” files. The workforce committee is recommending that a
training database be established that would allow mining for
outcomes and comparison with training outside the NRSA
mechanism (through RO1 support).

Finally, the committee spent quite some time discussing
the actual process of conducting this review. In essence,
although one or two committee members were “holdovers”
from the previous group, most of the members were new.
It took at least two meetings to figure out exactly what was
required and what the scope of the review was in order to
understand the nature of the charge to the committee. Then
we evaluated the impact of the previous workgroup, and

! See http://www.americanprogress.org/issues/2009/11/women_and_
sciences.html.



how that affected our goals. Thus it became apparent that
there was little continuity in the review mechanism, and, in
essence, each newly constituted committee has to reinvent
the wheel every time. This is inefficient. And so, guided by
the retained members who reported that they experienced
the same problem four years previously, we have proposed
that a mechanism be developed at the NIH to evaluate the
recommendations and their implementation as appropri-
ate and to ensure that this ongoing process is forwarded to
the new workforce committee at the very onset of the next
review process.
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Summary

The importance of research for the improvement of health
and health care has been recognized both nationally and
internationally for many decades. In the United States the
most visible sign of this recognition is the strong and endur-
ing support for the National Institutes of Health (NIH). The
creation of a research establishment that supports research
ranging from very basic to applied has yielded incredible
dividends in terms of improving the health care of the nation.
Many of these improvements have a common theme: Very
fundamental basic research provided an understanding of
human physiology that ultimately resulted in improved
health care. In many cases, the basic research occurred
decades before its application and with no apparent applica-
tion. Thus, the benefits of research to the health care of the
nation are quite clear.

To continue to derive and extend these benefits, we require
a highly trained workforce. This workforce must have an
infusion of new people with new approaches on a steady
basis if it is to be successful. An investment in the training of
this workforce is an investment in the health of this country.
The introduction of the National Research Services Award
(NRSA) program in 1973 was a significant step in main-
taining this workforce, and while it supports only a small
fraction of the predoctoral and postdoctoral scientists in the
biomedical, behavioral, and clinical sciences, it has set the
standard for training, regardless of the sources of support.

The legislation establishing the NRSA program also
called for periodic review by the National Research Council
of the program and evaluation of the national needs for
research personnel, and this report is the thirteenth in the
resulting series. The task of assessing and predicting the
status of research personnel is complicated by the need for
accurate and complete data on the supply and demand of per-
sonnel and by the effects of external forces. Examples of the
latter are downturns in the economy, the effect that national
health care legislation will have on the clinical profession,
and possible changes in the flow of international talent in

the biomedical sciences with the development of world-class
research institutions in foreign countries. The statement of
task for the committee is:

A committee will advise the National Institutes of Health
(NIH) and the Agency for Healthcare and Quality Research
(AHRQ) on issues regarding research personnel needs as they
relate to the administration of the National Research Service
Awards (NRSA) program. The committee will gather and
analyze information on employment and education trends
of research scientists in the broad fields of the biomedical,
behavioral, and clinical sciences, and in the subfields of oral
health, nursing, and health services research. The analysis
will take into consideration the demographic changes in the
United States, changes in disease pattern, and changes in
scientific opportunity. The committee will deal broadly with
the training needs and direction of the NRSA program as
they relate to relevant federal research training policies, the
impact of changes in the level of support for research and
training, and the emergence of cross-disciplinary research
areas. The analysis will include an estimate of the future
supply of researchers from the current and future population
of graduate students and postdoctorates, and the committee
will make recommendations on the overall production rate of
research personnel in the biomedical, behavioral, and clinical
sciences for the period 2010 to 2015 as it relates to the NRSA
program. Separate consideration will be given to training
with respect to NIH dual-degree and career development
programs, and NIH programs that are designed to address
diversity in the research workforce.

Reflecting the broad fields identified in the statement
of task, the committee divided the research enterprise into
three major areas: basic biomedical, behavioral and social
sciences, and clinical research. These areas are discussed in
detail in individual chapters in this report. Additional chap-
ters are devoted to dentistry, nursing, and health services
research, even though these can be thought of as subfields
of the major areas. An additional chapter addresses training
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issues that cut across the above fields. Recommendations are
found in the individual chapters and are referenced here by
number following the recommendation.

FUTURE WORKFORCE PROJECTIONS

For each of the three major areas considered—biomedical
sciences, behavioral and social sciences, and clinical
sciences—the committee commissioned contractors to
develop workforce models using two different methods.
One is a life-table model, similar to that used in the past
two studies, and the other is a new approach that relied on a
systems dynamics model. Each model includes estimates of
the numbers of new Ph.D.s and M.D.s entering the workforce
and of the size of the workforce through 2016. The results of
this modeling should be taken as approximations, because
the data available to analyze the past and current status of
the workforce are incomplete, the career trajectories of new
doctorates are not predictable, and most importantly, it is
impossible to judge the effects of the current major stresses
on the world and national economies, on the budget available
for research, and on the state of the world in general with
regard to war, disease, and immigration policies.

The models predict substantial growth in the biomedical
and clinical sciences and little growth in the behavioral and
social sciences. The role that foreign scientists will play in
influencing the size of the job market in the biomedical and
clinical sciences is significant, and changes in the level of
participation among these foreign scientists could reduce the
predicted growth. The life-table model estimates a larger bio-
medical workforce in 2016 than does the systems dynamic
model for scenarios with the greatest projected workforce
entrance. The differences in the workforce projections
among the different scenarios are substantial, and it is dif-
ficult to predict which scenario will provide the best estimate,
considering the status of the economy, the national debt, and
research support. Unemployment among trained researchers
should remain low; however, in 2006 there was an increase
in the number of postdoctorates in all sectors, and this may
reflect a weakening of the job market as the NIH budget, after
its doubling, was essentially kept constant.

ECONOMIC REALITIES

When the study committee began its deliberations, the
economy was showing the first signs of a downturn that
would deepen to a recession and dramatically affect employ-
ment and economic development around the world. Spending
over the past decade and the cost of the stimulus package
have significantly increased the debt of the federal govern-
ment, and reports such as that from the U.S. Deficit Commis-
sion predict massive reductions in U.S. spending. The extent
of any future cuts in the NIH budget—and, in particular,
the extent of cuts that affect training—is unknown. As the
committee reviewed the state of research training, however,

it became clear that recommendations that call for increases
in the NIH training budget are important and should be made
for the health of the current and future research workforce in
the biomedical, behavioral, and clinical sciences.

Given the current and projected future economic environ-
ment, it is unlikely that the NIH budget will allow for the
implementation of recommendations that require new exter-
nal funds. A more realistic possibility is the reallocation of
existing resources. It is not within the committee’s charge,
nor did we have the information to recommend how funds
within the NIH might be reallocated. The NIH is in the best
position to realign its agenda. Recognizing that reallocation
of existing funds is nearly inevitable, however, we have
identified the three most costly recommendations and placed
them in priority order.

RECOMMENDATION ON THE NRSA POSITIONS

The primary task of recommending the number of NRSA
positions for 2010-2015 was complicated by the inconclu-
sive results from the two models for projecting the future
workforce combined with the existence of major economic
uncertainties. Based on the ongoing need to maintain a
strong research workforce, the committee recommends that
the total number of NRSA positions in the biomedical
and clinical sciences should remain at least at the fiscal
year 2008 level and in the behavioral sciences should
increase back to the 2004 level. Furthermore, future
adjustments should be closely linked to the total extra-
mural research funding in the biomedical, clinical, and
behavioral sciences (3-1, 4-3, and 5-1). In recommending
this linkage, the committee realizes that in the case of a
decline in extramural research, a decline in training would
also be appropriate.

The year 2008 is the last year for which the most complete
data are available and represents the highest level of support
in recent years in the biomedical and clinical sciences. In
contrast, 2008 support in the behavioral sciences declined
from the 2004 level. Bringing the level of support in the
behavioral and social sciences in 2008 up to the level in
2004 would require the addition of about 370 training slots
at a cost of about $15 million. Considering the importance
of research in this area, a return to the previous level is
essential.

The highest quality of workforce is necessary for a suc-
cessful research enterprise. The NRSA program is important
in this regard. Even if it trains only a small fraction of all the
students and postdoctoral fellows involved in research, these
training programs set the standards for the entire research
training establishment. In addition, they attract high-quality
students into research and into fields of particular need.
The record of success of NRSA award holders in obtaining
research funding is impressive, and the results of the nation’s
training efforts are self-evident: The United States continues
as a world leader in research.
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PRIORITIES FOR OTHER RECOMMENDATIONS
WITH LARGE COST IMPLICATIONS

In addition to the recommendation on the number of
NRSA positions, there are several other recommendations in
this report that will require additional resources. Most call for
modest increases and could be accomplished by a shifting of
resources within an institute or center. Three, however, would
require significant additional funds. They are listed below in
priority order. In prioritizing these actions, the committee
considered both their cost and their merits, along with likely
future constraints on the NIH budget.

(1) NIH should reinstitute its 2001 commitment to
increase stipends at the predoctoral and postdoctoral
levels for NRSA trainees. This should be done by bud-
geting regular, annual increases in postdoctoral stipends
until the $45,000 level is reached for first-year appoint-
ments, and stipends should increase at the cost of living
thereafter. Predoctoral stipends should also be increased
at the same proportional rate as postdoctoral stipends
and revert to cost-of-living increases once the comparison
postdoctoral level reaches $45,000 (2-1).

When fully implemented, the estimated annual cost of this
recommendation would be about $80 million, or 10 percent of
the NRSA budget. If phased in over four years, the $20 million
dollar annual increase would be about 2 percent of the NRSA
training budget. This increase should not be accomplished by
reducing the number of individuals supported by the NRSA
program. Despite the cost, the committee thought this increase
to be sufficiently important to give it the highest priority.

It has been almost 10 years since NIH endorsed the
recommendation from the 2000 National Research Council
(NRC) report and subsequently instituted a plan to increase
the minimum postdoctoral stipend to $45,000 with propor-
tional increases at the predoctoral level. But after a few years
of implementation, there were no compensation increases,
and in the past two years the increases were 1 percent. By
returning to its targeted minimum, the NIH would allow
NRSA stipends to be competitive and would retain the best
trainees in the program. The quality of the workforce can-
not be maintained without an appropriate level of support.
The President also sees this as an issue, and the 2011 budget
request for NIH included a 6 percent increase in stipend
levels, although it was at the expense of a 1 percent decrease
in the number of training slots.

(2) The size of the Medical Science Training Program
(MSTP) should be expanded by at least 20 percent, and
more if financially feasible (3—4).

Currently there are 911 MSTP slots at an average cost of
$41,806 per slot. An increase by 20 percent to about 1,100
slots would increase the MSTP budget by about $7.6 million,
or | percent of the NRSA budget. If phased in over time, the
impact would be less.

The MST Program has proved remarkably successful in
attracting outstanding physicians into research. Although the
program is expensive, we believe that a modest expansion
would serve the nation well. A recommendation to increase
the size of the program was made in the previous NRSA
study but was not implemented. The committee also recom-
mends, strongly, that this increase in the size of the MST
program be accomplished by increasing the total number of
MST programs and thereby the number of students trained,
and not by expanding the size of existing MST programs.
Broadening the scope of MSTP training responds to the
current national commitment to improve the effectiveness,
efficiency, and accessibility of health resources, while con-
trolling costs.

(3) NIH should consider an increase in the indirect cost
rate on NRSA training grants and K awards from 8 per-
cent to the negotiated rate currently applied to research
grants. The increase in the rate could be phased in over
time (2-2).

This would require a five- or six-fold increase in indirect
costs, or $191 million for the NRSA program at its current
size and $338 million for K awards. There was not unanimity
within the committee on this recommendation because of
concerns about costs and the reduction in program size
that could result with a stagnant NIH budget. An increase
of $529 million is significant, even in light of the reason-
ing to have NIH share the full cost of administrating these
programs, but the committee wanted to record its support
for the measure and its hope that it could be implemented
at some point.

Many of the requirements and support activities centered
in training grants—such as minority recruiting, education
in the responsible conduct of research, and professional
development—have improved the overall tenor of graduate
education immensely over the past decade. However, these
activities cannot be covered by the current 8 percent indirect
cost allowance and therefore must rely on institutional funds.
Similarly the K awards, which have served a tremendously
important role in fostering the early career development of
both basic and clinical researchers, utilize the same facili-
ties as funded researchers and generate their own significant
administrative costs, yet have the same 8 percent indirect
cost allowance.

OTHER RECOMMENDATIONS

Training in Responsible Conduct of Research

NIH in 2009 issued a detailed policy outlining the
agency’s expectations for training in the responsible conduct
of research (RCR), along with recommendations on how to
establish specific curricula. The requirement of RCR train-
ing within the T32 mechanism has led to the development
of curricula and educational practices that should benefit
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all students and postdoctorates being trained in biomedical,
health sciences, and behavioral research. Accordingly, all
graduate students and postdoctoral fellows who are sup-
ported by the NIH on Research Program Grants (RPGs)
should be required to incorporate certain additional
“training grant-like” components into their regular
academic training program. These should include RCR
training, exposure to quantitative biology, and career
guidance and advising (2-3).

Diversity

The demographics of this country are changing, and
underrepresented minorities (URMs) are approaching a
majority of the citizenry. The NIH is committed to increasing
the diversity of the health sciences workforce through many
programs, such as the Minority Access to Research Careers
and Minority Opportunities in Research programs in the
National Institute of General Medical Sciences (NIGMS),
and the number of URM students in biomedical graduate
programs has increased from 2 percent in 1980 to 11 percent
today. However, in 2009 minority representation was 2 per-
cent for tenured and tenure-track medical school faculty in
basic science—the same as in 1980—and was 4 percent for
non-tenured or non-tenure track faculty. Graduate student
and postdoctoral training programs that educate and
train students who are funded by RPGs should be subject
to the same expectations for diversity of trainees that are
expected of training grants. Such programs should be
required to provide assurance on R01 grant applications
that efforts are being made to increase diversity, though
they will likely have to be at an institutional level (2—4).

K24 Mentoring Awards

The K24 mentoring award has been successful in develop-
ing the careers of clinical scientists and should be expanded
to the basic sciences. In addition, this mechanism could also
be used to support diversity at the faculty level. The NIH
should expand the K24 mentoring award mechanism to
include the basic sciences and adapt the K24 mechanism
to provide the opportunity for established mid-career
faculty to mentor early-stage investigators in the basic
sciences, including recipients of the the new R00 awards
(Phase 2 of the Pathways to Independence Award-K99/
R00 Award). Additionally, the K24 award mechanisms
for both basic and clinical mid-career faculty should be
utilized to enhance institutional efforts to recruit and
develop a diverse faculty. Specifically, the NIH should
develop a new category of K24 awards targeted to
enhance the success of early-stage basic and/or clinical
investigators, or reserve a fraction of existing K24 awards
for mid-career applicants whose mentees will include one
or more URM faculty members (2-5).

Data Management

Are NRSA awardees more successful and productive in
their subsequent careers than others? Competitive initial
and renewal applications for these programs contain an
enormous amount of information, but no systemic approach
has been developed to capture this information for rigorous,
data-driven analysis. This problem will become all the more
acute if trainees supported on RO1 grants become a part of the
overall database. The need for a modern data recording and
management system is desperate, and such a system should be
implemented without delay. The NIH should collect reliable
data on all of the educational components that it supports
in such a manner that this information can be stored in an
easily accessible database format. Such data might consist
of important components of the training grant tables, as
well as retention and subsequent outcomes (2—6).

In the same vein, applications for training grant support
require many detailed data tables, some of which are largely
irrelevant to the proposal award process. The committee
recommends that the data tables be reviewed and a
determination made, in consultation with the awardee
community, as to which are really essential for reviewing
the proposal and which should be incorporated into the
databases (2-7).

Program Evaluation and Future Coordination

One aspect of training programs that has not been evalu-
ated to date is how the value of the research training was per-
ceived by the program director and the trainees themselves.
This information should be collected by an anonymous
survey, where the only identifier would be the particular
institute or center at which the NIH trainee was supported.
Specifically, a training evaluation questionnaire should
be created so that all participants in the full range of
NIH-funded training vehicles can provide a confidential,
unbiased evaluation of the program in which they were
trained. The intent of this recommendation is not to pro-
vide additional information for the competitive renewal
of a particular program, but rather to allow the NIH
to evaluate the merit of all of its training approaches
broadly (2-8).

There should also be better communication between the
NIH and the NRC during the periods when the NRSA pro-
gram is not in review. Such coordination would enhance the
information-gathering process and allow the committees at
the start of the review to complete their work more rapidly
and efficiently. Greater continuity would benefit subsequent
NRC committees in crafting recommendations and in
monitoring their implementation by the NIH. Accordingly,
it is recommended that the appropriate office at the NIH
involved in analyzing these recommendations should
issue an annual report to the Director’s Advisory Com-
mittee on the status of review and implementation. After
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approval, such a report should be forwarded to the NRC
to be made available to the subsequent review commit-
tees. In addition, the NIH may wish to invite external
experts to provide added insight into the analysis. There
are a number of ways that this could be done, but the
exact mechanism is left up to the NIH (2-10).

Nontraditional Outcomes

Traditionally, a successful career in the biomedical sci-
ences was defined as a research position in a university with
grant support from NIH or other funding organizations.
While many trainees still aspire to this career goal, many
others use their biomedical training to provide other societal
benefits—as researchers in the private nonprofit sector or
in the pharmaceutical, biotechnology, and medical device
industries; by inventing and developing new products; by
teaching science in the secondary schools; and with careers
in intellectual property law, in finance, and in government
service. To recognize these career paths, peer reviewers in
evaluating training grant applications, especially com-
peting renewals, should be instructed to broaden their
conception of “successful’”’ training outcomes to recognize
nontraditional outcomes that meet important national
priorities and needs in the biomedical, behavioral, and
clinical sciences (3-2).

Similarly, in light of chronic and escalating concerns
about the uneven quality of precollege science education
and its effect on students’ career choices, one highly needed
and extremely valuable outcome is for biomedical and
behavioral sciences trainees to teach middle and high
school science. The NIH and the Department of Educa-
tion should work to provide incentives that would attract
trainees into these teaching careers and lead a national
dialogue to accelerate the processes of teacher accredita-
tion controlled by the individual states (3-3).

