to less-than-stellar applicants. And at the University
of Michigan, B. A. Taylor, chair of the mathematics
department, says, “I think we’re using ‘birth control’
ourselves by being more selective.”

One place where the bullet seems clamped firmly
between the teeth is the Board of Regents of the state
of Ohio. Several years ago the board decided that the
costs of graduate training were getting too high. “We’ve
been very concerned that over the last 5 years the state
subsidy for Ph.D. education has gone from 8% to 11%
of the total subsidy for all higher education,” says Gar-
rison Walters of the Board of Regents. The board has
therefore ordered reviews of all state-supported Ph.D.
programs over the next couple of years. Ultimately,
there will be caps on how many students get trained.
Meanwhile state subsidies are frozen at the 11% level
until the review—designed to assess the productivity
and quality of each program—is completed.

Data-gathering. Like Ohio, most institutions are
looking for better information before they take action.
Says Charlotte Kuh, the new head of NAS’s Office of

Science and Engineering Professionals: “Biting the bul-
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1st-Year Grad Student Enroliments

Breeding fewer physicists.
Since 1990, first-year enroll-
ment in graduate physics
programs has declined.
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let when you don’t have data is not a very good idea.”
One of the most glaring voids in any report to date
concerns people a few years after they've gotten their
Ph.D.s—the time when traditionally they would be
settling into a “permanent” position. Such information
will be considerably more illuminating of the state of
the scientific job market than are simple unemploy-
ment figures.

But more projects are in the works. The most exten-
sive is a survey just launched at the University of Cali-
fornia, Berkeley, which has a Mellon Foundation grant
to do a follow-up survey of 1500 people in five fields who
got their Ph.D.s between 1983 and 1985. And smaller
initiatives are going on at other schools such as
Cornell, where biology department chair Peter Bruns
says he’s commissioning someone to do “an analysis of
where our students end up and what they think of their
training.”

The definitive answer to the Ph.D. population prob-
lem, however, may ultimately be as elusive as the defi-
nition of appropriate Ph.D. employment. As Represen-
tative Sherwood Boehlert (R-NY) asked at a recent
congressional hearing on Ph.D. training, referring to
two colleagues with Ph.D.s in engineering and physics:
“Are they underemployed because they’re members of
Congress?” The rhetorical question was posed, ironi-
cally, as Boehlert was justifying planned cuts in federal
science spending.

—Constance Holden

CHANGING DOCTORATES

Grad Schools
Preview the Shape
Of Ph.D.s to Come

When revamping its graduate program hit the top of
the agenda at Northwestern University’s biochemistry
department, based in Evanston, Illinois, in the early
1990s, it did several things that would have been un-
thinkable a scant 10 years earlier. The department
halved its intake of students and told new entrants they
were expected to finish their degrees in 5 years, rather
than the usual six to seven. And in what seems the
ultimate act of self-sacrifice, the department aban-
doned its own recruitment program in favor of a broad-
based effort that draws students to a variety of life and
physical science departments.

But these changes are not going to weaken the de-
partment, says biochemistry chair Richard 1. Mori-
moto; they will—he hopes—make it a biochemistry
hotbed for the 21st century. “It took us a while to realize
that we can’t train students the way we were doing,”
says Morimoto, who got his Ph.D. in 1978. “We're in a
different era”—an era that can no longer count on the
continuous expansion made possible by massive build-
ups of federal research money during the Cold War.

The Northwestern exercise is in response to a refrain
that is ringing across the country. It’s one that calls for
shortening the number of years of Ph.D. training,
which has crept up to about eight in some fields; for
broadening the requirements for a Ph.D. to create a
more versatile researcher; and even for changing the
way graduate students get funding, to free them from
dependence on a single faculty member, who may keep
them in the lab longer than necessary. While there’s
been a lot more talk than action so far, a few schools
have begun to reshape their curricula to respond to
today’s realities.

