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PREFACE

Beginning scientific research as a graduate student or postdoctoral can
be exciting, enriching, and the start of a rewarding career. But the world
of research has become increasingly complex and competitive, and many
students and postdocs in the biological and physical sciences make halting
progress, don’t find the jobs they want, and become disillusioned with re-
search. The Chicago Guide to Your Career in Science: A Toolkit for Students and
Postdocs addresses the problems of these beginning scientists in three ways.
It explains

- how to navigate the system of the modern research university,

« how research time can be made more productive and motivation
maintained, and

« how to develop communication skills and professional contacts.

There are many books that address graduate school, research, organi-
zation, motivation, communication, or careers, but none that covers all of
these topics, particularly with a focus on beginning a career in scientific
research. We have tried to integrate the practical advice and wisdom of these
sources, augmented with our own extensive experience as scientists, men-
tors, and administrators concerned with graduate and postdoctoral educa-
tion. We hope that students will find this to be a valuable guide at each stage
of their training, and as they encounter the many activities that make up a
scientific career.

In the twenty-first century, material is as likely to be published on the Web
as in books and articles, but its permanence is less to be taken for granted.
We have ascertained that all Web addresses included in this book were op-
erational as of October 2007.
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INTRODUCTION
THINKING ABOUT A
RESEARCH CAREER

Do you want to do scientific research? If so, this book will help you answer
two big questions:

« How can you prepare for a career in research or for an alternative
career that uses a background in research?
« How can you conduct and present your research most effectively?

These are complicated questions. But whether you're a beginning researcher
or just thinking about going into research, this book will take you through
them systematically, pointing out the choices and best practices that will
make your career as successful and rewarding as possible.

Graduate students and postdoctorals (researchers with a PhD who are
seeking further training before embarking on independent careers) learn
many specific techniques and scientific concepts, but they don’t always ac-
quire the general tools of the trade that are crucial for success in research. A
visit to any bookstore will reveal dozens of books concerned with finding the
right job, boosting motivation, improving time management, organizing
records, communicating effectively, and behaving ethically. These books,
often shelved under the heading “self-help,” are commonly shunned by
students and their professors, but many contain ideas that we believe are
valuable—and that are, in fact, evident in the working styles of the most
successful researchers. Our intention is to translate these ideas into pre-
cepts directly applicable to the life of the scientist.

Although our primary audience is novice scientists—those still in train-
ing—we hope that more experienced researchers will also find much of in-
terest here. Few of us, at any age, use all the tools available to us to maximize
our effectiveness.

This book is well suited to self-study, but it could also serve as a text-
book for courses on research skills or career paths. Indeed, we believe that
universities should be offering such courses to their graduate students and
postdocs. The book is divided into two main parts. Part I (chapters 2—9)
discusses the various stages of a research career and the choices that must
be made at each stage. Part II (chapters 10—25) addresses the many tasks
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involved in doing research and how they can be accomplished in an effec-
tive and responsible manner. In this introductory chapter, we provide a
brief overview.

The rewards of a research career

Our modern society depends on research to cure diseases, abate pollution,
increase supplies of food and energy, and provide insights into our relations
with nature. The activities research entails can be mentally and emotionally
engaging, among the most absorbing and fulfilling of human occupations.
And researchers are generally adequately compensated, work with intellec-
tually stimulating people, and enjoy high regard within society at large.

Some people have jobs in which they do nothing but conduct research—
for example, working in a government or corporate lab. Some combine
research with other activities: members of university faculties teach and
administer programs, and physicians at university hospitals are also in-
volved in clinical work. Still others work in nonresearch jobs that nonethe-
less utilize their scientific background and skills: as journalists, teachers in
liberal arts or community colleges, and managers in enterprises ranging
from biotech start-ups to large technical companies. All of these people can
benefit from the knowledge, skills, and habits of mind acquired in pursu-
ing a research career.

The challenges of a research career

HISTORICAL PERSPECTIVE
Educational and career opportunities in the sciences have changed over
the years. A National Science Foundation report on U.S. doctorates in sci-
ence and engineering in the twentieth century found rapid growth in both
doctoral education and federal expenditure for research and development
(R & D) in the middle years of the century (Thurgood, Golladay, and Hill
2006). During the 1970s, however, the economic impact of the Vietnam
war led to severe cuts in R & D funding. This, along with a saturation of
the academic labor market in most fields, caused a decline in the number
of doctorates awarded. Since then, gains in R & D spending and a defense
buildup have fostered a renewed increase in doctoral degrees in the sci-
ences and engineering.

There have also been shifts in the types of employment sought by new
PhDs. The percentage taking academic jobs declined from 67 percent in
the early 19770s to about 50 percent by the end of that decade and stayed at
that level for the remainder of the century. In contrast, the percentage of
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PhDs who chose industry more than doubled, from 12 percent in the early
19770s to 27 percent in the late 1990s. The last three decades of the past cen-
tury also saw a significant increase in the proportion of PhDs who contin-
ued their training as postdoctorals, both because postdoctoral experience
increasingly became a requirement for good professional scientific jobs
and because the number of qualified applicants for such jobs outstripped
the demand.

The past decade has not been kind to the career aspirations of many
young (and older) researchers. The poor economy has not only depressed
industrial and government hiring of scientists but also—by lowering en-
dowment yields and state tax revenues, and perhaps encouraging older fac-
ulty to delay retirement—reduced the number of faculty positions offered
by private and public universities. Fortunately, the economy now appears
to be improving, and with it employment prospects. Even so, difficulty in
finding a suitable job remains a common frustration—often resulting in a
prolonged period in relatively poorly paying postdoctoral positions. In this
book we present a variety of ways in which you can maximize your chances
of escaping that holding pattern and finding a rewarding job.

FINDING THE RIGHT JOB

Research can be deeply rewarding, but if you don’t enjoy the repetition, un-
certainty, frequent failures, and delayed gratification—or at least understand
their inevitability in pursuit of your higher goals—it can also be frustratingly
tedious. You may find, as many have before you, that although you love sci-
ence, you become disenchanted with the routine of research. Fortunately,
there are many other things that you can do with a research degree, but the
sooner you decide that research is really not for you, the sooner you can start
on another path. According to Monster.com, people these days change jobs
an average of eight times by the age of thirty, and perhaps twenty times dur-
ing their working careers. While too many jumps may cause employers to
wonder whether a potential employee will stay long enough to justify their
investment in training, some changes of direction are not unusual. For this
reason, we'll tell you not just about research careers but about other careers
for which your research training will provide the right start.

COPING WITH THE DEMANDS OF A LIFE IN RESEARCH

The main task in research is generally clear: complete the project, finish
the dissertation, write the paper. But making time for thinking, reading,
experimenting, observing, interviewing, analyzing data, consulting with
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colleagues, going to lectures, traveling to meetings, presenting talks and
papers, and writing grant applications can leave the most dedicated young
researchers baffled about how to fit it all in. Frequently they plow ahead,
gathering data but neglecting other of these crucial activities. And there are
invariably other demands on their time and energy, from outside the re-
search project: class assignments, work as a teaching assistant, family respon-
sibilities, recreation, and perhaps an outside job.

In this book we present strategies for planning and organizing your time
so as to make your research efforts as efficient and fruitful as possible,
while not neglecting the other important parts of life. This advice is aimed
at beginning scientists at crucial stages of their careers: undergraduates
considering graduate school; new graduate students choosing thesis advi-
sors and research projects; graduate students already engaged in research,
some of whom are also writing their theses or dissertations; and postdoc-
toral fellows, fresh from graduate training and eager to learn another area
of research before embarking on independent careers as academic, indus-
trial, or government scientists.

Each of these stages entails great changes in one’s life. New graduate
students face a transition from a relatively structured, learning-oriented un-
dergraduate environment to one involving fewer courses and exams, greater
and more varied responsibilities, less overt or explicit guidance about how to
fulfill those responsibilities, and an emphasis on making original contribu-
tions to the field of study. Postdoctorals enter a period in which they are free
to do nothing but research, which might seem to be an ideal situation. They
may, however, receive little direction, and evaluations of their success will
be based almost entirely on how productive they are in research. This can
cause a lot of stress. In addition to these work-related changes, many young
researchers have family obligations or relationships to which they should
devote some attention, and they all need to maintain their physical fitness,
to get a few hours of sleep each night—in short, to have a life!

Organization of this book

EARLY DECISIONS IN A RESEARCH CAREER

In preparing for your career, there are several points at which you should
revisit the fundamental question of whether the life of a researcher is for
you: first, when you decide whether to pursue a PhD, a necessary credential
for most research positions; when you choose whether to continue your re-
search training as a postdoctoral; and finally, when you complete a postdoc
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and must determine what sort of employment to pursue. At each stage you
have other options. The decision calls for deep soul-searching and consulta-
tion with friends and mentors.

The chapters in part I address these and other choices that must be made
as you embark on a research career, and will help you to prepare for alterna-
tive careers should the straight research path not seem the best choice.

Should you get a PhD? If you want the option of doing independent
research, you will need to have a PhD. But getting a doctorate will probably
require four to six years of your life, working hard for low pay. It’s a big in-
vestment if you don’t think it will serve as the basis for a satisfying career.
In chapter 2, we analyze the options.

If you decide to get a PhD, your next important decisions are which
graduate program to join and who within that program you will work with.
You’'ll want to consider many factors: Is the program strong in the research
specialty that interests you? Are faculty members in that specialty likely to
be available to supervise your research? Do they have a good record of men-
toring and placing their students? Will there be adequate financial support
while you work on your degree? We discuss these and many other consid-
erations in chapter 3.

Once you've enrolled in grad school, started your course work, and cho-
sen a research advisor, you'll have to choose a project for your dissertation.
One of the most striking things about research, which differentiates it from
other work that may require equivalent intelligence and training, is that it
involves exploring the unknown: one can discover something new, some-
thing no one else has previously realized or thought about. This can be a
great thrill, but it also presents a challenge. Asking the right questions—
guessing what will be a productive problem to investigate—is probably
the skill that best differentiates the most successful researchers from the
others. We discuss strategies for choosing a productive research project in
chapter 4.

In graduate school you'll likely spend some time as a teaching assistant.
Not only will this provide financial support, it will also give you valuable
training should you decide on a career as a professor. In chapter 5 we ex-
amine strategies for successful teaching.

Should you take a postdoctoral appointment? As you approach the end
of your PhD program, another big choice awaits: Are you sufficiently happy
with what you've learned about life as a researcher that you want to continue
down that path? If so, you should probably take a postdoctoral position,
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which will broaden your scientific horizons and make you a more viable
candidate for a career in research a few years down the road. If not, then this
is the time to look for a career that uses your training in other ways. If you
can’t immediately find the kind of job you want, or if personal relationships
or other constraints preclude moving to take a job, you may proceed with
a postdoc in any case. Selecting a postdoctoral program involves choices
similar to those you made in relation to graduate school: which institution,
which mentor, and which research project? Now, however, you’ll have a
much better idea of the scientific direction you wish to pursue and of lead-
ers in the field whose prestige and connections may later help you to get a
top-rank job. In addition to university positions, you can consider postdocs
in government or industrial research laboratories, which may pay consider-
ably more. Chapter 6 addresses these issues.

Should you choose an academic or nonacademic career? As you near
the end of your postdoctoral stint, you’ll need to decide whether the life
of a researcher still enthralls you and, if so, whether to try for a position
at a research university, at a smaller college that encourages research with
undergraduates, or in industry or government. Chapters 7—9 will help you
sort out these options and tell you how to go after the job you want.

DOING RESEARCH WELL

Doing research well is not easy. Like any other important activity, it re-
quires training, discipline, attention to big principles and small details, and
a willingness to stick with it through some difficult patches. If anything,
it's probably harder now than it was when some older university faculty
members were beginning their careers. Beginning scientists now are more
likely to have significant family responsibilities, the literature is much
more voluminous, competition for grants and recognition is more intense
(there are a lot more researchers now, for better or worse), and research
funding and regulations require more paperwork. In part II of this book,
we offer guidance for coping with the many demands of professional and
personal life.

RESPONSIBLE AND EFFECTIVE RESEARCH

Ethical conduct. Too often research ethics is glossed over as obvious or is
accorded less importance than spending long hours at the lab bench, giv-
ing spellbinding talks, or publishing in prestigious journals. But unless
you're satisfied that your work has been done as well as you can do it, and



THINKING ABOUT A RESEARCH CAREER 7

confident that you and your research collaborators have done nothing that
you would be ashamed of if it were publicly disclosed, then you’'ve not done
justice to science, to the society that supports it, or to yourself. We discuss
the responsible conduct of research in chapter 10.

The research notebook. If there is one thing that characterizes good sci-
entific work, it is the keeping of a careful notebook. A notebook is not just a
place to record raw data; it’s a place to analyze the data, reflect on their mean-
ing, and plan new experiments. It documents the details of an experiment,
which allows you to repeat it, or to defend it if your results are challenged.
It's the key repository for evidence of an original discovery or idea if you
find something worth patenting. Bound paper notebooks have been the
standard, but electronic notebooks are now sometimes used, and this use
raises complex issues. Chapter 11 examines the many facets of keeping a
good research notebook.

Working with others. The popular conception of a scientist is of a loner,
someone who hides in the lab and avoids other people. In fact, however,
scientific research is a highly social activity. As a researcher in training, you
will interact with research advisors, colleagues in the lab, and outside col-
laborators. You will have to learn from and teach others, exchange criticism
and ideas, work out what parts of the research program belong to each
participant, and deal with authorship and intellectual property issues. It is
also possible that you will have to blow the whistle on someone—possibly
a friend, a collaborator, or even an advisor—whom you think may have
committed research misconduct. In chapter 12 we discuss ways of working
effectively with others.

MOTIVATION AND ORGANIZATION
Sustaining creativity. Research is a creative activity. But creativity isn’t lim-
ited to discovering big stuff: “Eureka!” or E = mc2. It’s also figuring out how
to write a useful piece of computer code, or selecting an appropriate DNA
sequence for a genetic experiment. Being steadily creative in big and small
ways is important to research, but it’s not easy. There are many failures,
progress occurs in fits and starts, and much academic research lacks clear
goals. As a result, confidence and motivation flag and need to be refreshed.
Chapters 13 and 14 offer useful approaches to fostering creativity, solving
problems, and maintaining motivation.

Managing your time. Graduate students have to study for classes, ful-
fill their responsibilities as teaching assistants, get familiar and stay up to
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date with the literature in their fields, prepare, perform, and analyze experi-
ments, write up their results for papers or conferences, attend lectures and
research group meetings, learn about career opportunities, keep in touch
with family and friends, get some exercise and some sleep . . . the list goes
on and on. Postdocs may not be teaching or taking classes, but they still
have to keep learning, and their research pressures and family obligations
may be even greater. Learning to get organized and manage time effectively
is critical to success in research, and to balancing research with the rest of
life. We tackle these challenges in chapter 15.

Finding and keeping track of information. Researchers, like everyone
else, are constantly bombarded by new facts, ideas, and concepts. The re-
search literature is huge and doubles every few years, which makes finding
and keeping track of pertinent information particularly difficult. Comput-
erized databases and Internet searches help somewhat, but they also make
us painfully aware of how much is out there that we cannot afford even to
pay attention to, let alone learn and assimilate. Nonetheless, researchers
must keep up with new information in their fields and neighboring ones.
Not only does their own progress depend on making use of others’ find-
ings, but success in research is determined by priority. If you do something
apparently new and exciting but it turns out that someone else did it first,
then that person gets the credit and you may be accused of inattentiveness
at best or intellectual piracy at worst. Chapter 16 describes effective ways to
find, organize, and recall scientific information.

COMMUNICATION SKILLS

Most modern fields of research are so specialized, so far from the common-
place world that posed the initial question, that their results are compre-
hensible only to specialists. Since a successful career—hiring, promotion,
tenure, funding of research grants—generally depends on being judged by
at least some people who are not specialists, learning to communicate ef-
fectively with nonspecialists is an important skill. Even other specialists can
be so busy, tired, and distracted as to miss the significance of a new piece of
information unless it is presented clearly and forcefully. Communication
of complex information and ideas requires special effort and at least some
training, adding to the demands of an already busy research life. In chap-
ter 17 we give an overview of the importance to the researcher of effective
communication, then in the remaining chapters discuss specific aspects of
presenting your work.
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Attending scientific meetings. A scientific meeting offers a valuable op-
portunity to let others in your field know what you're working on and what
you've done, and to get feedback, critiques, and ideas from them. It’s also
a chance to learn about others’ work and about new techniques and equip-
ment that may be useful in your research. Meetings are also great places to
network, to meet the leaders in your field—people who might become your
postdoc mentor or help you find a job. Chapter 18 tells you how to use your
time at a scientific meeting most productively.

Preparing effective posters. In recent years, as scientific meetings have
gotten larger and the number of simultaneous sessions has grown to the
point that few can attend all of the talks relevant to their interests, the
poster session has become a prime means by which researchers present
their work to their colleagues. The virtue of a poster is that you can spend
considerable time going over your work with scientists who are particularly
interested, rather than giving a superficial précis to a broad audience in a
fifteen-minute platform talk. However, attractively summarizing your work
on a poster board—generally no larger than the top of a desk—in a form
that will draw the attention of those among the milling throng who should
know about your research, is not a trivial task. Chapter 19 tells you how to
create effective poster presentations.

Talking about your research. If people are to know about your research,
you need to talk and write about it. Talking should come first; it’s less for-
mal and allows exchange, correction, and refinement of ideas before the
results are committed to print. Talking about your research is also a way of
interacting with people who may offer you your next job, so it’s important
to learn to do it well. In chapter 20 we discuss the many formats in which
you need to be able to summarize your research—from the thirty-second
“elevator talk,” through the fifteen-minute platform talk at a meeting, to the
hour-long formal lecture—offering strategies for effective communication
in each format.

Learning to write well. Your research isn’t really finished until it’s writ-
ten up, reviewed, and published. The published literature of science is the
ever-growing foundation of future progress and the means by which your
own contributions to human knowledge will be recorded and acknowl-
edged. How widely your work is recognized, understood, and used by others
depends in large measure on how well it’s presented in writing. Unfortu-
nately, many bright young scientists who have no trouble planning and car-
rying out elaborate experiments, statistical analyses, and calculations find
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that writing up their results is a difficult and painful experience. In chapter
21 we show you how to make writing about your research easier and more
productive: how to use writing as an aid to thinking, how to quickly write
first drafts and then revise for a finished product, how to overcome writer’s
block, and how to work with coauthors.

Preparing graphs and tables. It's said that a picture is worth a thou-
sand words, and nowhere is that more true than in science. A well-prepared
graph, a thoughtful diagram of a proposed mechanism, or a clearly orga-
nized table can make your results and ideas much more accessible than
pages of text presenting the same material. Preparing a good graph or table
may, however, take as much time and effort as writing a thousand words.
In chapter 22, we tell you how to design your graphs and tables so that they
communicate as effectively as possible.

Writing your dissertation, journal articles, and grant proposals. Research-
ers spend a large part of their time on two kinds of writing: journal articles
presenting their results to other scientists and grant proposals directed to-
ward funding agencies and foundations. Graduate students must produce
a third type of writing: the thesis or dissertation. Although each of these for-
mats uses the basic skills of scientific writing and graph and table design,
each has its own stylistic conventions and requirements, which we discuss
in chapters 23-25.

In summary, embarking on a career in research poses some difficult
choices and tests your ability to work creatively and efficiently. But nothing
worthwhile is ever accomplished without overcoming challenges. We think
that this book will provide you with the tools to meet those challenges and
achieve success in research.

Take-home messages

« Research can be an exciting career with rewards that include the
discovery of new knowledge, but it is not for everyone.

« Aresearch career is demanding and competitive. To be among the
best you must be prepared to make personal sacrifices.

« Success in research requires both good graduate training and
personal and professional skills that might not be part of your formal
graduate education.
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I THE STAGES OF A
RESEARCH CAREER






PURSUING
GRADUATE
EDUCATION

Why go to graduate school? Perhaps you see it as a stepping-stone to a bet-
ter, or better-paying, job than you could get with a bachelor’s degree alone.
Perhaps a suitable job hasn’t turned up after college and you figure grad
school is the next best thing. Or perhaps you are hungry for more advanced
knowledge.

These are all understandable motives. But the decision to pursue a grad-
uate education requires a great deal more study and planning. You should
take an inventory of your interests and career goals, and analyze your per-
sonal skills and competencies. Being a graduate student is different from
being an undergrad, just as college was different from high school. In grad
school you will need to be much more self-reliant; the emphasis will be less
on course work and more on self-directed activity, mainly research.

The main reasons to enter a PhD program in graduate school are to learn
to do research or to qualify to teach in university or college-level programs
that require a PhD. (We won’t discuss vocational master’s programs, which
have a different focus.) If you have already conducted research and enjoyed
it, or if you think you would, then grad school is definitely the way to go.

Points to consider before applying

Graduate school is not a place for people who are still trying to find them-
selves. Before applying, you should be certain of your career goals. And you
should be aware of the sacrifices you will have to make. Graduate education
will consume several years of your life (usually one to three years for a mas-
ter’s degree, five to seven years for a doctorate). In science and engineering
it is common to pursue postdoctoral training for an additional three to six
years prior to getting a job. This delay in getting your first job may create
financial difficulties, even if your graduate program does provide tuition
benefits and a stipend. You should be prepared to accept a lower standard
of living, as you will most likely not have the time for a job on the side.
Graduate school requires dedication, energy, and hard work, in both
course work and dissertation research. The nature and design of your
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particular research project will determine your daily and weekly schedule,
but grad students and postdocs typically work late and spend some week-
ends and holidays in the laboratory or long periods in the field. Your work
schedule will get even busier after you graduate. If you choose an academic
career, for example, you will need to teach, do research, keep up with rap-
idly advancing knowledge, and serve on committees. There will always be
competition between your job duties and personal life, and you will need to
find a balance that works for you.

Graduate education is a must for doing research and can open the door
to a career of discovery and invention. But a PhD cannot guarantee a bet-
ter job in your particular field. If your main motivation is to create more or
better career opportunities, a professional school might better serve your
ambitions. Talk to your college career counselors.

SELF-APPRAISAL

It used to be that students entered graduate school with one common ex-
pectation: to work under a renowned faculty member, complete a disser-
tation based on a strong research project, and become a leading faculty
member at a premier research university. Their thesis advisors had similar
expectations. Over the years, though, the research enterprise has expanded
rapidly—producing, among other things, large numbers of highly qualified
PhDs—while the number of faculty positions at major research universi-
ties has not. Not all doctoral students can go on to duplicate the careers of
their star research professors. But this is not the end of the world.

Students have increasingly realized that there are attractive alterna-
tives to faculty positions in major research universities. In fact, some feel
they are better off teaching in smaller universities or colleges, working in
industry or government, being part of a start-up company, or going into
journalism, technical writing, or patent law. These jobs may promise less
pressure to get research grants, fewer working hours, better pay, desirable
teaching opportunities, or a deeper understanding of how the scientific dis-
cipline affects real people—not to mention more time for oneself and one’s
family.

Graduate schools and their faculties are also increasingly recognizing
these alternatives as good options for their students and for society. While
there is considerable variation between institutions and departments, many
are paying more attention to preparing their students for alternate career
paths.
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Take some time, then, to assess your own interests. Your ideas about
your strengths, needs, and career goals are almost certain to change with
time, but the exercise is worth the effort. The Rackham Graduate School at
the University of Michigan has put together the following list of questions
that you might ask yourself (Rackham 2004):

« What are my objectives in entering graduate school?

« What type of training do I desire?

« What are my strengths?

« What skills do I need to develop?

« What kinds of research or creative projects do I want to work on?

« How much independent versus hand-in-hand work do I want to do?
« What type of career do I want to pursue?

WHO CAN HELP YOU DECIDE?

Consult with career counselors, family, and friends. More importantly, talk
to current graduate students, professors, and directors of graduate pro-
grams to find out what success in your field of interest really requires. If
you can, try the work out. Volunteering on a research project as an under-
graduate, for example, can help you decide, based on real-life experience,
if a research career is for you. It also puts you in direct contact with people
who are doing the sort of work you're considering. They can answer many
questions, the most important of which may be whether they would do it
again if they could turn back the clock. If you plan to go to graduate school
directly after college, you should start this consultation as early as possible,
no later than the middle of your junior year.