M.D./Ph.D. Training Programs

In addition to having their funding increased by 20
percent (3-4), MSTPs should be encouraged to include
basic behavioral and social sciences training relevant to
biomedical and health sciences research (3-5). This is con-
sistent with the recommendations below to increase training
programs in basic behavioral and social sciences across NIH
centers and institutes (4—1, 4-2, 4—4).

MSTPs should also be encouraged to intensify and
document their efforts to identify and recruit qualified
nontraditional, underrepresented groups (women and
minorities). These efforts should be a factor in the evalu-
ation of all requests for MSTP funding increases and
should be conditions for receipt of any MSTP funding
increases. Success depends on having a critical mass
(rather than isolated examples) of underrepresented
trainees in any given MSTP (3-6).

Furthermore, the F30 awards have proven to be an effec-
tive way for students in M.D./Ph.D. programs to gain NIH
support for their activities. They also provide a means of
support for students at institutions that do not have an MSTP.
Consequently, all institutes should be encouraged to
make F30 fellowships accessible to qualified M.D./Ph.D.
students (3-7).

Behavioral and Social Sciences

The behavioral and social sciences receive considerably
less training support than the other two major fields, but
their role in the nation’s health has become increasingly
important. The lack of support may in part be due to the
lack of an NIH institute that focuses exclusively on basic
behavioral and social sciences research. Much of the cur-
rent funding is oriented toward the research areas of the
categorical institutes, and this should continue since it links
behavioral and social sciences research to the missions of the
institutes. However, training programs in basic behavioral
and social sciences that cut across disease categories and
age cohorts should be housed at NIGMS, which would
be consistent with the NIGMS congressional mandate.
Given its disciplinary expertise, the Office of Behavioral
and Social Sciences Research (OBSSR) should cooperate
in this effort. NIGMS will need funds and appropriate
staff dedicated to this new effort (4-1).

In addition, training programs in basic and traditional
behavioral and social sciences that bear specifically on
particular diseases and specific age cohorts should be
housed in all the relevant institutes and centers. Given
both its disciplinary expertise and its role in connecting
institutes and centers (ICs), OBSSR should cooperate
in this effort (4-2). An earlier recommendation calls for
expanding the MSTP to the behavioral and social sciences. In
parallel, the F30 program should also be extended to clini-
cal behavioral scientists in M.D./Ph.D. programs (4—4).

Clinical Sciences

The earlier recommendation for the MSTP applies with
equal force to the clinical sciences, since part of the train-
ing occurs in this area. However, the hope that M.D./Ph.D.
programs would provide the transitional and clinical research
workforce has not been completely fulfilled. On the other
hand, medical students and residents might be attracted to
research in these areas if they are exposed to the principles
of clinical research and given the training to carry out
such research effectively. The NIH, in consultation with
academic medical leadership, should identify better
training mechanisms for attracting medical students
into translational and clinical research and should fund
pilot programs designed to implement promising new
approaches to accomplishing that objective (5-2). While
the areas of oral health and nursing are considered subfields
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of the clinical sciences, and while health services research
is at least partially a subfield, these areas were considered
separately in this study.

Dentistry

While dentistry is primarily practice-oriented, there is
another career path that brings strong science to the problems
of oral, dental, and craniofacial health. There is a need for a
critical mass of investigators with a long-term commitment
to research in the oral health sciences. Consistent with the
2009 National Institute of Dental and Craniofacial Research
(NIDCR) strategic plan, the committee recommends several
actions to increase the biomedical research workforce in
the oral health sciences. First, efforts should be made to
achieve closer integration between schools of dentistry
and the broader biomedical and health sciences research,
practice, and education communities with the goal of
generating new and vibrant research pathways and part-
nerships for students and faculty (6-1).

Second, financial support of dental students and post-
doctorates with an interest in research is critical. NIDCR
should establish research fellowships, including K awards,
and individual research awards to provide greater oppor-
tunities for independent NIH research support for den-
tists, as well as programs to fund non-dentists in Ph.D.
programs in subject areas relevant to oral health and
also programs for internationally trained non-U.S. citizen
dentists seeking Ph.D. and postdoctoral fellowships. To
accomplish this may well require that NIDCR rethink
its current priorities and may require additional funding.
Partnerships between NIDCR and other components of
the academic health system need to be developed and
maintained based on recognition of the value added by
the oral health sciences. The NIH-sponsored Clinical
and Translational Science Awards and Practice-Based
Research Networks should explicitly identify a collabora-
tive role for oral health research (6-2).

Third, it is essential that some form of debt relief be
available to dental students who commit to pursue research
careers. Most students graduate with debt well over $100,000
and not unreasonably view dental practice as the only way
to pay that debt. The committee recommends the develop-
ment of programs that offer supplements for full or
partial coverage of tuition or that offer loan forgiveness,
or both, for the dental school component of combined
D.D.S./D.M.D./Ph.D. programs. This would allow most
of the burden of the D.D.S./D.M.D. tuition to be covered
for students who commit to long-term careers in dental
research. Enhanced stipends for graduate students
should be provided if fiscally feasible without causing stu-
dents to lose eligibility for low-interest student loans. In
conjoined D.D.S./D.M.D./Ph.D. programs, when the clini-
cal degree is awarded prior to the Ph.D., the NIH should
permit postdoctoral stipend levels to apply during the

post-D.D.S. phase (as opposed to the lower, predoctoral
stipend levels). The feasibility of adaptations of the exist-
ing Medical Science Training Program (M.D./Ph.D.)
model to dental education—including full funding for
eight or so years—should be explored (6-3).

Nursing

The nursing profession shares the same shortage of
research personnel as dentistry, but for different reasons.
Because of the structure of their profession and their
education process, nurses begin doctoral study at a much
later time in life and take longer to complete the degree
than in other fields with more NRSA support. In response
to the graying of the profession, the T32 programs in
nursing should emphasize a more rapid progression into
research careers. Criteria for application should include
predoctoral trainees who are within eight years of high
school graduation, streamlining the requirement for a
nursing master’s degree in passing to the Ph.D. and pro-
viding support for postdoctoral trainees who are within
two years of completion of the Ph.D. (7-1).

To increase research capacity for the existing work-
force, the National Institute of Nursing Research (NINR)
should (1) increase the number of mid- and senior-
career awards to enhance the number of nurse scien-
tists capable of sustaining programs of research, and
(2) increase the length of support for K awards to five
years to be consistent with other institutes and centers
(7-3). The NINR budget is less than half that of any other
institutes that provide NRSA support and, because of that,
has difficulty balancing training and research support. In
consideration of the size of the NINR budget and the acute
need for nursing faculty, NIH should request additional
support from Congress to allow NINR to more closely
meet this acute need (7-4).

As described elsewhere, the MSTP has proven to be ben-
eficial in attracting and sustaining a research workforce. In
this regard, NINR should develop and pilot test a MSTP-
like program to support clinical training at the Master of
Science in Nursing (MSN) or Doctor of Nursing Practice
(DNP) level for those nursing students wishing to be clini-
cian scientists (7-5).

Health Services Research

Considering the critical need for health services research
at a time when the nation’s health-care system is undergoing
extraordinary changes, the NRSA support for such training
at NIH is modest, less than half a percent at the predoctoral
level and less than half of that at the postdoctoral level.
Health services research training should be expanded
and strengthened within each NIH institute and center
(8-1). Also, the 1 percent of the NRSA budget that is now
set aside is not sufficient for the training supported by the
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AHRQ; AHRQ training programs should be expanded,
commensurate with the growth in total spending on
health services research, including comparative effective-
ness research (8-2).

CONCLUSION

In general, over the past 40 years the NRSA program
has been of enormous benefit in training the workforce
responsible for the dramatic advances in the understanding of
disease and has provided insights that have led to more effec-
tive and targeted therapies. The NRSA program has been

an important component of the biomedical research enter-
prise in the United States—the standard that other nations
measure against. To sustain this preeminence, NIH training
mechanisms must be nimble in responding to changes in U.S.
immigration policy, changes in global employment opportu-
nities for international graduate students and postdoctorates,
growth in U.S. minority populations, profound changes in the
health-care system, severe financial problems in U.S. higher
education systems, chronic inadequacy of science education
in K-12, and other conditions that may arise. Strengthening
the NRSA and related training programs will help them meet
these challenges.






Context and Issues

STUDY CONTEXT AND HISTORICAL DEVELOPMENTS

Advances in biomedical, clinical, and behavioral research
have significantly contributed to increased human life span
and well-being over the past century, and the support and
guidance of the National Institutes of Health (NIH) has
had a significant role in enabling this research. Among the
major benefits of this research have been vaccines for polio,
measles, mumps, Streptococcal pneumonia, Hemophilus
meningitis, and a host of other infectious diseases; insulin
treatment for diabetes and sophisticated instruments for
monitoring glucose levels in the blood; medications to
control blood pressure and serum cholesterol; medical and
surgical procedures for the treatment of heart disease, includ-
ing cardiac valve and whole organ transplants; antiretroviral
drugs for the treatment of AIDS; and increasingly success-
ful treatments for cancer. The successful completion of the
Human Genome Project has led to a plethora of new insights
and experimental strategies for understanding major, chronic
human diseases at the most fundamental levels and has led
to continuously growing numbers of diagnostic tests based
on genome, proteome, and metabolome arrays as well as
to new types of powerful and targeted treatments. These
advances are already transforming our understanding of
human physiology and pathophysiology and redefining with
far greater specificity and precision our understanding of, and
approaches to, complex human diseases. Not only are these
advances transforming the practice of medicine, but also they
have enabled new, quantitative whole-organism approaches
to the study of health and disease by providing the scientific
and technological foundation for the burgeoning new disci-
pline of systems biology.

The behavioral and social sciences in recent years have
benefited from a tremendous leap in the sophistication of
methods and tools, leading to a realistic expectation that use-
ful and effective answers to fundamental questions central
to disease prevention and health promotion will result from

investing in research training in these areas. At the level of
human behavior, the behavioral and social sciences produce
knowledge about health issues such as drug and alcohol
abuse, obesity, violent behavior, smoking, maintenance of
drug treatment regimens, stress management, ability to cope
with illness, and health decision-making. At the level of
society, the economics of maintaining health and delivering
health care can significantly benefit from the research that is
carried out in this area.

As these sciences have been maturing, our society has
come to realize the absolute necessity of the research find-
ings they produce for the understanding and the treatment
and prevention of its health problems. To capitalize on these
often-transformational changes requires a highly trained work
force that is capable of contributing in increasingly multi-
disciplinary teams that span scientific domains from biology,
chemistry, and physics to engineering, informatics and math-
ematics. Continuing to invest in the training of this workforce
is to invest in the health and well-being of this country.

RESEARCH TRAINING AT THE
NATIONAL INSTITUTES OF HEALTH

The history of clinical and research training at the NIH
dates back to the naming of the NIH in 1930, when Congress
also authorized the first research fellowships in the biological
and medical sciences. The ensuing decades have witnessed
dramatic growth not only in the NIH budget but also in the
number of institutes, the disciplines encompassed, and
the mechanisms for funding. From 1975 to 2008 the National
Research Service Award (NRSA) program has provided
traineeship and fellowship support at the predoctoral level for
about 40,000 graduate students in the biomedical, behavioral
and social, and clinical sciences. At the postdoctoral level,
during this period about 31,000 trainees and fellows were
supported across the same broad fields.
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BOX 1-1
Research Training at the National Institutes of Health

The origins of research training at NIH date to 1930, when the Ransdell Act changed the name of the Hygienic Laboratory to the National Institute
of Health (a single institute at that time) and authorized the establishment of fellowships for research into basic biological and medical problems. While
the harsh economic realities of the Great Depression imposed constraints, this legislation marked a new commitment to public funding of medical
research and training. The National Cancer Act of 1937, which established the National Cancer Institute (NCI) within the Public Health Service (PHS),
funded the first training programs targeting a specific area. This legislation supported training facilities and the award of fellowships to outstanding
individuals for studies related to the causes and treatment of cancer. In 1938, 17 individuals received fellowships in cancer-related research fields,
such as biochemistry, physiology, and genetics.

NCI became part of NIH with the passage of the Public Health Services Act of 1944—the legislative basis for NIH's wartime and postwar expansion
of research and training programs and, more generally, for a major federal commitment to support biomedical research. This expansion was supported
by legislative actions that converted existing divisions within NIH to institutes and centers and the establishment of new institutes or centers, each with
field-specific training and research missions. In particular, the first of these laws—the National Heart Act of 1947—established the National Heart
Institute and changed the name of the National Institute of Health to the National Institutes of Health.

Throughout the 1940s, 1950s, and 1960s there was substantial growth in the NIH budget, with annual increases averaging 40 percent from 1957 to
1963 (with dollar increases ranging from $98 million to $930 million). This funding raised the number of grants to academic institutions and enabled greater
federal assistance in both the construction of research facilities and the establishment of fellowship and training programs for research personnel; it even
allowed for limited investment in the support of research in foreign countries. The growth in research and training support slowed in the late 1960s, to about
6 percent annually, with a consequent decline in the number of research grants, both foreign and domestic, and a curtailment of facilities construction.

Support in the 1970s reflected public and congressional interest in specific diseases. Legislation provided increased funding for such research
areas as cancer and pulmonary and vascular disorders, and the eleventh institute on the NIH campus, the National Institute on Aging (NIA), was estab-
lished in 1974. The NIA also brought a new perspective to NIH in that it was authorized to support not only biological research but also social and
behavioral research. While funding for research in targeted areas was welcomed at NIH, this also meant that research in less visible areas tended to
decline. Institutes such as the National Institute for General Medical Sciences and the National Institute of Allergy and Infectious Diseases saw annual
average reductions of about 10 percent.

By the early 1970s, training support was authorized through the different institutes and centers by 11 separate pieces of legislation. However, in its fiscal
year 1974 budget recommendations, the administration proposed the phasing out of research training and fellowship programs over a five-year period
by making no new awards and honoring only existing commitments. The reasons it cited for this proposal were that the need for such programs and the
manpower trained by them had never been adequately justified, people trained in these programs earned incomes later in life that made it reasonable to
ask them to bear the cost of their training, large numbers of those trained did not enter biomedical research or continue their training, alternative federal
programs of support for this training were available, and the programs were not equitable because support was not available equally to all students.

The administration’s proposal met with virtually universal opposition by members of the nation’s biomedical research community. As a result, the
administration revised its position and proposed a new, but smaller, fellowship program at the postdoctoral level. This proposal also met with objections,
and in 1974 Congress enacted the National Research Act (P.L. 93-348), which amended the Public Health Services Act by repealing existing research
training and fellowship authorities and consolidating them into the National Research Service Award (NRSA) program. The legislation authorized sup-
port for individual and institutional training grants at the predoctoral and postdoctoral levels, with the stipulation that an individual could be supported
for no more than 3 years. Moreover, to safeguard against some of the cited abuses of the former programs, it restricted training support on the basis
of subject-area shortages and imposed service obligations and payback requirements.

In the years since the National Research Act was signed, the law governing the NRSA program has been modified several times in order to include
new areas of research training and to establish funding levels for selected disciplines. The first change came in 1976, when Congress extended the
program to encompass research training in nursing. Then, in 1978, Congress expanded the NRSA program to cover training in health services research.
In 1985 the program was enlarged once again to include training in primary care research.

Specific funding targets for training in health services and primary care research were established with the Health Research Extension Act of 1985,
when Congress required that 0.5 percent of NRSA funds be allocated to each of the two fields. The same law directed that funds for training in health
services research be administered by the Agency for Health Care Policy and Research and its successor, the Agency for Healthcare Research and
Quality. Research training in primary care originally came under the purview of NIH but in 1988 was delegated to the Health Resources and Services
Administration by Congress after concerns were raised that NIH was interpreting the meaning of “primary care” too broadly. Funding levels for training
in health services and primary care research were increased to 1 percent of the NRSA budget with the passage of the NIH Revitalization Act of 1993,
and these two fields remain the only ones for which specific funding levels have been established by law.

SOURCE: NRC. 2005. Advancing the Nation's Health Needs: NIH Research Training Programs. Washington, DC: The National Academies Press, pp. 5-7.
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Career Development Programs

While the education and training of graduate students and
postdoctoral fellows prepares individuals to do research, the
NIH recognized the need for programs that would help such
individuals go on to establish strong and productive research
careers. In the 1980s they initiated programs (the K awards)
to facilitate the transition from trainee to research scientist
and to give established scientists the opportunity to pursue
new research directions. These programs had two goals:
(1) to provide Ph.D. scientists with the advanced research
training and additional experiences needed to become inde-
pendent investigators, and (2) to provide holders of clinical
degrees with the research training needed to conduct patient-
oriented research.

Dual Degree Training

The Medical Scientist Training Program (MSTP) was
established by the National Institute of General Medical
Sciences (NIGMS) in 1964 to fund research training lead-
ing to the M.D./Ph.D. degree in order to better bridge the
gap between basic science and clinical research.. Graduates
complete the dual degree in about 8 years. Composing only
about 2.5 percent of medical school graduates, M.D./Ph.D.s
annually receive about 33 percent of the NIH grants made
to physician-scientists—attesting to their impressive level
of research productivity. Indeed, by 2004 the number of
first-time M.D./Ph.D. applicants for NIH RO1 grants approxi-
mately equaled the number of M.D. first-time applicants
even though the total populations of M.D.s and M.D./Ph.D.s
are vastly different. In 2009, 10.5 percent of tenured or
tenure-track faculty held dual degrees, and they made up
11.1 percent of the clinical department faculty and 8.7 per-
cent in basic sciences department faculty.

The dual-degree program started in 1964 with three M.D./
Ph.D. programs—at the Albert Einstein College of Medicine,
Northwestern University, and New York University—with 66
trainees; by 2009 the program had grown to include more
than 2,000 M.D./Ph.D. trainees at more than 75 institutions
nationwide, supported by a complex mix of federal plus
diverse institutional and extra-institutional funding sources.
MSTP graduates receive training in a diverse set of fields,
including not only the biological sciences but also the chemi-
cal and physical sciences, social and behavioral sciences,
economics, epidemiology, public health, computer science,
bioengineering, biostatistics, and bioethics.