Changing times. When Morimoto was in graduate
school, most doctoral students expected to follow the
career paths of their academic advisers and to become
tenured professors. Now fewer than half can expect
such a course. This situation has spawned a great deal of
rthetoric and self-examination by universities and the
government agencies that support their research (see p.
135). Mark Wrighton, former provost at the Massachu-
setts Institute of Technology and now chancellor of
Washington University in St. Louis, says the feeling is
that doctoral training is too long, too narrow, and not
well connected to the concerns of the outside world. “We
need to focus more on the needs of students to prepare
them for independent careers,” he says.

Until recently it was possible for academic Ph.D.
scientists to spend their entire careers pursuing one
narrowly defined subject. A chemist, for example,
could study the structure of compounds using a single
technique—such as computer simulation or nuclear
magnetic resonance or x-ray crystallography—while
barely being familiar with the other two. Now, how-
ever, it’s become clear that the best structural chemists
must be comfortable with all available techniques.
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“Broad-based training that fosters movement to an-
other more or less related field may be a necessity for
future employment,” says Ned Heindel, a chemist at
Lehigh University in Bethlehem, Pennsylvania, and
past president of the American Chemical Society (ACS).
The National Science Foundation (NSF) pressed
this theme last June when its Mathematical and Physi-
cal Sciences Directorate held a workshop, involving
about 80 scientists, to consider possible new directions
for graduate education. Says one of the conference’s
organizers, retired IBM research director John Arm-
strong: “There was quite remarkable consensus. We
recommended that moves be made to broaden the in-
tellectual content of Ph.D. training, to develop mecha-
nisms for shortening the time to the Ph.D. exam, and to
use off-campus experiences as an option during train-
ing.” Last summer’s report of the National Academy of
Science’s Committee on Science, Engineering, and
Public Policy reached a similar conclusion: “A world of
work that has become more interdisciplinary, collabo-
rative, and global requires young people who are adapt-
able, flexible, as well as technically proficient.”
Broadening training. These are bold visions, but
what of the reality? Northwestern’s biochemistry de-
partment is one of the few places where changes have
already taken place. Now many students seeking Ph.D.s
in the life sciences are recruited to an umbrella program
that requires them to take courses in several aspects of

A Marketable Master’s

biology, including biochemistry, anthropology, bio-
medical engineering, and molecular biology. Immu-
nologist Sue Pierce says that “our students are fearless,
because they hear about carbohydrate chemistry and
structural biology along with their major subject. They
know there are other branches of science that are not
alien cultures.”

The program, known as the Interdepartmental Bio-
logical Sciences Program, began in September 1994.

CAREERS | ’95

Students undergo about a year of general preparation
before they are asked to commit themselves to a par-
ticular field. The program involves scientists in both
basic and applied research, which means students get to
focus in detail on biological mechanisms as well as

explore processes that can function on a large, commer-
cial scale. Students are also exposed to a range of work
opportunities via “career events” that bring recent
graduates back to campus for seminars. Visitors this
year will include a high school teacher, a unit adminis-
trator from the biotech company Genentech, a lab
head from Abbott Labs, and a faculty member at a
nonresearch university.

Larry Pinto, the first director of the program, says it
has attracted a lot of high-quality applicants. And be-
cause the intake has been reduced, he adds, the quality
of those who actually make it into the program is abso-
lutely superb. The program has not yet produced any
full-fledged Ph.D.s, but Morimoto says the students in it

Lace last August, Northwestern University graduated its third
class of master's degree students in biotechnology, and, if the
pattern established during the program’s first 2 years continues,
all 35 graduates should now be gainfully employed, at annual
salaries of about $45,000. “All of our students have had jobs 1
month after graduation,” boasts
the program’s associate director,
Alicia Loeffler.

Northwestern's biotechies are
still an unusual phenomenon.
“Science fields are grossly under-
represented among master’s de-
grees, because people regard the
Ph.D. as be-all and end-all,” says
Daryl Chubin of the National
Science Foundation. But that
could be changing. “With the
exception of the physical sci-
ences, the master of science de-
gree is on a high growth curve”
in institutions across the coun-
try, says educational writer and
researcher Sheila Tobias of the
Research Corporation, a private
research institute in Tucson,
Arizona. Even that one excep-
tion may not last long: Recently developed master’s programs
in physics and optics at the University of Rochester, and in
physics and engineering at Cornell University, suggest that in-
roads are being made in physical sciences as well. Chubin adds
that master of science degrees are increasingly being offered,
“particularly in combination with other kinds of degrees,” such as
business degrees.

