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search should be rewarding young
scientists with bright careers. Instead,
the National Research Council (NRC) re-
ports a “crisis of expectations™ as career op-
portunities fall short of those in comparable
occupations. Our analysis suggests that the
inconsistency between scientific promise
and career prospects arises from how life
scientists are trained and how their careers
are structured and funded rather than from
a short-term supply-demand imbalance. Im-
provements will require re-
forms in training and career
structure and in funding sup-
port for young researchers.
Most of the approximate-
ly 150,000 Ph.D. life scien-
tists in the United States
work at colleges and univer-
sities, where the Federal gov-
ernment is the major single
source of biomedical re-
search funding. Government
influences the supply of re-
searchers through policies on

The rapid progress of biomedical re-

than monetary incentives. Students and
postdocs depend on the laboratory for edu-
cation, career development, and income.

The Tournament Model

Research in the biosciences fits a tourna-
ment economic structure. A tournament of-
fers participants the chance of winning a
big prize—an independent research career,
tenure, a named chair, scientific renown,
awards—through competition (2). It fosters
intense competition by amplifying small

postdoctoral fellowships, re-
search assistantships and ad-
mission of students and sci-
entists from abroad. It influ-
ences the demand for research activity
through federally funded research grants.
University bioscience research is “little
science,” where laboratories resemble small
family businesses (/). A typical research
laboratory is run by a principal investigator
(PI), whose name is attached to the labora-
tory. The PI is responsible for choosing re-
search topics, raising money, juggling bud-
gets, and managing postdocs and graduate
students. The PI relies on postdoc and grad-
uate student workers motivated by the hope
of achieving an independent research career
and making important contributions, rather
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Is this the model for science? Shown is an Olympic score-
board. Miniscule differences in time and effort make enormous
differences in reward.

differences in productivity into large differ-
ences in recognition and reward. Well-
structured tournaments stimulate competi-
tion. Because the differences in rewards
exceed the differences in output, there is a
disproportionate incentive to “win.” Victo-
ry may result from being marginally better
than competitors, e.g., completing a key
experiment a week earlier.

This configuration puts enormous com-
petitive pressure on PIs, because the slightest
edge can make the difference between suc-
cess and failure. Many PIs respond to the
possibility of being “scooped” by working
long hours. Nearly one-third of Ph.D. biologi-
cal scientists work 60 or more hours per
week compared with 24% of other Ph.D. sci-
entists (3). Bioscience Ph.D.’s aged 35 to 44
work about 50 hours per week. The long
hours especially impact those balancing ca-
reer and family. Among Ph.D. biologists
without children, women work more hours
than men, but among those with children,
women work many fewer hours than men.
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The decrease in hours worked by mothers
damages career progression in the bio-
sciences because of the field’s rapid progress,
one indicator of which is the median number
of years of journal citations (citation half-
life). Biosciences have the shortest citation
half-life among all sciences, making it diffi-
cult to pause from or reduce work and return
to the same career trajectory as before (4).

Data from the National Science Foun-
dation document the link between work
hours and scientific success. Between
1990 and 1995, bioscientists published 6.7
papers per year compared with 4.7 papers
for scientists in other fields. In bioscience,
5 hours of work per week is associated
with one additional publication, and each
publication corresponds to approximately
0.9% higher salary. Bioscientists who
work more hours publish more, and those
who publish more, earn more.

Consequences
Ideally, tournament job markets are socially
efficient, inducing high productivity from
all participants. They are most likely to opti-
mize effort when each participant has a rea-
sonable chance of winning. Biology fits this
model: Many researchers have sufficiently
similar scientific talent and equipment to
make a big discovery. When a new technol-
ogy or idea appears, many scientists with
similar research experience can grab the
“low-hanging fruit.” If the chance of being
first to make an extraordinary finding rises
with increased effort, researchers have a
strong incentive to invest in that effort.
However, tournaments can also produce
perverse outcomes. The tournament model
creates the incentive to publish quickly and to
recruit as many postdoctoral fellows as possi-
ble, irrespective of the personal value of their
training. One PI we interviewed said: “If I
have three postdocs and we work all the time,
I have a bigger chance of getting my results
out first than if I have two postdocs and I take
off weekends.” The small businessperson
might have said, “if I keep the store open late
and on weekends, I will attract customers
from my competitor who doesn’t.” Senior
scientists may recognize that they and their
students should take more time for their per-
sonal lives, but they adapt to their incentives,
and the tournament incentive is clear.
Similarly, PIs recognize that graduate
students and postdocs often struggle eco-
nomically. But as long as cheap postdoc or
graduate student labor is available, PIs will
use them as their primary labor input. If
encouraging graduate students and post-
docs to specialize narrowly helps PIs win
the research tournament, this will occur
even if alternative forms of training, or
leaving the lab sooner, might better serve
the students and postdocs. If PIs cannot at-
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tract postdoctoral fellows from the United
States or institutions cannot attract quali-
fied graduate students, they widen their
search geographically or lower admission
standards. Mixing training and work in-
evitably links the supply of biology gradu-
ates to the demand for work in laboratories.