Although the fact that the program is expensive has repeat-
edly led to concerns about whether it is justified in terms of
the overall outcome, several reports suggest that the MSTP has
delivered on its promise to create a strong workforce of physi-
cian scientists. In 1998 NIGMS published a matched sample
study that compared individuals who completed a MSTP pro-
gram with those who had an M.D., Ph.D., or M.D. /Ph.D. from
a non-MSTP program and found that MSTP recipients were
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more likely both to publish and to apply for and receive grants
from the NIH.! Graduates from a non-MSTP dual-degree pro-
gram were also found to be highly productive.

Most recently, a report by Brass et. al. has provided strong
evidence for the success of this approach in supplying a
dedicated and well trained cadre of clinician biomedical sci-
entists.? This report examined the graduates of 24 M.D./Ph.D.
programs including 4 that were not receiving NIH MSTP
support. Twenty of the programs were among the 42 receiving
MSTP support. Their finding that 82 percent of the program
graduates are doing research and have funding is consistent
with that of the NIH study of MSTP graduates. An important
observation was that program graduates pursue a broad range
of research areas and that many are conducting translational
and patient-oriented research as well as basic research.
Already such individuals are making major contributions
both in terms of new discoveries and also in infusing research
strength into major clinical departments in medical schools
across the country. By any criteria this program can now be
judged a success. In Chapter 3 we recommend an expansion
of the program and encourage that it be diversified to a degree
into non-bench-oriented disciplines.

Minority Programs at the NIH

NIH has been active in the recruitment of underrepresented
minorities into careers in research for nearly 40 years, work-
ing through a constellation of support mechanisms targeted
at specific populations under the Minority Access to Research
Careers (MARC) program and the Minority Biological
Research Support (MBRS) program.

Both the MARC and the MBRS programs are housed in
NIGMS, which encourages cooperation with the other parts
of the institute and regularly promotes MARC and the MBRS
program activities through conferences and other events. In
addition, there are special initiatives that promote training
and career development for minorities, such as the Bridges
to the Doctorate Program, which provides support to institu-
tions to help students make the transition from master’s to
Ph.D. programs. Minority graduate students working toward
the Ph.D. or M.D./Ph.D. degree are also supported through
the MARC program by F31 fellowship awards. The full
range of minority programs for graduate students and post-
doctorates housed in NIGMS and other institutes is described
in detail in Chapters 4 and 5 of the 2003 National Research
Council (NRC) report® Assessment of NIH Minority Research
and Training Programs, Phase 3.

! National Institute of General Medical Sciences, 1998. Available at
http://publications.nigms.nih.gov/reports/mstpstudy/.

2 Brass, L. F., M. H. Aabas, L. D. Burnley, D. M. Engman, C. A. Wiley,
and O. S. Andersen. 2010. Are MD-PhD Programs Meeting Their Goals? An
Analysis of Career Choices Made by Graduates of 24 MD-PhD Programs.
Academic Medicine 85(4):692-701.

3 NRC. 2005. Assessment of NIH Minority Research and Training Pro-
grams, Phase 3. Washington, DC: The National Academies Press.
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BOX 1-2
History of Minority Programs at the NIH

In 1972, at about the same time that the NRSA program was established, the Minority Schools Biomedical Support program—under the admin-
istration of the NIH Division of Research Resources—began awarding grants to faculty and students at minority institutions. That same year research
awards were made to minority faculty under the Minority Access to Research Careers (MARC) Visiting Scientist and Faculty Fellowship program, and
in 1974 MARC was officially established within NIGMS as a formal program to stimulate undergraduates’ interest in biomedical research and to assist
minority institutions in developing strong undergraduate curricula in the biomedical sciences. In 1977 the MARC Honors Undergraduate Research
Training (HURT) program was established, and in 1981 the MARC Predoctoral Fellowship program was created to provide further incentive for gradu-
ates of the HURT program to obtain research training in the nation’s best graduate programs.

These programs continue today with some modifications, such as the replacement of the MARC HURT program with the MARC Undergraduate
Student Training in Academic Research program, which is designed to help meet the need for continual improvement in institutional offerings. Other
additions have included the Post-Baccalaureate Research Education Program Award, MARC Faculty Predoctoral Fellowships, MARC Faculty Senior
Fellowships, MARC Visiting Scientist Fellowships, and MARC Ancillary Training Activities.

As the MARC programs have been growing, the Minority Schools Biomedical Support program also has been evolving. When eligibility for the
program was expanded in 1973, it was renamed the Minority Biological Support program; its name was changed again in 1982 to the Minority Biological
Research Support (MBRS) program in order to reflect its research scope. This MBRS program was transferred to NIGMS from the Division of Research
Resources in 1988, and the NIGMS established the Minority Opportunities in Research (MORE) program branch to serve as the focal point for efforts
across NIH to increase the number and capabilities of minority individuals engaged in biomedical research and teaching. In 1996 the MORE Faculty
Development and Initiative for Minority Student Development awards were established, and in 1998 the Institutional Research and Academic Career
Development Award was announced to encourage postdoctoral candidates’ progress toward research and teaching careers in academia.

SOURCE: NRC. 2005. Advancing the Nation’s Health Needs: NIH Research Training Programs. Washington, DC: The National Academies Press, p. 7.

NATIONAL RESEARCH SERVICE AWARD PROGRAM

In its almost 40-year history, the National Research
Service Award (NRSA) program has provided more than
160,000 training slots in the biomedical, behavioral, and
clinical sciences to students and young investigators. This
has been accomplished through a combination of individual
fellowship awards and institutional training grants. Over the
10-year period from 1998 to 2007, trainees were to be found
in some 258 universities, research institutes, and teaching
hospitals. As the NIH and the Public Health Service (PHS)
have grown over the past quarter of a century, the NRSA
program has evolved to include new fields in the basic bio-
medical sciences, such as genome research and neuroscience,
and has expanded to support training in such clinical sciences
as communication disorders, health services, primary care,
oral health, and nursing.

Institutional training grants, which fund the education of
about 83 percent of NRSA participants, are widely regarded
as one of the best avenues for learning the theories and
techniques of biomedical and behavioral research.*> These

*NRC. 1995. Reshaping the Graduate Education of Scientists and Engi-
neers. Washington, DC: National Academy Press.

>NRC. 1998. Trends in the Early Careers of Life Scientists. Washington,
DC: National Academy Press.

programs are overseen by awardee institutions rather than by
individual research mentors, and this allows for the imple-
mentation of trans-institutional standards for trainee stipends
and benefits, mandated instructional programs in such foun-
dational areas as the responsible conduct of research (RCR),
the ethical conduct of human and animal subjects research,
and sundry career development and counseling programs
addressing such topics as grant writing and reviewing, pub-
lication practices, mentorship, laboratory management, and
preparation of resumes.

Institutional training grants assure institutional ownership
of, and responsibility for, the quality of trainees and their
training programs as well as making available professional
and career development services that may not otherwise be
accessible to trainees on individual fellowships. In other
words, in order to gain support for a training grant applica-
tion, each institution has to review and strengthen all of its
approaches to graduate education, a process from which all
students benefit, not just those specifically supported by the
training grant.

Individual fellowships, which support almost 18 percent of
NRSA recipients at the predoctoral level and 35 percent at the
postdoctoral level, are also awarded on a competitive basis and
provide what is often a first step toward professional inde-
pendence. Fellows develop their own proposals and, once an
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award has been made, are generally accorded a great deal of The relative numbers of trainees at the predoctoral and
autonomy in pursuing their educational and research goals. postdoctoral levels have varied over the life of the program.
In the years since the NRSA program was established, More training was initially provided at the postdoctoral level,
funding for research training has grown overall much more but by 2008, 55 percent of the trainees were predoctoral.
slowly than the NIH budget. In 1975, when the NRSA The training mechanisms (i.e., trainee vs. fellow) have
program began, it supported 3,752 graduate students and also changed. Although the growth in predoctoral training
postdoctoral fellows, and this grew to 11,565 slots by 1980. has predominantly been at the individual fellowship level,
Thirty-two years after this, when the NIH budget had grown in absolute terms the trainees still far outnumber fellows. In
by more than 1300 percent (in nominal dollars), the NRSA contrast, the decline in postdoctoral training has been all at
program supported only 13,790 slots per year. The level of the fellowship level (see Table 1-1).
support has been approximately stable since 1995. It is impor- These numbers do not reflect the actual number of pre-
tant to note that these numbers refer to available “slots” on the doctoral and postdoctoral trainees and fellows since an
grants, and since a given student is often appointed for more individual may receive support for up to 3 years. In recent
than one year, this measure of level of support overestimates years the average median time for a trainee has been 2 years,
the actual number of students supported by this mechanism, which implies that the actual number of graduate students
possibly by as much as two-fold. The NRSA provides but a who have received predoctoral support is less than the total
small part of NIH’s total support for graduate education— in the table by a factor of about two. The average period for
about 22 percent—while roughly two-thirds of the nation’s fellows is slightly longer at 2.2 years. In summary, this means
graduate student support is in the form of Research Assistant- that about half of the 6,641 trainees in 2008 and a little over
ships funded directly by NIH research grants. half of the 1,537 fellows in 2008 should be counted as also

TABLE 1-1 NRSA Trainees and Fellows, by Broad Field, 1975-2008

FY 1975 1980 1985 1990 1995 2000 2005 2006 2007 2008
Basic Biomedical Sciences
Predoctoral Trainees (T32) 1,009 4,184 4,026 4,701 5,095 4,628 4,845 4,516 4,937 5,390
Predoctoral Fellowship (F30, F31) 27 21 80 123 411 400 862 962 1,074 1,154
Postdoctoral Trainees (T32) 474 2,200 2,128 2,232 2,191 2,310 2,598 2,463 2,386 2,475
Postdoctoral Fellowship (F32) 1,106 1,982 1,583 1,483 1,679 1,598 1,365 1,374 1,291 1,284
Total 2,616 8,387 7,817 8,539 9,376 8,936 9,670 9,315 9,688 10,303
Behavioral and Social Sciences
Predoctoral Trainees (T32) 208 655 501 619 505 451 506 522 421 416
Predoctoral Fellowship (F30, F31) 125 74 41 58 101 207 214 183 154 147
Postdoctoral Trainees (T32) 32 368 392 398 411 465 460 401 350 301
Postdoctoral Fellowship (F32) 146 131 86 78 112 114 104 77 50 50
Total 511 1,228 1,020 1,153 1,129 1,237 1,284 1,183 975 914
Clinical Sciences (Excluding Health Services)
Predoctoral Trainees (T32) 65 284 379 385 830 558 633 602 711 807
Predoctoral Fellowship (F30, F31) 3 2 8 153 108 123 190 209 222 228
Postdoctoral Trainees (T32) 346 1,408 1,714 1,287 1,553 1,467 1,893 1,930 1,872 1,968
Postdoctoral Fellowship (F32 ) 211 250 180 99 75 93 140 131 137 143
Total 625 1,944 2,281 1,924 2,566 2,241 2,856 2,872 2,942 3,146
Health Services Research Predoctoral
NIH Predoctoral Trainees 0 3 10 11 6 0 20 27 28 28
NIH Predoctoral Fellows 0 0 1 1 4 8 14 7 8 8
AHRQ Predoctoral Trainees 0 0 8 22 19 3 71 67 76 71
AHRQ Predoctoral Fellows 0 0 0 0 0 0 1 2 1 2
Total 0 3 19 34 29 11 106 103 113 107
Health Services Research Postdoctoral
NIH Postdoctoral Trainees 0 3 5 31 16 0 31 39 29 40
NIH Postdoctoral Fellows 0 0 1 2 1 1 4 3 3 5
AHRQ Postdoctoral Trainees 0 0 5 5 1 3 40 35 37 40
AHRQ Postdoctoral Fellows 0 0 0 3 0 0 2 2 3 2
Total 0 3 11 41 18 4 77 79 72 85

Total All Fields 3,752 11,565 11,148 11,691 13,118 12,429 13,993 13,552 13,790 14,555
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supported in a previous year, which indicates that the actual
number of trainees is about 3,700 individuals per year. This
is consistent with NIH data on the number of Ph.D.s with
some form of NRSA support, which, allowing for attrition,
stands at about 3,000 Ph.D.s.

The relative distribution of trainee support between the
biomedical sciences (70 percent) and all the other areas
supported by the NRSA mechanism has changed little over
the years. However, the number of NRSA-supported trainees
in the social and behavioral sciences has declined recently.
Until 2000 the percentage of trainee slots in this area was
almost constant at 10 percent, but by 2007 it had fallen to
7.1 percent. In contrast, during this interval the number of
supported trainee slots in clinical training increased from
18 percent to 21.3 percent.

Evaluation of the NRSA Program

A number of attempts have been made to quantify the
value of NRSA training. In 1984, NIH conducted an exten-
sive evaluation of the program, with a follow-up evaluation
in 1998.

These evaluations showed that NRSA trainees and fellows
graduated 3 months sooner than those without NRSA sup-
port at the same institutions and 7 months sooner than their
counterparts at institutions without any NRSA grants. In
addition, nearly 58 percent of the NRSA trainees and fellows
had received their doctorate by the age of 30, as compared
with 38.9 percent and 32.3 percent for the non-supported
doctorates from NRSA and non-NRSA institutions, respec-

tively. One factor that may play a role in the difference is
that if students are not NRSA supported, they may have
significant teaching assistantship responsibilities, which may
contribute to a longer time to degree.

Following graduation, NRSA predoctoral trainees and
fellows were more likely to move quickly into research
positions. In fields where postdoctoral study was common,
93 percent of the trainees and fellows reported having
definite postdoctoral commitments, compared to 80 percent
of graduates in the same fields at non-NRSA institutions.
It is difficult to report career path progression accurately,
since people move in and out of positions and postdoctoral
appointments tend not to be for fixed time periods, but NRSA
trainees and fellows appeared to be more likely to move into
faculty or research positions. About 37 percent of the NRSA
recipients held faculty positions 7 to 8§ years past the doctor-
ate, compared to 16 percent from non-NRSA institutions.
Also, 87 percent of previous NRSA trainees and fellows,
compared to 72 percent from non-NRSA institutions, were
in research-related positions in academia, industry, or other
research settings.

If one examines research grants and publications as
measures of research productivity, one finds that the NRSA
trainees and fellows were more likely to have grants and
more publications. For example, among the 1981-1988
Ph.D.s who had applied to NIH by 1994 for research grant
support, the success rate for NRSA recipients was 67 percent,
compared with 47 percent for non-NRSA institution gradu-
ates. With regard to publications, NRSA predoctoral trainees
and fellows in the 1981-1982 cohort had a median number

BOX 1-3
NIH Evaluations of the NRSA Program

A 1984 evaluation of formal NIH-sponsored research training (which included programs existing before the establishment of the NRSA) found that
a larger percentage of participants in NIH training programs completed their doctoral programs and went on to NIH-supported postdoctoral training
than among their counterpart trainees. Furthermore, those supported by the NIH during their predoctoral studies were more likely to apply for and
receive NIH research grants, authored more articles, and were cited more often by their peers.

At the postdoctoral level, both those appointed to institutional training grants and recipients of individual fellowship awards were more likely to
pursue research careers than their colleagues without formal NIH research training, and the former were more successful by such measures of achieve-
ment as obtaining research funds, publication, and citations by their peers. These differences were true for M.D.s with postdoctoral research training

as well as for Ph.D.s.

A follow-up to the 1984 evaluation of the NRSA Predoctoral Program was conducted in 1998, and many of the findings from the earlier study
were found to still hold true. The 1998 study examined the characteristics of NRSA-supported doctorates between FY 1981 and 1992 against their
Ph.D. counterparts at institutions with NRSA training grants who did not receive this type of support and at another group at institutions without NRSA
grants.?The study found that 80 percent of the NRSA trainees or fellows received their Ph.D. from 50 institutions that ranked in the top quarter of all
biomedical sciences programs, and nearly 60 percent received their degree from the top 25 institutions. The completion rate for students supported
by the NRSA program was an estimated 76 percent and was comparable to that of other merit-based, national fellowship programs and of students in

high-quality doctoral programs.

aNational Institute of General Medical Sciences, 1998. Available at http://publications.nigms.nih.gov/reports/mstpstudy;.
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of publications twice that of doctorates from institutions
without NRSA grants, 8.5 publications as compared to 4.
Non-NRSA-supported Ph.D.s at NRSA institutions also had
fewer publications by almost as large a margin, 5 publica-
tions as compared with 8.5.

Such studies do not, of course, indicate whether the suc-
cess of former NRSA trainees and fellows reflects the train-
ing they received, the selection process, or a combination
of factors. In addition, as alluded to above, these data have
to be viewed with caution because a non-NRSA student in
other funded positions such as an assistantship may have to
spend additional time in activities not directly related to his
or her research. Nonetheless, these findings do suggest that
there are significant strengths and achievements within the
NRSA program at the predoctoral level.

In assessing the needs for training support in the bio-
medical, behavioral, and clinical sciences, it is important to
understand the role of NRSA awards. Although, as indicated
above, NRSA awards support only a small fraction of the
total number of trainees, the role of these awards in the train-
ing process is extremely important for the following reasons:
First, they serve to attract highly qualified people into bio-
medical research. As discussed above, a good example of
this is the Medical Scientist Training Program (M.D./Ph.D.),
which has a well-established track record for launching phy-
sicians into productive—and often outstanding—research
careers. Second, they have served over the years to direct
training into specific research areas, which have often been
emerging areas for which other mechanisms may not be
available, such as molecular medicine, biophysics, and
bioinformatics, and, as such, they have stimulated cross-
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disciplinary research. Third, they establish innovative train-
ing standards not only for NRSA awardees, but also for all
trainees, regardless of their mechanisms of support. This
last point is of great importance, and, indeed, over the past
decade this may have been one of NRSA program’s most
important contributions.

A report published in 2006 by ORC Macro for the NIH
examined the career achievements of NRSA postdoctoral
trainees and fellows from 1975 to 2004. The results of this
study were inconclusive. By some measures the trainees
had an advantage, and by other measures they did not.
Most tellingly, the study concluded that after 12 years the
postdoctorates who received NRSA support were largely
indistinguishable from those who did not. Unfortunately the
study is flawed: The postdoctoral pool is radically different
from the predoctoral pool in that more than 50 percent of the
postdoctorates are internationals and thus unable to become
NRSA trainees because of the citizenship restrictions. Pre-
sumably, the international pool contains a significant number
of equally talented and creative individuals who are well
equipped to compete with the U.S.-trained postdoctorates,
thus rendering any relative performance conclusions moot.