WHEN SHOULD YOU GO TO GRADUATE SCHOOL?
Many students pursue graduate education directly after college. By doing
so, they maintain their momentum as students. They are also less likely to
have extensive personal and family obligations. However, not taking a break
may result in school burnout or financial difficulties due to accumulated
debt. And some students need time to decide if graduate education is really
for them or to take additional preparatory courses and standardized tests
such as the Graduate Record Exam (GRE).

If you instead work for a few years after college, you can develop a clearer
perspective on your educational and career goals. If the job is related to
your potential area of study, you may also gain a deeper understanding of
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your field of interest and possibly generate research ideas with practical
applicability. Sometimes, however, it can be difficult to give up a job, espe-
cially one that pays well, to go back to school, particularly when the deci-
sion affects other people in your life. If you do decide to take a break after
receiving your undergraduate degree, to earn money or gain perspective on
career choices, you should not be concerned that the interlude will damage
your chances of admission to graduate school.

A MASTER’S OR A PHD?

A master’s degree in science qualifies you for many interesting careers,
for example, as a technical writer, foundation administrator, or teacher at a
two-year college. There are also many well-paying industrial research jobs
that require only an MS, though your potential for promotion may be lim-
ited. You can obtain a master’s degree with or without a thesis based on
a research project. The thesis may add one or two years to your time in
school, but it also adds prestige to the degree. Moreover, it creates valuable
networking opportunities and enhances your knowledge of the field and
experience in writing and critical thinking.

If your career and intellectual ambitions involve becoming an indepen-
dent researcher, however, you should choose doctoral studies. Admission
to a doctoral program in the United States generally does not require first
obtaining a master’s degree. (This is not the case in some other countries.)
From now on, we’ll assume that you've chosen to seek a PhD, since this is
the research degree.

Choosing a field of research

Now that you’ve chosen to go to graduate school to learn to do research,
the next question is: research on what? Perhaps a problem you encoun-
tered while taking a course, writing a term paper, doing an undergraduate
research project, or reading in a general science journal has piqued your
curiosity. Or you may be intrigued by a question with broad or deep ramifi-
cations: How can one understand learning and memory? Transfer genes to
cure genetic diseases? Visualize and manipulate single molecules? Predict
earthquakes?

How do you decide what type of graduate program to apply to while
you're still an undergraduate? Sometimes it is pretty obvious: if you're in-
terested in a project involving organic chemical synthesis, you’ll want to
apply to chemistry departments. But suppose you want to study the genet-
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ics of neural development—what sort of program would best serve that
goal? A genetics department? A neuroscience department? A psychology
department? The demarcation of research expertise within and between
departments is often unclear. For instance, a faculty member in pharma-
cology might investigate bacterial DNA repair mechanisms, while one in
mechanical engineering might study factors affecting cerebral blood flow.
You will also find that the faculty in a typical department have diverse edu-
cational backgrounds. A faculty member in biochemistry might have a PhD
in biochemistry, molecular biology, physiology, pharmacology, genetics, or
bacteriology. She or he might even have a PhD in computer engineering
and study mechanisms of substrate-enzyme interaction using computer
simulation. The point is that you need to look farther than the name of a de-
partment or graduate program; the goal should be to find faculty research
expertise that matches your specific research interests.

Where to go to grad school?

Which are the best graduate programs? Generally, they're the ones that
have the best research faculty in your field. If you hope to do important
work yourself, you should try to become an apprentice to one of these lead-
ers. However, identifying that person or program may not be as easy as it
would have been a few decades ago. There are many more excellent depart-
ments, many more prominent, high-achieving scientists, and many more
subdisciplines in each scientific field. It no longer suffices to say, for ex-
ample, that Columbia is supreme in geophysics, or Berkeley in physical
chemistry, or Indiana in genetics. There are many more centers of excel-
lence, which gives you many more choices but also makes those choices
more complicated.

There will usually be more than one scientist whose work you find par-
ticularly interesting, and they may not all be at the same institution, so you
should apply to each of their schools in order to give yourself some choice.
You're also covering your bets: if your first choice doesn’t admit you, you've
got several good alternatives to fall back on. Applying to five or six graduate
programs is reasonable and probably quite common.

In some disciplines, you are admitted to the department and may have
a year or so to choose an advisor, meanwhile being supported by a train-
ing grant or teaching assistantship. In other disciplines, you will be ad-
mitted to work with a specific advisor from the very beginning; indeed,
the decision about your admission may be up to that person. In the latter



20 CHAPTER 2

case, you should focus more on the particular mentor than on the general
program.

In either case, it’s rare these days that the best person in a field is alone
in a department, with no colleagues doing related work of comparable
quality. While you might focus on a department because of a particularly
prominent scientist, you should look thoughtfully at the work of his or her
colleagues. Identifying a nucleus of people doing work in which you are
interested ensures that you will have choices even after you are admitted to
their department. This can be especially important if you find, for example,
that the person you most wanted to work with has a full research group
and can’t take on more students, or has a reputation locally (if not nation-
ally) as being unpleasant to work with or neglectful of students because of
other professional commitments. Sometimes you will find a younger fac-
ulty member who is more ready to mentor you, more energetic and full of
ideas, less distracted by outside commitments. Overall, a department that
has multiple faculty members working in an area of interest to you is likely
to be well equipped for the research you hope to pursue, to have other stu-
dents and postdocs engaged in related projects, to bring in a steady stream
of relevant seminar speakers, and be a lively place where you can develop
as a scientist in a variety of ways. This general milieu will provide at least
as much of your education as your research advisor does. As P. B. Medawar
(1979) has written, “Isolation is disagreeable and bad for graduate students.
The need to avoid it is one of the best arguments for joining some intellec-
tually bustling concern” (p. 14).

How do you decide who are the leading researchers in a field? Through
active inquiry. Ask your undergraduate professors what they think. If you
get a chance to go to a scientific meeting as an undergraduate, take the op-
portunity to explore the opinions of people from other universities. Some
of the leading faculty may themselves be at the meeting. Go to their talks,
and try to chat with them outside the lecture hall. It will help if you have
some thoughtful questions prepared, about either the talk or the field in
general.

It’s also a good idea to read papers written by the professors you are
most interested in. The first step is to do a literature search, which these
days is most readily done online using Current Contents, Medline, Inspec,
PsychInfo, Google Scholar, or other databases devoted to professional spe-
cialties. Searching for an author will turn up a list of papers, generally with
abstracts. Reading the abstracts for the past several years’ publications will
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give you a good idea of how productive a research group has been recently
(which may not correlate perfectly with its long-term reputation), what it’s
focusing on, and whether new directions are being explored. You can then
pick a few interesting abstracts from each research group you're thinking
of and find the full papers in the library or online. You could also send
an e-mail to the authors asking for reprints, which are likely to be sent as
PDF files.

Another way to learn what a research group has published recently, and
what it is currently working on, is to visit its Web site. Usually the Web site
will contain a summary of current research and citations of recent papers.
The citations may include abstracts, and there may even be links to the full
text of the papers. If the most recent citations appear to be a couple of years
out of date, that may be evidence either that the group has not been active
lately or that the director of the laboratory doesn’t put strong emphasis on
keeping the Web site current. Either explanation is cause for concern and
further investigation.

The quality and originality of a researcher’s published work is worthy of
particular consideration. Each discipline has well-publicized “impact factor”
rankings for the journals in its field, based on the number of times a typical
article is cited in the year following publication. A listing of impact factors
for journals in various fields can be found at http://www.sciencegateway
.org/rank/index.html. There are also a few prestigious journals (most nota-
bly, Science and Nature) that publish articles in a variety of scientific fields.
Citation indexes document how many times a publication has been cited by
others—a good measure of its impact on the field. Very few scientists can
claim the distinction of having a “citation classic,” a publication that has
been cited four hundred times or more. (In some fields with fewer research-
ers, one hundred citations might qualify an article for classic status.)

Other factors could also influence your decision on where to go to grad
school. You may have family obligations or other constraints that tie you
to a particular geographic region. Or if you're pretty sure you want a career
in industry, you might want to limit your search to schools located in ar-
eas of the country that have a high concentration of pertinent companies
(e.g., electronics in Silicon Valley or Austin, Texas; biotechnology in San
Diego or Boston). Large firms recruit at top universities all over the coun-
try, but being located nearby may increase your chances of landing an
internship, doing collaborative research, or developing contacts that will
lead to employment upon graduation. At the very least, you’ll want to be
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sure to look at programs in which the faculty have private-sector contacts
or consultantships.

STAYING PUT

If you're already at a top-flight research university with a vigorous program
in an area that interests you, then it might seem simplest and most sen-
sible, in choosing a graduate program, just to stay where you are. At least
in the United States, however, staying put has been discouraged by the top
departments, which can have their pick of students from anywhere in the
country and overseas. The usual rationale is that as an undergraduate you've
already absorbed much of what the place has to offer, and you’d be better
off learning something new somewhere else. It is not clear whether this is
a totally valid argument. In the elegantly ironic words of P. B. Medawar:

Such a choice will have the advantage that the graduate student need
not change his opinions, lodgings, or friends, but conventional wisdom
frowns upon it and is greatly opposed to young graduates’ continuing in
the same department; lips are pursed, the evils of academic inbreeding
piously rehearsed, and sentiments hardly more lofty or original than
that “travel broadens the mind” are urged upon any graduate with an
inclination to stay put. These abjurations should not be thought compel-
ling. Inbreeding is often the way in which a great school of research is
built up. If a graduate understands and is proud of the work going on in
his department, he may do best to fall into step with people who know
where they are going. (1979, 12—13)

Attitudes toward staying put may be changing, even in the United States,
as competition for top graduate students becomes more intense and as the
complexity of graduate students’ personal lives makes it increasingly diffi-
cult for many of them to relocate. Our own feeling, however, is that unless
there are compelling reasons to stay where you are, travel really is broaden-
ing. Staying in the same place throughout the period of your early profes-
sional development can be intellectually narrowing, as well as depriving
you of personal experience in the wider world.

Finding information about graduate programs

Once you've identified some key faculty with whom you might like to work,
the next step is to learn about the graduate program in which they teach. In
some fields (e.g., biochemistry, chemistry, physics) you will generally apply
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and be admitted to a graduate program without commitment to or from a
particular faculty member. In other fields (e.g., ecology, engineering), you
will apply with the understanding that, if you are admitted, you will im-
mediately join a particular faculty member’s research group. Be sure that
you find out which system pertains in the discipline and departments you
are interested in. It is best to discuss this issue with the directors of the
graduate programs you are applying for. In either case, you may find that
the faculty member you would like to apprentice with participates in two or
more graduate programs. In this case you should select the program that is
richest in faculty in your research area of interest.

Confusion sometimes exists about the difference between university de-
partments and graduate programs. Each university organizes itself differ-
ently, but one can generally say that a department is the unit within which
faculty are hired and hold their tenure, courses are taught, and undergradu-
ates pursue their majors. Departments are usually grouped into colleges.
For example, the departments of mathematics, chemistry, English, and his-
tory might be in the College of Letters and Sciences.

Graduate programs, on the other hand, often report to the graduate
school of the university. (Since departments pay the faculty’s salaries and
remain their tenure homes, the authority of the graduate school may be
tenuous but is real nonetheless.) A graduate program may involve faculty
from a single department (as is often the case in mathematics or physics)
or from several departments and colleges. A graduate program in neuro-
science, for example, may involve faculty from neurology, physiology, bio-
chemistry, cell biology, genetics, computer science, and psychology, as well
as from an actual department of neuroscience.

For simplicity’s sake, we will use “graduate program” and “department”
interchangeably in what follows. But in exploring places to do graduate
work, you should keep the distinction in mind and be sure to consider in-
terdisciplinary programs as well as single departments. Recent years have
seen an increasing mixing of disciplines and technologies to answer im-
portant scientific questions. Establishing new graduate programs provides
a way for universities to move rapidly into new fields without undertaking
the arduous task of revamping departmental structures.

Most graduate programs have brochures and posters with tear-off cards
that you can use to request more information and application forms. Most
schools now also have Web sites describing their graduate programs, with
links to the home pages of individual faculty. You can locate these on the
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Internet by way of the university’s home page or, perhaps even faster, by
entering, for example, “minnesota university computer science” in a search
engine.

Your choice can be better informed (if not necessarily made easier) by
resources such as Peterson’s, which annually publishes guides to graduate
research in the various disciplines, listing most of the PhD-granting pro-
grams, the faculty, and their research interests. Some discipline-specific
societies (e.g., the American Chemical Society) go beyond this and include
lists of recent publications and contact information. Peterson’s has a Web
site that can be searched for subject area, desired degree, and location
(http://petersons.com).

Contacting and courting a prospective advisor

Admission to most graduate programs is a rather bureaucratic process.
An admissions committee reads stacks of applications and makes deci-
sions within bounds established by other bodies. The institution’s graduate
school, for example, has a formal role that usually involves enforcing mini-
mum standards, checking that paperwork is completed, and collecting ap-
plication fees, while legal requirements concerning equal opportunity and
affirmative action prescribe a process in which favoritism is minimized.

Nevertheless, a potential faculty mentor can have considerable influence
on the admission decision. This is particularly true in fields where faculty
members choose, and tell the admissions director, which of the many ap-
plicants they would like to have join their research groups. This even allows
the occasional student with terrible grades or GRE scores to be admitted
on the basis of undergraduate research, a recommendation from a trusted
colleague, or just a hunch that they might be really good. In practice, of
course, applicants with high GPAs and GRE scores are typically the ones
accepted, as they will have a better shot at fellowships, which take the finan-
cial burden off the mentor’s research grants.

Even in fields where you're admitted to a program rather than to a par-
ticular research group, it can’t hurt if a potential research advisor can be
persuaded to put in a word on your behalf. The most effective way to per-
suade him or her to do so is to do something worthy of scientific notice.
If your undergraduate research is published or accepted for publication
before admission decisions are made, you might send reprints or preprints
to prospective mentors. Include a note explaining that you're applying to
their program and that you hope to continue a similar line of work under
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their tutelage. If you're presenting a poster at a scientific meeting, attract
their attention to your poster and say that you look forward to continuing
the interaction if you're admitted to their program. There’s no need to be
blatant in asking these researchers to pull strings on your behalf. If they are
impressed, they’ll get the hint.

It will do you no good to send a letter or e-mail saying simply that you've
been very impressed with your would-be advisor’s work and that you hope
to work under his or her direction, without specifically mentioning what
has impressed you. Prominent faculty members get many such entreaties
each year, many of which are generic (most often from foreign students
who don’t know the customs of U.S. universities). At best, your message
will be referred, without comment, to the secretary of the graduate admis-
sions committee.

On the other hand, an e-mail or letter that describes—with some detail
and cogency—ryour research interests, your career goals, and why your in-
terests would fit with those of the advisor might make an impression. Hav-
ing sent such a message, don’t pester the recipient for a response. There
are, however, other, more suitable ways of following up: you might ask to
meet at a conference, send a reprint or PDF of a paper you've recently had
accepted for publication, or comment thoughtfully on a recent paper by the
potential advisor.

Maximizing your chances

Once you've decided on the graduate programs that best suit your purposes,
you have to apply for admission. The best graduate programs and research
groups are highly competitive. They have lots of applicants and can choose
the best. Unfortunately, it’s not always clear who the best candidates are;
high undergraduate grades and test scores do not always translate into cre-
ative performance in research. Therefore, graduate programs have learned
to take a variety of factors into account.

UNDERGRADUATE RESEARCH

Perhaps the biggest single factor in having a graduate program review your
application favorably is having a notable record of undergraduate research
participation and performance. It’s good if you've spent a year or more—
one term is barely adequate—in a professor’s research group working on a
research project. It’s even better if you've presented the work at a scientific
meeting, either regional or national, and better still if the work has been
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published in a peer-reviewed professional journal. Such a record shows
that you have an interest in the field and the ability to do research—and to
balance its time demands with course work and other parts of your life. The
experience will also have put you in close contact with a professor who can
write you a good, nonsuperficial letter of recommendation.

If you're applying to graduate school in a field such as ecology where
students typically develop their own research projects, it can be important
to have done some independent research as an undergraduate. Your dem-
onstrated ability to function independently as a scientist, even on a small
project of your own devising, will make you more desirable as a graduate
student.

In any case, research experience will teach you particular skills that you
may be able to use later. And it will familiarize you with the frontiers of
research in a particular area, giving you a good chance to find out what kind
of science interests you. You do not, however, have to continue that line in
your graduate research.

GRADES
Good grades (B or better) are important, but perfect grades are not. A
straight-A student who has done no undergraduate research is generally
less appealing than a student with an A-minus or B-plus average who has
completed some research. You should, however, try to get mainly A’s in
the science courses pertinent to your intended specialty. It’s also expected
that a student from a “weaker” school will have a higher GPA than a stu-
dent from a “stronger,” more highly ranked institution, where standards
are presumed to be higher.

GRADUATE RECORD EXAM
Most, but not all, graduate programs require that you take the GRE. At-
tention is generally focused on the GRE General Test (verbal, quantitative,
and analytical writing); applicants to the best programs will generally have
scores in at least the 7oth to 8oth percentile (though unfortunately ver-
bal scores are often lower for science students). There is, however, almost
no correlation between General Test scores and performance in graduate
school beyond the first year. (There is a better correlation with the GRE
Subject Tests, but ironically these are seldom required.)

Opinions differ on whether studying for the GRE General Test is useful,
but it’s prudent to take it seriously. A good place to start is the Web site of
the Educational Testing Service, which devises and administers the exam.
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There you can learn about the test, register to take it on paper or online,
and get access to test preparation materials. The next step is to get one or
two test preparation books, such as those from Barron’s, Kaplan, or Prince-
ton Review, listed at the end of this chapter. The About: Web site also has
useful information on the GRE and other topics related to graduate study.
These resources provide practice tests and suggest study approaches. Espe-
cially important are practice in vocabulary building and strategies for quan-
titative problem solving.

LETTERS OF RECOMMENDATION

Letters of recommendation from professors who know you well are very
important. Getting to know a professor well enough that he or she can
write such a letter on your behalf is one of the main reasons for doing
undergraduate research. (There are, of course, other ways to get to know
faculty members, such as being active in student organizations for which
they serve as advisors or meeting your instructors during office hours or in
other out-of-classroom situations.) Such a letter can attest in specific terms
to your intelligence, motivation, energy, agreeable personality, unusual ca-
pabilities, and particular knowledge. Here’s one (with names and a few
other details changed) that one of us wrote for a former student:

I am delighted to write in support of James Jenkins for admission to your
biophysics graduate program. Jim has been working in my lab for the
past three years. He started out as a physics major but decided that the
physical aspects of biochemistry were more interesting and promising.
He wanted to get some firsthand experience in a lab, and our advising
office referred him to me. I agreed to take him on as a volunteer, telling
him that he could help with preparing solutions and cleaning up, and
learn basic techniques and ideas from the grad students and postdocs. He
did this with great enthusiasm and dedication, spending a lot of time in
the lab and quickly convincing everyone that he was bright and helpful.
He soon was enlisted by one of my postdocs in a collaborative project
with Prof. Marilyn Smith in Cell Biology. The project involves prepa-
ration, purification, and physical characterization of plasmids with in-
serted repeat sequences that affect segregation and protein binding. He
has found striking evidence that the existence and positioning of these
inserts have unexpected effects on the ability of multivalent cations to
condense the plasmids. Jim has gotten involved in plasmid preparation,
light scattering, gel electrophoresis, and electron microscopy at a level
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that I would consider normal for a graduate student, not for an under-
graduate. He’s currently writing up some of this work for publication,; it
has already been presented, or is scheduled for presentation, at several
poster sessions locally and nationally.

Jim spends a lot of time in the lab, but he also spends enough time on
his course work to get nearly straight A’s. In his senior year he has also
taken on some extra duties: head TA in our nonmajors undergraduate bio-
chemistry course, and co-organizer of a new undergraduate Biochemistry
Club. He’s one of those extraordinarily talented undergraduates we get in
the College of Biological Sciences at Minnesota every couple of years, who
seems to do everything well while hardly breaking a sweat. At the same
time, he’s extremely modest and unassuming, and is a real pleasure to
have around. I think he has a very promising future as a scientist, and that
he’s perfect for a first-rank biophysics graduate program such as yours.

If you don’t take the time to ensure your professor knows you, you'll get a
far more perfunctory letter:

Mr. X was a student in my Chemistry 1000 class. He received an A,
ranking in the top 10 percent of five hundred students. He appears to
get along well with others.

Which letter do you think will make a greater impression on a graduate
admissions committee with many more applicants than it can accept? Such
letters are also necessary in applying to medical school or other competitive
professional schools.

PERSONAL ESSAY

Most graduate school applications require you to write a personal essay—a
couple of pages describing your background, scientific interests, and career
aspirations. Those we’ve read are occasionally impressive but more often
callow and inarticulate. It’s hard to write an essay that’s other than vague
and naively idealistic unless you’ve accumulated some real-life experience.
[t is not impressive to mention that you would like to study the mechanisms
of Parkinson’s disease because you have an aunt who suffers from the dis-
ease, or to study physics because you have been intrigued by how earth’s
gravitational force is generated since you were a child. Undergraduate re-
search, summer work in a scientific company, and other actual experience
will enable you to provide some concrete details about what you've done
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and how that has made you interested in pursuing a career in research in
your chosen field. (Another argument for doing undergraduate research!)
You might, in fact, draw on your interests and experience to present some
ideas about potential thesis topics. You won’t be making any commitment,
but this will give the admissions committee a clearer idea of what you are
interested in and how you might approach research problems.

ENGLISH LANGUAGE COMPETENCY

This point is addressed particularly to international students. To be admit-
ted to graduate school in most U.S. universities, you’ll have to achieve a
minimum score on the Test of English as a Foreign Language (TOEFL)
or similar exam. Take our word for it: the bare minimum is not enough.
Your chances of admission will rise considerably if you score well above
the minimum (so long as your recommendations, grades, and other test
scores are also good). If you are admitted with only minimal English lan-
guage competency, you will have a very difficult time for the first year or so.
You will have a hard time understanding lectures and conversations, your
professors and fellow students will have a hard time understanding you,
and you may not qualify for a teaching assistantship, an important source
of financial support.

English has become the language of science. It's worth your while to
spend considerable time and effort mastering it if you hope to have a signifi-
cant career in science. Nearly all the significant scientific literature is written
in English, international conferences are held in English, and researchers
from countries around the world have English as their only common lan-
guage. While many foreign students learn to read and write English in high
school, they rarely get adequate training in conversational English from na-
tive speakers. If you have an opportunity to get such training, either in school
or from a private tutor, your investment in time, effort, and money will be
amply repaid.

It goes without saying that native speakers of English should have a high
level of competency in their own language. Nothing makes a smart per-
son appear foolish more readily than incorrect or inept use of their native
tongue. Unfortunately, these skills cannot be taken for granted, particularly
among science and engineering students, who may be more comfortable
using math than English to make their case. The educational systems of the
United States and Great Britain are not as successful as they might be in
instilling high standards of literacy in their students.
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RECRUITING VISIT

It has become increasingly common for departments to arrange recruit-
ing visits for attractive applicants, either paying all the costs or hoping that
travel costs will be shared among several geographically clustered institu-
tions that the applicant may be visiting. These may be individual visits at
the applicant’s convenience, but often a number of applicants are brought
in together for “recruiting weekends.” This makes hosting easier for the
department and gives the applicants a better sense of community, intro-
ducing them not only to the faculty and current graduate students but also
to likely classmates.

If you're invited to visit a graduate program, with the institution paying
some or all of the expenses, the odds are that the admissions committee
has already decided to make you an offer. At the very least, you're on the
short list. The position may be yours to claim, but you could lose it if you
come across as uninformed, uninterested, and uninquisitive. Use the visit
effectively: speak with the faculty you're most interested in, ask questions,
talk about your research experience, and in general show that you're intel-
lectually alive.

Some practical questions

When choosing a graduate school, finding a good intellectual and psycho-
logical “fit” is important. However, there are also practical questions that
should not be overlooked. The program’s recruiting brochure and Web site
will provide some of the answers, but the recruiting visit is a good opportu-
nity to probe more deeply. Be sure to speak with current students, who can
give you information based on their own experience.