Jobward bound. Northwestern's master’s graduating class in bio-
technology is ready to hit the ground running.

Master’s programs are also sometimes tailored to equip stu-
dents with specific skills that are in demand in the geographic
area where the university is located. The University of Rochester,
for example, is a good place to learn optics, because Rochester is
home to Kodak Corp. And when Catherine Propst left her vice-
,, presidential position at Abbott
|8 Labs, in a suburb of Chicago, to
build Northwestern’s master’s
in biotechnology program, she
had in mind preparing students
for work at major pharmaceuti-
cal firms such as Abbott.

Propst claims that some very
talented Ph.D. graduates lack
“corporate survival skills,” such
as building and working in
teams, figuring out budgets, and
understanding state and federal
regulations (see p. 133). So she
designed the biotechnology
program to require coursework
in business as well as in scien-
tific techniques and research.

Indeed, it was a desire to
master such commercially valu-
able skills that lured Chris Fara-
day—who already has a Ph.D. in botany—into a brand new, 1-
year master’s degree program at Cornell’s School of Business that
was explicitly designed for those with scientific backgrounds. His
docroral training, he says, gave him general technical and ana-
lytic abilities. But, he says, “I believe I need specific managerial
and financial skills to get ahead.”

DEWEY HEN

-A.S.M.
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are getting the strong
message that there will
be a wide variety of ca-
reer opportunities open
to them.

Crossing bound-
aries. While one way to
broaden training is to
expand the coursework
and seminars students
take before they com-
mit to thesis research,
another strategy is to
have doctoral thesis re-
search that itself spans
several fields. Indeed,
some universities are
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A longer journey. In many

fields of science, the total

time to degree has crept up

past 8 years (gauged by

years post-baccalaureate).

Broader biochemistry. Northwestern University’s Rich-
ard Morimoto covers a lot of ground overseeing a new,
multidisciplinary program—and so do his students.
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R - encouraging the devel-

opment of interdisciplinary programs that span both
department and college barriers.

Until afew years ago, most boundary-crossing efforts
were done on an ad hoc basis by an interested faculty
member or intrepid student. Indeed, the California In-
stitute of Technology was a pioneer in relatively un-
charted territory when, in the late 1980s, it launched a
program on computation and the neurosciences, which
studies the interface between neurobiology, electrical
engineering, computer science, and physics.

But now interdisciplinary programs, although still
unusual, can be found with increasing frequency. Last
year, the University of Wisconsin, Madison, started a
multidisciplinary program in geological engineering
that involves geology, physics, and several engineering
departments. At the University of Maryland, a doctor-
ate in molecular biology is being coupled with a
master’s degree in technology management. At the
University of California, Berkeley, faculty members are
planning a new School of Information Management
and Systems, which will couple segments of the former
School of Library Sciences with computer sciences.
And next year, Washington University will accept its
first students in a new, multidisciplinary program in
biomedical engineering. Says Washington University’s
dean of engineering, Chris Byrnes: “This is one of few
programs to bridge three colleges ... Arts and Sciences,
Engineering, and Medicine.”

Another way to bring more interdisciplinary breadth
to a graduate program is to broaden the faculty. At
Purdue University in Indiana, professors are encour-
aged to seek new training
through tuition subsidies and
time off. They can get a new
degree at Purdue, at a 75% dis-
count in tuition, or travel else-
where with a less comprehen-
sive leave and tuition reim-
bursement offer. Purdue health
scientist Randy Black, for ex-
ample, who received his doc-
torate in psychology from
Stanford University in 1978,
got leave from Purdue to go to
San Diegd State a few years
ago for a master’s degree in
public health, collapsing a 2-
year program into one. The
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experience, Black says, “was invaluable in expand-
ing my horizons.” Now, he says, he can teach epide-
miology from the perspectives of both a medical and
social scientist.