NATIONAL RESEARCH COUNCIL ROLE IN ASSESSING
PERSONNEL NEEDS

The Study’s Origins

Since 1975, the NRC has issued regular reports on the
supply of biomedical and behavioral researchers in the United
States and the likely demand for new investigators. This con-

BOX 1-4
National Research Service Award Act of 1974 (P.L. 93-348)

Sec. 472. (a) (3) Effective July 1, 1975, National Research Service Awards may be made for research or research training in only those subject areas
for which, as determined under section 473, there is a need for personnel.

Sec. 473. (a) The Secretary shall, in accordance with subsection (b), arrange for the conduct of a continuing study to—

(a) establish (A) the Nation’s overall need for biomedical and behavioral research personnel, (B) the subject areas in which such personnel are needed
and the number of such personnel needed in each such area, and (C) the kinds and extent of training which should be provided such personnel;

(b) assess (A) current training programs available for the training of biomedical and behavioral research personnel which are conducted under this Act
at or through institutes under the National Institutes of Health and the Alcohol, Drug Abuse, and Mental Health Administration, and (B) other current

training programs available for the training of such personnel;

(c) identify the kinds of research positions available to and held by individuals completing such programs;

(d) determine, to the extent feasible, whether the programs referred to in clause (B) or paragraph (2) would be adequate to meet the needs established
under paragraph (1) if the programs referred to in clause (A) of paragraph (2) were terminated; and

(e) determine what modifications in the programs referred to in paragraph (2) are required to meet the needs established under paragraph (1).

(c) AReport on the results of the study required under subsection (a) shall be submitted by the Secretary to the Committee on Energy and Commerce
of the House of Representatives and the Committee on Labor and Human Resources of the Senate at least once every four years.
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tinuing series of reports was initiated by the U.S. Congress
with the passage of the National Research Service Award Act
of 1974,% which consolidated the variety of research training
activities then sponsored by the National Institutes of Health
and the Alcohol, Drug Abuse, and Mental Health Administra-
tion into a single, inclusive program: the National Research
Service Awards.

In the same legislation, Congress decreed that National
Research Service Awards be made only in areas for which
“there is a need for personnel” and directed that the National
Academy of Sciences be asked to provide periodic guidance
on the fields in which researchers were likely to be needed
and the numbers that should be trained (see Box 1-1). The
present study is the twelfth completed by the NRC, the oper-
ating arm of the National Academy of Sciences, the Institute
of Medicine, and the National Academy of Engineering.

Past Reports

To date there have been 12 assessments of the “national
need” for research personnel in the biomedical and behavioral
sciences conducted by the NRC, and while the purpose of
these assessments was to provide NIH and the Congress with
information that could be used to make budget decisions, the
manner in which the assessments should be conducted or the
scope of the investigation has been left to the discretion of
the NRC. Those who conducted the first assessment in 1974
chose to limit its study to the demand for faculty, as shaped
by federal support for university-based research and enroll-
ments in higher education. It interpreted the faculty research
areas broadly to include the basic biomedical sciences, the
behavioral sciences, the clinical sciences, and health services
research. In their first full-length report, issued the following
year, committee members concluded that Ph.D. production
in the biomedical and behavioral sciences was more than
adequate to meet existing demand.

In studies conducted from 1977 to 2002, subsequent
committees incorporated employment trends in industry,
government, teaching hospitals, and similar settings in their
assessments of the demand for biomedical research person-
nel. In 1985 and 1989, the committees recommended addi-
tional research training in the basic biomedical sciences, due
in part to increased demand from the biotechnology industry.
The 1994 committee advised that training in the biomedical
sciences be maintained at existing levels but called for an
increase in research training in the behavioral sciences.

The 1994 report also redefined the scope of its investiga-
tion by highlighting a number of issues that were of par-
ticular concern to the administrators of the NRSA program.
These included the growth of the Ph.D. population in the
biomedical sciences, the decline in the number of physician
researchers, the recognition that the behavioral sciences

¢ National Research Service Award Act of 1974, Public Law 93-348. 93rd
Congress, June 28, 1974.

should play a more important role in health care, the decline
in the relative share of graduate students funded by training
grants, and the lack of promising research career options for
young scientists, among other concerns. These and other
issues related to the state of the nation’s research workforce
have to this day been the focus of considerable attention and
discussion and the subject of numerous national meetings,
public policy studies, and congressional hearings.

Some of this activity was prompted by the 1994 “national
needs” report itself and the subsequent response to it by
the NIH, the Agency for Health Care Policy and Research
(AHCPR), and the Health Resources and Services Admin-
istration.” Of the eight major recommendations put forth by
the 1994 committee, the agencies focused on two: increas-
ing the stipends for trainees and fellows, and evaluating the
NRSA program. Although they did not require any new
steps, the suggestions put forth in the 1994 report for main-
taining training levels in the basic biomedical sciences and
for increasing the numbers of underrepresented minorities
were also adopted. At the same time, however, recommen-
dations for increasing the number of NRSA training grants
and fellowships in the behavioral and clinical sciences, oral
health, nursing, and health services research were not acted
upon, prompting a congressional inquiry in the fiscal year
1997 appropriations for the NIH. In explaining their actions
to Congress, the NIH and the other agencies indicated that
they had focused on the highest priority recommendations
and were likely to continue to direct additional research
training monies to stipends until NRSA stipend levels were
comparable to other sources of research training support.

In the meantime, other reports on clinical research and
training were being issued. In its 1994 report Careers in
Clinical Research: Obstacles and Opportunities,® the Insti-
tute of Medicine (IOM) recommended (a) further evaluating
clinical research training programs, (b) redirecting funds
to the most effective forms of clinical research training,
(c) emphasizing training programs that provide an opportu-
nity to earn an advanced degree in the evaluative sciences,
(d) increasing the number of M.D. /Ph.D. and D.D.S./Ph.D.
programs that train investigators with expertise in patient-
oriented research, and (e) expanding initiatives that reduce
educational debt, either through tuition subsidies, as in the
case of M.D. /Ph.D. programs, or loan forgiveness.

In 1997 an NIH panel produced a report on the status of
clinical research in the United States, including the recruitment
and training of future clinical researchers.’ The panel recom-
mended: (a) initiating clinical research training programs

7 NIH. 1997. Implementing the Recommendations in the 1994 Report
from the National Academy of Sciences: Meeting the Nation’s Needs for
Biomedical and Behavioral Scientists. Unpublished report to Congress.
Washington, DC: NIH.

8IOM. 1994. Careers in Clinical Research: Obstacles and Opportunities.
Washington, DC: National Academy Press.

O NIH. 1997. Director’s Panel on Clinical Research. Report to the Advi-
sory Committee to the NIH Director. Washington, DC: NIH.
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aimed at medical students, such as M.D./Ph.D. programs for
clinical research, (b) ensuring that postdoctoral training grants
include formal training in clinical research, (c) providing new
support mechanisms for young and mid-term clinical inves-
tigators, and (d) taking steps to reduce the educational debt
of clinical investigators. Some of these recommendations had
already been put in place at NIH before the panel report was
completed. These included: (1) a program to bring medical
and dental students to NIH’s Maryland campus for a one
to two years of clinical research training; (2) new NIGMS
guidelines for its M.D./Ph.D. program to encourage research
training in fields such as computer sciences, social and
behavioral sciences, economics, epidemiology, public health,
bioengineering, biostatistics, and bioethics; and (3) three
new career development awards for young and mid-career
investigators focused on careers in clinical research. This
current report will again stress the value of additional training
in informatics, social and behavioral sciences, epidemiology
and biostatistics, and bioethics.

In arelated area, another Institute of Medicine committee
published the results of a study on the training and supply
of health services researchers. In its 1995 report, Health
Services Research: Workforce and Educational Issues, the
IOM committee endorsed the number of training positions
in health services research that had been recommended in the
1994 “national needs” study. The committee also encouraged
the AHCPR to focus its training funds on areas in which
researchers were reported to be in short supply, such as
outcomes measurement, biostatistics, epidemiology, health
economics, and health policy, and to set aside a number of
institutional training grants for innovative research training
programs. In response, the Agency for Healthcare Research
and Quality made “innovation awards” to 10 institutions
in 1998 to support the design and implementation of new
models of health services research training.

Just as clinical research training has been the subject of
multiple studies since the 1994 NRC report, so too has doc-
toral training in the basic biomedical sciences; some of these
studies have also encompassed the behavioral sciences. In a
1995 study commissioned by the National Science Founda-
tion, the NRC’s Committee on Science, Engineering, and
Public Policy reviewed graduate education across the bio-
logical, physical, and social sciences and engineering. The
report, Reshaping the Graduate Education of Scientists and
Engineers, urged universities to provide a broader range of
academic options and better career guidance for their students
and called for federal agencies to encourage this trend through
training grants. Partly in response, new NIGMS training grant
guidelines encouraged graduate programs to provide oppor-
tunities for trainees to take internships in industry and gain
experience in teaching as well as to provide them with infor-
mation on the career outcomes of graduates and with seminars
on employment opportunities and career counseling.

Shortly after Reshaping the Graduate Education of Sci-
entists and Engineers was published, William Massy and
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Charles Goldman published a paper using mathematical
modeling to demonstrate that U.S. universities were over-
producing Ph.D.s in fields such as engineering, mathematics,
and the biological sciences, thus creating a group of Ph.D.s
that was chronically underemployed. They concluded that
increases in research funding would be likely to worsen job
prospects for Ph.D.s and urged academic departments to
bring the production of Ph.D.s into balance with the demands
of the labor market—not just the demand for research and
teaching assistants.

In 1996 the Federation of American Societies for Experi-
mental Biology convened a conference to discuss these
topics, which concluded with participants opposing any
national regulation of the size of graduate programs. Instead,
the participants called for data on employment trends to
be made available to students and for universities to “self-
regulate” the size of their graduate programs. Institutions
were urged to refrain from admitting graduate students in
order to meet needs for teaching or research assistants. Infor-
mation about institutions that have aggressively reduced the
size of their biomedical graduate programs is lacking.

Subsequently, an NRC committee examining the career
paths of young investigators issued a report in the fall of
1998 that also called for restraining the rate of growth in the
number of graduate students in the life sciences. In Trends
in the Early Careers of Life Scientists, the NRC committee
noted that the number of Ph.D.s awarded annually might
already be too high and called for prospective students to
be better informed about research careers. The committee
urged the government to consider restricting the numbers
of graduate students supported by research grants and to
emphasize research training via training grants and fellow-
ships, acknowledging at the same time that the number of
Ph.D.s produced is ultimately determined at individual and
campus levels.

Although universities control the influx of graduate stu-
dents into their programs, experience shows that they (unsur-
prisingly) tend to include their specific workforce needs in
their calculations, and the data clearly indicate that they have
not collectively restricted the growth of the graduate student
pool. The fact of the matter is that the bulk of the creative
work and discovery in the biomedical sciences is driven by
ROI grants to individual faculty members. These faculty
members are under immense pressure to be productive, and a
workforce composed of trainees is vastly more effective than
one composed of technical assistants. The trainee workforce
is also much less expensive to the individual grant than senior
research personnel such as instructors or research faculty.

It has to be recognized that this system has been enor-
mously successful over many years; it also has to be
acknowledged that if RO1 support increases, then the number
of trainees will ineluctably increase in lockstep, as happened
during the recent doubling of the NIH budget. And if there
are insufficient U.S. national trainees, then faculties will
aggressively look to international Ph.D.s to fill the gap. No
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amount of well-intentioned urging of institutions to self-
correct will change this equation. The important question
to be asked is, If this is such a successful model in terms of
scientific progress and return to the taxpayers’ investment,
then what responsibility do we have to these young men
and women as they complete their contributions to research
during their training period? This will be addressed in the
recommendations below.

The 2000 assessment of the need for research personnel,
which was begun in 1997, concentrated on the three broad
fields of biomedical, behavioral, and clinical research, with
dental, nursing, and health services research included in
the third category. A major change from earlier reports
was the movement away from detailed recommendations
on the number of individuals who should be trained under
the NRSA program and the use instead of a demographic
life-table model, proposed in the 1994 report, to estimate the
size of the workforce each year up to 2005. The life-table
model was adopted because previous models of supply and
demand had proved unreliable for valid forecasts. The life-
table-based analysis considered such factors as the average
age of current investigators in the biomedical and behavioral
sciences, the number of Ph.D.s expected to join the work-
force in the years ahead, and the likely effect of retirements
and deaths. The committee supplemented this analysis by
reviewing such indicators of short-term demand as trends in
faculty and industry hiring and perceptions of the job market
by recent Ph.D.s. The model was implemented for the bio-
medical and behavioral sciences and showed that the supply
of doctorates, even if at a low level, would be much greater
than the need for researchers during the projection period.

This finding prompted the committee to recommend
that degree production be maintained at current levels in all
three broad fields. It did, however, make recommendations
for increases in clinical research training related to patient
care and in interdisciplinary research in the biomedical and
behavioral fields. Many of the committee’s recommendations
concerned the administration of the NRSA program; the
NIH, in response to the report, established new guidelines for
stipends at the predoctoral and postdoctoral levels, supported
the recommendation on early completion of doctoral and
postdoctoral education and training, and supported limita-
tions on the period of NRSA support at the predoctoral and
postdoctoral levels.

The study immediately preceding this one was begun
in late 2002, and the study report was published in 2005.
That study built on the 2000 assessment and used the same
life-table analysis to make projections from 2005 to 2011 in
each of the main fields. Individual chapters in the report were
devoted to oral health, nursing, and health services research,
but no projections of the workforce were made in these areas
since there were insufficient data. Because the numbers of
individuals working in these areas are less than in the three
major fields, a life-table model was considered impracti-
cal. In terms of workforce projections, the study commit-

tee concluded that training in the biomedical, clinical, and
behavioral and social sciences should remain at least at the
2003 level, and training after 2003 should be commensurate
with the rise in the total NIH extramural research funding
in the three fields.

There were several reasons for the committee’s recom-
mendation concerning the level of NRSA support and for
not changing the mechanisms for support. The committee
members examined the workforce from the perspective of
its size, composition, and age distribution and concluded
that it had been fairly stable over recent years. In addition, a
life-table analysis of the workforce in each of the three fields
showed no signs of over- or under-employment during the
period from 2005 to 2011. Degree production, specifically in
the biomedical sciences, had leveled off, and the size of the
postdoctoral pool was declining. All of these factors led the
committee to believe that no change in the level of NRSA
support was necessary. It did recommend an expansion of the
MSTP by 20 percent and the greater involvement of clinical,
health services, and behavioral and social sciences in the
program.

Other recommendations were made concerning the
structure of the NRSA program—in particular, to provide
postdoctoral fellows with the normal employee benefits of
the institution and to use NRSA awards to target emerging
and interdisciplinary areas of research. The committee made
a strong recommendation to restructure the career develop-
ment grants (K awards) to have fewer mechanisms and to
implement them consistently across the NIH. The recom-
mendation also called for more flexibility in the manage-
ment of K grants to allow for transition awards from senior
postdoctoral status to independent research positions and
for awards to allow individuals to maintain research careers
during periods when personal demands prevent full employ-
ment status.

The recommendations were generally not acted on by
NIH. This may in part be due to a set of recommendations
that came from another NRC committee concerning the
long duration of postdoctoral training in the biomedical
sciences and the time it takes to become an independent
researcher. This issue was of prime importance at the NIH,
and in response to the recommendations from this report the
NIH introduced the K99/R00 award, aimed exclusively at
Ph.D.s, to provide 5 years of support during the transition
from postdoctoral to faculty status. The aim of this program
was to maintain and increase a strong cohort of new, well-
trained, NIH-supported independent investigators capable of
competing for NIH support.

THE CURRENT STUDY

The current study began in 2008 with the selection of
an expert committee to guide the study. The first meeting
was in the late spring of that year and was followed by six
more meetings, with the last taking place in early 2010. The
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committee was charged, as were the past few, with the task
of examining the current workforce and projecting the need
for additional personnel in the biomedical, behavioral and
social, and clinical sciences as they pertain to the research
mission of the NIH. Individual chapters of this study report
are devoted to these fields, and special attention was given to
the clinical fields of oral health, nursing, and health services
research, with the inclusion of separate chapters, as required
in the Statement of Task.

In assessing the characteristics of the past and current
workforce, datasets from the National Science Foundation
and the Association of American Medical Colleges were
used. An additional dataset that became available near the
end of the study came from the National Research Council
Study of Research Doctorate Programs. The value of these
datasets depended on whether the study fields were included
in their taxonomy or data were collected on degree types. In
particular, the clinical sciences posed a problem, since data
are not readily available on researchers with medical degrees,
and it is difficult to distinguish between basic and clinical
research in medical school departments.

Projections for the size of the future workforce are pro-
vided in Appendices D and E using a life-table model and
a systems dynamics model, respectively. The projections
were based on different estimates of researchers entering the
workforce from doctoral programs and through U.S. immi-
gration and emigration. The task of projecting the workforce
was particularly difficult because of the state of the current
economy and the unknown future demand for researchers.

RECENT DEVELOPMENTS

When the study committee first met, the economy was
showing the first signs of a downturn that would deepen to
a recession and eventually dramatically affect employment
and economic development around the world. As the com-
mittee reviewed the state of research training in subsequent
meetings, it became clear that a projection of the future
research workforce in the biomedical, behavioral, and clini-
cal sciences would be difficult to develop from available data
and would furthermore be risky, given the uncertain duration
and severity of the recession. The workforce was contracting
with a decline in industrial employment, especially in the
pharmaceutical area, and academic institutions had slowed
their expansion of faculty and research facilities in response
to the reduced values of endowments and state appropriations
as well as the overall economic uncertainty. At the same time,
faculty members were delaying retirement, and this in turn
was reducing the hiring of junior faculty members. These
and other conditions might call for a reduction in research
training, even though enhancements to training programs
would be of great benefit.

Given the current economic realities, the committee
recognized that the NIH budget would not allow for the
implementation of recommendations that would require new

19

funds. The only possibility was the reallocation of existing
resources, and NIH was in the best position to realign their
agenda. The committee debated how it could nevertheless
fulfill its charge and assist NIH in its decision making, and
it concluded that in order to maintain the high standards of
the programs and continue to attract the best students into
research careers, it would go forward with its recommenda-
tions to improve training programs but would prioritize the
most important ones and identify the costs.