Does the program offer adequate financial support? The amount of
money you need for living expenses will depend significantly on local
housing costs. It will also depend on whether you have to pay tuition and
fees (including health insurance) out of your stipend, or whether those are
covered by the graduate program. Will the support continue throughout
your graduate career so long as you are making adequate progress toward
a degree, or is there some fixed cutoff date? You shouldn’t make your de-
cision based on a difference of a few hundred or a thousand dollars be-
tween programs, but you should be confident that you won’t be distracted
by monetary worries or need to get another job to support yourself. There
are many online tools that offer useful comparisons of what your dollar
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is worth in different cities, along with information on crime rates, taxes,
quality of life, schools, and so on. (For example, see http://www.moving.
com/Find_a_Place/Cityprofile/.)

Is departmental support or a training grant available? In some fields,
students are admitted to work with a particular professor and immediately
go on the payroll for his or her lab. In other fields, particularly the lab-
based biological sciences, it is common for entering graduate students to
do a number of research rotations (typically three) in different laboratories
while finishing their course work. Take advantage of this opportunity to
make sure that you will be doing research on a topic you really like, and that
you and your potential research advisor get along.

How much teaching will be required? Some teaching is useful; it pro-
vides experience in organizing and leading a discussion section, in answer-
ing questions on your feet, and in learning material in an active way. But
too much required teaching, particularly in the later years of your graduate
program, will intrude on your research.

Are the faculty in your area well supported by research grants? If they
do not have grants from federal agencies or foundations, it may mean that
their research is not highly regarded by peer reviewers. It may also mean
that they will lack the resources to support you as a research assistant, in
which case you may have to spend extra time as a teaching assistant.

How many students are in the program and in the research groups
you’re most interested in? Too many may mean that you’ll have trouble
getting into your preferred group, or have difficulty getting access to re-
search resources or to your research advisor. Too few may be insufficient to
maintain the intellectual energy of the environment or to provide a network
of professional and social support.

Does the department or program have adequate facilities and instru-
mentation? If not, you may not be able to do the state-of-the-art work that
you should be aiming for.

Is there a steady stream of prominent seminar speakers from outside
institutions? Outside speakers will help you keep in touch with the latest
developments, including findings that have not yet been published but may
affect your research.

How much course work is required in your graduate program? Some de-
partments have extensive, rigid requirements that take a long time to com-
plete, time that might be better spent on research or independent learning.
Other departments may have almost no requirements, so students can get
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into the lab early. If carried to an extreme, this can lead to a neglect of
formal learning of the fundamentals of your discipline, which can be a
handicap as you become independent and try to build your scientific career.
Different specialties will have different needs in this regard, and differ-
ent students will respond better to more or less structured programs. The
important thing is to be aware of the options, and to be conscious of the
choices you are making.

How long does it take to get a PhD? The national average is around six
years in the natural sciences, longer in the social sciences and humanities.
Some students, and some projects, will take longer than others, but try to
get a sense of how long previous students in the program have taken and
when the current ones expect to finish.

What kinds of positions do graduates of the program typically get? Do
they land good postdoctoral positions that lead to academic or industrial
research jobs? Do they have trouble finding professionally suitable perma-
nent employment and end up in long holding patterns? The best programs
will usually have the best placement records, but it may also make a dif-
ference whether they offer training in how to teach (some schools, for ex-
ample, take part in the Preparing Future Faculty program), hold sessions
on what types of jobs are available for graduates in their discipline, and
provide help to develop job searching and interviewing skills.

What other support services are available at the university? The quality
of the health service, libraries, computer labs, parking and transportation,
disability services, and recreational facilities can all have a big impact on
your graduate experience.

What is it like to live here? Is decent housing available at reasonable
cost? Are there agreeable places for socializing? Is there adequate public
transportation, or will you need a car? Is the community friendly to stu-
dents? Is the campus a pleasant place to spend time? Do other students
seem as if they’d be pleasant to be around? You'll be here for several years;
you might as well enjoy it.

In general, most highly ranked graduate programs in the sciences will score
well on these items. They’ll provide adequate financial support, be reason-
ably flexible, not require too much teaching, maintain good grant support
and modern facilities, bring in numerous outside visitors, and have sensible
course requirements. But different programs have different characteristics,
and you should pay attention to these factors as you investigate and visit
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potential graduate schools, to be sure that their style would mesh comfort-
ably with yours.

Take-home messages

« Again, graduate education is not for everyone; assess yourself and your
career objectives before applying.

- Start preparing to apply to graduate school as early as possible. There
is much homework to be done and many requirements to be fulfilled.

« Choose a field of research that intrigues you. This will make the hard
work associated with research worthwhile.

« An institution with a solid reputation in your field of study will
offer you more opportunities to select an appropriate advisor and
dissertation committee.

« Select a graduate program that offers you both financial and
intellectual support.

« Currently enrolled graduate students are a valuable source of
information about a program’s pros and cons.

« Job placement of past graduates is a helpful measure of quality of
graduate education.
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ADVISORS AND MENTORS

Graduate research, especially in the sciences, has generally depended on a
strong interaction between a student and a faculty member who guides the
student’s thesis research. In the old days, this faculty member was called
the thesis advisor or research advisor. Now there is a tendency to call such
people mentors and to recognize that mentoring is a key aspect of success
in graduate school and in subsequent careers. Students are increasingly
urged to be proactive in getting the guidance they need, and faculty are
expected to be more explicit and conscientious in their mentoring.

It is useful to distinguish between a research advisor—whom we will
define as the faculty member who supervises your thesis research—and a
mentor. As noted in the excellent University of Michigan Rackham Gradu-
ate School Web site,

a mentoring relationship is a close, individualized relationship that de-
velops over time between a graduate student and a faculty member (or
others) that includes both caring and guidance. Although there is a con-
nection between mentors and advisors, not all mentors are advisors and
not all advisors are mentors.

Mentors, as defined by Zelditch (1990), are

advisors, people with career experience willing to share their knowledge;
supporters, people who give emotional and moral encouragement; tu-
tors, people who give specific feedback on one’s performance; masters,
in the sense of employers to whom one is apprenticed; sponsors, sources
of information about, and aid in obtaining opportunities; models of iden-
tity, of the kind of person one should be to be an academic.

Your research advisor may not give you all of the mentoring support you
want and need. That’s OK, as long as your advisor treats you with respect
and gives you the appropriate help in developing your research and pro-
fessional skills. Rather than expecting your research advisor to give you
everything, find others—other faculty members, senior graduate students,
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postdocs, and departmental staff—who can provide additional guidance
and support. Having multiple mentors is all to the good.

How to identify potential research advisors

The first and most important mentor you should choose is the faculty mem-
ber who will advise you in your thesis research. (If you've been admitted to
a program to work with a particular faculty advisor, this choice will already
have been made.) You've presumably chosen your graduate program be-
cause it has a strong faculty in your area of interest. You've read some of
those professors’ recent papers before making your choice, and you may
have talked with several faculty members during a recruiting visit to the
campus.

You need to recognize that the choice of research advisor will not be
entirely yours: a research group may be full or have several students com-
peting for one or two vacancies, there may not be funding to support you
as a research assistant, or the person you'd like to work with may be going
on sabbatical or have some other reason for not taking on new students.
Nonetheless, this is the time to begin the detailed and careful investigation
that will enable you to make the best possible choice. There will generally
be an orientation period, either before classes begin or spread out over the
first few weeks of the fall term, during which faculty members give brief,
general talks about their research interests and invite questions and office
visits from interested students. In this chapter, we’ll give you a list of ques-
tions that you should ask the professors, their students, and knowledgeable
others.

Different graduate programs have different timetables for choosing a re-
search advisor. In some, you may make the choice when you are admitted
to the program, in others a few months or a year may go by, and in others
several years can pass before a thesis advisor is selected. Be sure to find out
what the expected timetable is in your program at your institution, by read-
ing the graduate program handbook in print or on the Web, and by talking to
knowledgeable people. If you don’t have to choose an advisor before classes
start—Dbecause there are departmental funds to support first-year students
or because you have a teaching assistantship—you may take classes from
prospective advisors to get a sense of their intellectual style and how they
relate to students. If one of them gives a seminar on his or her research
in the department or university, be sure to attend. Social interactions with
other students will also give you a chance to gather information. Ask more
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advanced grad students and postdocs, both those who work in the labs of
potential advisors and those who are in related areas, what they know about
the research groups that most interest you. In the biological sciences, it is
common to have a series of research rotations, each lasting a few months,
in different laboratories during the first year of graduate school. These will
give you the opportunity to make sure you are getting into a research field
that you really like, as well as the chance to find out how you and your po-
tential research advisor get along.

This is also a good time to refresh your self-appraisal about what you
want from graduate school (see chapter 2). Is it most important to you that
your research lab has a stellar reputation, that it has strong industrial ties,
or that your faculty advisor is especially supportive of your interests in col-
lege teaching or in nonacademic work? You may be wise to keep these alter-
native career interests to yourself for the time being, since not all faculty are
happy with the idea that a student is interested in anything but research,
but you should keep them in mind as you explore.

CHOOSE A FAMOUS RESEARCHER?

If you followed our advice in choosing a graduate school, you went to a
place that had one, or preferably several, of the leading scientists in your
area of interest. It is from among these people that you should try to choose
a research mentor. As J. E. Oliver says in The Incomplete Guide to the Art of
Discovery:

Scientific research is mostly learned from the mentor. . . . The overall
curriculum in graduate school is less critical. . . . What is most impor-
tant in graduate school is to be closely associated with the leader of the
field. Only through close association is it possible to learn how he or she
thinks, plans, and operates in order to reach and maintain that position
of leadership. . . . A student with only modest talents can be inspired and
boosted to important achievement by association with the right leader.
And, of course, in turn a leader will flourish through association with
good students. (p. 81)

Oliver qualifies his advice, however, and urges caution:

An occasional great scientist is eccentric to the point of avoiding any in-
teraction with students. And some highly rated ones have already moved
beyond their major discovery period to other activities. Some may not be
properly rated. (p. 83)
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Leaders in the field should be effective advisors and mentors for a num-
ber of reasons:

« They are likely to have deep insight into the outstanding problems
of the field and thorough knowledge of useful approaches, as well as
experience of what hasn’t worked (an expert has been defined as one
who has made all possible mistakes in an areal). This is important
for the choice of problems, for pursuit of their solutions, and for
general inspiration.

« They may have unique intellectual or personal styles. Being in close
touch with an outstanding person, at an impressionable time in
your life, can have lasting effects.

« They have broad contacts and can put you in touch with other
leaders in the field, both now and in future job searches.

« The other students and postdocs in their labs will be of high quality.
You will do much of your learning from them.

« The lab will be well equipped and well funded, allowing you to use
cutting-edge techniques and not be unduly hampered by financial
restrictions.

There are, however, some downsides to choosing a prominent scientist as
advisor:

« Leading scientists will be very busy on the national and international
scene, unless they protect their time unusually well. They may be
away from campus often and have little time for their research
students.

« Their research groups are often large, and they may have little time
to devote to you and your problems until you come up with research
results that catch their interest.

« They may prefer to spend their time with postdocs who, having
already been trained in the fundamentals of the area, will
(at least initially) be more mature and more productive.

« They are likely to spend more time being managers and grant-seekers
and less time being scientists than used to be the case.

These downsides are not necessarily reasons to avoid working with the
most prominent scientists, but they suggest that caution and careful inves-
tigation are in order. You have presumably done some of this in choosing
this graduate school. Now you are in a position to do more at close range.
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CHOOSE AN ASSISTANT PROFESSOR?

Could a junior faculty member be one of the leading researchers in the
field and thus an appropriate choice for an advisor? The answer could well
be yes. Hiring of faculty at the top research universities is so competitive
that only the best graduates or postdocs from the best labs have a chance of
being hired as assistant professors. They will have trained in labs with the
highest standards, working on cutting-edge problems (which they gener-
ally bring with them to their new positions). They will have met most of the
leaders in their field (a big reason to pick a program that brings in lots of
visiting speakers), and these senior figures will know them from their pub-
lications and presentations at national meetings. They will be fully aware of
the most important problems in the field and may well have already made
a pioneering breakthrough or applied a powerful new technology. If you
choose carefully, you will not be violating the rule of choosing the leading
faculty by selecting an assistant professor.

Choosing an assistant professor as your research advisor can have many
benefits. He or she will be full of energy, enthusiasm, and fresh ideas.
Faculty members at this junior rank will most likely still be working at the
bench with small numbers of students, rather than spending most of their
time administering large research groups, so you’'ll get the benefit of direct
contact and training from a top-flight scientist, rather than finding yourself
under the supervision of a postdoc or senior graduate student. There will
likely be greater opportunity for informal conversations on research and
other topics than with a more senior, busier, and more removed faculty
mentor.

Of course, there are also risks. You will not have as many coworkers to
turn to if a problem arises and your advisor is not available. The lab may
not be as well equipped as that of a more established scientist. (On the other
hand, the most modern equipment may have been part of the assistant pro-
fessor’s start-up package, while an older professor’s lab may be getting a bit
musty.) If the assistant professor doesn’t yet have substantial external grant
funding, you may have to spend more time as a teaching assistant, rather
than being fully supported as a research assistant. Assistant professors, al-
though closer in age to their graduate students, may not be as experienced
as mentors and may be too busy developing their own careers to spend as
much time as desirable helping students. And of course there’s the biggest
risk of all, that an assistant professor may not get tenure, perhaps for fail-
ing to establish a suitably prominent and well-funded independent research
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program. In that case, the faculty member will have to leave the university,
and you may have to find a new advisor if you can’t graduate before he or
she leaves.

All in all, the benefits of choosing an assistant professor as your research
advisor are generally worth the risks, so long as you investigate carefully be-
fore making your choice. You will want to be particularly attentive to signs
that your potential advisor may not get tenure. Establish a clear line of com-
munication with your advisor that enables you to inquire periodically about
progress toward tenure. Monitor overall productivity in the lab, including
the rate of publication and status of grant applications, and compare these
with the records of others who have—and haven’t—gotten tenure in the
department.

To help buffer against a young advisor’s inexperience, however, it will be
especially important for you to have other mentors. We’ll talk about how to
find additional mentors later in this chapter.

Initiating contact with potential advisors

Each graduate program will have its own way of putting new students in
contact with prospective research advisors. There may be a series of faculty
talks, a social hour, or a set of small group meetings. In any case, you'll
eventually have one-on-one meetings with the few faculty members in
whom you’re most interested. These are obviously very important meet-
ings, for reciprocal sizing-up as well as for garnering information. You may
find they provoke anxiety, and we can testify from being on the other side
that it's awkward for a faculty member to try to engage in conversation with
a student who is nervous and ill-prepared, and who may be there only be-
cause the department demands that a student visit with some minimum
number of faculty before indicating a preference for research advisor. At
their best, however, such meetings can be lively and mutually instructive, so
it’s in your interest to prepare thoughtfully. Even if you don’t end up work-
ing with a given faculty member, a good impression can be helpful as your
graduate career progresses.

Your initial conversation will be purely provisional. You're not implying
any commitment to work with this faculty member, nor is the faculty mem-
ber committing to being your advisor. You’re both there to learn about each
other. In the next section we’ll list a lot of questions you might ask a po-
tential advisor. Here, let us list some of the things he or she might want to
know about you.
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What are your scientific interests? How do you think they connect with
the work of this research group? Where did you do your undergraduate
work, and with whom did you study? Did you do undergraduate research?
If so, what was it about? Did you publish the work? Have you worked in the
private sector, for example as a technician, in a job relevant to your intended
future career? What special experience or skills do you have? Computing
expertise? Familiarity with some unusual instrumentation or system? Field-
work? Have you done anything unusual or interesting? Traveled to strange
places? Lived overseas? Held an interesting job? Pursued an unusual hobby?
What are your present career goals?

If there’s something you’d particularly like the professor to know about
you, be proactive in raising it.

Questions for potential advisors

Here is a long list of questions you might ask a potential advisor. Obvi-
ously, you won't cover all of these issues at your first meeting, and you may
have other questions specific to your circumstances, but the list should give
you some ideas to get started. You might also want to ask the students in
the professor’s research group about some of these matters, to get a per-
spective that may more closely reflect your own concerns.

Research projects. What is the general theme of research in the group?
Are there any new directions that you might not be aware of ? What specific
research projects might you get involved in? Does the professor have a re-
search grant that will support you if you work on these projects? Does the
professor expect you to work on one of the ongoing projects in their labora-
tory, or to devise your own? Is there a gradual movement into full-fledged
research, perhaps starting with a trial project, or are you expected immedi-
ately to begin the project that will be your thesis? Is the work experimental,
theoretical, or both? Will you have adequate access to specialized equip-
ment or other critical resources? Will that access be during regular working
hours, or only on weekends or at night? (It's OK to work odd hours—it’s
part of the expectations and boot camp aspects of life as a graduate stu-
dent—but you should be aware of the situation, particularly if you have
family responsibilities that may interfere.)

Availability of a position in the research group. How many other stu-
dents, postdocs, and technicians are already in the group? Does this seem
like a good size? Is the professor interested in adding a new student to
the group? (You should consider whether you want or need the individual
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attention that you’ll get in a small group, or if you will be comfortable in a
large group.)

Availability of funding. Does the professor have a research grant that
will support you as a research assistant on your thesis project? How long
will this grant last before its next competitive renewal? Does the professor
expect you to apply for your own external funding? If so, what kind of help
will you be given in preparing the application? Is financial support available
for a non—thesis-related research assistantship, or for a teaching assistant-
ship? How much teaching does the department and the professor expect
you to do?

Availability of the advisor. Is the professor planning to spend a signifi-
cant amount of time away from the university in the next couple of years
(for example, on a sabbatical or extended research project)? If so, how will
the advisor stay in touch with the group? Will some other faculty member,
or a senior grad student or postdoc, be available for day-to-day supervision
and advice? Does the professor have tenure? If the advisor is an assistant
professor, what are the odds that she or he will be around until the comple-
tion of your degree? Is the professor close to retirement?

Course work versus research. Does the professor expect you to take
courses beyond those required by your graduate program? Will the advisor
be supportive if you want to take extra courses, or are you expected to take
the absolute minimum so that you can spend as much time as possible on
your research?

Publishing. Does the professor have specific expectations about how
many research articles a grad student should publish while completing their
thesis work? Does the professor mainly edit drafts prepared by the student,
or do most of the writing based on the raw data? Does the professor expect
students to write up their own work more or less independently, or is there
extensive coauthorship with other lab members? If the latter, how is the
order of authorship decided?

Questions for Current Students

Here are some questions, in addition to those in the preceding list, that
you’ll want to explore with students and postdocs already in the research
group, to get a sense of how things really work.

Working conditions and morale. How often does the advisor meet with
individual members of the group? Is there a regular group research meeting
and journal club? Does the professor supervise graduate students directly,
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or are these duties delegated to senior graduate students or postdoctorals?
How many hours a week are you expected to work? Is the professor com-
fortable with your coming in late and staying late, or are you expected to
follow an eight to five schedule? Are vacations encouraged? Tolerated? Dis-
couraged or forbidden? Is the professor always in the lab, checking on how
things are going and offering help? Or is the style more hands-off, allowing
independence and expecting only periodic reports? Does the group have
good morale and a cooperative spirit?

Meetings and networking. How frequently do the group members go to
professional meetings? Once a year? Once in a graduate career? Whenever
there is something to present? Are travel and meeting expenses fully paid,
or is the student expected to pay part out of personal funds? Does the pro-
fessor help students network at meetings? Are visiting scientists invited to
meet with the research group, or are they closeted with the professor?

Working with students and career development. Is the professor friendly
and collegial in dealing with students? Businesslike? Hard-driving, demand-
ing, or even abusive? Neglectful? How long do students in the lab typically
take to get their degrees? Is there an unusual number of students who
haven’t completed their degrees? If so, why? Have students left the advisor
and sought another? What kinds of jobs does research in this group prepare
you for? What kinds of positions have recent graduates obtained? Is the pro-
fessor supportive of students who are interested in a nonacademic career
after receiving their degrees?

Questions for Yourself

Do you feel that you would enjoy working with this professor? Does he or
she have a style that you would find congenial, or at least acceptable? Do
you anticipate any problems due to incompatibilities of professional or per-
sonal styles? If you have, or are planning to have, a family, is the professor
supportive of this? Does the lab offer maternity/paternity leave?

Be open to surprises

Choosing a graduate school and a research advisor are two of the most im-
portant things you will do in your professional life, but they are not the final
decisions you will make about the direction of your intellectual interests.
You may initially have several interests or labs between which you can’t de-
cide, and your first year or two in the graduate program will give you more
information (both objective and relative to your own psychological bent)
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on which to base a choice. A few graduate-level courses or a couple of lab
rotations—trying out different projects for a few weeks or months—may
help you decide, for example, whether you prefer a more quantitative/
theoretical or a more descriptive/experimental approach. Or you may find
something that had not even been on your initial list of choices unexpect-
edly fascinating. It’s sensible to plan and choose as systematically as pos-
sible, but you should leave yourself open to the unexpected. After all, one
thing that’s predictable is that you'll be doing something quite different five
years from now, and something else five years later. Make a rational choice,
then go with the flow.

What to expect from your advisor

Now that you've chosen a research advisor, what should you expect from
him or her?

BEING THERE WHEN NEEDED

First, your advisor should be there when needed. This does not mean al-
ways being on call, but he or she should be reasonably prompt and re-
sponsive when an issue arises. Some students have regularly scheduled
meetings with their mentors, and if these take place every week or two, a
student can generally wait for the next regular meeting. If, however, meet-
ings are scheduled only once a month, or every six months, or if urgent
advice is needed, then the mentor should be accessible on an ad hoc basis.
On the rare occasions when an urgent issue arises, a student should be able
to schedule an appointment, or at the least a phone or e-mail exchange,
within a couple of days. We find that availability and rapid responsiveness
are much appreciated by our students.

Not all of “being there” will be related to research issues. Sometimes you
may want your advisor to listen and give advice regarding personal prob-
lems, doubts about your career path, or other matters. You have the right to
expect a reasonable amount of patience and sensitivity at such times, along
with full attention and no interruptions from phone calls or other visitors.
It may be, though, that another mentor will be a more suitable or comfort-
able resource in such situations, or that you will need professional help
or advice. Bear in mind that universities have counseling offices that can
be helpful when you need confidential and neutral advice about academic
stress, personal relationships, financial pressures, and similar matters.
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KNOWING THE FIELD

Second, your research advisor should have a command of the major issues
and problems in the field, including a knowledge of which approaches have
failed and which remain promising, who the influential researchers are and
who is doing the best work, which journals are publishing the most signifi-
cant articles, and what meetings are most important to attend. It has been
suggested that in the humanities, where the student chooses and works on
a dissertation topic more independently, the advisor need not be a subject
matter expert, but that’s certainly not true in the sciences. If for no other
reason, your advisor must be an expert to get the grants that will support the
research and pay your salary as a research assistant. Of course, no advisor
can be an expert on everything, so an important aspect of his or her expertise
is knowing when someone else should be consulted for help with a particu-
lar technique, theoretical interpretation, or statistical analysis, and knowing
who are the best people to contact.

PROVIDING CONSTRUCTIVE CRITICISM

Third, you should expect your advisor to be critical in a constructive manner.
The advisor will suggest a research project and perhaps some relevant refer-
ences and an angle of approach; the student then begins carrying out ex-
periments, reports on his or her progress at research meetings, and drafts a
preliminary account of the findings. At this point, the advisor should behave
somewhat like an editor, critiquing the student’s analysis and raising perti-
nent questions: Did you even consider this? What’s your evidence for that?
Do you think you should explore this other thing? As the project progresses
and the student gains expertise and confidence, this feedback may become
less detailed, but throughout the project, the advisor should remain avail-
able to troubleshoot problems and to offer ideas when research has stalled.
At the end, there will be a serious and thorough critique in which both the
evidence and its presentation (writing, illustrations, references, etc.) are
thoroughly evaluated, by the advisor and by a dissertation committee.

HELPING TO PLAN FOR THE NEXT PHASE

Fourth, the advisor, along with other mentors, should help you plan for the
next stage of your career. They should help you to clarify both short- and
long-term goals. They should help to line up a postdoctoral position in a
good lab, keep an eye out for suitable jobs, introduce you to influential and
interesting people at professional meetings, let you meet with visiting sem-



ADVISORS AND MENTORS 45§

inar speakers, and help you to develop a professional network. They should
provide advice on the timing of looking for the next position: not too soon,
before enough is accomplished; but also not too late, which might result in
wasted time. The advisor should allow you time, when you are ready to look
for the next position, both to begin reading outside of your narrow research
area to identify interesting projects and the people doing the best work, and
to travel for interviews or to professional meetings.