Lifetime Earnings

The long duration of graduate and post-
graduate training and low rate of pay give
bioscientists lower lifetime income than
people in other careers that require high
levels of education. In the 1990s, the medi-
an length of time between entry into a life
science Ph.D. program and graduation with
a degree was 8.0 years. The median time in
postdoctoral training was 3.8 years. In
1970, the total time was under 10 years.
Thus, many bioscientists do not obtain
their first professional salary until their
mid-30s. For funding agencies, a tourna-
ment structure that generates good research
by employing idealistic young graduate
students and postdoctoral fellows at low
cost is an effective use of taxpayer dollars.

Career Information and Supply

The response of students to the inconsisten-
cy between scientific promise and career
prospects depends on their information.
NRC panels concerned with disgruntled
young researchers invariably recommend
that students receive greater information
about career prospects (5). To see whether
departments have been responsive, we con-
tacted 10 leading biology departments. No
department had job placement data avail-
able. Three said that they kept track of long-
term outcome data for training grant reports,
but that the data were confidential. In con-
trast, the professional schools (law, business,
medicine) at some of the same institutions
tracked careers of graduates and readily pro-
vided data on starting salaries and jobs.

To measure how undergraduates assess
career opportunities, we surveyed nearly
100 Harvard students enrolled in the main
bioscience majors’ course. Ten percent
thought that they had an excellent chance of
obtaining a tenure-track job. Over 50% said
that salary and/or a more secure career path
would make a bioscience career more ap-
pealing. The many students who learned
about the job market from graduate stu-
dents and postdoctoral fellows had predom-
inantly negative impressions about career
prospects. Most said they discussed the job
market with their family, and here, too, the
negative impressions far outweighed the
positive (6).

Still, from 1989 to 1998, the proportion
of Ph.D.’s granted in biosciences increased. It
increased largely among women, whose
share of bioscience degrees rose from 37.5 to
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43.3% and among non-U.S. citizens, whose
share rose from 19.8 to 26.2%. Why in the
face of poor career prospects has the field in-
creased its supply of students relative to oth-
er Ph.D. fields? Intellectual allure may have
trumped financial considerations for many
students over this period. But the change in
the demography of entrants and our under-
graduate data suggest that this is only part of
the story. Increased recruitment of nonciti-
zens and changed admission standards to
meet the labor requirements of research lab-
oratories also affected supply. This has pro-
found implications for the potential of mar-
ket forces to improve bioscience careers. If
departments can enroll graduate students and
hire postdocs from the potentially large sup-
ply of bright foreign students, the natural re-
duction in supply that otherwise would occur
when job prospects worsen (7) will not hap-
pen. Because there is no evidence that de-
mand will grow so rapidly as to outpace the
growth of supply, we conclude that without
significant policy intervention, the tourna-
ment market incentives will perpetuate the
current structure, benefiting senior investiga-
tors at the expense of new entrants. No sin-
gle PI or institution, however well-meaning,
can alter this dynamic. Any substantive
change in the structure of the bioscience job
market must be developed collectively and
be supported by the National Institutes of
Health and other funders.

Recent developments suggest that reforms
are likely. The NIH response to the NAS re-
port, “Addressing the Nation’s Changing
Needs for Biomedical and Behavioral Scien-
tists (8) showed that the Agency takes seri-
ously the evidence on the career problems of
young bioscientists, and the need to improve
career prospects for them. Accordingly, the
agency has promised to increase postdoctor-
al and grad student stipends; and has en-
dorsed “the concept that post-doctoral
trainees should be converted to non-training
staff or faculty positions at the earliest practi-
cal opportunity ... with appropriate levels of
income and benefits ... [and] that such costs
be built into future competing applications
(8)” The growing unionization of graduate
students, moreover, which has spread from
state universities like the University of Wash-
ington to private universities such as NYU,
as a result of National Labor Relations
Board decisions that these students have the
rights of workers to form unions, is altering
traditional relationships between universi-
ties and student employees.

Structural reforms could ameliorate the
tournament-style job market (8). The propor-
tion of federally supported graduate students
receiving fellowships or grants can be in-
creased gradually from its late 1990s rate of
26% to the 50 to 60% rate of the mid-1970s,
thereby giving more trainees greater control

over their careers. Funding agencies can of-
fer fellowships that reward excellent gradu-
ate students with support at the end of their
doctoral training so that they can launch their
early careers. Similarly, agencies could pro-
vide funding to selected postdocs, 2 or 3
years into their research, to help them estab-
lish their own laboratories and achieve inde-
pendence earlier. Compensation for postdocs
could be raised to a level commensurate with
the age and training of these professionals,
for instance by setting postdoctoral stipends
as a proportion of starting salaries for new
assistant professors. An increase in stipends
for starting postdocs to, say, 75% of starting
academic salaries would raise the NIH
stipend by about $10,000. The pay of post-
docs with 1 year’s experience could then be
proportionately increased to, say, 80% of the
starting academic salary, and so on, so that a
fifth-year postdoc would earn the going mar-
ket rate for an assistant professor. Finally, the
NIH can allocate funds to support scientists
who wish to do research without becoming
PIs, thus directly addressing structural flaws
in the training system.

Such changes, adopted by prominent
investigators, leading departments, and
funding agencies, can reduce the risk that
poor career prospects and inadequate eco-
nomic rewards may cost science the en-
gine of its success, our the nation’s and the
world’s most promising young people.
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