The committee was unanimous in its recommendations
and prioritization except for the one recommendation that
called for an increase in the indirect cost rates for NRSA
awards (see below).

RECOMMENDATION ON NRSA POSITIONS

The primary task of this committee is to recommend the
number of NRSA positions for 2010-2015. Based on the need
to maintain a strong research workforce, we recommend that
the total number of NRSA positions in the biomedical and
clinical sciences should remain at least at the fiscal year 2008
level and that in the behavioral sciences they should increase
back to the 2004 level. This increase will require the addition
of about 370 training slots at a cost of about $15 million.
The committee also recommends that future adjustments in
the number of NRSA positions be closely linked to the total
extramural research funding in the biomedical, clinical, and
behavioral sciences. In recommending this linkage, the com-
mittee realizes that a decline in extramural research would
imply that there should also be a decline in training.

PRIORITIES FOR OTHER RECOMMENDATIONS
WITH LARGE COSTS IMPLICATIONS

In addition to the recommendation on the number of
NRSA positions, there are several other recommendations
in this report that require additional resources. Most call for
modest increases and could be accomplished by a shifting of
resources within an institute or center. Three, however, would
require significant additional funds. They are listed below in
order of priority. In prioritizing these actions, the committee
considered both their costs and their merits as well as likely
future constraints on the NIH budget.

First, NIH should reinstitute its 2001 commitment to
increase stipends at the predoctoral and postdoctoral levels
for NRSA trainees. This should be done by budgeting regular,
annual increases in postdoctoral stipends until the $45,000
level is reached for first-year appointments, and stipends
should increase with the cost of living thereafter. Predoctoral
stipends should also be increased at the same proportional rate
as postdoctoral stipends and revert to cost-of-living increases
once the comparison postdoctoral level reaches $45,000.
The estimated annual cost when fully implemented would
be about $80 million, or 10 percent of the NRSA budget.
If phased in over four years, the $20 million dollar annual
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increase would be about 2 percent of the NRSA training bud-
get. This should not be implemented by reducing the number
of individuals supported by the NRSA program.

Second, the size of the MSTP should be expanded by at
least 20 percent—and more, if financially feasible—with
an emphasis on clinical, behavioral, and social sciences in
the expansion. This program has been highly successful
in producing researchers in basic biomedical, transitional,
and clinical research.!® Again, recommendations to increase
MSTP training were made in previous NRSA reports, and
an increase was endorsed by NIH following the 2000 NRSA
report. Currently there are 911 MSTP slots at an average cost
of $41,806 per slot. An increase by 20 percent to about 1,100
slots would increase the MSTP budget by about $7.6 million,
or 1 percent of the NRSA budget. Phasing it in over 4 years
would not have a significant impact on the budget.

Third, NIH should consider an increase in the indirect cost
rate on NRSA training grants and K awards from 8 percent

10 The National Institute of General Medical Sciences. 1998. Available at
http://publications.nigms.hix.gov/reports/mstpstudy/,

to the negotiated rate currently applied to research grants.
The increase in the rate could be phased in over time. This
would require a five- or six-fold increase in indirect costs,
or $191 million for the NRSA program at its current size,
assuming that stipends amount to about half of the awards,
and $338 million for K awards. There was not unanimity
within the committee on this recommendation because of
concerns about costs and the reduction in program size that
could result with a stagnant NIH budget. An increase of
$529 million is significant, even in light of the reasoning
that NIH should share the full cost of administrating these
programs, but the committee wanted to record its support
for the measure and its hope that it could be implemented
at some point.

The committee had the option of putting forth recommen-
dations without prioritization, but it believed that guidance in
these difficult economic times would add to the weight and
credibility of the recommendations.



Crosscutting Issues

This chapter addresses some training issues that cut
across disciplines and that pertain generally to the National
Research Service Award (NRSA) and other training mecha-
nisms. The committee considered a number of these issues
and identified the following as ones that require attention:

* financial support of the trainees,

* cost recovery by educational institutions,

* participation by underrepresented minorities,

* responsible conduct of research,

» National Institutes of Health (NIH) data systems
* the emerging role of biomedical informatics,

» workforce data requirements, and

* international workforce.

FINANCIAL SUPPORT OF THE NRSA PROGRAM

The National Research Council (NRC) in the report,
Addressing the Nation’s Changing Needs for Biomedical and
Behavioral Scientists (2000), recommended “that stipends
and other forms of compensation for those in training should
be based on education and should be regularly adjusted to
reflect changes in the cost of living.” In 2001 the NIH con-
curred with this recommendation and set a target of $45,000
per year for new postdoctoral scholars, with the expressed
intention to raise the then-current stipends by 10 to 12 per-
cent per year until this target was reached. Additionally, the
NIH pledged to budget for annual cost-of-living increases
to keep pace with inflation and to prevent the loss of buying
power seen as stipends had remained largely flat over the
previous decade. However, stipend levels at both the pre-
doctoral and postdoctoral levels have not kept pace with the
NIH targets. There were increases in 2000, 2002, and 2003
at all levels that conformed to the goals set by NIH in 2001,
but in 2004 the increase was less than half the recommended
level, and from 2006 to2008 there were no increases (see
Table 2-1). Of course, from fiscal year 1999 to 2003 the NIH
budget was doubling, but from fiscal year 2004 to 2008, the
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budget was essentially unchanged, and, in fact, during this
interval it lost nearly 13 percent of its purchasing power. In
fiscal year 2009, there was a small increase of about 1 percent
in the NIH appropriation, and a similarly modest increase
was enacted for fiscal year 2010. These modest increases,
well below the levels of biomedical research inflation (as
measured by the Biomedical Research and Development
Price Index in the respective years), were independent of the
nearly $10 billion of American Recovery and Reinvestment
Act (ARRA) funding that was awarded in fiscal year 2009
for NIH research. The ARRA initiative was driven by the
goal of creating or saving jobs, and the funding for NIH was
explicitly a one-time infusion of “stimulus” funds that were
to be entirely obligated within 2 years for primarily short-
term research projects. None of the ARRA funds were to be
used to address structural problems in research training pro-
grams. The President’s NIH budget request for 2011 contains
a 6 percent increase for NRSA trainee stipends, but at the cost
of a | percent decrease in the number of training slots.

In addition to supporting the originally targeted stipend
increases, the 2005 NRC report also recommended that NTH
develop a mechanism for support such that postdoctoral
fellows receive the employee benefits of the institution
in which they are located. It is clear that all postdoctoral
fellows should be supported in terms of receiving appropriate
benefits at each institution. However, the fact that there are
two categories of postdoctorates—NRSA trainees and post-
doctoral employees—is a consequence of a federal decision
to pay trainees a stipend (as opposed to a salary). As such,
following the requirements of the Internal Revenue Service
imposes different tax liabilities on the two groups of post-
doctorates. Trainee postdoctorates cannot be categorized as
employees, they do not pay Federal Insurance Contribution
Act (FICA), and they cannot receive benefits in the same
fashion as employees. However, this should not mean that
they cannot receive parallel support systems.

To demand then that all postdoctorates be treated identi-
cally becomes the training equivalent of trying to put a square
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TABLE 2-1 NRSA Stipends

RESEARCH TRAINING IN THE BIOMEDICAL, BEHAVIORAL, AND CLINICAL RESEARCH SCIENCES

Years 2001 Percent 2002 Percent 2003 Percent 2004 Percent
Predoctorate $ 16,500 10 $ 18,156 10 $ 19,968 10 $ 20,772 4
Postdoctorate Level 0 $ 28,260 5 $ 31,092 10 $ 34,200 10 $ 35,568 4
Postdoctorate Level 1 $ 29,832 5 $ 32,820 10 $ 36,108 10 $ 37,476 4
Postdoctorate Level 2 $ 35,196 5 $ 38,712 10 $ 40,920 6 $ 41,796 2
Postdoctorate Level 3 $ 36,996 5 $ 40,692 10 $ 42,648 5 $ 43,428 2
Postdoctorate Level 4 $ 38,772 5 $ 42,648 10 $ 44,364 4 $ 45,048 2
Postdoctorate Level 5 $ 40,560 5 $ 44,616 10 $ 46,404 4 $ 46,992 1
Postdoctorate Level 6 $ 42,348 5 $ 46,584 10 $ 48,444 4 $ 48,852 1
Postdoctorate Level 7 $ 44,412 5 $ 48,852 10 $ 50,808 4 $51,036 0
Years 2006 Percent 2007 Percent 2008 Percent 2009 Percent
Predoctorate $ 20,772 0 $ 20,772 0 $ 20,772 0 $ 20,976 1
Postdoctorate Level 0 $ 36,996 4 $ 36,996 0 $ 36,996 0 $ 37,368 1
Postdoctorate Level 1 $ 38,976 4 $ 38,976 0 $ 38,976 0 $ 39,360 1
Postdoctorate Level 2 $ 41,796 0 $ 41,796 0 $ 41,796 0 $42,204 1
Postdoctorate Level 3 $ 43,428 0 $43,428 0 $ 43,428 0 $ 43,860 1
Postdoctorate Level 4 $ 45,048 0 $ 45,048 0 $ 45,048 0 $ 45,504 1
Postdoctorate Level 5 $ 46,992 0 $ 46,992 0 $ 46,992 0 $ 47,460 1
Postdoctorate Level 6 $ 48,852 0 $ 48,852 0 $ 48,852 0 $ 49,344 1
Postdoctorate Level 7 $ 51,036 0 $ 51,036 0 $ 51,036 0 $51,552 1

SOURCE: NIH Stipend Levels, http://grants.nih.gov/nrsa.htm.

peg into a round hole. The simplest solution is to create a
square hole, which offers all the advantages of a round one.
With increasing awareness of this contradictory issue, many
institutions have devised creative solutions aimed at main-
taining parity between the two groups of postdoctorates.
Thus, although trainee postdoctorates cannot usually be
included on employee health coverage, highly competitive
insurance can in fact be purchased, usually more cheaply
than the employee plan and offering better coverage because
the postdoctorates tend to be younger than the general
employee population. It is true that postdoctorate trainees
cannot get university retirement benefits, but the cash value
lost is in fact less than the gain in income from not paying
FICA. Not being on the human resources list of employees
may cause frustration with issues such as parking and child
care. However, payment of a very nominal sum to the trainee
as salary solves this problem without jeopardizing his or her
status as primarily a stipend-receiving trainee.

Recommendation 2-1: NIH should reinstitute its 2001
commitment to increase stipends at the predoctoral and
postdoctoral levels for NRSA trainees. This should be done
by budgeting regular, annual increases in postdoctoral
stipends until the $45,000 level is reached for first-year
appointments, and stipends should increase at the cost
of living thereafter. Predoctoral stipends should also be
increased at the same proportional rate as postdoctoral
stipends and should revert to cost-of-living increases once
the comparison postdoctoral level reaches $45,000.

The estimated annual cost when fully implemented would
be about $80 million, or 10 percent of the NRSA budget. If
phased in over 4 years, the $20 million dollar annual increase
would be about 2 percent of the NRSA training budget.
This should not be implemented by reducing the number of
individuals supported by the NRSA program. The committee
notes that the Obama administration has recently proposed a
6 percent increase in stipends for 2011 over the 2010 level.
This is a positive step on the way to the recommended sti-
pend levels.

INDIRECT COST RATES

It is debatable whether training grants lead to a superior
or better trained individual in the long run. The rather limited
amount of data and related evaluations are certainly consis-
tent with this conclusion, although the degree of significance
is not high. Of course, institutions tend to put their best
students on training grants, and the outcomes likely should
be better. However, to a degree this is immaterial. The key
role of NRSA training lies in the fact that the applications are
scrupulously peer reviewed. This, in turn, drives institutions
to review their approaches to graduate education on a regular
basis and encourages them to establish best practices that can
then be honed through the peer-review system. As a result, in
the competition to recruit graduate students, even non-NRSA
schools will feel the pressure to create an excellent training
environment. In this sense, over the past decade or so the
training grants have served as major drivers of innovation in
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graduate education, and this may be their greatest contribu-
tion to the biomedical research training environment.

Thus, the many requirements and expectations for sup-
port activities centered on training grants, such as minority
recruiting, education in the responsible conduct of research
(RCR), and professional development, have improved the
overall tenor of graduate education immensely over the
past decade. These expectations have come at a consider-
able price, however, and this price has largely been covered
by institutional funds. The current 8 percent indirect cost
allowance (which is not applied to tuition and fees, health
insurance, and expenditures for equipment) is insufficient to
cover the university’s costs. Similarly, the K awards, which
have served a tremendously important role is fostering the
early career development of both basic and clinical biomedi-
cal researchers, use the same facilities as funded researchers
and generate their own significant administrative costs, yet
they have the same 8 percent indirect cost allowance, which
as best one can determine is arbitrary and is based on no
carefully argued rationale.

The indirect cost rate has varied over time. Prior to 1958,
the rate for training grants was set at 8 percent by the Depart-
ment of Health, Education and Welfare, and the rate has
remained at this level to this day. The rate on non-training
grants was increased to 15 percent in 1958 and to 20 percent
in 1963. In 1966 the ceiling on indirect costs was removed,
butin 1991 OMB Circular A-21 imposed a cap of 26 percent
on the recovery of administrative costs from research grants,
and the cap has remained unchanged in spite of compelling
documentation by the Council on Governmental Relations
that these costs in all the top research universities sampled
were significantly greater than could be recovered under the
26 percent cap. As a result, many of the improvements in
graduate education and early career development, such as
special skills courses, increased focus on interdisciplinary
studies, increased diversity, RCR training, and career advis-
ing and outcomes research, have all come through resources
provided by the institutions applying for NRSA support.

The committee finds that the institutional commitment
of resources for training grants and K awards is no different
from that for research grants. Graduate and postdoctoral
trainees require the same facilities in the laboratory as their
counterparts in the same laboratory who are supported on a
research grant that carries the institution’s negotiated rate.
Likewise, individuals on K awards act in a capacity similar
to that of a researcher on an ROl or other research project
grant. The committee was not unanimous with regard to the
NRSA part of the following recommendation because of
concerns about costs and the reduction in program size that
could result from a stagnant NIH budget, but it did endorse
the increase for the K awards.

Recommendation 2-2: NIH should consider an increase
in the indirect cost rate on NRSA training grants and K
awards from 8 percent to the negotiated rate currently
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applied to research grants. The increase in the rate could
be phased in over time, for example, by increasing the
rate by 8 percent each year until the negotiated rate is
reached.

Implementing this recommendation would require a
five- or six-fold increase in indirect costs, or $191 million
for the NRSA program at its current size and $338 mil-
lion for K awards. An increase of $529 million is significant,
even in light of the reasoning to have NIH share the full cost
of administrating these programs, but the committee wanted
to record its support for the measure and its hope that it could
be implemented at some point.

RESPONSIBLE CONDUCT OF RESEARCH

NIH’s NRSA grants require awardee institutions to estab-
lish specific curricula in the responsible conduct of research.
Indeed, in late 2009 NIH issued a detailed policy statement
outlining its expectations along with recommendations on
how to approach these expectations (NIH policy statement
NOT-OD-10-019). It is worth noting that National Science
Foundation (NSF) has issued similar requirements for all
personnel participating in NSF-funded research, including
undergraduate students.

The requirement of RCR training within the T32 mecha-
nism has led to the development of curricula and educational
practices for NRSA that would benefit all students and post-
doctorates being trained in biomedical and health sciences
research and should be required in all graduate and post-
doctoral education programs supported by the NIH. Since
with relatively few exceptions the majority of this training
takes place in laboratories supported by NIH research pro-
gram grant (RPG) mechanisms, this leads to the expectation
that all students supported by the NIH (i.e., including those
students supported by ROl grants during their education)
should be required to benefit from such training.

Recommendation 2-3: All graduate students and post-
doctoral fellows who are supported by the NIH on RPGs
should be required to incorporate certain additional
“training-grant-like” components into their regular
academic training program. These should include RCR
training, exposure to quantitative biology, and career
guidance and advising.

NIH DIVERSITY INITIATIVES WITHIN
THE NRSA PROGRAM

Minorities! now account for 50 percent or more of
the population in several states, and at some time within

! Minorities are defined as Blacks, Hispanics of Puerto Rican , Cuban,
or Mexican extraction, American Indians, and Pacific Islanders. Does not
include Asian.
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the foreseeable future the demographics of the country will
have changed to the point where current minority groups
will be approaching a majority of the citizenry. The NIH
is committed to increasing the diversity of the biomedical
workforce. There is no doubt that over the past 15 years
NIH-supported training programs have driven major changes
in trainee diversity. Leadership from the Minority Opportuni-
ties in Research (MORE) division of the National Institute
of General Medical Sciences should be acknowledged in this
regard. As a result, the number of minority students in bio-
medical graduate programs has increased from 2 percent in
1980 to 11 percent today (and, relative to U.S. nationals, the
percentage is actually a little higher since the denominator
for this calculation includes international graduate students).
We should bear in mind that the current participation level
is not far from the 14 percent of underrepresented minori-
ties students among all students receiving a B.S. degree
in biological sciences. Comparable results are seen in the
U.S. citizen component of postdoctoral programs in the bio-
medical sciences. Sadly, however, the minority representa-
tion of 2 percent on tenure-track medical school faculties has
not changed significantly since 1980. Unfortunately, there
are essentially no data on what careers prove to be attractive
to minority graduates after they leave postdoctoral training
and why on average they choose careers other than academic
research.

The following recommendations pertain to strengthening
diversity within the educational system supported directly or
indirectly by NIH grants.

Recommendation 2—4: Graduate student and post-
doctoral training programs that educate and train
students who are funded by RPGs? should be subject to
expectations for diversity of U.S.-native trainees similar
to those expected of training grants. Such programs
should be required to provide assurance on R01 grant
applications that efforts are being made.

The K24 mentoring award has been successful in devel-
oping the careers of clinical scientists. The committee
views this program as highly valuable and would like to
see this approach applied to the basic sciences; in addition,
a mechanism may be developed to this end that also serves
to support diversity at the faculty level. The impact of this
type of mid-career career development award would enable
faculty members to incorporate mentoring of other junior
and early-stage investigators in order to enable their success
in leading and managing a research team. The basic sci-
ence faculty member, particularly in today’s system where
faculty members need to generate protected time much like
clinicians, would also serve to acknowledge and reward best
mentoring practices that can support the success of a diverse
array of new investigators including K01 , R00, and first-time

2 Research Project Grant (RPG).

RO1 recipients. Broadening the K24 program to include basic
biomedical studies is both feasible and readily achievable.