JUDGING WHEN IT'S TIME TO STOP

It's always difficult to decide when a student has done enough work and
should be encouraged to stop the research and write it up. This is a fifth re-
sponsibility of the advisor: to judge when enough is enough. There should
be enough to produce several good journal articles, so that the capabilities
of the student are clearly on display and the project is brought to some rea-
sonable stopping point.

But the advisor should avoid keeping students on too long, taking advan-
tage of them to obtain additional results that confer no additional benefit
to the student. This is not an easy line to draw, since students may well
benefit from researching and publishing a couple of extra papers after they
have their techniques and methods and experimental system or suite of
computer programs all polished up and operating efficiently.

It’s for this reason that there should be a dissertation committee, to over-
see both the student and the student-advisor relationship. The members
of this committee should be viewed, by themselves and by the student, as
additional mentors.

WRITING LETTERS OF RECOMMENDATION

One final responsibility of mentorship is to write letters of recommenda-
tion for the next job. Such letters have come to be viewed with considerable
suspicion, as not being sufficiently frank about the deficiencies of the can-
didate. In our litigious environment, committing negative words to paper,
especially words that may cost someone a desired position, can lead to a
lawsuit. Writers of recommendations have become very crafty about avoid-
ing the negative areas, or alluding to them only vaguely, and recipients of
such letters have become equally savvy about reading between the lines.
Our advice to mentors is generally to be honest about their degree of en-
thusiasm when asked to write a recommendation. What would be more
constructive and helpful, however, is to identify areas of weakness while
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there’s still time to do something about them, and to be straightforward in
telling the student and suggesting ways to address them.

Overall, your advisor’s job is to help you prepare yourself for an indepen-
dent, rewarding career and professional life. An advisor should help you
become confident and self-sufficient, not try to make you into a duplicate
of herself through dictatorial or overly controlling behavior.

If problems arise

Sometimes problems may arise outside the lab that seriously impede your
progress. A new situation in your own life may disrupt your planned gradu-
ate schedule: for example, the birth of a child, illness, or a family problem. If
this happens, contact your advisor promptly and work out a new schedule.
Be as realistic as you can, so that you don’t miss a second set of deadlines.

At the same time, your advisor may get sick, have a busier than an-
ticipated teaching or travel schedule, take on new responsibilities, or just
become inexplicably neglectful and unresponsive. If this occurs, the first
step is to remind the faculty member politely about your need for steady
progress and feedback. Try to arrange a meeting in person, rather than by
e-mail or phone.

If that doesn’t suffice, you can discreetly ask other students whether this
is normal behavior for the professor, what the program norms are, and
whether the delay you're experiencing is something that you should be con-
cerned about. They may have experienced similar situations and have sug-
gestions about how to move things along. Other faculty can also offer useful
advice. If you have another faculty mentor, he or she can offer suggestions
and perhaps (if relatively senior in rank) intercede on your behalf.

If you need further assistance, it is advisable to follow the formal chain
of command. You should next talk with the director of graduate studies and
then perhaps with the department chair. If none of these have the desired
influence, you should probably talk with someone in the graduate school.
Staff members such as graduate program secretaries may be able to direct

you to people and offices in the department, college, or university that can
be helpful.

Changing advisors

If you're already in graduate school, working in someone’s lab, and some-
thing goes sour, is it too late to change your decision? Well, maybe, or
maybe not. If within the first year or two you find that things are not going
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well—that you don’t like your project or your labmates or your advisor—
you should think seriously about making a change. You’ve probably spent
most of your time so far taking general courses that will be of use wherever
you end up, and those efforts will not have been wasted. Beyond your sec-
ond year, however, switching projects will be costly; you will have started
to accumulate results, which most likely you will not be able to use in a
new thesis project. Most graduate programs are sympathetic to a student
who seems bright, competent, and motivated but is looking for a better fit.
Most professors will understand too, since they are probably also aware
that things aren’t going well. After all, it’s your career and your life. Give it
serious thought, and don’t make a spur-of-the-moment decision, but make
the decision that seems right.

If you are considering making a change, then you might talk (discreetly)
to other students, to another faculty mentor if you have one, and definitely to
the director of graduate studies and to your potential new research advisor.
Be sure to follow any applicable rules and protocols set out in your school’s
policy handbooks. At some point, of course, you'll want to talk with your cur-
rent advisor, and it’s important that you do so in a way that does not cause
bad feelings between old and new advisors. If it’s a matter of not feeling
the research project is right for you, despite good relations with the advi-
sor, then you can have an up-front discussion. If, on the other hand, you
want to leave the group because you and the advisor don’t get along, then
you’d be wise to have a secure landing place before you announce your
departure.

Of course, if you are experiencing sexual harassment or other abusive
treatment from your advisor, you should let someone in authority know as
soon as possible. Most universities have a conflict resolution office or an
ombudsman that can be useful in such situations.

Changing department or university

You may also find that the department you're in isn’t quite right for you.
Say, for example, you enter graduate school in physics, develop an interest
in the applications of physics to biology, and find that your department has
no biophysics researchers and no interest in working out a joint thesis proj-
ect with a professor in biophysics or biochemistry. In that case, you might
consider transferring to another department that shares your research in-
terests. Talk to the relevant staff person in the graduate school about how
to accomplish this. Such a transfer will probably require application and
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admission to the new program and will most likely mean losing any finan-
cial aid provided by the program you're leaving, but it should be feasible
early in your graduate career.

Sometimes you’ll be tempted to change not just your advisor or depart-
ment but your university. This is usually not advisable, since the new school
might wonder what's wrong with you, not what's wrong with the depart-
ment you want to leave. Taking a definite step up, from a department gen-
erally viewed as mediocre to one with a top-notch reputation, is a different
story. If you have very good recommendations both from your undergradu-
ate school and from the department you're leaving you may be able to win
transfer and admission, but don’t count on it.

One situation in which you might consider changing universities is if
your advisor accepts a position at another university. Whether it is feasible
to follow your advisor to a new school depends largely on what stage you're
at in your graduate career. Early on, before you've taken many courses
or preliminary exams, the process should be relatively straightforward.
The faculty and administration at the new university will be anxious to
make your advisor happy, and happiness includes accommodating his
or her existing students. Things get harder if you're further along; the
courses and qualifying exams you've already taken may not conform to
the new university’s requirements. Special negotiations may be required,
which—if you’re lucky—your advisor will help you with. If you've reached
the all-but-dissertation phase of your graduate career, just doing research
and writing your thesis, you’ll probably be better off staying at your origi-
nal university and working with your advisor long-distance to finish your
degree. Your director of graduate studies should be able to help with the
necessary arrangements.

Other mentors

Your research advisor cannot and should not be your only source of advice,
contacts, and support. He or she may not always be around, will often be
tied up with the manifold responsibilities of a faculty member, and may
not be familiar with all of the details of campus or departmental life about
which you need advice. Sometimes, too, you may need counsel because
you're having trouble with your advisor. It’s important that other faculty
members know who you are, so you can call on them for advice and for let-
ters of reference. In other words, you need a network of mentors, not all of
whom have to be faculty members.
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MENTORING COMMITTEES

It's advantageous to have faculty members other than your research advisor
whom you can call on for advice. You might start with the director of gradu-
ate studies, who may be the first faculty member you talk with at length
when you join the program. But as you get deeper into your research, the
most valuable will be your dissertation committee: a group of two or three
faculty members, in addition to your advisor, who meet with you periodi-
cally to hear about your research progress and problems and to give advice
about rate of progress, ways of avoiding pitfalls, and new approaches. The
people on such a committee will usually be professors with whom you've
taken courses or had some research interaction. Some may be more knowl-
edgeable than your advisor regarding particular techniques or resources,
which is important in these days of increasingly interdisciplinary research.
The committee will have a chair, often not the research advisor, with whom
you should periodically discuss your progress.

Committee members can also serve as a buffer between you and your
advisor if there are areas of disagreement—such as whether you’ve done
enough work to begin writing up your thesis or whether a particular line
of research is likely to be productive. They can serve as references when
you're looking for your next job or postdoctoral opportunity, informing you
of opportunities and putting you in touch with contacts. See chapter 23 for
more information about dissertation committees.

You may also meet a range of faculty members in orientation sessions
held soon after your arrival at graduate school. And you may seek advice
from the professors teaching your classes, if either the subject matter or
their personalities seems appealing. These interactions will generally be
based on professional suitability rather than personal friendship, but the
two are not mutually exclusive. You might want to include both senior and
junior faculty in your circle of mentors: the senior for their experience and
contacts, the junior for their better appreciation of the trials and tribula-
tions of young scientists.

SENIOR GRADUATE STUDENTS

Other students can be among your most valuable sources of advice. Senior
graduate students can give you insights into the various faculty members in
the department, how they work with their students, and how their research
groups run. They can alert you to political issues in the department that
you should not run afoul of. They can advise you about how to negotiate
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the bureaucracy. They can also help you get involved in social activities and
departmental student organizations. Don'’t rely on just one senior student,
no matter how charismatic, as he or she might have a jaundiced or biased
view; get your advice and insights from a broad group of students.

DEPARTMENTAL STAFF
In many departments and graduate programs, it’s a secretary or adminis-
trator who holds things together on a day-to-day basis. This may be the per-
son with whom you correspond when you apply for admission and arrange
your recruiting visit, or it may be a more senior person who works behind
the scenes. In any case, these are often the people who know how the place
really works, whom to talk to, and how to get things done. They’re usually
very interested in helping students. You should definitely be on good terms
with these professionals.

YOUR MENTORING NETWORK

In addition to faculty members, other students, and staff in your own pro-
gram, you may want to make contact and seek advice from faculty and stu-
dents in other departments, alumni, professionals in the community, and
scientists at other institutions. And don’t forget faculty from your under-
graduate institution. All of these people can give you useful advice, support,
and career counsel. You will need to be proactive in assembling and main-
taining your network of mentors—it won’t assemble spontaneously—but
it can be of enormous help to you in graduate school and throughout your
career.

Personal relations with your advisor and faculty mentors

Handling personal relations with your advisor and faculty mentors is an
important and potentially tricky aspect of graduate life. The basic rule is
to be professional. Friendship may come and is potentially a nice addition,
not to be refused, but there are boundaries that should be crossed only
with care. Even in a friendly relationship between a faculty member and a
student, there’s a hierarchy involved: the professor has the unquestioned
right, indeed the duty, to give constructive criticism to the student.

You should certainly not be expected to do personal chores for your advi-
sor: babysitting, lawn mowing, helping to paint the house. Sometimes the
advisor will enlist research group members to help with, for example, a
move. This can produce camaraderie within the group, and it is not neces-
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sarily improper; but you should always feel free to choose not to participate,
and should never feel coerced.

In academia it has not been uncommon for faculty members and stu-
dents to become intimately involved. It still happens, but it’s frowned upon
these days. At many schools, institutional regulations prohibit or at least
strongly discourage such relations because of the inherent power differen-
tial. As a result, other faculty members tend to disapprove. Other students
may also be resentful of the perceived or actual favoritism that results from
such relations. The principals themselves may, if the relationship sours,
find continued professional interactions to be awkward, if not impossible.
A student’s graduate career can be derailed by a broken relationship with
a professorial advisor, and a professor’s career can be damaged by a griev-
ance or lawsuit. The bottom line is that you should enter into such rela-
tionships with extreme caution, and preferably not at all, at least until the
teacher-student relationship is finished: the course is completed, the thesis
is written and approved, the articles are published. When such restraint is
not possible, changes in supervision and evaluation should be arranged.
Some faculty-student relationships have happy outcomes, but they may be
in the minority. Bear in mind that you have significant control in fend-
ing off unwelcome romantic or sexual advances, particularly in their early
stages, before the situation gets more complicated. Use available institu-
tional legal and other counsel if needed.

At aless intense level, what about friendship? This is most likely to come
about between a younger faculty member and the students in the depart-
ment. They're of similar age; the faculty member remembers what it was
like to be a grad student and may not yet have family obligations. Having
parties or picnics or going bowling can be a welcome break from the grind,
a reminder that there are other things in life besides work and studying,
and a way of deepening and diversifying friendships with compatriots in a
professional discipline. They can contribute substantially to esprit de corps
and morale within a program: students get a chance to interact on a roughly
equal basis with faculty members, while faculty members can feel that they
haven't yet lost their youth.

Such interactions can be a very good thing, so long as they don’t get
too personal. But they are not an essential part of the mentoring relation-
ship, which should be based primarily on professional advice and counsel,
offered from a position of greater experience and knowledge (which one
hopes doesn’t translate into pomposity). There are some faculty members
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who limit their social interactions with students to a departmental picnic or
Thanksgiving dinner for students far from home, and who serve very well
as effective mentors. There are some pressures to be chummy, regardless
of age or status difference; but faculty mentors do well to resist pressures
to be either your parent or your best friend.

Take-home messages

« Consult with more advanced graduate students in the program to find
out how they enjoy working with their advisors.

« Take advantage of first-year lab rotations, if they are available in your
program, to obtain firsthand knowledge of what various potential
advisors and their research groups have to offer.

« Choose an advisor who is not only a good scientist but also a good
person. This combination will provide you with both an advisor and a
mentor.

« Select an advisor who will help you attain your future career goals.

« Consider the makeup of your advisor’s research group to ensure
personal and professional support.
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CHOOSING AND CONDUCTING
A DISSERTATION PROJECT

Your goal in graduate school is to do research that will lead to publica-
tions—including a dissertation—that will make a significant contribution
to scientific knowledge and establish you as an expert in your field. Note the
difference from undergraduate school, where the goal was to take varied
classes, study hard, get good grades, and learn about a wide range of things.
Of course, you will still take courses and learn many new things, but all will
be directed toward your primary goal: to make your mark in your discipline.
This chapter discusses how to choose a research project that will advance
this goal.

A good research project is one that addresses an important issue in the
field, is feasible but not trivial, and is engaging enough to sustain and excite
you through several years of hard work. Identifying such a project is diffi-
cult—indeed, it is often said that the mark of an exceptional scientist is the
ability to choose the right problems. As a beginner in your field, you may
well ask how you can find a good project. We can’t guarantee success, but
the ideas in this chapter show how you can undertake the search systemati-
cally and maximize your chances.

It's important to recognize, however, that finding a good research proj-
ect cannot be totally systematized. The field, the feasibility of certain ap-
proaches, and your own interests can change unexpectedly, so the project
you end up with may not be one you arrived at by way of an initial ratio-
nal search. Nonetheless, as Louis Pasteur said, “In the field of observation
chance favors only those minds which are prepared.” So start out on a ra-
tional path, and see where it leads.

We have written this chapter with the assumption that you will have a
major role in defining your research project. In reality, your advisor may
assign a project, particularly if you are being supported by one of his or her
research grants. Even then, however, the advice we give—about how you
can actively participate in the development of the project ideas and imple-
mentation—should remain pertinent.
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Get familiar with the literature

A key part of choosing a project, once you've decided to work with a par-
ticular advisor, is to become familiar with the relevant research literature.
Reading to choose or prepare for a project is an important activity, one that
is often not given as much attention as it deserves. But as one wit put it,
“Two months in the laboratory can save you a week in the library.” You may
start out with textbook material, then review articles, then primary journal
articles from your advisor’s laboratory and the labs of the main competi-
tion. You should learn what the major journals in the field are and read (or
at least scan) them regularly. As soon as possible, you should begin to use
current literature, abstracts, and if possible meetings and personal contacts
to see what’s going on now in the field.

As you narrow down the research area within which you will develop a
specific project, you should try to get a clear sense of what is reliably known
and what is uncertain, shaky, or simply unexplored. As you read you should
familiarize yourself with the techniques, materials, and methods typically
used in your field; but you should also be thinking about whether more
creative approaches might be productive and might give you insights that
others have not had. If there is a strong theoretical basis to the field, you’ll
want to spend a fair bit of time reading, working problems, and perhaps
becoming familiar with or writing computer programs. If statistical meth-
odology is important, that may also require special study.

It's important to emphasize, however, that the goal of your research is
original results, not total familiarity with the literature. Getting to know the
literature is essential, but don’t overdo it and try to read everything. Strik-
ing a balance is the key. It’s also worth noting that you should not decide to
pursue a question simply because it has not been addressed before—there
might be a good reason for that. It’s possible that the question cannot be
adequately answered with available techniques, instruments, and reagents.
More importantly, the question might be too trivial to have attracted the
attention of others.

Attack an important problem, and be able to articulate

its significance

Perhaps the most crucial thing you can do when choosing a research proj-
ect is to pick a problem whose solution will make a difference, a project that
affords you a realistic chance of making a contribution during your three to
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five years of thesis research, but also one whose outcome will matter to oth-
ers. Every field has more than one important problem, so you need never
fear that you and all your contemporaries are racing to attain the same goal,
all competing for a single prize.

You should begin with your own understanding of what’s important.
You presumably decided to concentrate on your chosen field of science, at
least in part, because you were intrigued with the questions being posed
and the potential impact of the answers. Now is the time to deepen your
understanding of these issues. Since you are relatively inexperienced, your
judgments may not be entirely realistic, but you have the advantages of
youthful idealism and a fresh vision, which more established scientists
may lack.

Start by asking what problem you will be trying to solve. Not in the nar-
row sense of solving for the unknown in an algebraic equation, but in the
broader sense of identifying some substantial gap in our understanding of
nature. Even if your potential thesis project will not fill the whole gap, you
should feel that it could make a substantial contribution.

Atthe same time, try to put the work in a broad scientific context. Any par-
ticular scientific project should be part of a larger fabric, with broad and last-
ing consequences. It should have implications for both closely related and
more distant fields. Ideally, your project should have the potential to become
the basis for work by others. You may have only vague ideas at this point as
to what its fruits may be, but you should aspire to this sort of fertility.

You should also be able to explain to nonspecialists what the project
is about and why it’s important. What will this work do for people, if you
are successful with it? Will it improve their health or material well-being,
advance their intellectual development, or deepen their understanding of
themselves and others? Being able to articulate this general understanding
is important for two reasons. First, we live in a world with other people,
who to some extent support our research and need its findings. It will help
us as well as them if we all understand what we are doing and why. Sec-
ond, scientists spend a lot of time on their work but also interact socially.
Researchers who can talk engagingly about what most engrosses them will
be better able to maneuver in public settings, a source of satisfaction that
will complement and build on those from the laboratory.

It is worth noting that the National Science Foundation has two merit
review criteria for research proposals: (1) What is the intellectual merit
of the proposed activity? (2) What are its broader impacts? Being able to
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persuasively address the broader significance of your project will thus in-
crease the chance of having a proposal funded, while at the same time
making your work more intelligible to nonspecialists. For examples of po-
tential benefits that may satisfy the broader-impacts criterion, see http://
www.nsf.gov/pubs/gpg/broaderimpacts.pdf.

Pick a problem that excites and fits you

You will be working on the problem you choose for several years, so it
should be something that engages you emotionally and aesthetically as well
as intellectually. The particular choice will depend on your field. If you're
an ecologist, for example, you might choose between studying birds or sea
turtles based on a longtime love of bird-watching or a desire to spend more
time on a tropical beach. In a neuroscience program, it might be a matter
of choosing between neural networks and nerve growth factors depending
on whether you are hooked on computer programming or especially enjoy
wet lab work.

Your project should also fit your working style and intellectual prefer-
ences: Would you prefer a project that is fully experimental and rather em-
pirical, experimental but with good theoretical underpinning, or mainly
theoretical or computational.

Pick a project that is feasible

It is important that your project be significant and exciting, but it should
also be one that you can actually complete in two to three years of research,
and one that is likely to generate a reasonable number of papers in high-
quality journals.

Nobel Prize-winning economist Herbert Simon has written, “The qual-
ity of a research problem rests on the importance of the ideas it addresses
and the availability of ideas and techniques that hold out a promise of
progress” (1991, 366). There are many projects that seem very attractive,
especially to newcomers to a field, but that are simply infeasible due to
inadequate analytical methods, insufficient supplies of pure material, an
excessively complex or murky theoretical background, or the like.

Eventually, some of these obstacles may be overcome. Indeed, it is com-
mon in science for a field to move rapidly for a decade or so, stall when
available techniques are no longer adequate to solve the remaining prob-
lems, and then revive two or three decades later when a new, more pow-
erful set of tools or ideas has been developed, often in a quite different
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field. Sometimes only modest improvements in technical capabilities are
required (e.g., an order of magnitude or less in yield or sensitivity), and
working on such improvements might reasonably be part of your project.
In other cases, however, much larger steps are needed. You will then have
to decide whether to devote your PhD career mainly to developing new
techniques, rather than solving a physical or biological problem. Either
choice is reasonable, and many of the most cited and influential papers ad-
dress technique. But you should recognize the choice you would be making
and be sure it’s one you want to make.

Get your feet wet

Having chosen a research advisor and a research problem that seems im-
portant, exciting, and feasible, you need to jump in and get your feet wet. In
the first year or two of graduate school you probably won’t have time to do
much more than that. Much of your time will be spent taking classes, be-
ing a teaching assistant, and preparing for preliminary exams. You should,
however, spend as much time as possible learning about your research proj-
ect: reading the literature, learning to work with the instruments particular
to this area, and getting practice with simpler projects before embarking
into the fully unknown. Often the first large block of time available to work
on the project is the summer after your first year in graduate school.

The most practical way to proceed is usually to begin work on some corner
of a bigger problem. This first step will likely be defined by your research
advisor, modified only slightly in response to your own taste and knowledge.
By working on the technical details until you can either reproduce existing
results or show that something’s wrong with them, you will gain expertise
and insight and experience. Keep an eye out for new techniques that might
produce the desired results more quickly or reliably or with a greater degree
of sensitivity. Read the basic literature dealing with the problem, and with
related problems, to get a sense of where your problem fits in the bigger
scheme of things and how new and existing techniques and approaches
might be applied to it. But don’t just read: talk to people about your proj-
ect and ideas—grad students in other labs, visitors, friends of friends with
whom you're having an evening out—and go to departmental lectures where
you might hear something pertinent.

Your purpose at this stage is not to embark full tilt on your dissertation
project, but rather to get a sense of the realities of the area, to get some
knowledge into your hands by doing experiments or typing computer code,
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and into your head by reading journal articles. Such “tacit knowledge” (to
use Michael Polyani’s phrase) will give you a much better sense of what’s
easy, what'’s essentially impossible, and what’s both feasible and important.

Start with your advisor’s idea, and make it better

Once you've gotten your feet wet, you're in a position to begin thinking
critically about your project. One of the distinguishing features of basic
research is that it cannot be fully planned. New leads and new opportuni-
ties arise unexpectedly. You should spend at least a small part of your time
wondering how you could make your project better.

Your project should reflect a balance between your independent think-
ing and your advisor’s knowledge and expertise. Your advisor has probably
been working in the area for some time, undoubtedly has ideas about what
the most promising new directions are, and may have suggested an ap-
proach to your project. If he or she is a good scientist, these ideas should
not be cast aside lightly. But even a good researcher, having worked in a
field for a long time, becomes a bit routinized. There may be a better ap-
proach, and your advisor should at least be willing to consider other pos-
sibilities, including the use of new techniques.

New techniques—experimental, theoretical, or computational—often
come from other fields. You may be lucky enough to recognize an opportu-
nity that your mentor (who has been productively plowing the ground with
existing techniques) has overlooked. This is one of the best ways to improve
an existing project. If the new technique is not overly elaborate or expensive
to implement, you might suggest deploying it in your advisor’s lab, perhaps
after trying it out on a couple of typical cases in a lab (in your department
or elsewhere) that already has expertise. If the technique is very expensive,
requiring specialized instrumentation, then perhaps collaboration between
your lab and that of another professor could be arranged. By acting as the
go-between you may gain expertise in both labs’ research areas.

Be aware that the most important thing to learn about a new research
technique is its limitations: high background noise, for example, or suscepti-
bility to interference from neighboring electronic equipment, the prevalence
of false positive or false negative results, or sensitivity of reagents to light.

Working with your advisor

You need to work effectively with your advisor during your dissertation
research, getting advice and feedback while gradually developing your
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independence. Here are some suggestions for getting maximum benefit
from the relationship while using both your time and your advisor’s time
efficiently.

SET GOALS

Work with your advisor to establish short- and long-term goals and a time-
table for reaching them. The long-term goals might be to get a PhD in five
years and to line up a suitable job. The interim goals will include selecting
and satisfactorily completing the classes needed for your degree program,
preparing for and taking your written and oral preliminary exams, reach-
ing specific milestones in your thesis research, and making contacts for
your job search. Periodically (say, once a semester) meet with your advisor
to review these goals, decide what must be done to reach them, and make
changes if necessary.