Shorter training. Even as training programs are be-
ing broadened, critics say they also need to be short-
ened. Between 1973 and 1993, for example, the average
number of years of study it took to get a Ph.D. in the life
sciences expanded from 5.5 to 6.8 years, according to
the National Research Council (see chart). Many
people believe that time to degree for most science
doctorates can be shortened to between 5 and 5.5 years
without sacrificing any depth. An added year or two in
the lab may put a high polish on a thesis but is often not
the best use of a student’s time and resources, says
Columbia University chemist Ronald Breslow, presi-
dent-elect of the American Chemical Society. And, he
adds, that extra time can lead to a destructive pattern of
procrastination. Indeed, some argue that when it comes
to thesis work, less can be more. “I hold the paradoxical
view that shortening the time to degree helps students,”
says Armstrong. It gets them into the world of work
sooner and reduces their anxiety, he claims.

One of the simplest and most effective ways to speed
things up is through the judicious manipulation of fi-
nancial support. Berkeley, for example, is offering fel-
lowships to help students through critical times in
graduate education—typically right before the qualify-
ing exam and, later, during the last year of thesis-writ-
ing. This frees them up to focus on their studies and
forget about teaching or part-time jobs for a while, says
Maresi Nerad, director of graduate research.

But Berkeley administrators are willing to use sticks
as well as carrots to move things along. Now, for ex-
ample, the physics department is being encouraged to
change its rules so that students take the qualifying
exam by the end of the second year rather than waiting,
as some have in the past, until their fourth year of
graduate study. This should give students early feed-
back on their accomplishments and accelerate a stu-
dent’s involvement in a research program, says Nerad.

The price of change. People both at universities
and at federal funding agencies are now talking about
how to use graduate school financing to bring about
some of these changes. Because many students are sup-
ported by federally funded research assistantships,
where they are paid to carry out their supervisor’s re-
search program, they can be stuck in labs after they
have ceased learning much and are basically being “ex-
ploited” as low-paid technicians, says Daryl Chubin of
the Education and Human Resources Directorate at the
NSEF. “We must break the cycle of preparing students in
the image of their university mentors,” says Chubin.

One way to solve this problem, observes Heindel, is
for the major funding agencies, such as NSF and the
National Institutes of Health, to put more money into
traineeships that are distributed to students by depart-
ments, or into fellowships, which go directly to stu-
dents. These alternate modes of funding break a
student’s dependency on a lab director for financial
support, observes Heindel. In this way, he continues,
market forces can step in: “Those faculty who are suc-
cessful in training students and providing opportunities
for successful careers will attract the best students.
Those who take advantage of students for their own
research agenda, without regard to career opportuni-
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ties, will be unable to continue to attract top-quality
students.” Washington University’s Wrighton agrees,
saying that “if we put more money in the hands of
students, the faculty will respond.”

Backlash. Some faculty members are already re-
sponding, and not all university researchers are thrilled
about the prospect of some of the changes in the air.
Shortening a student’s academic career while at the
same time encouraging the exploration of a broader
range of subjects outside a thesis topic will, no doubrt,
limit time in a supervisor’s lab. And some university
researchers take sharp exception to the notion that
such time is a period of graduate student exploitation.

One of them is Paul Bohn, chair of the chemistry
department at the University of Illinois, Urbana-
Champaign. He says that laboratory work is often ex-
tended for the benefit of students, not faculty—in order
to give them additional skills or to offer a buffer be-
tween completion of thesis work and entry into a glut-
ted job market. “We keenly feel a responsibility to help
students make a smooth transition to productive lives,”
says Bohn. Frank Richter, professor of geophysical sci-
ences at the University of Chicago, says graduate stu-
dents are sometimes kept on in labs more out of charity
than as cheap labor. “Some students that stay on the
longest are often the least useful,” he says. “Unfortu-
nately, too few [of us] have the heart to tell such stu-
dents ‘You won’t make it.” ”

Still, many faculty members agree that a broader and
quicker course of study is a reasonable remedy for
today’s graduate school ills, as are new ways of routing
money to students. “I wholeheartedly agree with efforts
to shorten the time to degree to about 5 years,” says
physicist Don Reeder of the University of Wisconsin.
“Anything longer borders on exploitation.” He also
favors broadening training, although he notes that, if
poorly planned, a shorter, broader education can be an
inadequate education. And Richter would welcome
changes in funding that would, for example, take
money away from research assistantships and give it to
departments in the form of traineeships. That, he says,
would allow departments to make more significant in-
vestments in hot new research areas that require the
collective talents of several faculty members.