Recommendation 2-5: The K24 mentoring award mecha-
nism should be expanded to include the basic sciences.
Use of the K24 award to enhance efforts to recruit diverse
faculty should be a component of the award criteria.

NIH DATA SYSTEMS

Any discussion of the merits of NRSA training, both at the
level of T32 and of F31/32 awards, invariably includes the
question: Are the individuals educated in this fashion more
successful and productive in their future careers? Although
the competitive initial and renewal applications for these
programs contain an enormous amount of information, no
systemic approach has been developed to capture this infor-
mation for rigorous scrutiny, and, as a result, no critical, data-
driven analysis can be applied to the wealth of information
that institutions have provided for more than 30 years. This
problem will become all the more acute if trainees supported
on ROl grants become a part of the overall database. The
availability of such data would be enormously helpful to the
NIH in the development of sound future policy. Accordingly,
a modern data recording and management system is needed
desperately and should be implemented without delay.

Newly instituted data collection procedures at the NIH
will provide data on graduate students and postdoctorates
with NIH support, as long as the data are input into a data-
base or a tabular file and not simply recorded as unformatted
electronic files. These data will be useful in estimating the
numbers and research areas of individuals in training, but
the lack of data on the career outcomes of NRSA- and R0O1-
funded trainees makes it difficult to produce an informed
comparative assessment of the research training programs.
Moreover, this lack of information hinders the development
of those training mechanisms and strategies that will best
ensure a talented and productive research workforce.

Recommendation 2-6: To assist future assessments of
the research training more effectively, the NIH should
collect reliable data on all of the educational components
that it supports in such a manner that this information
can be stored in an easily accessible database format.
Such data might include important components of the
training grant tables as well as retention and subsequent
outcomes.

Recommendation 2-7: The applications for training
grant support require many detailed data tables. Some
of these are very important and essential for the review;
some are merely compendia of largely irrelevant data
that could equally well be summarized briefly. The com-
mittee recommends that the data tables be reviewed and
a determination made, in consultation with the awardee
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community, as to which are really essential for reviewing
the proposal and which should be incorporated into the
databases described in Recommendation 2—6.

In addition, one aspect of the outcomes of training pro-
grams that has not been evaluated to date is how the value
of the research training is perceived by the program director
and by the trainees themselves. In no sense should collecting
such data be a popularity contest or, worse, a complaint ses-
sion against individual training-grant principal investigators.
Rather we believe that broad anonymous surveys, in which
the only identifier would be the fact of having been an NIH
supported trainee, can be quite valuable. The NIH institute
or office funding the training might be identified, but the
institution offering the training would be confidential.

Recommendation 2-8: We recommend that a training
evaluation questionnaire be created so that all partici-
pants in the full range of NIH-funded training vehicles
can provide a confidential, unbiased evaluation of the
program in which they were trained. The intent of this
recommendation is not to provide additional information
for the competitive renewal of a particular program, but
rather to allow the NIH to evaluate the merit of all of its
training approaches broadly.

INTERDISCIPLINARY FIELDS AND THE EMERGENCE
OF NEW KINDS OF TRAINING PROGRAMS

With the evolution of team science and the increasing
dependence of research on interdisciplinary activities, new
breeds of scientists have emerged in recent decades. Initia-
tion of new kinds of formal training programs has occurred
as a natural consequence, but these programs are too often
neglected when NIH-funded NRSA training is considered
and measured. Perhaps the most obvious examples can be
found in the quantitative and computing sciences—areas
that are now heavily represented in the research portfolios
of the categorical institutes but that generally, other than
a modest effort at National Institute of General Medical
Sciences and at the National Library of Medicine (NLM),
are not extensively supported by them as areas for focused
research training. For example, the increasing interest in,
and importance of, biomedical informatics—as reflected in
the mandated biomedical informatics core resources for all
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clinical and translational science awards—has created a need
for trained scientists in this field.

The principal extramural funding source for research and
training in biomedical informatics has been the NLM, which
is both a significant research institute at the NIH and the
largest and most innovative medical library in existence. Its
role as an NIH institute is often overlooked because its name
conjures up images of a library facility, but its intramural and
extramural research have played key roles in advancing the
infrastructure for modern biological science as well as elec-
tronic health records, decision-support systems, and online
access to the biomedical literature.

NLM programs all deal with information and knowl-
edge management used to support biomedical research and
clinical care along with the development and promotion of
standards that allow the integration of biomedical and clini-
cal data from diverse resources. Its training programs in bio-
medical informatics, which have supported graduate degree
programs and postdoctoral fellowships since the early 1970s,
are responsible for producing a generation of leaders who
now head academic programs in health science institutions,
perform today’s cutting-edge informatics research, fill major
leadership roles in the government’s commitment to health-
care information technology, and staff or lead the companies
that produce, sell, and implement today’s burgeoning clinical
information systems.

The NLM training grants (see Table 2-2) are administered
as T15 programs, but although they are not formally desig-
nated as NRSA programs, they do follow NRSA guidelines
for funding and training requirements and are in this sense
indistinguishable from the other programs emphasized
in this report. Because NLM’s programs are not formally
designated as NRSA programs, they are not monitored or
measured in the same way that NRSA programs are, and the
existence of its training programs is often overlooked. This
has constrained the programs’ growth despite the burgeoning
national demand for trained research scientists in the field of
biomedical informatics (which spans bioinformatics, clinical
informatics, and public health informatics).

It is shortsighted for HHS to fund current implementa-
tions of health information technology (as the Office of the
National Coordinator for Health Information Technology
has done with ARRA stimulus funds) without a concomi-
tant investment in the basic research and graduate training
needed to develop the concepts and innovations that will

TABLE 2-2 Number of Full-time Pre- and Postdoctoral Research Training Slots Awarded

FY 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009¢
Postdoctoral 60 84 105 103 109 110 99 82 94
Predoctoral 38 56 97 118 162 160 179 186 189

“The training slots for 2009 include those awarded with ARRA and other supplemental funds.

SOURCE: NIH National Library of Medicine, 2009.
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drive progress in the future. Computer science in general has
been a major stimulant to the U.S. economy and has had a
remarkable influence on our quality of life, but the biomedi-
cal world cannot rely on the general engineering community
to develop the solutions that health care and medical research
require. The biomedical informatics community can fill that
pipeline, as it has in the past, but this requires a program of
funding and training that will produce both the ideas and the
scientists that are needed to restore the momentum that we
need in these important disciplines. The NLM is the only
agency that has consistently supported such education, and
it needs the resources to continue its important programs.
There may be other similar interdisciplinary programs at
NIH that have been overlooked because they do not use the
NRSA or T32 mechanism. All such programs need to be
considered explicitly in the guidelines and recommendations
offered in this report.

Recommendation 2-9: The unique graduate training
programs of the NLM, plus its postdoctoral fellowships
in biomedical informatics, should receive gradually
increasing support with incremental dollars over 5 years
to produce a 50 percent increase in the number of funded
training programs and a doubling of the number of
funded training positions.

COORDINATION WITH NIH

When a new workforce committee is constituted, it spends
a considerable amount of time reviewing the previous rec-
ommendations and the response by the NIH. This is often
quite difficult to do in a satisfying manner since the exact
implementation can be piecemeal, and, indeed, sometimes
there may be very sound reasons for non-implementation. It
is not easy for the new committee to triangulate how things
have evolved in the four years since the previous recommen-
dations were first presented. This committee was helped by
a small number of individuals who had sat on the previous
committee and were able to offer a valuable extended per-
spective. Clearly, better communication between the NRC
review committees and the NIH could speed up the overall
review process. The committee debated this issue for some
time and eventually decided to make a recommendation that
the NIH establish a review group that would analyze and col-
late the NIH responses to the committee recommendations
and report its findings to the director’s advisory committee.
In this way the director of the NIH would be apprised of the
relevant issues, and the appropriate components of the min-
utes could be used to inform the next NRC review committee
four years from now.

Recommendation 2-10: The committee believes that
subsequent workforce committees would greatly benefit
from continuity in terms of crafting recommendations
and following and monitoring the implementation of those
recommendations by the NIH. Accordingly, it is recom-
mended that the appropriate office at the NIH involved in
analyzing these recommendations should issue an annual
report to the director’s advisory committee on the status
of review and implementation. In addition, the NIH may
wish to invite external experts to provide added insight into
the analysis. There are a number of ways that this could be
done, but the exact mechanism is left up to the NIH.

INTERNATIONAL CONTRIBUTION TO THE
BIOMEDICAL WORKFORCE

Chapter 3 documents the contributions of foreign-educated
scientists, particularly at the postdoctoral level, to the U.S.
biomedical research workforce. Indeed, in the biomedical
postdoctorate pool more than 60 percent of the fellows are
foreign trained. In addition, typically 60 to 65 percent of
these individuals indicate that they hope to stay in the United
States after they have completed their fellowship. Without
this component of the workforce, U.S.-educated Ph.D.s, at
the current level of production, would not be able to provide
the amount of human capital needed to meet the demands for
research in this area. Over the past two decades the number of
foreign-trained individuals in the postdoctoral workforce has
steadily increased. However, we are now faced with a highly
uncertain future in this regard. This is a direct consequence
of two powerful forces, the effects of which are impossible
to determine at present. On the one hand, the enormous
growth of the Chinese and other Asian economies—and
their explicit intentions to invest in the biomedical and life
sciences and become “research powerhouses”—has already
begun to attract their nationals to return and conduct research
at their home institutions, a phenomenon that seems likely
only to increase over the next decade. On the other hand, the
pressing economic situation in the United States, especially
the uncertainty of job availability in the future, may lead to a
decreasing attractiveness of U.S. biomedical research careers
to Ph.D.s from these foreign countries.

Although there is a great deal of uncertainty about how
these phenomena will affect the contributions of interna-
tional scientists to the U.S. biomedical research enterprise,
our leaders at the NIH and in the Congress should be aware
of this committee’s concerns. It is probably not yet time to
suggest that U.S. production of biomedical Ph.D.s should
be increased, but clearly this issue needs to be carefully and
continuously monitored.



Basic Biomedical Sciences

INTRODUCTION

The goal of basic biomedical research is to provide com-
prehensive and detailed understanding of the mechanisms
that underlie the development and normal function of humans
and other living organisms and thereby gain insights into the
pathological and pathophysiological mechanisms that cause
disease. A detailed understanding of these mechanisms and
pathways is essential for identifying potential targets for
rational therapeutic interventions, and for disease prevention.
The scope of basic biomedical research is, therefore, broad,
ranging from the study of single atoms and molecules to the
complex functions and behaviors of the whole organism.

Although distinct from clinical research, which is covered
in Chapter 35, it is basic biomedical research is nonetheless
an important component of clinical success. In particular, it
provides the detailed understanding of disease processes that
undergird the development of new diagnostic procedures,
therapeutic interventions, and preventative strategies that can
be tested in clinical studies. In turn, the encounters of astute
clinicians with patients can stimulate clinical investigations
that may suggest novel mechanisms of disease that can be
further examined in basic studies that may involve model
organisms. Observations that drive new understandings of
human diseases and the development of new strategies for
their prevention, diagnosis, and treatment, flow bidirection-
ally from patient to laboratory and back, often passing en
route through various stages of experimentation and valida-
tion in lower and higher animal species. There can be no
doubt that the frequency and intensity of interactions between
basic and clinical scientists will continue to increase. How-
ever, the basic and clinical workforces are for the most part
distinct and linked by a third genus of biomedical scientists
dubbed “translational” researchers, who have been trained to
be knowledgeable in both the basic and clinical biomedical
sciences, as well as proficient in patient care.

With respect to behavioral research, covered in a later
chapter, there is a similar continuum within the neurosciences
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from basic neurochemistry and molecular neurobiology
through cognitive neuroscience to biological psychology
and behavior. The overlaps among these areas will inevitably
increase as genetic and environmental influences that affect
the formation and function of the nervous system are better
understood.

It is fair to say that the landscape of biomedical research
has been revolutionized in the past 20 years by major
advances in technology and in our understanding of funda-
mental aspects of cell and organ function as well as by the
impact of this work on human health. Genomic biology is
now a fundamental aspect of research strategies and is in the
process of leading to the realization of “personalized medi-
cine.” Concomitantly, quantitative biology has become an
essential component of biomedical graduate education, and
it is essential to know how to handle the prodigious influx
of massive amounts of data generated by the new technolo-
gies. There have been astounding advances in our discovery
and understanding of the roles of different populations of
RNA molecules, such as RNAI, in cellular regulation and as
research tools, and soon, as biologic interventions in disease.
Cancer is being more effectively treated than ever before, the
decreased incidence of cardiac mortality has been a major
success story, and recently the first AIDS vaccine that may
hold significant promise has been tested for the first time.

In order to apply scientific discoveries to the improvement
of human health, a sufficiently large and diverse workforce
trained in basic biomedical research is essential. That work-
force must be able to conduct research in a wide variety of
settings, including academic institutions, government labo-
ratories, and a broad range of companies in pharmaceutics,
biotechnology, bioengineering, and others.

BIOMEDICAL RESEACH WORKFORCE

For the descriptive material and the data presented in
this report, researchers in the basic biomedical sciences are
defined as individuals holding a Ph.D. in a field that deals
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with the biological mechanisms that are ultimately related
to human health. These fields are listed in Appendix C. In
this report we have attempted to focus on these specific
areas, but on occasion, the available data may refer to bio-
logical sciences in general because sometimes no grouping
of specific biomedical disciplines is available, and in these
cases we have emphasized this point in the discussion.
The workforce discussion below includes individuals who
may also hold other degrees, such as an M.D. through an
M.D./Ph.D. program or other dual-degree programs, but
it does not include individuals with an M.D. degree alone.
This is a shortcoming of the analysis, because a significant
number of M.D.s have conducted and continue to carry out
basic research in the fields listed in Appendix C, and some
have won Nobel Prizes for their contributions. However,
pertinent demographic information on these degree holders
is limited. The American Medical Association maintains a
national database that tracks the careers of all practicing
physicians, but there is no database that specifically tracks
the academic careers of graduates from medical schools,
except for the data collected by the Association of American
Medical Colleges (AAMC) and published annually in its
Directory of Medical School Faculty. However, this database
does not identify research areas. The analysis of the clinical
research workforce in Chapter 5 will address these biomedi-
cal researchers to the extent that they can be identified. It
should also be acknowledged that the committee’s analysis
does not include individuals with doctorates in other profes-
sions, such as nursing, dentistry, and public health, if they
do not hold a Ph.D. in addition to their professional degree.
There are important workforce issues in the first two of the
three fields just cited, and they will be addressed in separate
chapters in this report.

EDUCATIONAL PROGRESSION

Most researchers working in the United States in the bio-
medical sciences obtained their doctorate degrees from U.S.
research universities, but a substantial number come from
foreign institutions, either directly into a graduate research
program, or more frequently via a postdoctoral position in
the United States.'

For many in the biomedical sciences, interest in the field
begins at an early age, in high school or even grade school.
In this regard, over the past 20 years, the percentage of high
school graduates who took a biology course has remained
about the same at around 90 percent. This level is less than
99 percent of high school graduates who have taken math-
ematics course but greater than the percentage of any other
type of science; only 60 percent of high school graduates have
taken a chemistry course, for example.? The characteristics

! National Center for Educational Statistic, Digest of Educational
Statistic, 2008.

2 National Center for Educational Statistic, Digest of Educational
Statistic, 2008.

of the students planning a postsecondary education can be
examined by the percentage taking the biology AP examina-
tion. The number has increased from about 32,000 in 1985
to 150,000 in 2008 and is second to mathematics at 280,000.3
The interest in biology continues into college with 6.8 percent
of the 2006 freshman science and engineering population
declaring a major in biology. This is the second highest field
preference in science and engineering (S&E), exceeded only
by computer science. Overall, from 1980 to 2008 the fraction
of the freshman college population who are biology majors
increased from 4.9 to 9.3 percent. The number of bachelor’s
degrees awarded in the biological sciences was fairly constant
in the 1970s and 1980s at about 40 thousand, and increased
to 60,000 in the mid-1990s. Since that time it has steadily
increased to nearly 78,000 in 2008. These data are for all areas
in the biological sciences and are presented to show the trend
in the field in pre-graduate education.

The number of students entering graduate school possibly
in order to prepare for advanced degrees (M.S. and Ph.D.) in
the biological sciences was about 9,400 in the early 1990s
and increased to a little less than 12,400 in 2008. Obviously,
some of these first-year students are only pursuing a master’s
degree, but the 32 percent increase in number of students
does show the substantial overall growth of interest in the
field. If we focus on students that enter into doctoral-granting
biomedical sciences department, the entering student popu-
lation was 8,800 in the early 1990s and has increased to
11,800 by 2008. The total full-time graduate enrollment in
the biomedical sciences was fairly steady in the 1990s until
the doubling of the NIH budget. The doubling began in 1998,
and after a two-year lag, the number of biomedical graduate
students increased steadily by a total of 22 percent over the
period 2001-2006 (see Figure 3-1).

Such an increase should yield a proportionate increase
in the number of Ph.D.s awarded from 2005 and succeed-
ing years, an increase that has now been detected (see Fig-
ure 3-2). It should also be noted that about three-quarters of
the Ph.D. graduates in biomedical programs also received
their bachelor’s degree in the same field.* In addition, since
1998 there have been more female than male graduate stu-
dents enrolled in biomedical programs such that in 2008
females represented 56 percent of the graduate students. As
a result of the increased participation of women in graduate
school, the gender distribution of Ph.D.s in the biomedical
sciences was almost equal in 2008 at 3,584 males and 3,511
females. The data on student enrollment do not accurately
reflect the doctoral population and are presented to show
the growth in the field over time. A more accurate assess-
ment of total enrollment in Ph.D. programs comes from the
research-doctorate study for one year, the fall of 2005, on
Ph.D. enrollment (see Table 3-1).