Remember that, while your advisor has an interest in your being produc-
tive in research and writing, these goals are primarily yours. It’s your edu-
cation and your career; you must take responsibility for letting your advisor
know what you're aiming for, what progress you think you’'re making, and
what problems you're having. Your advisor—and other mentors—are there
to help, not to be avoided.

HAVE REGULAR MEETINGS
Each advisor will have his or her own way of meeting with members of the
research group. Some will meet with each student individually, some will
have group meetings, some will have both. The advantage of one-on-one
meetings is that the student gets individual attention, and topics can be ad-
dressed that might be awkward in a group setting. The advantage of group
meetings is that everyone learns about all of the lab’s research efforts and
progress, all can contribute to solving a variety of problems, and students
get practice presenting their research results to an audience. Having both
individual and group meetings combines the advantages but at the cost of
extra time.

Whichever system your advisor uses, be sure that you get regular advice
and feedback. It is not wise to pursue a project for months without dis-
cussing progress with your advisor; you may find out later that you used
incorrect experimental conditions or overlooked a crucial control necessary
for data interpretation. The other extreme—asking your advisor daily what
you should do next—is not healthy either. Graduate students often avoid
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frequent reports to their advisors because they want to work everything out
on their own, or because they feel they should be able to operate indepen-
dently, or because they’re having trouble and are afraid to admit it. On the
other hand, advisors are often busy and feel they don’t have time for regular
meetings, and some want to hear from students only when they’re bear-
ing good news, for example, that a manuscript is ready to be submitted.
Whatever the reason, infrequent and irregular contact between student and
advisor is not good for the student.

Regular meetings provide a useful rhythm, a predictable schedule for
reporting progress and problems. The meetings should be spread out
enough that there’s time for things to happen, but not so infrequent that
there’s too much time to drift. Once a week to once a month is probably
appropriate. Talk with your advisor about what seems sensible and feasible
to both of you.

MAKE THE MEETINGS USEFUL
Come to each meeting with a list of things you’d like to discuss and accom-
plish: research progress since the last meeting, problems that have arisen,
what you plan to accomplish before the next meeting. If you have decided
on a certain approach, you should be prepared to justify the choice and to
ask advice regarding specific experimental details. Better yet, propose mul-
tiple experimental approaches and discuss their pros and cons. This will
enhance your training in asking proper scientific questions and designing
the best experiments to answer them.

In an individual meeting, you can also take the opportunity to ask your
advisor for a letter of recommendation, to suggest new supplies or equip-
ment or software that you think would benefit the group’s work, or to men-
tion a professional meeting that you’d like to attend. Try to ensure that the
most important items are covered first, to avoid running out of time. At
the end of the meeting, try to summarize what has been accomplished and
decided. Follow up with a written reminder, on paper or by e-mail, if your
advisor has agreed to do something that might slip his or her mind.

BE FLEXIBLE BUT PERSISTENT
Sometimes you or your advisor will have to postpone or cut short a sched-
uled meeting because of unanticipated work or a personal emergency. Be
sure that you let you advisor know if you can’t make an appointment, and
hope that he or she will do the same for you. Try to reschedule the meeting
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or arrange to communicate by other means. Conversely, when something
comes up that needs immediate attention, don’t waste time spinning your
wheels if a quick response from your advisor would solve the problem. In
either situation, it’s useful to know what mode your advisor favors for im-
promptu communication: e-mail? phone call? a drop-in office visit? Is he or
she willing to be called at home?

GET TIMELY FEEDBACK AND CRITICISM

When you've done something that calls for prompt feedback—such as
completing a draft of an abstract for an upcoming meeting, a chapter of
your thesis, or a fellowship proposal—make sure your advisor knows that
the matter is time-sensitive, and ask whether he or she can get back to you
in time. Allow as much lead time as possible, particularly if you know that
your advisor’s workload is especially heavy. Ask whether it will be OK to
send a reminder a week or two ahead of time.

When the response comes back, accept any criticism in an objective
manner. Be open to changes in wording, suggestions for clearer reasoning,
and urgings that additional data and calculations or less speculation would
improve the product. If after reflection you disagree with a criticism or
suggestion, don’t be shy about defending your point of view—but do itin a
thoughtful, professional way.

INVOLVE MEMBERS OF YOUR DISSERTATION COMMITTEE

Work with your advisor to select the members of your dissertation commit-
tee as early as possible. You will want to discuss your progress with them
periodically and to seek their advice regarding obstacles or competing pos-
sible directions. These discussions will familiarize them with your project
and will give them the chance to give it their approval at successive stages
of development.

ACT LIKE A PROFESSIONAL

Nothing is more rewarding to an advisor than to see a student progress
from uncertain, naive beginner to self-confident, knowledgeable researcher
and junior colleague. You can demonstrate your growing professionalism
by becoming increasingly conversant with the literature and major re-
searchers in your field, by telling your advisor about relevant new work
you've come across that he or she may not have seen, and by suggesting
new techniques and approaches that you've encountered or thought of.
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Read articles that your advisor suggests critically and comment on them
thoughtfully. Show that you’ve embraced the idea that you are becoming
the world’s expert in your special area.

Restrictions on research

Not all research projects allow you to charge blithely ahead. If your research
involves working with human or animal subjects, or with hazardous sub-
stances, there are many regulations you will have to be aware of and per-
missions you will have to gather.

Restrictions regarding human or animal experimental subjects are
based on the fundamental principle of ensuring proper behavior toward
living subjects. With human subjects, the key concept is informed consent.
People must not be coerced into participating in experiments against their
will, and they must be informed of the experiments’ likely risks and conse-
quences. Violations of these rules range from the outrageous and univer-
sally condemned (e.g., Nazi experimentation on Jewish and other inmates
of concentration camps) to the more subtle and debatable (e.g., deceptive
psychological experiments). All universities and research institutes have
human subjects committees (institutional review boards, or IRBs) that
are required to examine proposed experiments and decide whether they
meet ethical guidelines.

There is considerable debate about experimentation with animals.
While most scientists believe that experiments on animals are necessary to
develop knowledge that may be applied to human disease, opposition from
animal welfare and animal rights activists is increasingly strong. Even if
the necessity for animal experimentation is upheld, it is important (both for
fundamental ethical reasons and to deprive animal rights protestors of ad-
ditional arguments) to treat animals properly. This includes not subjecting
them to undue pain and anxiety; being sure they are properly fed, housed,
and cleaned; and giving them proper exercise and socialization. Federal
regulations in this area are becoming increasingly rigorous. Research in-
stitutions have committees that oversee animal research and can provide
guidance.

If you are working with radioisotopes, hazardous chemicals, or biohaz-
ards, your responsibility is to use, store, and dispose of them so that you
don’t endanger yourself or others. Your institutional health and safety of-
fice will have instructions and training materials and will provide periodic
training sessions, to which you should pay careful attention.
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Take-home messages

« When selecting a research project, carefully review the relevant
literature to find out what has already been done.

« Work closely with your advisor in deciding on a project to benefit from
their experience and knowledge of the field.

« Aim for a research project that is both significant—addressing
important gaps of knowledge in the field—and feasible.

« Choose a project that is fulfilling to you, one that will motivate you to
put in the extra effort required for success.

« Discuss your progress regularly with your advisor and members of
your dissertation committee.
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EFFECTIVE
TEACHING

If you decide to seek employment at an academic institution, you will un-
doubtedly be asked to teach. Depending on the nature of the institution, you
might teach undergraduate, professional, or graduate students. While it is
customary for graduate students and postdoctoral trainees to learn from
their advisors how to do research, their advisors rarely teach them how to
teach. Some are innately excellent teachers who develop their own teaching
strategies. Most, however, teach as they were taught. Of course, most stu-
dents have encountered both good teachers and poor teachers. Thus, our
most important recommendation for your training as a teacher is to reflect
carefully on the teaching style of every instructor you have had. With your
current teachers, take note of what works for you as a student and what
doesn’t, keeping in mind that the goal of teaching is learning. Pay attention
to class content, organization, and dynamics. Observe the instructor’s style
of presentation, demeanor, and interaction with students. Reflect on what
you would like to apply and what you would rather avoid as a teacher. Think
of what you can improve and how you might capitalize on your personal
strengths. You should also invest time in formulating your own teaching
philosophy. This will serve as an invaluable guide for all details to come.

A teaching philosophy usually starts with your own concept of what con-
stitutes effective teaching and learning. State the goals you have for your
students and the skills you expect them to develop, and describe your style
of interaction with students. Looking into the future, state your plans to con-
tinue growing as a more effective teacher. See chapter ¢ for more details.

We do not know many people who have started a teaching career with-
out some initial anxiety. It is natural to worry about what to include in a
lecture, how to present material in a manner that encourages students to
learn, and the best ways to add to and clarify the content of a textbook. You
will have many questions on your mind: Will I remember what I want to
say? Can I cover the material on my syllabus in the allotted time? Will I be
able to answer the students’ questions? How will I deal with problem stu-
dents? How do I determine whether students are learning? Will students
like and appreciate me as a teacher?



EFFECTIVE TEACHING 65

Your major allies in dealing with such anxiety issues are your fellow
teachers. Talk to them about your worries. Ask what works for them and
if they would share, for instance, examples of their syllabi, handouts, and
tests. Many institutions also have teaching and learning centers where you
can find experts formally trained in various aspects of pedagogy. Utilize
these valuable resources to obtain advice about syllabus structure, course
evaluation, and other matters. You might even ask for a teaching consul-
tant to attend and observe some of your classes. This is a good way to get
feedback to polish your teaching skills. Your students can also be helpful.
When dealing with them, maintain open communication to find out what
needs improvement. Explain your teaching philosophy and set out the deci-
sions you have made about class format, grading, and so on.

Learning how to teach well is worth the effort. It will make teaching fun,
not a dreaded chore, and will provide you with great satisfaction. Gaining
teaching experience and learning about what makes an effective teacher
while in graduate school will provide you with a head start during your first
couple of years as a faculty member. More importantly, it may help you
land that faculty position. Many institutions offer courses on teaching skills
to graduate students. The best approach to improving your teaching skills,
however, is to actually teach. For a start, ask your advisor to allow you to
teach a part of a lab or small group session. Then ask your advisor for feed-
back. If you are both satisfied with your competency, seek other teaching
opportunities. Remember, however, to consult with your advisor to ensure
that these added responsibilities do not interfere with progress in your re-
search.

You will soon find that there is no end to improving your teaching skills.
By trial and error and sharing ideas with others, you will continually find
new ways to achieve better student learning. (An invaluable key here is self-
reflection following each class session. Write your thoughts down on paper;
otherwise, specific memories of what worked and what did not will soon
fade.) Another impetus should be the fact that knowledge in the sciences
and engineering advances very rapidly and is becoming more interdisciplin-
ary in nature. You will discover at some point that an approach to teaching
that has worked well for you in the past does not work with a given group of
students or a new subject matter.

Good teachers realize that not all students learn in a similar way. Some
are active learners who absorb information through discussion, applica-
tion, or explaining it to others, and some are reflective learners who prefer
thinking about the presented material. Students can also be classified as
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sensing or intuitive learners. Sensing students have an easier time memo-
rizing facts and solving problems using traditional approaches. Intuitive
learners, by contrast, learn better by contemplating possibilities and con-
nections; they prefer assimilating pieces of knowledge and are therefore
less likely to be intimidated when answering questions based on material
not explicitly presented in class. Students also vary in their background
knowledge. This diversity of learning styles means that you will have to
present material in a variety of ways, especially in the first few classes of
a course.

Types of learning

Not all teaching results in learning, and not all learning is the same. Ben-
jamin Bloom has classified learning into the following categories. The verbs
in parentheses serve as a guide to the learning skills encompassed in each.

« Knowledge (define, repeat, list, recall, name)

« Comprehension (discuss, describe, explain)

« Application (use, demonstrate, practice)

« Analysis (compare, diagram, question, categorize)

« Synthesis (compose, design, arrange, assemble, construct)
- Evaluation (revise, select, assess, estimate)

Obviously, learning becomes deeper and more valuable as one progresses
from simple gaining knowledge to becoming able to analyze and evaluate
it. You should aim at teaching that results in these latter types of learning.

Establishing course goals and objectives

Well before you meet your students, you must think carefully about the
goals and objectives of your course—what it is that you expect students to
learn. Do you want them simply to acquire a set of facts (a bad idea!) or to
step it up a notch, developing the ability to analyze and synthesize learned
material and to move toward solving problems. Course objectives should
fit the goals of your audience, so think about the educational background,
academic stage, and career objectives of your students. Ideally, you would
like to promote enough interest in the subject matter that students will
be motivated to learn more on their own. Setting up course goals will
also help you formulate a syllabus, choose a textbook, and decide on the
most appropriate methods of teaching and assessing student learning. All
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of these choices influence the degree of success in achieving the course
goals.

Selecting a textbook

Which textbook you choose for a given course will depend on many factors.
You might be lucky and find a text whose contents perfectly fit the course
goals. However, this is often not the case for higher-level undergraduate
courses and even less so for graduate courses. Each textbook has unique
strengths and weaknesses in terms of content and presentation, and, given
the rapid pace of advancement in science, many are outdated soon after
publication. Thus, whatever book you choose, you may need to supplement
it with additional reading material.

Course syllabus

A syllabus is essentially the road map that will guide you and the students
through a course. Unfortunately, some teachers do not spend sufficient
time and energy developing an informative course syllabus. Their syllabi
may include only the course number and title, the instructor’s name, and
the dates of lectures and their topics. A good syllabus, by contrast, should
also contain information on how and when to contact the instructor; a brief
description of the course, including its goals and objectives; a reminder
of any prerequisites; lists of required books and other reading material;
specific assignments; and statements on late assignments and incomplete
course work, attendance and grading policies, and the expected class en-
vironment. It should also contain summaries of or references to policies
on cheating, plagiarism, sexual harassment, and other aspects of student
conduct. Some teachers round out their syllabi by including statements
on diversity, accommodations for students with disabilities, and students’
expectations of the teacher; advice on studying for quizzes and exams; or
articulations of their teaching and grading philosophies.

The first class session

The first class session can set the tone for the entire course. Up to this
point, neither you nor the students have known exactly what to expect. You
might break the ice by telling students about yourself, both professionally
and personally. Share with them your research interests and how they re-
late to the course topic. In small classes you might ask students to intro-
duce themselves briefly, describing their backgrounds and telling why they
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are taking the course. You should always tell them what you expect them
to learn and what role you will play in facilitating that learning. This is also
an opportune time to ask them about their expectations of you. Discuss
with them the course objectives, the overall structure of the course, and
the highlights of the syllabus. (Do not read the entire syllabus to the stu-
dents!) More importantly, you should share with students your teaching
philosophy and method and explain why you have structured the course as
you have and why you chose the particular textbook. Invite questions. One
way of starting the conversation is to have students work in pairs to identify
and paraphrase these elements in your syllabus. None of this is a waste
of time. On the contrary, it will make your task easier and will make the
entire course a more pleasurable experience, for you and for the students.
This discussion will make the students feel you are there to help them
learn rather than to intimidate them with your knowledge. The first class
meeting is important, but do not be discouraged if it does not go as well as
planned. There is ample time for recovery.

Giving a good lecture

A central attribute of good lectures is their clear connection to the course’s
goals and to past classes in the course. Thus, it is helpful to start each lecture
with a summary of the previous one, and then to list the learning objectives
of the new lecture. Learning objectives are more specific and tangible than
the general goals of a course or even the goals of an individual class. The goal
of a class might be, for example, to understand the cell cycle. Corresponding
objectives would be for students to be able to define its various phases, to un-
derstand the relationship of one phase to another, and to relate this knowl-
edge to disease conditions characterized by abnormal cell division.

It is crucial that your lecture add significantly to what students would get
from the assigned readings or the class notes. Otherwise, you can scarcely
blame those who do not attend. One obvious way to add value is to update
the material in the text, particularly in rapidly advancing fields. Another is
to incorporate information from different sources or to connect knowledge
in different disciplines. The most common purpose of lecturing, however,
is to present material in a clearer and more interesting fashion than the
textbook and to highlight the most important points.

A good lecture begins with careful planning. You need to outline your
lecture, in terms both of content and of time. Many beginners, and even
some long-time veterans, attempt to include too much and end up rushing
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through their last points or running out of time. Do not prepare detailed
notes to be read verbatim; instead, write down the main points you plan to
discuss. Reading notes invariably decreases your eye contact with the audi-
ence—a big mistake. It also tends to be monotonous and, in a dim class-
room, creates a dangerously high zzz factor. Less dependence on lecture
notes also allows you the freedom to move around the room.

Do not shy away from using the board to write down main points and
simple diagrams that will help students understand connections between
different aspects of the lecture. Writing on the board gives students a mo-
ment to catch up, and it provides an additional cue for learning that may
help them remember the main message. Other cues that facilitate learning
include the use of clever examples and metaphors. (A sense of humor is
good, but avoid inadvertently insulting somebody or hurting their feelings.)
Alter your tone of voice and speed of delivery to emphasize key points. All
of this makes the information more memorable and helps keep students
energized. We all have had teachers with boring lecture styles. Be sure not
to base your teaching manner on these instructors.

It is a good idea to summarize major points and conclusions at the end
of each section of the lecture. Mention connections between different seg-
ments to smooth the transitions and maintain the logical flow of the pre-
sentation. Do not leave this until the end of class. At that point students are
busy putting things in their backpacks, checking their cell phone messages,
and getting ready to leave for another class. You will be talking to yourself.

You should also periodically check students’ learning. Refresh their at-
tention every fifteen to twenty minutes. You might start by inviting ques-
tions, but don’t be surprised if you have no takers. Often this is simply
because students have not had a chance to absorb and digest the material
just presented. Others are shy or concerned that their peers might consider
their question dumb. One approach that works well is to give students a
minute to write down a summary of the preceding lecture segment, and
then invite questions. When you do get questions, answer those you can; if
you don’t know the answer, admit it but promise to find out and get back
to the class. Other ways of checking students’ learning include projecting
one or two multiple-choice questions on the screen and asking for a show
of hands in support of each answer. Asking questions and seeking volun-
teers to answer is less intimidating than pointing to a specific person. Be
careful never to humiliate a student for giving the wrong answer. What
you are gauging here is how successful you have been in delivering a clear
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message. Follow up by clarifying any misunderstandings and ambiguities.
And be on the watch for body language—yawning, fidgeting, rolling eyes—
that indicates confusion or boredom. Taken together, these approaches dif-
ferentiate merely delivering information from bringing about real learning.
Make learning your goal.

The end of a lecture is as important as its beginning. Summarize the take-
home points and put them within the context of the general objectives of the
course. Propose a couple of issues for students to contemplate in prepara-
tion for the next lecture. A tried and true method to get students to listen
carefully to this wrap-up is to introduce your points as “what I would be
thinking about when constructing exam questions related to today’s lec-
ture.” At the end of class stick around to answer questions. Some students
prefer coming to the podium to ask a question rather than asking it in pub-
lic. Others save their questions until the end of the lecture in case it is an-
swered along the way.

Technology and teaching

Modern technology provides great tools for teaching, starting with the wire-
less microphone that allows you to move around and keep the presenta-
tion active. Your laser pointer is handy for highlighting important content
on the screen. Advanced audiovisual technology makes it possible to show
movies of real laboratory experiments or fieldwork. Using the Internet, you
can show relevant Web sites and navigate through them at amazing speed.
Most importantly, you can teach students at multiple sites simultaneously
and in an interactive fashion.

The advent of electronic tools for use in presenting lectures, notably
PowerPoint, has made a teacher’s life much easier. Using this technology
enables you to show your outline on the screen as a reminder of what you
plan to talk about. It also allows you to update your lecture painlessly. You
can even use it to show questions to test students’ learning at the end of
each major section of the lecture. Be aware, however, of the drawbacks of
such presentations. The most serious pitfall is the natural tendency of both
presenter and students to focus on what’s shown on the screen. This cre-
ates monotony that reaches its worst when the lecturer is simply reading
off the screen. A good solution is to include only a list of bullet points to use
as a guide in your delivery, combined with slides of information analysis
and the main take-home message.
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The following are useful online guides to electronic presentations in the
classroom:

« Alice Christie, “Using PowerPoint in the Classroom,” http://www
.west.asu.edu/achristie/powerpoint/

« Claremont McKenna College Teaching Resource Center,
“Evaluating Student PowerPoint Presentations,” http://www.cgu
.edu/pages/762.asp

« Frances Condron, “Using PowerPoint in Teaching,” http://www.oucs
.ox.ac.uk/ltg/reports/ppt.xml

« Connecticut College Center for Teaching and Learning, “Teaching
and Learning with PowerPoint,” http://ctl.conncoll.edu/pp/

« Michael Russell and Walter Shriner, “Creating Effective PowerPoint
Presentations,” http://www1.umn.edu/ohr/teachlearn /tutorials/
powerpoint/resources.html

« Robert Sommer, “Projector Blues” (Technology Source, November/
December 2003), http://technologysource.org/article/projector_blues/

Lecture handouts

Preparing lecture notes to distribute to students at the beginning of a lec-
ture is common practice. It allows students to take notes on key concepts
effectively and efficiently, rather than racing to transcribe basic facts and
details. It also allows you to move faster through lecture content. It is not
a good idea, however, to make these notes so detailed that reading them
could substitute for attending the lecture. Taking notes is an important cue
for learning and gives students a chance to summarize information in their
own language, consistent with their own level of understanding. It is better,
therefore, to include major headings followed by ample spaces for taking
notes. Including unannotated graphs and diagrams to which students can
add notations will also save precious time.

To lecture or not to lecture: Active learning

Formal lecturing remains the most popular and widely accepted method of
teaching in higher education. However, this method provides limited types
of input to brain centers involved in learning and memory. Neuroscientists
tell us that one learns and remembers less when passively listening to a
speaker. The brain remembers not only content, but also the process of lis-
tening to spoken words and writing them down. A dynamic, charismatic
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teacher who varies the pace of the presentation and uses interesting exam-
ples to highlight important points offers additional input to the brain, which
can potentiate the signal triggered by listening. Nonetheless, formal lectur-
ing usually entails a one-way delivery of information, which results in a type
of learning low on the scale of Bloom’s taxonomy.

Modern trends in teaching, therefore, urge that students actively partici-
pate in their own learning experience. Discussion is one of the most effec-
tive tools of this active-learning approach. It gives students an opportunity
to think of the information that is being presented and analyze it to ar-
rive at take-home conclusions. It also familiarizes students with basic logic,
concepts, and principles and with ways they can be applied to solve prob-
lems. Through discussion, students evaluate the validity of information and
weigh it against opposing evidence. This approach provides varied modes of
input to neuronal circuits involved in learning, which help fix information
in the memory bank. In technical terms, discussion moves learned infor-
mation from short-term to long-term memory by connecting it to existing
frameworks of knowledge. Analysis and evaluation are, as we have noted,
higher levels of learning than the mere accumulation of knowledge. An
added benefit is that discussion gives teachers a clearer picture of the level
of students’ understanding of the material.

Conducting an effective class discussion requires clever, well-crafted
strategies. First, establish ground rules and expectations and set clear goals.
Then pay attention to discussion dynamics. Some students might be shy
or easily intimidated by others. To get everyone involved you will need to
engage these students and prevent more outgoing or attention-hungry stu-
dents from dominating the discussion. A case study or a set of questions
about a current controversy in the state of knowledge can provide a fruitful
starting point, encouraging problem-based learning that relates pieces of
basic knowledge to issues that students may encounter on the job. This in
turn promotes interest in learning and understanding the material. Some
students are more able than others to come up with and articulate points in
the course of a spontaneous discussion. It helps to give students a couple
of minutes to write down their thoughts. With experience you will develop
skills in kindling discussion and keeping it going without straying too far
from the main goals. The trick is to continue to pose more challenging
questions and to contrast points of view. Always remember to integrate
discussion within class structure and to time it so that you are able to meet
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your benchmarks for each class. It is also important to summarize the re-
sults of each discussion and how they relate to course objectives.

There are many variations on the theme of using discussion for active
learning. You could divide a large class into discussion groups, assigning
each group a different problem or a different task related to the same prob-
lem, then have a representative of each group present its main conclusions
to the rest of the students. This approach results in valuable learning from
peers. Some teachers use debate between groups of students to develop
understanding of important concepts. Be creative. Apply your own novel
approaches to achieve active learning.