There is also widespread agreement on the need to
cultivate industrial relationships, says Richter: “We have
made a mistake of minimizing and devaluing industrial
opportunities. We're partly at fault for creating a cul-
ture that limits opportunities to academe.” Indeed, the
current discussion about graduate education is making
people think much more about how the Ph.D. can best
be applied in nonacademic careers, says Armstrong.

A flexible future. Armstrong also notes that all these
changes—or potential changes—would give graduate
schools tremendous potential for customizing their gradu-
ate programs to meet the particular needs of an institu-
tion and its students. Those schools that are close to
industries and government research labs may, for ex-
ample, forge more collaborations, while other univer-
sity graduate programs may continue to be self-contained.

“A lot of experiments are being done across the
country to see what works best,” says Luis Proenza,
Purdue vice president for research and dean of the
graduate school. And so far one thing seems certain,
Armstrong says: “One size does not fit all.”

—Anne Simon Moffat
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A Business
Blueprint: How to
Build a Better Ph.D.

When chemist Bernice Feuer joined the chemical
company Hoechst Celanese in 1982, most research-
ers there still worked “as solo individuals” on some
basic research, as Feuer did the first half of her career
at Bell Labs. But today, she says, the emphasis has
shifted from “publishing and patents” to “pushing prod-
ucts through.” The buzzwords at Hoechst are market
payoff and teamwork, and she’s had to shed her old
projects and some old habits.

Feuer remembers one researcher, a few years out of
graduate school, who couldn’t make the transition. He
refused to share his data, and he insisted on working
alone. He came up with a new idea for making stronger
textile fibers, and although company managers told
him it was interesting, it was too costly for Hoechst to
pursue. That’s when he walked out. “He didn’t know
how to play with a team,” she recalls, and “he had not
ever had to deal with a business.”

This lack of preparation is a lesson graduate schools
should take to heart, Feuer says. A growing proportion
of Ph.D. graduates are taking jobs in industry—35% of
Ph.D. holders worked in business or industry 5 to 8 years
out of graduate school in 1991, while only 26% did in
1977, according to National Research Council surveys.
Says James Pearson, manager of Ph.D. recruiting for
Kodak, “Most academic training is not tailored to pre-
pare students for industrial R&D.”

That training increasingly focuses on working alone
on one narrow scientific problem for several years, says
Mary Jane Osborn, microbiology chair at the Univer-
sity of Connecticut Health Center and a member of the
National Academy of Science’s (NAS’s) Committee
on Science, Engineering, and Public Policy. In the long
run, this tends toreduce a Ph.D.’sflexibility. “People who've
sat around 8 years doing the same thing tend to want to
do the same thing more,” says William Brinkman, vice
president of physical sciences research at Bell Labs.

But today in industry, Ph.D.s need to be ready to
learn new disciplines, work in teams, explain their re-
search to nonspecialists, and understand the business
impact of their work. And they need to be able to do
those things right away. Here’s a look at what people in
various industries, from pharmaceuticals to manufac-
turing, think graduate schools should do to adapt.

Alimber degree. One of the most sought-after quali-
ties in industry is the ability to be flexible—to think
about projects from the perspective of several disci-
plines and to be able to jump from one project to an-
other. At a pharmaceutical company like Johnson &
Johnson in New Brunswick, New Jersey, a project to
develop a polymer-based wound-healing compound might
involve researchers in surgery, metallurgy, mechanical
engineering, molecular biology, and chemistry, says
Robert Gussin, corporate vice president for science and
technology. Yet in today’s graduate schools, Gussin
says, Ph.D.s take fewer courses than they did 15 or 20
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“[l would like to see
more courses] where
biologists interact
with chemists,
bioengineers with
biologists.”

—Robert Gussin
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