3 National Science Foundation, 2010. Science and Engineering Indica-
tors, Washington, DC: NSF.
* Unpublished tabulation from the Survey of Earned Doctorates, 2001.
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FIGURE 3-1 Full-time graduate enrollment in the biomedical sciences 1983-2008.
SOURCE: NSF. 2008. Survey of Graduate Students and Postdoctorates in Science and Engineering, 2008. Washington, DC: NSF.
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FIGURE 3-2 Biomedical Ph.D.s by year of degree and gender, 1970-2008.
SOURCE: NSF. 2008. Survey of Earned Doctorates. Available at http://www.nsf.gov/statistics/srvydoctorates/.
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These data are reported by the institutions and represent
almost all doctoral programs. In 2005, the reported total of
Ph.D. students in the biomedical sciences was 41,115 or
about 7,500 fewer students than the NSF data, which most
likely reflects the inclusion of masters students. These data
again show more female than male students, but only by a
few hundred. Data from the research-doctorate study for the
period from 2002 to 2006 on first-year enrollment mirrors
the growth of the NSF data (see Table 3-2) and is generally
about 1,500 less, accounting for master’s students. Project-
ing the research-doctorate data, using the change in the NSF
data, shows an increase in 2008 to about 10,000 first-year
enrollees in Ph.D. programs.

Data on citizenship and race/ethnicity of doctoral stu-
dents in the biomedical sciences are also available from
the research-doctorate study. The percentage of doctoral
students on temporary visas is about 30 percent, although the
percentage of doctorates conferred on such students is some-
what less (see Table 3-3 and Figure 3-3), likely reflecting a
continuing increase in the number of international students
admitted into graduate programs and the attendant delay of
five years before graduation.

Similarily, the percentage of underrepresented minority
doctoral students in biomedical graduate programs is 11
percent from the research-doctorate data, but in the same year
these student make up 8 percent of graduates, again likely
reflecting an expanding pipeline (see Table 3-4 and Figure
3-3). Itis unclear why these percentages are greater, but these
students might take longer to get their degree.

THE NUMBER AND DEMOGRAPHICS OF
BIOMEDICAL SCIENCES PH.D. RECIPIENTS

The increase in funding and enrollments led to increases
in doctoral degrees. The numbers of Ph.D.s in the biomedi-
cal sciences awarded by U.S. institutions have increased
from roughly 3,000 during the 1970s to 6,895 in 2007. The
increase presumably reflects increases in the Gross National
Product (GNP) as well as increases in the NIH budget over
this time period, although over the past decade the percent-
age increases in the NIH budget have substantially exceeded
those of Ph.D. output (see Figure 3-2).

Most of the surge occurred in the early to mid-1990s and,
more recently, from 2003 to 2007. The latter increase can

TABLE 3-1 Number of Ph.D. Students Enrolled in the Biomedical Sciences, Fall 2005

Field Male Female
Biochemistry, Biophysics, and Structural Biology 3515 3021
Biomedical Engineering and Bioengineering 2842 1589
Cell and Developmental Biology 2602 2989
Genetics and Genomics 1230 1495
Immunology and Infectious Disease 1155 1429
Integrated Biomedical Sciences 3285 3664
Microbiology 1200 1592
Neuroscience and Neurobiology 2007 2019
Pharmacology, Toxicology, and Environmental Health 1755 1989
Physiology 784 953
Total 20375 20740

SOURCE: NRC. 2010. A Data-Based Assessment of Research-Doctorate Programs. Washington, DC: The National Academies Press.

TABLE 3-2 First-Year Enrollment in Biomedical Ph.D. Programs

Field 2001-02 2002-03 2003-04 2004-05 2005-06
Biochemistry, Biophysics, and Structural Biology 1334 1385 1556 1445 1437
Biomedical Engineering and Bioengineering 716 784 921 938 924
Cell and Developmental Biology 1365 1464 1558 1556 1610
Genetics and Genomics 594 582 654 674 619
Immunology and Infectious Disease 712 728 774 803 812
Integrated Biomedical Sciences 1288 1367 1398 1497 1519
Microbiology 669 672 731 728 688
Neuroscience and Neurobiology 761 891 957 886 913
Pharmacology, Toxicology, and Environmental Health 812 825 844 886 822
Physiology 397 417 481 456 445
Total 8648 9115 9874 9869 9789

SOURCE: NRC. 2010. A Data-Based Assessment of Research-Doctorate Programs. Washington, DC: The National Academies Press.



BASIC BIOMEDICAL SCIENCES

TABLE 3-3 Citizenship of Doctoral Students in the Biomedical Sciences, Fall 2006
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Percentage

Field Citizens Permanent Residents Temporary Residents
Biochemistry, Biophysics, and Structural Biology 61 3 36
Biomedical Engineering and Bioengineering 61 4 35
Cell and Developmental Biology 65 4 30
Genetics and Genomics 68 3 30
Immunology and Infectious Disease 70 4 26
Integrated Biomedical Sciences 69 3 28
Microbiology 73 3 24
Neuroscience and Neurobiology 75 3 22
Pharmacology, Toxicology, and Environmental Health 59 4 37
Physiology 64 3 33

Total 66 3 31

SOURCE: NRC. 2010. A Data-Based Assessment of Research-Doctorate Programs. Washington, DC: The National Academies Press.
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FIGURE 3-3 Biomedical Ph.D.s by citizenship and race/ethnicity, 1973-2008.
SOURCE: NSF. 2008. Survey of Earned Doctorates. Available at http://www.nsf.gov/statistics/srvydoctorates/.

TABLE 3-4 Race/Ethnicity by Percent of Doctoral Students in the Biomedical Sciences, Fall 2005

American

Field White Black Hispanic Asian Indian Minority*
Biochemistry, Biophysics, and Structural Biology 77 3 5 14 1 9
Biomedical Engineering and Bioengineering 69 5 4 21 0 10
Cell and Developmental Biology 75 4 7 14 1 11
Genetics and Genomics 78 5 5 11 1 11
Immunology and Infectious Disease 76 6 6 12 1 12
Integrated Biomedical Sciences 79 5 5 10 1 11
Microbiology 78 6 7 9 0 14
Neuroscience and Neurobiology 76 4 7 12 1 12
Pharmacology, Toxicology, and Environmental Health 72 7 6 14 1 14
Physiology 77 7 5 11 1 12

Total 76 5 6 13 1 11

“Minority refers to Underrepresented Minorities that include Blacks, Hispanics, and American Indians
SOURCE: NRC. 2010. A Data-Based Assessment of Research-Doctorate Programs, Washington, DC: The National Academies Press.
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be linked to the elevated research expenditures during the
doubling of the NIH budget. Interestingly, a substantially
larger fraction of the increase in the number of doctorates
has come from increased participation by women.

In a dramatic demographic shift, the fraction of Ph.D.s
awarded to temporary residents has increased from about
10 percent in 1970 to more than 30 percent in 2007 (Fig-
ure 3-3).This fraction is still lower than that in many fields in
the physical sciences and engineering, but this differential is
closing. In analyzing the participation by foreign-born stu-
dents, we note that the dramatic spike in Ph.D.s awarded to
international students in 1991-1993, presumably a reflection
of increased entry into U.S. schools post-Tiananmen Square.
Since the peak in 1993, the proportion was steady until 2003,
when students admitted in the early years of the NIH doubling
began to graduate. In the most recent three years the percent-
age has been almost constant, and maybe an indication of a
decrease in Ph.D.s to foreign students in the future.

The number of minorities earning a Ph.D. degree in
biomedical research has doubled since the early 1990s.
Minority citizen and permanent resident Ph.D. awardees in
2008 stood at 8.0 percent of all biomedical research gradu-
ates in the United States; if one corrects for the number
of non-U.S. citizens in the graduating class this amounts
to 12.6 percent of graduating U.S. citizens and permanent
residents. The fraction of minorities in the biomedical sci-
ences has increased more than is seen in other biological
areas. Recent studies show that this increase has occurred

substantially at institutions receiving NIH training grant
support, almost certainly a reflection of the mandate the
NIH has placed on these institutions to aggressively recruit
a diverse student group.

EMPLOYMENT IMMEDIATELY AFTER
RECEIVING THE PH.D. DEGREE

The percentage of newly minted doctoral recipients with
definite plans to do postdoctorate training relatively soon
after receiving their degree increased sharply during the
1970s from about 50 percent to 80 percent in the mid-1980s
and remained at that level until the mid 1990s with only
periodic decreases since then (see Figure 3-4). Over the same
time period, the fraction of new Ph.D.s who go directly into
regular employment decreased steadily until about 1997, but
subsequently appears to have stabilized.

As the number of minorities gaining a Ph.D. has increased,
it is useful to ask about their plans upon graduation. Fig-
ure 3-5 shows that minority and majority outcomes were
quite different over the period from 1973 to 1993 when
minority Ph.D.s were much less inclined to take a postdoctor-
ate position and more inclined to go directly into industry.
However, since 1993, although there is a great deal of scat-
ter in the data points, it is clear that the career progression
of minority graduates now closely reflects that of majority
graduates. The number of unemployed Ph.D.s at this stage
of their careers is very small.

Percent

FIGURE 3-4 Postdoctoral plans at time of doctorate.

SOURCE: NSF. 2008. Survey of Earned Doctorates. Available at http://www.nsf.gov/statistics/srvydoctorates/.



BASIC BIOMEDICAL SCIENCES

33

100 === Minorities in Employment == Minorities in Postdoctoral Training
20 Non-Minorities in Employment e Non-Minorities in Postdoctoral Training
80 p—

Percent

70
50
40 -
— \a\

10

V '~

1973
1975
1977
1979

1981
1983
1985
1987

[e)] — ™ Yo N~ (o)) — ™ [To] N~

[ce] [«2] [e)] (o)) (2] (o)) o o o o

(o] o (o)) (o] o (o] o o o o

— — — — — — 3] N N [aY]
Year

FIGURE 3-5 Postdoctoral plans of minorities and non-minorities in the biomedical sciences.
SOURCE: NSF. 2008. Survey of Earned Doctorates. Available at http://www.nsf.gov/statistics/srvydoctorates/.

The time to doctorate and age at time of receiving the
degree have been cited as critical issues in terms of career
progression of biomedical researchers and the increased
length of training prior to reaching RO1 research status.’
Data from NSF suggest that graduate students are spending
longer periods of time in their programs, with the median
registered time in a graduate degree program increasing
from 6 years in 1970 to 7 years in 2002, although there was
a modest shortening of the time to 6.58 years in 2008. These
times to completion are not significantly different from those
in other S&E fields. However, these data run counter to the
experience of essentially everyone in the biomedical research
field. This may be because these data reflect the time from
entering a graduate program to receiving the doctoral degree,
and because some graduate students work for a period while
in graduate school (a phenomenon that has increased over the
past 15 years) then this way of measuring time to degree is
increasingly imprecise. A new and very valuable resource has
come from the Assessment of Research Doctorate Programs,
which collected data on the median time to degree from indi-
vidual programs. Table 3-5 shows that the program reported
time ranges from 4.9 to 5.7 years across the biomedical sci-

> Goldman, E., and E. Marshall. 2002. “NIH grantees: Where have all the
young ones gone?” Science 298(5591):40-41.

ences and on average is 5.5 years, or about 1.5 years shorter
than the data collected by NSF.

POSTDOCTORAL FELLOWS

With the growth of research funding driving a major
expansion of the biomedical research enterprise, and with the
remarkable advances that have taken place in the biomedical

TABLE 3-5 Average Time to Degree

Field Years
Biochemistry, Biophysics, and Structural Biology 5.61
Biomedical Engineering and Bioengineering 4.92
Integrated Biomedical Sciences 5.61
Cell and Developmental Biology 5.65
Genetics and Genomics 5.74
Immunology and Infectious Disease 5.31
Microbiology 5.56
Neuroscience and Neurobiology 5.67
Pharmacology, Toxicology, and Environmental Health 5.23
Physiology 5.17
Average time to degree 5.52

SOURCE: NRC. 2010. A Data-Based Assessment of Research-Doctorate
Programs. Washington, DC: The National Academies Press.
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sciences in recent years, the postdoctoral appointment has
now become a sine qua non for most subsequent career
positions. From the 1980s to the late 1990s the number of
postdoctoral appointments increased by about 60 percent for
Ph.D. scientists at U.S. institutions (see Figure 3-6).

The rapid increase in the total U.S.-trained postdoctoral
pool from 1993 to 1999 was probably the result of a num-
ber of factors. One was the increase in women graduates;
another was the growth of international students attending
U.S. schools.

Data on the length of the postdoctoral period show a
steady increase in the 1990s, but this generated an outcry
from postdoctoral organizations and, subsequently, several
national university organizations. In response, the American
Association of Universities issued a white paper in 2000
endorsing a limit of no more than 5 years for postdoctoral
appointments. With some slight modifications to fit academic
medicine, the Association of American Medical Colleges
(AAMC) endorsed a companion white paper addressed to
medical schools and teaching hospitals. Since then, many
institutions instituted limits to the postdoctorate training
period. These responses evidently yielded results, judging
from data for the most recent period showing that the average
postdoctoral training period has been significantly reduced.
Whether term limits aided postdoctorates’ ability to find
new permanent positions is debatable. Indeed, a perusal of
the AAMC faculty database over this period indicates that
the number of tenure-track faculty positions did not increase
over the past decade (and in fact they have declined), but a 40
percent increase was seen in the number of non-tenure-track
(research-track) faculty as well as “other faculty,” presum-
ably senior research staff positions (see also Figure 3-7).

RESEARCH TRAINING IN THE BIOMEDICAL, BEHAVIORAL, AND CLINICAL RESEARCH SCIENCES

Itis interesting to note that an increasing fraction of these
non-tenure faculty positions are held by females. Twenty
years ago the half-life in these non-tenure-track faculty posi-
tions was 7-8 years, but over the last decade this has dropped
to 4-5 years, suggesting a more transient activity. Further,
non-tenure-track positions may afford principal investigator
privileges but they often lack oversight, and whether this is a
viable next step on the employment ladder or whether those
holding such appointments are merely “Postdoctorates by
another name” remains to be seen. Finally, it should be men-
tioned that the AAMC databases do not give any information
on citizenship of these individuals.

Data from the research-doctorate study show there are
almost 24,000 postdoctoral appointments in biomedical pro-
grams (see Table 3-6). This is larger than the number reported
on the NSF survey for academic postdoctorates by about 20
percent, and it may be a more accurate figure, since the NSF
data are drawn from a sample of institutions. It should also be
noted that females represented about 41 percent of the post-
doctoral population, but they have represented more than 45
percent of the U.S.-trained doctorates since 2000. Also note
that the percentage of minorities in postdoctoral positions is
a little over 7 percent, which is consistent with the fact that
minorities accounted for 6 to 7 percent minority U.S. doctor-
ate degrees over the period from 2000 to 2006.

THE PARTICIPATION OF INTERNATIONAL
POSTDOCTORATES IN BIOMEDICAL RESEARCH

U.S. citizens in postdoctoral positions in the biomedical
sciences constitute only part of the postdoctoral training
sector. There are also large numbers of doctoral recipients
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FIGURE 3-7 Academic positions of doctorates in the biomedical sciences, 1975-2006.
SOURCE: NSF. Survey of Doctorate Recipients, 1973-2006. Washington, DC: NSF.

TABLE 3-6 Postdoctoral Appointments in the Biomedical Sciences in Fall 2006

Field Number of Applications Male Female Minorities (%)
Biochemistry, Biophysics, and Structural Biology 3,625 2,087 1,242 5.1
Biomedical Engineering and Bioengineering 944 675 280 5.6
Cell and Developmental Biology 3,586 1,991 1,537 9.1
Genetics and Genomics 1,664 956 705 7.5
Immunology and Infectious Disease 1,688 875 746 9.1
Integrated Biomedical Sciences 5,349 2,493 1,790 6.7
Microbiology 1,413 739 624 7.2
Neuroscience and Neurobiology 2,620 1,515 1,049 8.5
Pharmacology, Toxicology, and Environmental Health 2,045 1,169 817 7.5
Physiology 793 464 330 7.5
Total 23,727 12,964 9,120 7.3

SOURCE: NRC. 2010. A Data-Based Assessment of Research-Doctorate Programs. Washington, DC: The National Academies Press.

with degrees from foreign institutions who are being trained
in U.S. educational institutions and other employment
sectors. Data are available on the number of postdoctoral
appointments in academic institutions,® but there is no com-
parable source for data from the industrial, governmental,
and non-profit sectors. However, the NIH supports about
4,000 intramural postdoctorates, and just over 60 percent
of them are temporary residents from countries around the
world, with the largest numbers coming from the People’s
Republic of China, India, Korea, Japan, and Europe. Almost
all of them have foreign doctorates. Data from the NSF Sur-

S NSF. 2004. Survey of Graduate Students and Postdoctorates in Science
and Engineering; 2002. Washington, DC: NSE.

vey of Graduate Students and Postdoctorates show that the
number of temporary resident postdoctorates in academic
institutions steadily increased through the 1980s and 1990s;
by 2008 the number was almost 12,000 in the biomedical
sciences. Currently temporary residents hold almost three-
fifths of the postdoctoral positions in academic centers (see
Figure 3-8).

There has been little change in the number of U.S. citizen
and permanent resident postdoctorates in academic institu-
tions since the early 1990s, though there was a 20 percent
increase in temporary resident postdoctorates between 1998
and 2003 coinciding with the NIH doubling. The leveling off
in the number of foreign postdoctorates from 2003 to 2006 is
most likely related to the plateau in NIH funding rather than to
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FIGURE 3-8 Postdoctorates in academic institutions.

SOURCE: NSF. Survey of Graduate Students and Postdoctorates in Science and Engineering, 2008. Washington, DC: NSF.

post-9/11 security issues. Almost certainly, the recent ARRA
stimulus funding will generate a demand for additional post-
doctorates, and since most of the U.S. graduates already enter
this pool, the additional needs will be satisfied by an increase
in international postdoctorates. It seems unlikely that the
U.S.-trained postdoctorate pool would have been sufficient to
produce the workforce for a response to the ARRA funding.
Clearly, some of these international postdoctorates are well
trained. However, a significant (and unknown) number have
been trained as M.D.s, and their laboratory skills are hard to
gauge; they may well receive much “on-the-job” training.
Nonetheless, the international postdoctorate pool is highly
elastic and responds quite rapidly to funding exigencies and
opportunities driven by the NIH appropriation. Data indicate
that 65 percent of these postdoctorates will probably stay in
the United States and will thus contribute to the biomedical
workforce over an extended period. However, exactly where
these individuals will be employed has not been carefully
measured. Nor has it been clearly defined how these interna-
tional postdoctorates will handle the post-stimulus funding
employment situation.