Testing

Testing is one of many means of assessing students’ learning, and it should
be structured to serve this goal. The specific goals and objectives of your
course should guide you in deciding what type of questions to construct.
Multiple-choice questions, for example, assess simple knowledge of facts.
To assess deeper levels of learning they must be supplemented with other
types of questions, for example short-answer items, problems, and essay
questions. Testing can also provide an additional means of learning. You
might, for example, consider open-book or take-home exams, which allow
students to use all available resources to answer a question and encourage
them to discover and assimilate new knowledge. These types of tests mimic
real-life situations, where one is allowed to consult the literature and other
resources rather than relying wholly on memorized facts. Bearing this in
mind, you might go even further and allow students to work in groups on
take-home exams. This, however, requires that you design ways to ensure
that all group members’ contributions are reflected in the answer.

Plan several tests scattered throughout the course, preferably one at
the end of each major section. Consider whether to assign equal weights
to all tests or to give a lower weight (or none) to the first exam or that with
the worst score. Testing pays its highest dividends when you share with
students your philosophy of testing and grading as a means of assessing
learning.

Welcoming diversity in the classroom

Students in higher education come from a variety of racial, social, eco-
nomic, and educational backgrounds. This creates a rich environment for
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shared learning; to maximize the benefit, make sure your class environ-
ment is inclusive and inviting to all. Mix students of different backgrounds
when assigning discussion groups. Do your best to accommodate the spe-
cial needs of students with any kind of disability. Insist on respect for the
opinions of others, and never allow insulting or stereotypic comments by
any student.

Students also differ in their preferred mode of learning. Some learn
better from pictures and diagrams, others from written or spoken words.
Some focus on facts, others on concepts. Some prefer to study in groups,
some to study alone. Your teaching style has to cater to all of these var-
ied needs. This is best accomplished by presenting the same information
in different ways, for example, by showing an outline followed by verbal
comments and writing summary points on the board. A clever and expe-
rienced teacher does this in a smooth way that avoids the appearance of
redundancy.

Students with problems, and problem students

Teaching can pose challenges that go beyond how to effectively convey knowl-
edge and foster learning. Students may come to you with complaints—
some valid, some not—about other students or even other teachers. Listen
carefully and respectfully to their complaints, but keep in mind that one
side of a story often diverges from the full reality. Also, be sensitive to the
fact that the complaining student might be concerned about confidentiality
and worried about the potential for retaliation, especially if the complaint is
related to your own teaching style, accent, grading, etc. You should let the
student realize that you appreciate his or her candidness since it enables you
to become a better teacher. If a student complains about another teacher,
provide advice but avoid disparaging your colleagues. In such a situation, it
might be best to refer the student to an ombudsman or dispute resolution
service.

Remember that it is your responsibility to maintain a positive learning
environment in the classroom. It is most effective to prevent problems
before they arise. Clearly spell out in the syllabus your expectations for class-
room behavior. Students will appreciate a well-run, well-organized class-
room and the chance to participate in active learning. If you find, however,
that a student is dominating the discussion or is inappropriately aggressive
or disrespectful to you or others, it is best to address the situation imme-
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diately. In most cases, you should talk to the student privately after class to
let him or her know that such behavior is not conducive to a healthy learn-
ing environment and will not be tolerated. Restate your expectations for
appropriate classroom behavior. However, be cognizant of cultural differ-
ences in communication style (e.g., hand gestures, high voice) before you
judge a student’s behavior as aggressive or disrespectful. In rare instances,
you may feel that a situation is unsafe. In such a case, you should ask the
student to leave the classroom, calling university security, if necessary, for
assistance.

Apprise your students of proper academic conduct and of the penalties
for violations of the university’s student conduct code. If you suspect a stu-
dent of such a violation, consult with your supervising faculty member for
advice and assistance. Intentional cheating could be grounds for failing a
class or for dismissal. However, students who cheat sometimes do not in-
tend to do so, but are careless or confused about the standards.

You may occasionally find students who are inattentive, unprepared,
or discouraged. These students also deserve your special attention. Meet
with them individually to discover the basis of their problems, and propose
ways in which they might become more engaged with the course material
and improve their performance. Suggest a tutoring service if you believe it
would be helpful. Be aware that there could be a psychological basis to their
problems, for example, depression or a learning disability. You may wish
to inform them of university counseling and consulting services, where a
well-trained professional staff can help students assess the scope and na-
ture of their concerns, provide learning and academic skills assistance, and
give individual counseling for more significant provisional concerns. Note,
however, that you must not tell a student to “get counseling” or presume
to diagnose a learning, physical, or psychological disability. The decision to
seek counseling and the corrective actions to be taken should be made by the
student in consultation with counseling professionals. Students identified
as having learning or psychological disabilities may register with disability
services at their university and receive appropriate accommodations. Help-
ful guidelines can be found at http://www.mentalhealth.umn. edu/facstaft/
general.html.

Two students at our university have prepared a useful paper (Gawne-
Mark and Miller) to help graduate instructors solve a range of classroom
problems.
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Team teaching

Your teaching portfolio might include teaching part of a course taught by
multiple instructors. Your contribution may vary from a couple of lectures
to a significant portion of the course, depending on how many instructors
are involved. Courses designed for graduate and professional students often
have many instructors led by a course director or coordinator. Such distri-
bution of effort requires special preparation on your part. You must famil-
iarize yourself with the course syllabus, particularly its sequence of topics.
Contact the course director and other instructors to discuss the content of
other lectures and potential overlap. You might even find it beneficial to
attend a couple other lectures, particularly those immediately preceding
yours. This will help you connect your presentation to the others and will
therefore enhance student learning.

Teaching a laboratory

Laboratories have always been an integral part of science discovery and
teaching. Their premise is straightforward. In one format you as an instruc-
tor perform a demonstration; in another the students do an experiment. In
either case, discussion of the results follows. As easy as it might seem,
running an effective and informative laboratory session requires careful
thought and preparation. Without this, your students may regard their lab
work as a cookbook exercise and possibly a waste of time.

Make sure all required reagents are prepared and equipment set up and
calibrated to save time and make the lab interesting. As in planning a lec-
ture, prepare a succinct and informative introduction to the lab. Remember,
this is not a lecture, so be brief. Outline the purpose of the demonstration or
experiment and how it ties in to the overall course. Walk students through
the steps of the experiment. Mention the timeline of various segments of
the lab session. Remind students of safety precautions. Lab sessions can
be disastrous if things go awry. Results might not turn out as expected. Ac-
cidents might happen. Plan how to respond.

Demonstrations can be valuable tools for proving concepts. Think care-
fully about what type of demonstration will be most effective in achieving
this goal and most suitable given the class size, level of the course, and
available resources. What preparatory readings should you assign to stu-
dents? Would showing a video of the demonstration suffice? How can you
keep students engaged and motivated to learn while watching the demon-
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stration? What questions should you ask and when should you ask them in
order to test student comprehension? What will you do if things do not go
as well as planned?

Never leave the lab while students are performing an experiment. Never
bring reading material or exams to grade. Instead, you should walk around
and interact with students. Find out how far they are doing and what results
they have obtained. Answer questions. More importantly, ask questions to
test their understanding of major concepts. Look for signs of confusion and
intervene to help.

Always follow a lab demonstration or experiment with a discussion of the
results and observations. How do students interpret the outcome? How do
they explain differences in experimental outcome between different groups
of students? How did the lab exercise deepen their understanding of under-
lying theoretical concepts? How could they use the same experimental set-
ting to test related concepts? Plan an effective closure to summarize what
was learned during the lab session.

Take-home messages

« Types of learning range from gaining knowledge to being able to
analyze, evaluate, and synthesize knowledge.

« Presenting material in more than one way will enable you to reach
students with varied backgrounds and learning styles.

« A carefully designed course syllabus will minimize obstacles to
effective teaching.

« Develop good lecturing habits, and engage students in discussion to
promote active learning.

« Use teaching technology to enhance learning, not as a gimmick.

« Design tests with course goals and objectives in mind.
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DESIGNING YOUR
POSTDOCTORAL
EXPERIENCE

What is postdoctoral training?

A postdoctoral appointment, as defined by the Association of American Uni-
versities, provides transitional training in the period following completion
of a PhD or other doctorate (e.g., ScD, MD). The appointment is temporary,
not part of a clinical training program, and intended as preparation for an
independent academic or research career. It is a critical period of apprentice-
ship. Postdocs work more or less full-time on research or scholarship, under
the supervision of a senior scholar or department at a university or other
research institution, and are free (indeed, expected) to publish the results of
their work (http://www.aau.edu/reports/PostdocRpt.html).

A doctorate is the highest degree awarded by universities. Why, then,
would you spend more time in training? Why not move directly into a good
job that pays better for fewer hours of work? A simple answer is that em-
ployment in some disciplines requires postdoctoral experience.

Taking a postdoctoral appointment has some notable advantages. As a
postdoc you will have more independence and command over your research
project than you did as an undergraduate. You will learn new research skills
and enhance your curriculum vitae or résumé with more publications.
If you plan your postdoc training wisely, you can gain many transferable
skills, for example, how to teach, write grant proposals, and manage a labo-
ratory group. This will let you hit the ground running in the next stage of
your career.

There are also some disadvantages to postdoctoral training, not the least
of which is financial. While there has been a general trend toward higher
postdoc stipends, they are still markedly lower than average salaries of jobs
in science and engineering that require only a bachelor’s degree. Further-
more, the stipend gap between graduate students and starting postdocs has
been narrowing steadily, making the financial jump many students antici-
pate upon graduation less pronounced. Of course, low pay has a particularly
noticeable impact on postdocs who have family financial obligations. The
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National Postdoctoral Association estimates that 69 percent of postdocs are
married or otherwise partnered, with 34 percent having children. Postdocs
are expected or driven to put in long hours in the lab, which may leave little
time for personal or family life. Furthermore, the status of postdocs within
academic institutions is often nebulous. They are neither students nor fac-
ulty, and this can result in a dearth of institutional services and less indepen-
dence in directing their research projects.

Should you pursue postdoctoral training?

Whether you must do postdoctoral training depends on common practice
in your specific field and the type of job you are seeking. For instance,
someone with a recent PhD in many fields of engineering or in pharma-
ceutical sciences can usually get a faculty position or a research job in an
industrial firm without postdoctoral training. If you are in one of these
disciplines, we would not recommend taking a postdoc unless you feel the
need to expand your research credentials. If your PhD is in the life or physi-
cal sciences, however, you will most likely have to complete a postdoc before
you can compete for high-level jobs. According to the National Academy of
Sciences, approximately 6o percent of new doctorates in the biological sci-
ences and 45 percent in physics, chemistry, or astronomy plan to obtain
postdoctoral experience. (This is in sharp contrast to roughly 15 percent in
engineering.) Browse job advertisements to get a sense of the importance
of postdoctoral training for various types of employment in your field.

The number of years spent in postdoctoral training also varies by dis-
cipline. Postdocs in biological sciences, physics, and astronomy spend an
average of four years in postdoctoral training, those in engineering one and
a half years, and those in chemistry two years. Some people complete more
than one postdoc stint; according to the National Postdoctoral Association,
the most common reasons for doing so are to gain additional research ex-
perience or to work with a specific advisor, followed by a lack of other em-
ployment opportunities (http://www.nationalpostdoc.org).

Not all lines of employment for life science PhDs require postdoctoral
experience. You may land a job, for example, as a representative for a phar-
maceutical firm or a teacher in a small college without completing a post-
doc. Even if these directions match your career ambitions, however, you
should seriously contemplate the pros and cons of bypassing postdoctoral
training. On the one hand, you will be making a decent salary and climbing
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the job ranks right out of graduate school. On the other hand, you may find
you do not like it after a few years; then, in order to change careers, you
might have to do postdoctoral training after all. We advise that you pursue
a postdoc, even a short one, if the majority of careers in your field require
one. The decision is ultimately yours—and must take into consideration,
in addition to career aspirations, such factors as age and family needs—but
the experience will afford you both flexibility and a competitive edge.

What should you get out of postdoctoral training?

Some envision postdoctoral training as a holding pattern while they wait to
get a “real” job. This negative characterization has gained currency as the du-
ration of postdoctoral training has steadily increased in response to a scarcity
of jobs. However, postdoctoral experience has many merits. It affords you a
chance to become a better-rounded researcher and, if the training, however
brief, is carefully crafted and productive, to become more competitive in the
job market.

In designing your postdoctoral training you should give a great deal of
thought to your career goals and what tools you will need to achieve them.
In general, postdoctoral training should prepare you to become a market-
able independent researcher. This requires learning new research methods
and technology and becoming more adept in experimental design and data
analysis and interpretation. In this respect, postdoctoral training should
function synergistically with your graduate training. You will also have to
publish your completed postdoctoral work. A large number of publications
in premier journals demonstrates that your peers in the scientific commu-
nity value your research and is perhaps the best single predictor of competi-
tive success in the job market, regardless of the type of career you pursue.

You should take full advantage of the opportunities your postdoctoral
training gives you to do research without having to take or teach classes
and to read more of the literature and keep up with advances in your field.
A postdoc also affords more chances to communicate about your research
with other scientists, both within and outside your institution. Such com-
munication extends your network of colleagues and may lead to new re-
search collaborations. These networks are invaluable, providing access to
materials and ideas and improving your chances of getting a future job.
Other transferable skills you may derive from postdoctoral training include
teaching, grant writing, laboratory management, and public speaking.
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How can you find about available postdoctoral positions?

Postdocs are in demand in some disciplines but not in others. More impor-
tantly, good postdoc mentors are much sought after. Thus, you must start
the search early, as it requires much soul-searching to identify your specific
career goals and find a good match in an advisor and institution.

Some postdoctoral opportunities are advertised in journals such as
Science and Nature, and Web sites like http://www.postdocnet.com can be
useful, but the best and most common way of finding good opportunities
is through personal contacts. About a year before you expect to complete
your doctorate, discuss your career goals with your advisor and other fac-
ulty members and ask them to suggest potential postdoctoral advisors. Net-
work with senior researchers at scientific meetings to find out if they have
or anticipate openings in their labs in the near future. If you are targeting
a highly prestigious lab, you should expect to be required to apply for an
external fellowship to support your training. This requires additional prep-
aration. Needless to say, such labs are in great demand and fill up quickly.
Participate in job fairs, which are often organized by professional societies
during their annual meetings. This will give you wide exposure to a range
of opportunities and a chance to meet potential advisors face to face. Con-
sider these exchanges mini-interviews that could lead to interesting future
possibilities.

Where to postdoc?

Success in postdoctoral training is key to all future steps in your career,
so you should choose your institution and advisor with the utmost care. It
may be tempting to pursue postdoctoral training in the same institution
where you obtained your doctorate. Don’t do it! Seek a new research envi-
ronment where you will be exposed to fresh ideas, approaches, and institu-
tional culture. Avoid the possibility of continuing to be treated as a graduate
student. If you absolutely have no other choice (for example, due to family
obligations), we strongly advise you to choose a postdoctoral advisor in a
different college of your university, or at least in a different department.
Your postdoc lab should provide you with distinctly new research skills and
approaches. Do not pick the easy route of pursuing a project very similar to
what you did for your doctoral thesis.

Before deciding on a specific institution, you need to decide what type
of postdoctoral experience you would like. While most go to universities,
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you might prefer a government lab (e.g., the National Institutes of Health
or Los Alamos), an industrial lab, or a research institute such as the Cold
Spring Harbor Laboratory or the Institute for Advanced Study. Postdocs in
industry and government usually earn more than those in academia, and
they often have better resources and a more collaborative environment. As
a postdoc in academia, on the other hand, you have an opportunity to gain
breadth and experiences beyond doing research, such as teaching and grant
writing. Do not limit your options to labs in your own country; seek knowl-
edge abroad if this is what is best for your career.

ACADEMIC, FEDERAL, OR PRIVATE RESEARCH INSTITUTIONS

There are many factors to consider if you choose to do a postdoc in an
academic institution. Many deal directly with research and the quality of
training: What is the institution’s research reputation and national rank-
ing? What resources does it have that are pertinent to your training (e.g.,
core equipment facilities, libraries, machine shops), and are they of ap-
propriate quality? Is the school surrounded by other, well-funded research
facilities? How committed is it to high-quality postdoctoral training? Are
there enough postdocs to constitute a postdoc community? Is there a post-
doctoral association or an office that deals with postdoc issues and policies?
Are there career development programs to teach postdocs how to teach,
write grant proposals, and prepare for getting future jobs?

Other questions relate to working and living conditions for you and your
family: Does the institution classify postdocs as students or as academic
personnel? What health or retirement benefits are there for postdocs? Is
there child support? What about spouse relocation support programs? Is
the institution located in a city that is safe and attractive, with resources that
match your family’s needs and lifestyle?

A postdoc in a federal or private research institute is generally similar to
one in an academic institution. A possible advantage is that intramural re-
search funds are more secure than external grant funding. Also, some pri-
vate institutes are very prestigious and have very prominent researchers.

INDUSTRY
Advantages of postdoctoral training in industry include becoming familiar
with the process of developing and commercializing discoveries and the
opportunity to work as part of a multidisciplinary team. Research in large
pharmaceutical companies, for example, requires close interaction between
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biologists, chemists, engineers, and policy experts. An industry postdoc
may also get your foot in the door if you are thinking of pursuing an indus-
trial research career. Be aware, however, that not all firms are inclined to
hire from within; some, in fact, have firm policies against doing so.

A major drawback of an industrial postdoc is that you may lack access
to information pertinent to your project, some of which may be considered
proprietary. You may also have less control over what and when to publish.
In some cases, these drawbacks can be avoided by designing a research
project that does not involve the company’s proprietary interests. However,
this might not be possible at a small technology company whose primary
goal is to develop a specific software package, biological assay, or other com-
mercial product. Most company resources will then be directed toward this
goal, leaving no resources for testing other research questions, however in-
teresting. Doing a postdoc in industry comes with additional risks. For in-
stance, management might suddenly decide to close your department and
lay off your advisor. This often happens as a result of mergers, a particular
risk if you work for a small company.

OVERSEAS

You might be attracted by postdoctoral training overseas. There are top lab-
oratories in all disciplines of science and engineering in many European
countries, Australia and New Zealand offer excellent postdoc opportunities,
and Asia is increasingly becoming a place to consider: Japan has been a
leader in research for many years, and Taiwan, Hong Kong, and Singapore
are developing rapidly. An overseas postdoc provides an opportunity to get
exposure to a different research environment and approaches, as well as a
different culture. On the down side, research funding in Europe is not as
generous as in the United States. The new Asian economies are, however,
investing heavily in scientific research. Working overseas will also make
it more difficult to attend the many international conferences held in the
U.S. This may make it more difficult to keep up with advances in your field,
decrease your personal contact with potential future employers, and dis-
courage U.S. employers from inviting you for job interviews due to travel
costs. However, modern electronic means of communication—from e-mail
to video conferencing—make this less of an obstacle. Overall, the experi-
ence could be well worth it, and we know of many who have gone through
overseas postdocs with no regrets.
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Senior or junior postdoc mentor?

As when choosing a graduate thesis advisor, as discussed in Chapter 3,
there are advantages and disadvantages to selecting either a senior or a
junior faculty member as the advisor for your postdoctoral training. Se-
nior scientists (full professors or established associate professors) are more
experienced and better established in their fields. Their national stature
and visibility will facilitate networking with others to establish research
collaborations and obtain hard-to-get experimental reagents. You may also
gain an edge in competing for jobs. People who do not immediately recall
your name may remember you as the postdoc in Professor X’s elite group.
The name of your advisor (and institution) will always stand behind you;
indeed, some believe that fame is often inherited. Many employers will be
eager to add blue blood to their workforce.

However, belonging to such a prestigious group usually comes with a
cost. You can expect to be one of a dozen or more postdocs and graduate
students in the lab, along with a handful of technicians and undergradu-
ate trainees. Your advisor will be endlessly busy writing grants, finalizing
manuscripts for publication, and traveling to give invited research sem-
inars or sit on grant review panels or advisory boards. This leaves little,
if any, time for one-on-one interactions with members of the research
team. In some large research groups, only one or two senior members
interact directly with the boss, and directions may be passed down through
several intermediate levels. This is not all that bad, since the intermediaries
are likely to be highly qualified and take their responsibilities seriously.

In such an environment you can expect to be trained by many people, not
just a single advisor. (Indeed, few senior scientists continue to work in the
lab or even put on a lab coat except for staged photos, so your advisor may
be unfamiliar with details of experimental methodology and unable to help
troubleshoot your experiments.) And you will likely have the opportunity to
train others. You may have substantial freedom to steer your project, and
the availability of generous funding may allow you to pursue new directions
and try out risky approaches that could pay big dividends. Your advisor’s
popularity on the lecture circuit may also lead to your being recommended
to give a seminar or two when his or her calendar is booked, affording you
much greater recognition than you could achieve on your own.

In such a big group, however, you cannot expect to have a project that
is all your own. Most of your work will be done in collaboration with other
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members of the research team. This will lead to more, and more varied,
publications and will teach you new research skills. However, you will have
to make certain that such collaborations are organized so that you get a fair
share of first-author publications.

By contrast, junior faculty members (assistant professors) will likely be
in the lab on a daily basis doing experiments side by side with you. This
continual personal interaction and hands-on experience in problem solv-
ing can be beneficial, but it can also prove too close for comfort. Excessively
close supervision or daily questions about how a particular experiment fits
with the goals of the lab (and its funders) might make it difficult for you to
carve out your own niche in the research project, something you can carry
with you when you start your own lab.

At this early stage in their careers, junior faculty members are often depen-
dent on departmental start-up funds and perhaps one major external grant.
Thus, they may be hesitant to “waste” precious resources on risky experi-
ments, however great the potential gains. You might have to do most or all
of the work yourself, maintaining apparatus or synthesizing reagents from
scratch, with little or no technical help. And you might not be able to attend
and present at multiple scientific meetings every year. Such restrictions may
slow your learning and reduce your productivity.

The hard work, however, could bear rewards when you have to run your
own lab on a small budget and must pursue a similarly conservative ap-
proach. Moreover, this tightly structured style will teach you more about
the systematic pursuit of a scientific question, which is important in writ-
ing successful grant proposals. It will also ensure that you can follow each
project to completion and add the resulting publication to your curriculum
vitae. Junior advisors are hungry and motivated to publish, always aware
of the tenure decision awaiting them in a few years. Most of your publica-
tions will probably have only your and your advisor’s names. This carries
more weight than being one of a dozen authors, even if you are listed as
first author.

Which offer to accept?

In selecting a postdoctoral advisor, history is usually a reliable guide, and
the degree to which current and past postdocs are satisfied with the training
they have received is a good indicator of that history. Before committing to
a postdoctoral appointment, you will have to visit the laboratory and have
extensive discussions with your potential advisor and labmates. Request
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ahead of time to meet with as many of them as possible, particularly post-
docs. Explore the breadth of research projects across the lab and possibilities
for collaboration. Politely probe into their general impressions of the lab
environment, but realize that some might feel inhibited to talk frankly in
the presence of others. Check out the number and quality of the postdocs’
publications, the jobs they have landed, and how long it took them to find
their jobs. Ask about the advisor’s personal training style, how much guid-
ance and freedom the postdocs were given in pursuing their research proj-
ects, and whether the advisor encourages postdocs to seek career-enhancing
skills and consider nonacademic careers. Read between the lines, and ask if
you could chat with individuals later by phone.

If you do not have the following information before visiting the labora-
tory, ask for it when you are there:

« A copy of the advisor’s curriculum vitae. Check productivity, both
recent and past; gaps in publications or external research support
should raise a red flag. Don’t simply count the number of
publications; look for publications in high-quality, high-impact
journals. Give more weight to invited presentations at other
institutions and at conference plenary sessions than to other
conference presentations, which are often not peer reviewed. Note
whether he or she serves on the editorial boards of key journals or on
national grant review panels.

« Information on the research background of lab personnel, including
other postdocs, graduate students, and technicians. A lab in which
others share your research interests will provide a support network
and opportunities for collaboration. At the same time, however, you
want to be able both to learn new research skills and to add to those
already present in the lab.

« History of job placement of postdoctoral trainees for the past five to
ten years, including names and contact information of past postdocs.

« Alist of chores you would be expected to perform in the lab. Is
technical assistance provided, or will you be expected to prepare
reagents, troubleshoot equipment problems, or maintain cell
cultures?

