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PREFACE

This guide—intended for faculty members, teachers, administrators, and
others who advise and mentor students of science and engineering—attempts to
summarize features that are common to successful mentoring relationships. Its
goal is to encourage mentoring habits that are in the best interests of both
parties to the relationship. While this guide is meant for mentoring students in
science and engineering the majority of it is widely applicable to mentoring in
any field.

This guide is descended from a series of related publications. The original
concept grew out of the Committee on Science, Engineering, and Public Policy
(COSEPUP) report Reshaping the Graduate Education of Scientists and
Engineers (1995), which showed that students need to be flexibly prepared for a
range of careers and urged that graduate education be revised so as to prepare
students better for productive and satisfying careers. (See Addendum.)

Discussions during and after the preparation of Reshaping indicated the
need for a guide for students who are planning their education and professional
careers. The guide that emerged, Careers in Science and Engineering: A
Student Planning

PREFACE v
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Guide to Grad School and Beyond (1996), sought to help students take a
broader view of the potential applications of their science and engineering
education. A related student guide, which considers questions of ethics and
scientific integrity, is On Being a Scientist: Responsible Conduct in Research
(1995).

In the process of developing Careers, graduate and post-doctoral students
in focus groups noted that faculty and advisers needed guidance as well to adapt
to changing employment conditions. This guide is meant to complement
Careers by assisting mentors and advisers in understanding how they might
help students identify and respond to the challenges of becoming scientists or
engineers. For convenience, the text contains several types of boxes:

•   Tips: Steps to improve mentoring.
•   Styles: Examples of poor and good mentoring.
•   Facts: The context of mentoring.
•   Profiles: A sample of nonacademic careers, from Careers in Science 

and Engineering: A Student Planning Guide to Grad School and
Beyond.

•   Summary points: Chapter summaries.

COSEPUP has also developed a sample form to help evaluate faculty
mentors. The form can be adapted by individual institutions to suit their own
needs. The version of the form offered here is most appropriate for use by
advanced graduate students (for example, third-year and higher PhD students),
postdoctoral fellows, and recent doctoral-program graduates who have had a
long relationship with a mentor. The book and the form are both at the
following Web address: http://www.nap.edu/readingroom/books/mentor. See
"Mentoring; under "Resources; for further discussion of assessment methods.

PREFACE vi
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1

WHAT IS A MENTOR?

The notion of mentoring is ancient. The original Mentor was described by
Homer as the "wise and trusted counselor" whom Odysseus left in charge of his
household during his travels. Athena, in the guise of Mentor, became the
guardian and teacher of Odysseus' son Telemachus.

In modern times, the concept of mentoring has found application in
virtually every forum of learning. In academics, mentor is often used
synonymously with faculty adviser. A fundamental difference between
mentoring and advising is more than advising; mentoring is a personal, as well
as, professional relationship. An adviser might or might not be a mentor,
depending on the quality of the relationship. A mentoring relationship develops
over an extended period, during which a student's needs and the nature of the
relationship tend to change. A mentor will try to be aware of these changes and
vary the degree and type of attention, help, advice, information, and
encouragement that he or she provides.

In the broad sense intended here, a mentor is someone who takes a special
interest in helping another person de

WHAT IS A MENTOR? 1
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velop into a successful professional. Some students, particularly those working
in large laboratories and institutions, find it difficult to develop a close
relationship with their faculty adviser or laboratory director. They might have to
find their mentor elsewhere-perhaps a fellow student, another faculty member, a
wise friend, or another person with experience who offers continuing guidance
and support.

In the realm of science and engineering, we might say that a good mentor
seeks to help a student optimize an educational experience, to assist the
student's socialization into a disciplinary culture, and to help the student find
suitable employment. These obligations can extend well beyond formal
schooling and continue into or through the student's career.