The Research-Doctorate Study collected data on pro-
grams with foreign postdoctorates and the country of origin
for those postdoctorates. For the 983 biomedical programs
in the study, 839 reported foreign postdoctorates in the
program. For 430 of these programs, more foreign post-
doctorates came from the Peoples Republic of China than
any other country. India and Japan were the most populous
for many fewer programs (see Table 3-7).

CAREER PROGRESSION

Traditionally, the career progression for biomedical sci-
entists after graduate school and a postdoctoral appointment
was to next take a position in an academic institution or in an
industrial environment. However, individuals with a Ph.D. in
the biomedical sciences now have a range of career opportu-
nities, from academia and industry to science administration,
policy, writing, and law, to name but a few of the options.

Until 1985, the first position to which Ph.D.s would aspire
was generally in a university on the tenure track. However,
after 1985 the bulk of the growth in academia has been in
non-tenure-track appointments, with many in this latter
category on “soft funding.” Figure 3-9 shows that the aver-
age annual growth in the academic population was about 5
percent from the 1970s to 1991, except for a slowdown in
the late 1980s and early 1990s due to economic conditions.
Since 1995, however, growth has slowed significantly, and
what growth there is has been in the area of non-tenure-
track faculty and other academic positions. From 1999 to
2003, the number of positions in these areas grew about 20
percent (roughly 4 percent each year). Note that these data
are from the NSF Survey of Earned Doctorates, and as such
they apply to all biomedical science postdoctorates including
those in clinical departments, but they do not include foreign
non-tenure-track faculty, who have contributed additionally
to the growth of this category of employment.

This growth is almost certainly due to the efforts of
institutions to accommodate term limits for postdoctorates,
as discussed above, and it is likely that these are individuals
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TABLE 3-7 Number of Programs with Foreign Postdoctorates and the Three Most Popular Countries of Origin in Fall 2006

Countries of Origin

Field Programs with Foreign Postdoctorates China India Japan
Biochemistry, Biophysics, and Structural Biology 139 73 14 3
Biomedical Engineering and Bioengineering 59 32 8 2
Cell and Developmental Biology 113 56 8 5
Genetics and Genomics 54 31 5 2
Immunology and Infectious Disease 66 37 7
Integrated Biomedical Sciences 106 44 13 5
Microbiology 67 34 6 3
Neuroscience and Neurobiology 72 40 4 3
Pharmacology, Toxicology, and Environmental Health 107 58 15 3
Physiology 56 25 4 3
Total 839 430 84 29

SOURCE: NRC. 2010. A Data-Based Assessment of Research-Doctorate Programs. Washington, DC: The National Academies Press.

TABLE 3-8 Tenure Status of Basic Science Medical School Faculty, 2002, 2005, and 2009

Degree M.D. M.D./Ph.D. Other Ph.D. Unknown Total
2002
Tenured 821 642 17 7401 33 8914
Tenure Track 329 261 22 2419 23 3054
Non-Tenure Track 847 375 241 3269 162 4894
Tenure Not Available 151 39 21 423 9 643
Total 2148 1317 301 13512 227 17505
2005
Tenured 764 679 18 7346 46 8853
Tenure Track 330 319 23 2619 31 3322
Non-Tenure Track 879 425 259 3857 108 5528
Tenure Not Available 194 52 22 503 16 787
Total 2167 1475 322 14325 201 18490
2009
Tenured 600 684 16 6895 49 8244
Tenure Track 377 320 28 2844 71 3640
Non-Tenure Track 829 389 238 3561 122 5139
Tenure Not Available 250 66 43 640 48 1047
Total 2056 1459 325 13940 290 18070

SOURCE: AAMC. 2010. Association of American Medical Colleges Faculty Roster, 2009. Available at https://www.aamc.org/data/facultyroster/.

whose appointment titles changed from postdoctoral trainee
to research associate, research scientist, instructor, or some
similar title but who continued to do the same kind of
work.

The almost flat growth over the three-year period from
2003 to 2006 in all position categories is almost certainly
a consequence of the flat NIH budget after the doubling
years. While data on the current faculty are not available,
one expects that the ratio of tenure track to non-tenure-track
academic positions may well look very different in 2009
and beyond due to the severe economic downturn and the
financial problems besetting many institutions. It is worth
mentioning that the number of basic sciences tenured and
tenure-track faculty at medical schools increased from 2002
to 2005 and has actually declined in number since 2005 (see
Table 3-8). The faculty size in 2009 stands at the 2002 level,

and during this period the number of non-tenure-track faculty
has increased by 12 percent. The stasis in overall tenure-track
faculty numbers, coupled with the dramatic decrease in the
number of faculty taking retirement, means that new, tenure-
track assistant professor positions are increasingly scarce.

The decreased retirement rate and the longer time to
independent research status are seen in the changes in the
age distribution of tenured faculty from 1993 to 2006 (see
Figures 3-9 and 3-10).

These figures provide dramatic evidence that the aca-
demic workforce is aging. By 2006 about 25 percent of the
tenured academic faculty were over the age of 60, and about
half were 55 or older. At the same time, the proportion of
younger tenured faculty has necessarily declined over time,
which is, of course, ultimately reflected in the increased
average age at award of first RO1 grant. Given the current
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FIGURE 3-9 Age distribution of tenured faculty 1993, 2001, 2003, 2006.
SOURCE: NSF. Survey of Doctorate Recipients, 1973-2006. Washington, DC: NSF.
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economic downturn and its financial effect on retirement
plans, it is highly likely that faculty members will delay
retirement plans.

Thus in summary, the constraints of the biomedical aca-
demic workforce being rather young during the 1970s and
1980s, the prohibition of mandatory retirement in 1993, and
the current (and understandable) reluctance of faculty to take
voluntary retirement have combined to produce a progres-
sively marked aging of faculties and a dearth of openings for
new faculty researchers. It has been said about the tenure sys-
tem that “where there’s death, there’s hope,” and presumably,
opportunities for new faculty hires will dramatically improve
over the next decade as aging imposes its mortal laws. During
the past five years we have seen a dramatic increase in the
number of new medical schools. Depending upon how much
they emphasize basic biomedical research, this situation may
also provide additional employment opportunities.

While a majority of the biomedical sciences workforce
is employed in academic institutions, a little more than
40 percent is employed in other sectors (see Figures 3-11
and 3-12). The number of scientists working in industry, the
largest of these other sectors, had been growing at a steady
rate of close to 7 percent over the past 20 years, at least until
2008. There was a lull in employment in the early 1990s,
possibly as a result of the economy or unfulfilled expecta-
tions of biotechnology, but growth since the mid-1990s has
been strong. In contrast, government and non-profit sector
employment has been fairly stable, though with a low growth
respectively, over recent years. The most recent date for

100,000
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which we have information is 2006. How the current fiscal
crisis and recession, with its profound impact on employ-
ment, will affect industrial employment of the biomedical
workforce remains to be seen.

The demographics of the workforce are also changing.
Women are becoming a greater part of the biomedical work-
force. In the early 1970s they represented only 13 percent
across all employment sectors, and by 2006 their participa-
tion had grown to 35 percent (see Figure 3-13).

In 2006, the percentage of females with faculty rank in
academic institutions—31 percent—was slightly lower than
the percentage of females in the over biomedical workforce.
It might be argued that because the numbers of female fac-
ulty are starting from a low base in the early 1970s, it is not
surprising that it has taken women time to obtain parity in
this area. However, looking at the data from the perspec-
tive of the number of Ph.D.s per year and the year of Ph.D.
among female faculty, a different outcome between males
and females has persisted for some time (see Figure 3-14).
In fact, since 1990 the number of Ph.D.s awarded to females
has increased by over 20 percent, to the point women earned
half of all Ph.D.s in 2008, but the representation in faculty
ranks has stayed constant at close to 30 percent. While it
will take time before women are represented in proportion to
the degrees awarded, it is disconcerting to realize that their
Ph.D. representation is not reflected in the percentage of non-
tenure-tenure track faculty in medical schools. From 2002
to 2009 the percentage of tenure-track females has increased
from only 30 percent to 33 percent (see Table 3-9), and in
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40 RESEARCH TRAINING IN THE BIOMEDICAL, BEHAVIORAL, AND CLINICAL RESEARCH SCIENCES

100

90

80

70

60

50

Percent

40

30

20

10

Year

| @mAcademic ®Industrial OGovernment DOthersectors|

FIGURE 3-12 Percentage employment by sector.
SOURCE: NSF. Survey of Doctorate Recipients, 1973-2006. Washington, DC: NSF.

87%
85%  8a%  ga%
82% g0
81% 5
80% 799
78%
76% .
75% 5
73% 100,
° 1%
69% i
7% 65%

339 [ 35%
31%
27% [ 8% 2o%
25% °
24%
22%
21%
20%
16% [ 16% el
15% o °
13%

1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2006

Year

m Percent Females  m Percent Males

FIGURE 3-13 U.S. biomedical Ph.D.s employed in S&E fields by gender.
SOURCE: NSF. Survey of Doctorate Recipients, 1973-2006. Washington, DC: NSF.



BASIC BIOMEDICAL SCIENCES

50

41

45 —|

B % Female Faculty

B % Female Ph.D.s |

40

35

30

25

Percent

20

15

10

1970
1971

FIGURE 3-14 Percentage of female faculty in 2006 in the biomedical sciences by year of Ph.D. compared with the number of female Ph.D.s

in the same year.

SOURCE: NRC. 2010. A Data-Based Assessment of Research-Doctorate Programs. Washington, DC: The National Academies Press.

TABLE 3-9 Distribution of Medical School Faculty by Track and Gender, 2002, 2005, and 2009

Percent
2002 2005 2009
Females Males Females Males Females Males
Tenured 18 82 20 80 21 79
Tenure Track 30 70 32 68 33 67
Non-Tenure Track 36 64 37 63 40 60
Total 26 74 28 72 30 70

SOURCE: AAMC, 2010. Association of American Medical Colleges Faculty Roster, 2009. Available at https://www.aamc.org/data/facultyroster/.

2009, 40 percent of women Ph.D.s were in non-tenure-track
positions.

The data from the AAMC Roster are similar to the NSF
data concerning the entire population of U.S. doctorates. In
2006 females occupied 31 percent of the faculty positions
and represented 35 percent of the S&E workforce, and they
held 45 percent of the non-tenure and non-faculty positions.
The data on faculty appointments are consistent over time,
with the percentage of female faculty appointment about 2

percentage points below their numbers in the overall popula-
tion, but in the early 1980s when they represented about 20
percent of the workforce, they held about 40 percent of the
non-tenure and non-faculty positions, and that percentage
has varied between 40 and 45 percent over the past 25 years.
Women are recruited into tenure-track assistant professor
positions to a reasonable degree, but several studies have
shown that the fraction of females in associate and in full-
professor positions declines substantially, and these numbers
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have not changed very much over the past 20 years or so.
A detailed study of the reasons for these observations was
published recently in a study of female academics in the
California system.’

The Diversity of the Workforce

The number of underrepresented minorities in the basic
biomedical workforce has increased significantly, from
2.5 percent of the workforce in 1973 to 6.2 percent in 2006.8
These numbers reflect the increasing numbers of minorities in
postdoctoral positions, which have grown from 1.6 to 6.8 per-
cent during the same period. Given that the number of minority
biomedical Ph.D. recipients is also increasing, we may expect
the workforce number to increase. Nonetheless, despite the
growth in recent years, minorities still remain a small frac-
tion of the overall workforce. At the current rate of increase
of minorities obtaining the Ph.D. degree, it is conceivable that
the production rate could reach 14 percent, but this may well
become a “pipeline” ceiling, as this is the fraction of minori-
ties presently earning the B.S. degree in biological sciences.
Clearly, additional representation in the workforce will depend
on the issues of attracting additional minority undergraduate
students into science and reducing dropout rates. These are
major challenges, but they are beyond the scope of this report.
Although the data concerning diversity are encouraging, there
continues to be a serious problem.

PHYSICIAN RESEARCHERS

To this point the discussion has addressed only individuals
with a Ph.D. in one of the fields listed in Appendix C, and has
not taken into consideration physicians who are conducting
basic biomedical research. It is difficult to get a complete
picture of this workforce, because there is no database that
tracks physician-scientists who are actively involved in
research in the same way as are Ph.D. scientists.

However, according to the American Medical Association
(AMA), the number of physicians active in research rose
throughout the late 1970s and early 1980s and reached
22,945 by 1985. Since then, however, the number of M.D.s
(and M.D./Ph.D.s) identifying research as their primary
professional activity has steadily declined, dropping to
14,434 in 1997. This figure remained about the same until
2008 at about 14,880 (12 percent) of the faculty engaged
in research. However, these numbers have to be interpreted
conservatively as the AMA’s “physicians active in research”
may mean many things, including participation as workers,
not leaders of clinical trials.

Although these data do not distinguish between physician-
scientists holding an M.D. and those with M.D./Ph.D.s,

7 See http://www.americanprogress.org/issues/2009/11/women_and_
sciences.html.

8 NSE. Survey of Doctorate Recipients, 1973-2006. Washington, DC:
NSE.

it is highly likely that the proportion of these research-
ers who hold two degrees is increasing. Because the first
formal M.D./Ph.D. training programs were introduced in
1964, opportunities for dual-degree training have steadily
increased, and by 2009 some three-fourths of all medical
schools offered their students an opportunity to earn both
degrees; 40 of these programs currently receive funding as a
Medical Scientist Training Program (MSTP) from the NIH.
In 2009 M.D./Ph.D.s in medical schools represented 8.1 per-
cent of the 18,957 faculty in basic sciences departments and
7.6 percent of the 118,559 faculty in clinical departments.

A recent study® published by members of the M.D./Ph.D.
Section of the AAMC Group on Graduate Research Educa-
tion and Training discusses the success of the MSTP. It reports
on career choices of trainees who had received both M.D. and
Ph.D. degrees from 24 MSTPs enrolling 43 percent of current
trainees and representing about 50 percent of the MSTPs. Of
2,383 alumni from these programs only 16 percent were in
private practice, while 68 percent were in academic centers,
8 percent in industry, and 5 percent in research institutes. Of
those with academic appointments, 82 percent were conduct-
ing research. This level of research activity is reflected in an
estimated 73 percent with research funding. This is higher
than the 58 percent of the faculty with Ph.D. degrees from
the Research-Doctorate Study who reported research grant
support. Because M.D./Ph.D. programs were envisioned as a
means of fostering transitional or clinical research, the study
of M.D./Ph.D. recipients found that 56 percent were conduct-
ing basic research, 41 percent were conducting transitional
research and 43 percent were conducting clinical research
(percents do not add to 100 percent because combination of
areas could be selected).

In addition, Dickler et al.!° found that M.D./Ph.D. appli-
cants for both first and second RO1 grants had a higher suc-
cess rate than applicants with either an M.D. or Ph.D. alone,
and that the number of first-time M.D./Ph.D. applicants for
NIH RO1 grants has become almost equal to that of M.D.s
only by 2006. The findings are consistent with those of an
earlier study by the National Institute of General Medical
Sciences (NIGMS) in 1998 of graduates from MSTPs, which
found that by almost all measures the MSTP-trained gradu-
ates were better than the other control groups. They entered
graduate training more quickly and took less time to com-
plete the two degrees than comparable degrees for the other
groups. In terms of research activity, the NIH data showed
that the MSTP graduates applied for research grant support
from the NIH at a greater rate, and they were more successful
in receiving support. These outcomes provide a remarkable
testimony to the success of M.D./Ph.D. programs in train-
ing physician-scientists, who after graduation continue to

° Brass, L. 2010. Are the M.D.-Ph.D. programs meeting their goals?
Academic Medicine 85(4):692-701.

10 Dickler, H.B., D. Fang, S.J. Heinig, E. Johnson, and D. Korn. New
physician-investigators receiving national institutes health research projects
grants. Journal of the American Medical Association 297(22): 2496-2501.
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participate successfully in a broad spectrum of research and
research-related activities.

Over the past decade the MSTPs have also begun to
make significant strides in terms of including minority stu-
dents. The racial distribution for the cohort of students who
matriculated into an M.D./Ph.D. program in 2009 is shown
in Table 3-10.

The proportion of URM students in M.D./Ph.D. programs
is considerably lower than that in the general population of the
United States. However, it is perhaps more relevant to compare
the compositions of these programs to the proportion of URMs
among those who graduate with B.S. degrees in biology.
Table 3-10 shows that in the group of M.D./Ph.D. programs
the proportion of URMs is only slightly less than that of
URMs in the pool of B.S. degree graduates in the biological
sciences, a major pool from which the programs recruit their
students. Nevertheless, these data show that the total number
of URMs in M.D./Ph.D. programs represents only about 0.7
percent of the biological sciences B.S. pool and less than
0.1 percent of the total pool of B.S. graduates. Thus, there is
clearly both an opportunity and the need for increased effort
to attract URMs into M.D./Ph.D. programs (both MSTP and
non-MSTP). Women accounted for 37 percent of the current
trainees in the programs participating in this study, and they
had the same attrition rate as men (approximately 10 percent).
These successful women who hold both degrees serve as
outstanding role models for female scientists in training and
underscore the need for M.D./Ph.D. programs to continue
aggressively to pursue the goal of gender equity in this area.
Given the increases of the number of woman gaining Ph.D.
degrees in the biomedical sciences, along with the fact that
women earn the B.S. degree at a higher rate than men, we
may expect that parity should be reached in these programs
over the next decade.

On average, M.D./Ph.D. students take about 8 years to
complete their degrees, during which time most receive
tuition waivers and a stipend from a combination of public
and private funding sources. As a consequence, on comple-
tion of their training, overall indebtedness levels reported by
M.D./Ph.D.s are about half (or less) of those of their medical
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school classmates, and they enter the job market on better
financial footing and with better job prospects than investiga-
tors with only one degree.

Moreover, unlike their counterparts with a Ph.D., who
often have difficulty obtaining faculty positions, M.D./Ph.D.s
are reportedly in great demand as medical school faculty
members, particularly in clinical departments (Brass et al.),
and they are very well represented among clinical division
heads and department chairs. Graduates of M.D./Ph.D. pro-
grams are now a critical and very successful component of the
clinical, translational, and basic research workforces in medi-
cal schools and major teaching hospitals. They are in demand
as medical school faculty members and are well represented
among clinical division heads and department chairs.

However, in sp