« Lab policy regarding authorship, ownership of ideas, and taking
some aspect of your project to another lab when you leave. This must
be clearly delineated from the outset. Never take for granted that your
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advisor will allow you to pursue the same, or even a closely related,
project in your own lab, even if the project is your brainchild.

« Advisor’s philosophy regarding the balance between individual and
collaborative work.

« Advisor’s willingness to mentor you in grant writing and reviewing
manuscripts for journals, and to allow you time to build your career.

« The likelihood that you will supervise students and junior scientists
in the lab.

« The sources of the funds that support the position. This may
determine how much freedom you have in conducting your
research. Federal grants, for example, require that you stick to the
general goals outlined in the application for funding. Money from
individual research fellowships may have fewer restrictions, but can
you get help in writing the proposal? If the fellowship is not funded,
will your position be in jeopardy? Will funding through an
individual fellowship mean that you don’t receive institutional
employee benefits? Will the stipend be less than you would be paid
on your advisor’s grant?

« Stability of funding. Labs supported by multiple research grants are
better able to continue working if one grant dries up.

« Duration of appointment. If the appointment must be renewed on
an annual basis, be clear about renewal requirements. Think twice
before accepting a postdoc position in a lab supported by a single
grant that is in its final year.

« Availability of funding to attend and present at national and
international meetings. Expect to have support to attend at least one
meeting every year.

« Starting salary range and the basis of annual merit raises. Do not
overlook regional differences in cost of living.

« Benefits, particularly health insurance, for you and your dependents.
Also inquire about sick and family leave. You might be referred to a
personnel specialist in the department to address these issues.

- Expectations regarding work hours and vacation. (Ask, but don’t
give the impression that you'll only work a 9-to-5 schedule or that
you plan to go on a long vacation soon after you arrive.)

Then go home and digest this formidable amount of information. Take
both the institution and the lab into consideration, and compare them to
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other opportunities you might have. Design a grading rubric that lists all
relevant factors. Discuss your options with your doctoral advisor, other fac-
ulty members, and peers. Ask for their advice and what they know about
the reputation of the institution and the lab. You will likely come to the
conclusion that there is no perfect choice, but you can aim at selecting the
best opportunity. If you are offered the postdoc position of your choice,
make sure the offer letter contains as much specific information as pos-
sible about the terms and conditions of appointment, your advisor’s expec-
tations, and the basis of evaluation of your progress. You can find exam-
ples for postdoc position offer letters and some guidelines at http://www
.graddiv.ucr.edu/Postdocs/SampleApptLetterPIL.pdf, http://www.nap.edu/
openbook/0309069963 /html/46.html, and http://rgs.rice.edu/Research/
PostDoc/PolicyPostdocso3222000.cfm.

Which research project?

Choosing a postdoctoral research project is naturally tightly linked to select-
ing an advisor. Your main question should be whether it will be in the same
area as the research you conducted for your PhD thesis. Staying within the
same general area will allow you to establish expertise and visibility. This is
wise—but only if you still like it.

You should not, however, join a lab that asks closely related questions
or uses similar research technology. Postdoctoral training is a golden op-
portunity to expand your research portfolio, particularly in learning new
research techniques. If your doctoral research dealt with the behavioral
manifestations of street drugs in experimental animals, for example, you
might want to expand on it by exploring the signal transduction pathways
or genetic elements involved. In contrast, studying the abuse potential of
cocaine versus that of morphine using the same methodology would not
represent anything new. Resist the natural temptation to limit yourself to
what’s comfortably familiar.

Consider research techniques and methodologies as the building blocks
of your future independent research program. The more techniques you
command, the more flexibility you will have in exploring research ques-
tions in depth and from many angles. There is nothing more boring than
randomly testing the effects of the “drug of the day” on rats’ ability to find
their way through a maze, or the influence of one substance after another
on the melting temperature of asphalt. Interesting research is often, but
not always, hypothesis driven and aims at exploring the mechanisms that
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underlie a given biological or physical phenomenon. This necessitates the
use of different experimental approaches.

A second postdoc?

Suppose you are not satisfied with your first postdoctoral experience, either
because of inadequate productivity or because it is not leading to a satisfac-
tory job. You must now make a major career decision. First and foremost,
should you stay in research or try something different? If you decide to stay
the course, how long should you remain in your first postdoc appointment
before seeking another?

Many academic institutions have policies that limit the duration of a sin-
gle postdoctoral appointment to three to five years. This is mainly to protect
postdocs against abuse by advisors who might want to keep experienced
postdocs much longer than is appropriate, taking advantage of their talent
and productivity. These policies also remind postdocs that they are there for
training; a postdoc is not a job per se but an apprenticeship intended gradu-
ally to transform them into independent researchers. We advise postdocs
who plan on another stint of training not to spend longer than three years
in their first position. This is long enough to judge whether they are ready
for the next stage of their career.

If you decide to take a second postdoc, what type should you pursue? Do
you want to change from academia to industry or government, or the other
way around? Depending on your career ambitions, such combinations of
experience might have a synergistic effect. In any case, the goal of learning
something new still applies.

While a second short postdoc might be necessary to become competitive
in a tight job market, we strongly advise against doing a third. Generally
speaking, the total duration of your postdoctoral training should not exceed
five years. Any longer might be harmful to your career.

International postdocs coming to the United States

If you are coming to the United States from another country to pursue a
postdoctoral position, you will face additional challenges: different work
habits and social customs, possibly a language barrier, and even different
definitions of postdoctoral research. Difficulties usually arise early in the
process of applying for postdocs from afar. You will not have the opportu-
nity for face-to-face exploratory conversations with potential mentors, un-
less you meet at an international conference. If you are about to obtain a
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doctorate in your home country and desire a postdoc in the United States,
make the fullest possible use of such precious encounters. Dedicate a sig-
nificant portion of your time at the conference to networking with potential
advisors. Give them copies of your curriculum vitae and publications. Take
similar advantage of any visits by U.S. scientists to your institution, fol-
lowing up with e-mail to reiterate your interest in a postdoc position and
inquire about openings.

Your American host institution will provide documentation of the fact
that you have been offered a postdoctoral position, specifying the terms
and conditions of the appointment, and will help you get a visa to enter
and work in the United States. Familiarize yourself with the differences
between various types of visas, particularly in regard to the length of time
you will be allowed to stay and your spouse’s eligibility to work. The Na-
tional Postdoctoral Association has a comprehensive guide to visas and
immigration status for international postdocs on its Web site: http://www
.nationalpostdoc.org.

If English is not your mother tongue, start working to improve your lan-
guage skills as soon as you decide to pursue a postdoc in the United States.
While you will not be required to take a formal language proficiency exam
such as the Test of English as a Foreign Language (TOEFL), perfecting your
English, especially your listening and speaking skills, will serve you well
both in and out of the lab. Watch American movies or TV programs to get
used to American accents. Take note of colloquial expressions and idioms
and find out what they mean. Practice speaking, ideally with an American
who lives in or is touring your country. When you arrive in the United
States you may be relieved to find many others who speak your native lan-
guage, but do not fall back into your comfort zone. Continue to speak Eng-
lish, even with them. A consistent observation in our own research groups
is that foreign postdocs who room with U.S. students or postdocs acquire
language skills much faster than those who live with others from their
home country. This might be less of an option if you are married or living
with a significant other. In this case you could compensate by socializing
with American friends. Watch U.S. television, particularly the news. This
will familiarize you not only with recent events, but also with American
politics, idioms, and ways of life.

You will learn a lot more once you arrive, and some of this knowledge
may surprise you at first. For instance, you will likely be asked to stop calling
your advisor “Sir,” “Professor,” or even “Doctor.” Most American scientists
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prefer to be called by their first names by their students and postdocs. When
you arrive at your new department, you are not likely to find your profes-
sors dressed in three-piece suits and ties. Get used to blue jeans and plaid
shirts, even shorts and T-shirts in warmer climates. There are exceptions, of
course, but most dress and interaction will be informal. Do not wait for the
“boss” to talk to you and ask about your progress. Most advisors will have an
open door policy unless they are particularly busy preparing for a committee
meeting, giving a lecture, or writing a grant proposal. If they are busy, they
will let you know. You should also try to schedule periodic meetings with
your advisor to maintain consistency and efficient communication.

There are some major differences in how postdoctoral research is de-
fined in the United States and in many other countries. Most American
postdocs are trainees who have just obtained their doctorates. Many foreign
postdocs in the U.S., particularly those from Asian and African nations, are,
in contrast, midcareer and senior foreign scientists seeking to add to their
research skills or to beef up their publication records in order to gain a pro-
motion at their home institution. Some might be alarmed or disappointed
by the informal style of communication in an American laboratory, particu-
larly the lack of concern for titles and ranks in conversation. This might be
particularly noticeable in regard to shared lab chores where everybody is
expected to clean up their own lab space and to take turns filling the distilled
water jug or maintaining shared equipment. In some big labs a senior tech-
nician is given authority to streamline lab operations, order experimental
reagents, or schedule time on heavily used equipment. A full professor from
a foreign country might be offended and reluctant to follow “orders” from a
person of lower rank. Get used to it.

Negotiate salary with your advisor before you accept the appointment.
Some foreigners are shy to talk about financial matters out of respect and to
avoid giving the impression that money is a central goal. This is not the case
in the United States. Most labs in the biological sciences use the pay scale
set by the National Institutes of Health for individual postdoctoral train-
ing fellowships. These rates are updated annually and published online at
http://grants.nih.gov/training/nrsa.htm. In the physical sciences, the Na-
tional Science Foundation and the national laboratories set the scales.

Understand, however, that postdoc salaries are largely regulated by in-
stitutional guidelines rather than firm policies, which gives your advisor
some latitude in determining how much to pay you. Do not get excited by
a salary figure without understanding its purchasing power in the United
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States. Communicate with friends in the U.S. to get a sense of what starting
postdoc salaries mean in practical terms, particularly in the city where you
will be living. You should also discuss with your advisor the possibility of
partially or totally covering your travel expenses to the United States.

The office for international scholars in your U.S. host institution can
answer your questions about housing, transportation, and other concerns.
Maintain regular communication with this office, and stay in touch once
you arrive in the United States. It is your best source of vital information on
changes in visa conditions and policies. It will also explain your tax obliga-
tions, help you obtain a social security card, and arrange health insurance
for your family.

If possible, obtain a major credit card (e.g., Visa or MasterCard) as soon
as you arrive. Credit cards can be used to pay for almost anything in the
United States. More important, some transactions, such as renting a car
or reserving a hotel room, require a credit card, even if the payment is to be
made in cash. Credit cards are less popular in many other countries, in part
due to their high annual fees. Also, many American banks are reluctant to
offer lines of credit to foreign nationals. Do not despair. There are ways for
you to get a credit card. One is to apply for joint membership in the Na-
tional Postdoctoral Association and the American Association for the Ad-
vancement of Science. This qualifies you to apply for the AAA’s credit card.
You can also apply for a secured credit card; with this type of card expenses
are charged to a savings account. These cards are easier to obtain but might
bear significant application fees and high annual fees.

When you travel to the United States, bring with you important docu-
ments such as medical and immunization records, drug prescriptions, credit
history, and driver’s license. Within the country, some states allow you to
drive using a license from your home country in addition to an international
driver’s permit. Others require you to apply for a state driver’s license within
a certain time following your arrival. Again, counselors in your institution’s
office for international scholars can give you helpful guidance regarding
these matters.

Take-home messages

« Think of postdoctoral training as an apprenticeship that will prepare
you to become an independent scientist.

« Choose an advisor, project, department, and institution carefully to
ensure a successful postdoc experience.
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« Consider the relative merits of working with a junior or a senior
scientist.

« Inquire about the training history of potential advisors and job
placement of past trainees.

« Learn as many new techniques as possible. Do not limit yourself to
what you already know how to do.

« Develop both professional and personal skills to prepare you for the
type of career you would like to pursue.
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PREPARING FOR YOUR
FIRST REAL JOB

Very few careers place as many demands on your time as being a research
scholar. As a result, many postdocs make the mistake of postponing prepa-
ration until they actually start looking for a job. By then, in our opinion, it
might be too late. Early groundwork is perhaps the most important element
of successful job hunting. But finding time to do the necessary work takes
initiative. Once you start your postdoc appointment, your job-seeking expe-
dition is only a few years away.

Build up your professional skills

Being a successful independent scientist requires a variety of skills. Dif-
ferent combinations of skills are required for different careers, as will be
discussed in more detail in the next two chapters. The following is a brief
summary.

Research/scholarly skills. You should have diversified research skills
without being a jack of all trades and master of none. As a postdoc you
may feel more comfortable bringing the technical knowledge you obtained
in graduate school to your mentor’s lab than you do seeking additional
knowledge from the new lab. It is a natural temptation for postdoc men-
tors to go along with this arrangement since it adds a new dimension to
their research programs. The risk, however, is that you will limit the scope
of research questions you are prepared to address. It is important that you
expand your horizons during your postdoctoral training by learning new
research techniques, from your own labmates and from others in your de-
partment. Knowledge of a wide spectrum of experimental techniques is
especially important for getting a job in industry. But whatever job you ulti-
mately decide on, mastering a variety of cutting-edge technologies will give
you greater freedom to pursue more complex research questions.

Publications. In assessing your productivity, those with the authority to
hire you will likely consider both the quality and the quantity of your publi-
cations. In a sense, a scientist is only as good as his or her last publication,
so it is crucial that each be of a high quality. At the same time, you should
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avoid putting all of your eggs in one basket—a forty-five-page paper with
twenty graphs and ten tables, however excellent, will still only be seen as
one paper. Keeping this in mind, be creative in pursuing ways to legiti-
mately build up your publication record. Make sure the people around you
know who you are and what special skills you can offer; this may facilitate
your making significant contributions to projects managed by other post-
docs, students, or technicians within your mentor’s laboratory (but don’t
push in where you're not wanted) or to establishing collaborations with
colleagues in other laboratories. This approach also demonstrates that you
are a team player, which bears particular importance in industry. Collab-
orative agreements should, of course, be made only with the blessings of
your postdoc mentor and must be consistent with the specific goals of the
funding source that supports your project, particularly in terms of your ef-
fort distribution. You might also offer to supervise students or technicians
in the lab; many busy mentors of postdocs would welcome such an offer if
they thought the postdoc had appropriate managerial skills and scientific
maturity. And if your contribution to the supervised project is significant,
it could earn you authorship credit. Finally, you can actively seek oppor-
tunities to help write review articles and book chapters with your postdoc
mentor; this kind of publication is a prestigious addition to your curricu-
lum vitae.

Grant applications. You should start planning and writing your first re-
search grant application while still a postdoc. Having a grant in hand will
most certainly enhance your marketability. Furthermore, writing a grant pro-
posal will force you to go through the invaluable exercise of moving beyond
contemplating different approaches to identifying a specific and focused re-
search goal. Expect to write numerous drafts, each hopefully better than the
previous one. Make use of the experience of your postdoc mentor and others
in the arena of grantsmanship. Consult with those in your department or
college who serve on local and national grant review boards; they could give
you valuable insider’s tips.

Teaching skills. Ideally, you should demonstrate knowledge and experi-
ence in teaching to different audiences (e.g., undergraduate, professional,
and graduate students). Take advantage of any courses on teaching offered
at your or a neighboring institution. Having served as a teaching assistant
while in graduate school provides valuable practical experience. If you did
not have the opportunity to do so, we advise you to volunteer to teach while
you are a postdoc. For example, your advisor might not mind sharing a
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series of lectures on a topic within your area of expertise. An added benefit
of this arrangement is that it gives your mentor an opportunity to observe
your teaching. This will enable him or her to make specific comments re-
garding your teaching skills when writing letters of reference. Another ap-
proach is to volunteer to teach at a community college in your area or to
substitute for an instructor at your university or a nearby institution during
a sabbatical leave. Again, you must get your mentor’s approval before mak-
ing any promises or formal agreements.

Service and leadership skills. Go the extra mile. Volunteer your services
on departmental, college, or university committees. Actively participate in
your institution’s postdoctoral association. Become a leader. This will give
you a unique opportunity to find out what goes on behind the scenes and
how certain decisions are made. Interaction with committee members might
also lead to getting another strong letter of recommendation describing your
leadership aptitude and good citizenship. Be selective, however, and only
serve on committees that are of interest to you. Learn early to say no if the
service would interfere with the progress of your research.

Supervisory and managerial skills. Many scientists are much better at
designing a perfect experiment than at running a happy and productive lab.
Managerial experience and people skills are usually not a formal part of the
graduate school curriculum or postdoctoral training. It will be to your advan-
tage to find a way to gain such experience, no matter which career direction
you later choose. Check the offerings of your institution’s human resources
office. These offices often make supervisory training available to all employ-
ees, a benefit that might ordinarily escape the attention of postdocs. Ask
your mentor if you could advise an undergraduate or graduate student dur-
ing their summer laboratory rotation. Mentors often approach their talented
postdocs to ask if they would take on such a role, but some wait for the post-
doc to express an interest, Again, clear communication with your mentor is
invaluable. Learn from your advisor how to handle research budgets, how to
make hiring decisions, and, most importantly, how to resolve conflicts. Do
not shy away from asking technical lab personnel about the cost of reagents
and equipment and how they go about comparing commercial sources for
pricing and quality.

Communication skills. You will need effective communication skills
regardless of the kind of job you choose. Your ability to teach, advise stu-
dents, and write fundable research proposals absolutely depends on it. Clear
spoken and written communication is essential for your daily interaction
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with peers and administrators at all different levels of the hierarchy. You
should also be capable of conversing with members of the public to share
with them the importance of your scholarly work and the mission of the
university; to this end, it is useful to contemplate the “real-life” importance
of your research and to attend presentations that address practical applica-
tions of findings in your field. Most notably, superb communication skills
are crucial in convincing someone to hire you. Always be ready to provide
a one-minute elevator talk about your skills and training background. You
can never tell when or where a golden opportunity will arise. Jack Griffin’s
book How to Say It at Work is a useful practical manual of verbal commu-
nication. (See our chapters 17 and 20 for more on communications and
speaking.)

Establish uniqueness. Unusual but relevant skills can help distinguish
you from the majority of other job applicants. Having completed a course
on intellectual property or a short internship in the university office of pat-
ents and technology marketing, for example, would enhance your applica-
tion for a job in industry relative to those who are technically skilled but do
lack a clear understanding of what happens in the end zone. Using unique
combinations of technology and methodology in your research can also set
you apart. If you are a behavioral pharmacologist, learn how to determine
genetic variability. Venture into learning computer-based simulation to
complement your knowledge in biophysical measurements. This approach
requires flexibility and extra work, but the gain is worth it.

Contemplate your dream job

A PhD offers you many career possibilities, which will be discussed in the
next chapter. Early on during your postdoc, find out about as many career
choices as you can. Discuss career options with your advisor, department
chair, and other faculty. Spend time mulling over what you would like to do
in the ten years following your postdoctoral training, and perhaps during the
ten after that. Personal and professional circumstances often change over
the course of one’s career, sometimes in unexpected way. However, careful
career planning increases your chances of finding your own path and being
in command of such changes. Keep an open mind in contemplating pos-
sibilities. Never say never.

Among the possibilities for employment, many of which we’ve previously
mentioned, are teaching in a small college; research and teaching in a large
institution; research in a corporate or government lab; regulatory or policy



PREPARING FOR YOUR FIRST REAL JOB 99

administration; work for funding agencies; intellectual property; technical
or popular science writing; print or broadcast journalism; business develop-
ment, consulting, sales and marketing, or executive recruitment; starting
your own business; informal science teaching; and conservation work. In
sorting through your options, think of these questions:

« What motivates you?

« What are your strengths and weaknesses?

« What is your dream job? What are your future ambitions? What
would you like to brag about at a college reunion ten years from now?

« What are your personal values? Do they support or clash with
certain career paths?

« What is your optimal career/life balance?

« What are your geographical limitations, if any?

« What are your financial needs, aspirations, and obligations?

Analyze your strengths and weaknesses

Carefully assess what you excel at and what needs improvement. This will
make it easier for you to assess the suitability of different career choices. Be
realistic. Be honest with yourself, but not overly critical. It is wise to use a
numerical scale for each attribute, since this should not be an all-or-none
judgment. The Federation of American Societies for Experimental Biology
has constructed a useful assessment instrument that could help you in this
regard; its Individual Development Plan for Postdoctoral Fellows is online
at http://opa.faseb.org/pdf/idp.pdf.

Understand the skills required for different career paths

You need to tailor your postdoctoral training to enhance skills specific to
your desired career. In this chapter we will discuss skills necessary for suc-
cess in academic and industrial research jobs. Other careers in science will
be discussed in chapters 8 and 9. A job in academia, for instance, requires
proficiency in teaching at many levels, as well as solid published research.
Good communication and managerial skills are a plus in academia, and in
almost any other career you might pursue. If you aim to end up in industry,
however, you need to garner additional people skills, particularly in relation
to leadership and teamwork. Research in industry is usually more interdis-
ciplinary than that in academia. Team members with diverse expertise work
together to create, as fast as possible, products that can be commercialized.
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An academic may aim to become the world’s leading expert in an interest-
ing but narrow area of scientific investigation. In industry the emphasis is
on goal-directed problem solving, and researchers preferably have knowl-
edge in many areas of research and methodology. This enables them to
play varied roles on different projects. If you choose this career path, you
should also have excellent organizational skills, as you will need to navi-
gate smoothly among many projects simultaneously. Last but not least, you
must have good record keeping habits; you will not be allowed in industry
to use paper napkins to write notes on your experimental procedure or com-
ments on your data!

Network, network, network!

WORK WITH YOUR MENTOR

Work with your mentor to develop a list of categories of people with whom
you should be networking and your specific goals in targeting each group.
You may ask some people to share their experiences to help you define your
preferred career path and attain the training necessary to pursue it. Others
have hiring power. Develop lists of people you or your mentor know on a
personal basis in each networking subgroup. Seek your mentor’s advice
regarding which professional meetings would be most profitable for net-
working. These meetings generally provide an excellent venue for you to
impress key players and gather information about available jobs.

START AS EARLY AS POSSIBLE

The main goal of networking early in your postdoctoral term is to achieve
name and face recognition. This will become one of your most valuable
assets when you start your job search a few years later. The key players in
your field will be more apt to help you in the future if your relationship
with them did not start (by mere coincidence!) at the moment you urgently
needed their help in finding a job. And if they are already familiar with
your qualifications, they’ll be more likely to think of you when insider’s job
opportunities arise.

EXPLORE VARIOUS CAREER OPTIONS

Talk to people employed in different academic and nonacademic sectors
about their jobs. Here are some examples of the questions you should
ask:
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« What made you decide to pursue this particular career?

« What do you enjoy doing the most?

« What don’t you enjoy?

« What is your overall level of job satisfaction?

« What would you do differently if you had to start all over?

Do not depend on the opinion of only one or two people in each employ-
ment category; you may encounter someone who is unrealistically happy,
unreasonably disgruntled, or just having a bad day. Also, be aware that job
recruiters tend to provide rosy images of the jobs they’re seeking to fill.

LEARN WHAT’S REQUIRED

What will it take to get a job in a particular career environment? An easy
way to find out is to have informal conversations with people who have
such jobs. You need to hear detailed answers to the following questions:

« What special skills do you need to perform your job effectively?

« How did you prepare yourself for job hunting?

« What do you wish you had learned in graduate school or during
postdoc training to better prepare you for your current job?

« How did you acquire supplemental job skills you did not have when
you started?

You can also gain helpful information about job requirements and environ-
ment by arranging visits with human resources representatives. Such visits
are commonly known as informational interviews.

SELL YOURSELF

Nothing leaves a worse impression than a letter of reference that merely sum-
marizes an applicant’s curriculum vitae, perhaps ending with a boilerplate
compliment such as “Johnny is quite cheerful and always greets me in the
department corridors”! Still, many graduate students and postdocs find them-
selves in the uncomfortable situation of having to ask for references from
professors with whom they have had little personal interaction. Ensuring that
those around you are fully aware of what you do will make it easier for you
to name references who are willing and qualified to write letters of recom-
mendation when you start your job search. Go to lunch with professors and
postdocs in other research groups. Scholars love discussing work over meals!
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When a presentation on a topic related to your research is scheduled,
whether in your department or elsewhere, read some of the presenter’s
publications in advance and try to arrange a meeting to discuss your cur-
rent research and future plans. Then attend the seminar, ask good ques-
tions, and make intelligent comments. Identify the key figures in your
field and approach them at scientific meetings. They are usually curious
to meet young scientists to exchange ideas (however, avoid becoming a
pest by taking more of their time and attention than necessary). Stop at
poster sessions to discuss research in your field with presenting authors.
Make constructive suggestions regarding future experiments. Propose fu-
ture collaborations. Volunteer to give research presentations, even free of
charge, at neighboring institutions or in other departments at your own
university.

MAINTAIN CONTACTS

Maintain contact with your PhD mentor, members of your dissertation
committee, peer graduate students and postdocs, and others you know well
after you go your separate ways. Keep them posted on your progress and
career goals on a semiannual or annual basis. Do not allow long lapses of
communication with these valuable peers. You do not want to give the im-
pression that you only contact them when you need their help.

NETWORK WITH RECRUITERS

Professional recruiters reportedly handle three times as many job opportu-
nities as are advertised in professional journals. Recognize that recruiters
often specialize in targeting personnel in specific types of careers and at
particular career ranks. Find out which ones best suit your career goals. Re-
member that headhunters generally earn their pay by getting a substantial
fraction of the first year’s salary, either from the employer or from the em-
ployee. Be sure to ask about this before committing yourself to a recruiter.

Engage your postdoctoral mentor in the process

Mentors should play an important role in preparing their graduate students
and postdoc trainees for future job hunting. They should help open doors
and remove roadblocks. This is more likely to happen if you maintain regu-
lar communication and let your advisor know (1) that you need his or her
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help and (2) that you are open to receiving career advice and will not see
this as interference with your scientific or personal freedom. The following
are a few of the many ways a mentor can help get you job-ready:

« Help you to develop specific future goals.

« Suggest and make available resources for professional development.

« Suggest new opportunities for networking.

« Offer honest periodic performance assessments and suggestions for
improvement.

Unfortunately, not all advisors keep an open mind regarding possible career
choices for their graduate students and postdoctoral trainees. Some have
preconceived negative impressions of certain career directions and strongly
discourage their trainees from pursuing those options. If you find that your
advisor is opposing your career choice, we encourage you to seek feedback
and support from others and be true to your own aspirations.

Take-home messages

- Start preparing for a future job on day one of graduate school.

« Inventory the personal and professional skills required for successful
job hunting. Many of these are not commonly part of a formal graduate
education curriculum.

« Develop an extensive network of people who can serve as references
and informants regarding job opportunities.

+ Read about various career choices available to those with your graduate
degree.

« Learn firsthand about specific careers from those who have tried
them out.

« In contemplating your ideal job(s), consider what balance you wish to
strike between work and the rest of your life.

« Dedicate sufficient time to career development.
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DIVERSITY OF CAREER CHOICES

Many people assume that anyone with a doctorate in the sciences or engi-
neering is destined to become a university professor. A couple of decades
ago many PhDs shared this belief, and some still do, but it is far from true.
The proportion of doctorates getting academic positions, particularly tenure-
track positions, has been steadily declining. University professors now hold
onto their jobs for much longer due to the elimination of forced retirement
and the slow growth of retirement investments. At the same time, economic
problems have limited the ability of colleges and universities to create new
faculty positions. While the scarcity of academic positions is a major factor
contributing to the change in PhD employment patterns, one cannot ignore
the fact that career opportunities outside the academy have also evolved. Such
opportunities have attracted the attention of many, not simply as fallback
plans, but as more attractive and lucrative possibilities. One who chooses not
to pursue an academic job is no longer considered a second-class citizen or a
traitor to the academy. As discussed in the previous chapter, it is important
to choose a job that provides you with satisfaction, particularly from an intel-
lectual point of view, and that is compatible with your personal and family
goals and values.

Jobs in academia

Let’s start by considering a conventional tenure-track faculty position in
a research university—a job similar, but not necessarily identical, to that
of your doctoral or postdoctoral research advisor. In such a position, your
responsibilities will normally include research, teaching, and academic ser-
vice. You will need to learn quickly how to juggle your time and to multi-
task. You will often have to work simultaneously on the next day’s lecture
and a research grant proposal due the following week. You will have to give
your utmost attention to a research seminar by a prospective new faculty
member, then switch gears and chair a session of your department’s ad-
missions committee.
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How you distribute your time among these sorts of tasks will depend
on your particular department and college and on the stage of your career.
The variation becomes even greater if we consider institutions other than
research universities. The Carnegie Foundation has classified institutions
of higher education into major categories depending on their research ac-
tivities and the types of degrees offered; their most recent classification was
issued in 2005:

Associate’s colleges. These institutions, commonly known as commu-
nity colleges, mainly grant associate’s degrees and certificates, with no or
few bachelor’s degrees. They serve as gateways for students who plan sub-
sequently to transfer to baccalaureate colleges. Associate’s colleges are fur-
ther classified according to size, location (urban, suburban, rural), type of
support (public or private), and type of campus (single or multicampus).

Baccalaureate colleges. These are primarily undergraduate colleges that
mostly offer bachelor’s degrees in either liberal arts or general fields. There
are also baccalaureate/associate’s colleges that offer some baccalaureate de-
grees but mostly associate’s degrees and certificates.

Master’s colleges and universities. These institutions offer a wide variety
of baccalaureate and master’s programs and are further subdivided accord-
ing to size.

Doctoral/research universities. These schools offer a wide spectrum of
baccalaureate educational program and are committed to graduate educa-
tion through the doctorate. Such institutions are subclassified according
to the number of doctorates awarded, the number of disciplines in which
doctorates are offered, and the amount of research funding they bring in.

Specialized institutions. This classification includes stand-alone medi-
cal and other health profession schools, schools of engineering and tech-
nology, theological seminaries and Bible colleges, schools of business and
management, schools or arts, music, and design, and schools of law.

Tribal colleges and institutions. These are members of the American
Indian Higher Education Consortium and are generally tribally controlled
and located on reservations.

In research-intensive institutions, you will be required to establish and
maintain a vigorous and well-funded research program. Academia offers
significant freedom; what research you can pursue is limited mainly by the
availability of funding. Maintaining your lab’s external funding can be the
source of considerable stress; you will have to dedicate a significant pro-
portion of your time to writing new grant proposals, revising others, and
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preparing progress reports for the funding agency. You will also have to
spend a few hours every day with graduate students, technicians, and post-
docs in your lab, discussing their findings, planning future experiments,
and helping them put their findings into publishable form. Moreover, you
must allocate significant time to read the literature and keep up with rapid
advances in your field. These administrative, managerial, and current-
awareness responsibilities will gradually take you away from the lab bench
that attracted you to academia in the first place. The more successful you
become at obtaining grants and expanding the size of your research team,
the farther removed you will become from doing experiments. You must
also beware of the danger that these mounting demands will eat up time
you would rather dedicate to personal enjoyment and to your family.

In addition to doing research in a large research university, you will most
likely teach or coteach a course or two each academic term. You might be
responsible for directing a course, a task that involves coordinating course
content, assembling a team of instructors, and administering labs and ex-
ams. Your teaching activities will include undergraduate, professional, and
graduate courses, each of which requires different preparation and style
of delivery. You will also be responsible for training graduate students in
research, either by being their major research advisor or by serving on dis-
sertation committees. Farther along in your career you may begin to at-
tract bright postdoctorals to your lab. Postdocs require dedicated mentoring
to prepare them for their own independent research careers. Collectively,
your various research advising activities represent an important contribu-
tion to training future researchers. As your career advances, you will find
yourself more involved in service and leadership, both within and outside
your institution. You will likely be asked to chair departmental, collegiate, or
institutional committees rather than just to serve as a member. You might be
asked to head a task force to design a new curriculum or serve on a national
grant review panel.

One usually joins a research-intensive higher education institution at the
level of assistant professor, likely on the tenure track. At this probationary
stage you do not have tenure and your appointment is renewable on an
annual or sometimes two- or three-year basis depending on an evaluation
of your performance. In the majority of institutions you will come up for
tenure during the sixth year of your appointment. The granting of tenure,
accompanied by a promotion to the rank of associate professor, relies largely
on asking external reviewers to evaluate your research productivity and
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status in the field. The quality of your teaching and service to your depart-
ment, university, and discipline are also considered. If you do not pass mus-
ter, you will be given a one-year terminal appointment, during which you
will have to find a new job. Subsequent promotion to the rank of full profes-
sor involves a similar review process, with more emphasis on international
reputation.

Original research receives less emphasis at baccalaureate and associate’s
colleges. You will have a significantly greater teaching load, which will in-
volve teaching several courses on your own. You will also be responsible for
providing academic and career advice to undergrads. Most top liberal arts
colleges, however, expect their faculty to do research, generally with their
undergrad students, and to publish and have grant support if they are to
receive tenure. Federal agencies such as the National Institutes of Health
and the National Science Foundation have funding programs specifically
for researchers in institutions that emphasize undergraduate teaching, and
private foundations such as the Petroleum Research Fund of the American
Chemical Society, the Dreyfus Foundation, and the Research Corporation
also support research in undergraduate institutions. Even at smaller liberal
arts schools you will probably be expected to do some research, though
that might mean partnering with a nearby research institution for facilities
and collaborators. The Council on Undergraduate Research, which has as
its mission “to support and promote high-quality undergraduate student-
faculty collaborative research and scholarship” has a Web site (http://www
.cur.org/) with useful resources.

There is even diversity of careers within academic institutions of the same
classification. In a research- intensive university, for example, you might
have the option of a non—tenure track faculty position. Your main responsi-
bility then could be teaching if you prefer interacting with students to doing
research (for example, supervising a set of teaching laboratories), or the other
way around. You would be hired on an annual contract with the possibility of
renewal and could advance up the academic ladder to the level of nontenured
full professor. The entire salaries of non—tenure track research faculty often
have to be provided through research grants, either yours or ones to which
you are appointed by other investigators. Your job could be in jeopardy if this
funding goes dry, so it is wise to establish a safety net and not to rely on a
single source of funding. Your full dedication to research will afford you the
time needed to explore diverse sources of research support, including federal
and private grants.
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You must have or acquire certain personality traits to become a success-
ful researcher in academia. You must develop a thick skin and perseverance
when faced with the rejection of a paper or a grant application. You must
be able to diffuse stress and to deal with workplace politics. A novice in aca-
demia often presumes the purity of the academic mission and believes that
academicians rise above common negative human traits. Academia, how-
ever, is simply a sector of human society: like anywhere else, there are some-
times nasty politics and unhealthy competition. You cannot afford to ignore
this human factor in your daily interactions. Carefully craft your expressions
of opposition to any prevailing dogma or to anyone else’s opinion. You must
learn how to deal with the malcontent and the pessimist, as much as you
enjoy the company of the ever happy and the optimist.

Many academicians we have consulted while writing this book strongly
advise graduate students and postdoctorals who are planning to pursue aca-
demic jobs to ascertain whether they are sufficiently committed to science
to put in long working hours, both in the office and at home. They also em-
phasize that those who seek academic jobs must be able to multitask, have
excellent spoken and written communication skills, and exhibit a healthy
attitude toward an exciting career that provides not only success and glory
but also intermittent setbacks.

Jobs in industry

Industry has long been an attractive alternative to academia. Progress in
industry naturally depends on developing new products and technologies,
which necessarily entails research. Companies direct their resources to-
ward a wide range of goals to which you might wish to apply your research
training: from discovering a new drug for the treatment of diabetes or de-
veloping an efficient apparatus to deliver a general anesthetic to building
a clever robot to collect geological samples, designing a faster computer
chip, or improving the aerodynamics of a rocket. Pursuing tangible goals
that promise to improve human life and serve society is naturally quite
gratifying.

Other advantages of a research position in industry include generous pay
and benefits (relative to academic) and the assurance that you will be able to
attend several scientific meetings every year. The higher salaries, however,
are associated with stricter accountability than in academia. It is a common
misconception that scientists in industry are free to leave at 5:00 p.m. every
day and forget about their project until morning. But problems do arise
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late in the afternoon that require researchers to stay late. The sequence of
particular experiments sometimes bring them to the lab over the weekend
or a holiday. And as in academia, researchers must keep abreast of scientific
progress in their field. Sometimes the only opportunity to read the literature
or write an urgent report comes at home.

Research in the private commercial sector is geared toward creating mar-
ketable products. If you take such a job, you will have to bear this fact in mind
in order to succeed. The top priority is to speed up the process of discovery,
and along the way you will often find that you must ignore provocative re-
search questions or intriguing findings. In this environment, time is money.
There are competitors out there with similar ideas who would love to beat
you to the finish line and claim the relevant patents. The emphasis on speed
requires developing better approaches to problem solving and utilizing inter-
nal resources to the max. Whereas in academia you are free to contact others,
outside of your lab and university, to help out when a formidable problem
arises, in industry you must keep company secrets under tight wraps. This
particularly applies to what you share with others at scientific conferences
and what you are allowed to publish in peer-reviewed journals.

On the positive side, company management will usually provide you
with the best tools to help you reach your common goals. You will have
a generous budget to purchase expensive reagents and the most modern
equipment. Better yet, you will often work closely with a team that has a
wide spectrum of complementary expertise. For instance, a drug discovery
team in a pharmaceutical firm usually consists of chemists who synthesize
new compounds, pharmacologists and biochemists who screen the com-
pounds for biological activity, toxicologists who assess potential side effects
of target compounds, and pharmacists who solve problems of solubility,
taste, and instability and determine drug pharmacokinetics in various body
compartments. Similarly, in designing the configuration of a satellite your
engineering expertise must be complemented with expertise in material
science, physics, and computer simulation.

These multidisciplinary endeavors necessitate your understanding the
terminology and jargon specific to each of these areas. You should also
learn to appreciate the various approaches undertaken by different team
members to solve a particular problem, and how they work together to
streamline progress and weed out tasks of secondary importance. This pow-
erful team structure represents an advantage that industry has over most
academic settings, where research projects often have single investigators
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or a group of investigators with somewhat similar training backgrounds.
Your success in industry will depend on your ability to be a team player and
to share your original ideas and any ensuing gain with others for the sake
of the company as a whole.

Throughout the process of discovery and product development you will
have to maintain frequent dialog with scientific managers and marketing ex-
perts in the company. You should be able to provide convincing arguments
in support of your research project and its relevance to the commercial goals
of the company. In some instances, unfortunately, this might not be enough
to sustain your project, or even your job. Sudden changes in market demand
for the product under investigation might emerge, perhaps due to release of
a similar product by a competitor. Dangerous side effects of your pet drug
or fatal flaws in the wing assembly of the rocket you have designed might
suddenly unfold and put a screeching halt to your project. Furthermore,
you might be asked to stop working on a project you have been vested in for
years to pursue a new one delegated to you by management.

More seriously, management might suddenly decide to terminate a cer-
tain line of research and close its division. They may have decided that other
research projects or directions will be more profitable for the company, or
the company may have been acquired by another that has different goals.
In addition to the difficulties connected with loss of income, researchers
may then have to relocate to find another job; both of these changes can
impose significant burdens on you and your family. The extent of this vul-
nerability naturally depends on the economic health of the company, par-
ticularly where the company stands vis-a-vis its competitors and whether its
life depends on one or a number of products in development.

There are many examples of scientists working for industry who have
followed a research idea through to its realization as a marketable product
a decade or two later. Others, however, have been forced to move around
between projects and companies. Thus, you face some difficult choices if
working for industry is your career goal. You should study the history of
your potential employer carefully before signing up. Choose a company that
offers decent severance packages and job placement assistance in case you
lose your job. Give preference to a company located in a region that is rich
in similar industries. Most importantly, stay marketable. At the end of the
day, only you and your family can accurately determine your comfort zone
in balancing financial rewards, risk, and what you enjoy doing when com-
paring industrial and academic careers.
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Research jobs outside academia and industry

Research positions are not limited to academia or industry. A great deal
of research takes place in state and federal agencies: state departments of
health and transportation, federal agencies like the National Institutes of
Health and the National Aeronautics and Space Administration, even the
Department of the Army and the Department of the Navy—all of these bod-
ies have large intramural research programs. There are also private and
public research institutes that are not part of universities, for example the
Cold Spring Harbor Laboratory, the Earthquake Engineering Research In-
stitute, Argonne National Laboratories, the Scripps Research Institute, and
the Vollum Institute. In each case, your research funding will be generously
provided by, or supplemented with, intramural funding mechanisms that
are less competitive than the grant processes you would have to rely on in
academia. This will certainly allow you more time and a greater degree of
freedom in your pursuit of new knowledge. You could have the luxury of
asking daring high-risk, high-gain questions. The downside is that usually
you will not have an opportunity to teach or train graduate students. There
is sometimes a simple solution, however. A neighboring academic institu-
tion may be pleased to hire you as an adjunct faculty member or to have you
lecture in their courses. You might also apply for membership in a graduate
program, which would allow you to advise graduate students.

If you happen to be especially creative and adventurous, you might think
of starting your own research company. You might not want to jump into
this right away, though. Better to wait until you gain some research and
managerial experience in an industrial setting; this will give you a chance
to learn the ropes and assess the market needs. It will also give you time to
arrange for initial funding and to find partners. It can be helpful to partner
with someone with expertise in business development. Bear in mind that
you can always start your company on a very small scale, then gradually
expand. One of our favorite success stories is Research Biochemicals Inter-
national (RBI). This company was established in the early 1990s to pro-
vide a handful of biochemical reagents that were then available only upon
request from particular pharmaceutical firms. While the companies pro-
vided these reagents free of charge, the process was relatively tedious and
involved significant paperwork and delays in receiving the material. Many
scientists wished that these reagents were available for purchase from a
commercial source, and RBI was the answer to their prayers. This small
start-up initially distributed just a handful of such reagents, then used a
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very smart consumer-based approach to expand. Company representatives
frequently contacted scientists to ask what other reagents they wished the
company made, then produced the requested reagents. Within a few years
RBI became a biochemical reagents giant; it was subsequently acquired by
another giant, Sigma-Aldrich Chemicals.

Other job choices

In her book Alternative Careers in Science: Leaving the Ivory Tower, Cynthia
Robbins-Roth lists twenty-two ways you might apply your research train-
ing away from the laboratory bench. These include being a science writer
or publisher, a science broadcast journalist, a patent agent, or a regulatory
affairs officer. Robbins-Roth observes that the key to success in these di-
verse professions is training in scientific investigation. Such training offers
the analytical thinking necessary to tackle a new area. She notes apparent
deficiencies in the performance of others who approach such jobs without
a science background. Robbins-Roth once held a research job in a biotech
company that specialized in developing novel basic research reagents, but
she soon realized that science for science’s sake was no longer satisfying
to her. Her new goal was to contribute to the discovery of new therapeutic
agents designed to combat human disease. She followed her heart and ob-
tained a job as an advisor to the CEO of a company, working to prioritize
company products according to their therapeutic potential. On the job she
learned to examine intellectual property issues and to assess the competi-
tion in a thorough analytical way driven by her science training. She be-
came knowledgeable about the process of taking a therapeutic agent all the
way from the bench to approval by the Food and Drug Administration.

In the following pages we will summarize the wide array of jobs held by
scientists who wrote chapters for Robbins-Roth’s book. At this juncture,
however, we must offer a caution. You might find one or more of the ca-
reers discussed below attractive but wonder who in their right mind would
hire you for a job so far removed from your experience in the lab. You
might ask “How do I find these jobs?” or “Where are they advertised?” Be
patient; answers to these questions will come in the next chapter.

SCIENCE REPORTING AND PUBLISHING

Science writers attempt to translate exciting scientific discoveries into lan-
guage that will appeal to a general audience. Some articles are produced
for a particular magazine or newspaper, say, an article on the biology of
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hibernation for Scientific American or a report on cold fusion for the science
section of the New York Times. Also, most research universities, medical
centers, and technology institutes have their own staffs of science reporters
who assemble press releases to be distributed to the media. The same is
true of federal research institutions and private companies with extensive
research and development programs. You could write newsletters for one
of these organizations, or even compose speeches for institutional or cor-
porate executives. Being a science writer requires dedication, perseverance,
and motivation. One must also have good interpersonal skills and be ac-
curate in reporting gathered information. Alternatively, you could obtain a
job in publishing, where your tasks might include market research, product
development, production, sales and marketing, or competitor monitoring.

BROADCAST SCIENCE JOURNALISM
Science journalists work in television or radio both on the air and behind
the scenes. The producer of a radio science program, for example, might
research background material, select and preinterview guests, and write pro-
gram content. Needless to say, your research background would be invalu-
able in performing these tasks, increasing your ability to identify what is
new and exciting in the science world, to recognize who the pioneers are in
specific fields of knowledge, and to ask scientists pertinent questions. Simi-
larly, CNN and other networks sometimes hire scientists to report on recent
advances in medicine or the discovery of a new atomic particle. If you enjoy
your experience as a science reporter you could advance up the ladder to be-
come an editor who assigns stories to reporters. There are also nonjournalis-
tic jobs available to scientists in the television world. A crime show concerned
with authenticity must have, for example, forensic toxicology consultants to
ensure that poisonings are accurately depicted. It would be embarrassing,
for instance, to show a victim of cyanide poisoning with a red face instead
of the typical bluish coloration. Your research training in material science or
physics could be similarly helpful to the producers of a murder mystery that
turns on the logical explanation of the sequence of gunshots.

TECHNICAL WRITING

Technical writers put together large quantities of information in a user-
friendly format that can be easily understood by specific audiences. Your
training in the scientific method of thinking will make the work progress
more smoothly, and that will be appreciated. As a technical writer you will
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frequently be learning about new areas of science as you are asked to write
about them. Your success will depend on your people and networking skills,
as interviews with experts will represent your most valuable source of infor-
mation. Technical writing offers conventional g-to-5 working hours if you
are good at multitasking and time management. The profession offers good
job stability and is expanding rapidly, particularly due to increased demand
for Web-based help files. Another form of technical writing is grant writing.
Some universities employ or hire freelance grant writers to help individual
faculty members or research teams put together well crafted proposals.

REGULATORY AFFAIRS

Scientists working in regulatory affairs act as liaisons between government
agencies, the industries they regulate, and consumers, seeking on behalf
of a company to provide convincing evidence that its products are safe and
effective. The goods you might deal with in this type of job range from
agricultural products to medical devices to air purifiers. Consequently, you
could be dealing with the Food and Drug Administration, the Department
of Agriculture, or the Environmental Protection Agency. You could also be
involved in preliminary small-scale testing of product efficacy and safety,
large-scale field or clinical trials, and issues related to advertising and con-
flicts of interest. This job is for you only if you are a people person. You will
be constantly interacting with almost everybody in your company involved
in product development, testing, and marketing. You will also be respon-
sible for preparing documents to be submitted to government regulatory
agencies. This will provide you with many chances to travel and deal with
people at different levels. You might even travel internationally to have dis-
cussions with marketing and regulatory affairs experts in other countries
where your company intends to distribute its products. You naturally must
also have good organizational skills to succeed in this career.

PATENTS AND TECHNOLOGY TRANSFER

This job involves advising your institution or company on intellectual prop-
erty issues, which often necessitates educating researchers, particularly
those in academic institutions, to look for commercial opportunities related
to their scientific findings. When an investigator discloses her or his dis-
covery to you, your first task is to evaluate it and determine if it represents
a patentable invention. Those who represent companies and universities in
dealing with the U.S. Patent and Trademark Office are required to distill
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information provided by various sources within their organization into one
comprehensive, and comprehensible, document that precisely describes an
invention and its features. Your scientific background will be of use in col-
lecting, and more importantly, analyzing, this mass of information. Follow-
ing the patent office’s evaluation of the document, you will argue for the
merits and uniqueness of the invention and work to meet the requirements
for obtaining a patent. Negotiation and communication skills (both oral and
written) are a must in this job. You will be required to understand and speak
the language of the discoverer, patent lawyers, and government administra-
tors. This is no small feat.

Technology transfer following the granting of a patent entails making
patented inventions or discoveries available for use. The job of technology
transfer officers working for the inventor’s institution is to identify and
negotiate with industrial firms that are interesting in developing the inven-
tion into commercial products. Business developers working for industry
handle the company’s side of these licensing negotiations. A research back-
ground can be helpful to those on both sides of the table.

SCIENCE POLICY ADMINISTRATION

Exponential growth of science and technology and their impact on the society
has generated a need for scientists who work at the interface between sci-
ence and national public policy. As a result, dealing with the federal govern-
ment has evolved from a task delegated to ad hoc academic consultants into
a specialized career of its own. Science policy jobs are concerned not only
with ensuring the responsible conduct of science but also with the proper
applicatio