The Council of Graduate Schools (1995) cites Morris Zelditch's useful
summary of a mentor's multiple roles: "Mentors are advisors, people with career
experience willing to share their knowledge; supporters, people who give
emotional and moral encouragement; tutors, 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 identity, of the kind of person one should be to be an
academic."

In general, an effective mentoring relationship is characterized by mutual
respect, trust, understanding, and empathy. Good mentors are able to share life
experiences and wisdom, as well as technical expertise. They are good listeners,
good observers, and good problem-solvers. They make an effort to know,
accept, and respect the goals and interests of a student. In the end, they establish
an environment in which the student's accomplishment is limited only by the
extent of his or her talent.

WHAT IS A MENTOR? 2
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THE MENTORING RELATIONSHIP

The nature of a mentoring relationship varies with the level and activities
of both student and mentor. In general, however, each relationship must be
based on a common goal: to advance the educational and personal growth of the
student. You as mentor can also benefit enormously.

There is no single formula for good mentoring;

WHAT IS A MENTOR? 3
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mentoring styles and activities are as varied as human relationships. Different
students will require different amounts and kinds of attention, advice,
information, and encouragement. Some students will feel comfortable
approaching their mentors; others will be shy, intimidated, or reluctant to seek
help. A good mentor is approachable and available.

Often students will not know what questions to ask, what information they
need, or what their options are (especially when applying to graduate
programs). A good mentor can lessen such confusion by getting to know
students and being familiar with the kinds of suggestions and information that
can be useful.

In long-term relationships, friendships form naturally; students can
gradually become colleagues. At the same time, strive as a mentor to be aware
of the distinction between friendship and favoritism. You might need to remind
a student-and yourself-that you need a degree of objectivity in giving fair grades
and evaluations. If you are unsure whether a relationship is "too personal," you
are probably not alone. Consult with the department chair, your own mentor, or
others you trust. You might have to increase the mentor-student distance.

Students, for their part, need to understand the professional pressures and
time constraints faced by their mentors and not view them as merely a means-or
impediment-to their goal. For many faculty, mentoring is not their primary
responsibility; in fact, time spent with students can be time taken from their
own research. Students are obliged to recognize the multiple demands on a
mentor's time.

At the same time, effective mentoring need not always require large
amounts of time. An experienced, perceptive mentor can provide great help in
just a few minutes by mak

WHAT IS A MENTOR? 4
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ing the right suggestion or asking the right question. This section seeks to
describe the mentoring relationship by listing several aspects of good mentoring
practice.

Careful listening. A good mentor is a good listener. Hear exactly what the
student is trying to tell you-without first interpreting or judging. Pay attention to
the "subtext" and undertones of the student's words, including tone, attitude, and
body language. When you think you have understood a point, it might be
helpful to repeat it to the student and ask whether you have understood
correctly. Through careful listening, you convey your empathy for the student
and your understanding of a student's challenges. When a student feels this
empathy, the way is open for clear communication and more-effective
mentoring.

Keeping in touch. The amount of attention that a mentor gives will vary
widely. A student who is doing well might require only "check-ins" or brief
meetings. Another student might have continuing difficulties and require
several formal meetings a week; one or two students might occupy most of an
adviser's mentoring time. Try through regular contact-daily, if possible-to keep
all your students on the "radar screen" to anticipate problems before they
become serious. Don't assume that the only students who need help are those
who ask for it. Even a student who is doing well could need an occasional,
serious conversation. One way to increase your awareness of important student
issues and develop rapport is to work with student organizations and initiatives.
This will also increase your accessibility to students.

Multiple mentors. No mentor can know everything a given student might
need to learn in order to succeed. Everyone benefits from multiple mentors of
diverse talents, ages, and personalities. No one benefits when a mentor is too
"possessive" of a student.

WHAT IS A MENTOR? 5
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Sometimes a mentoring team works best. For example, if you are a faculty
member advising a physics student who would like to work in the private
sector, you might encourage him or her to find mentors in industry as well. A
non-Hispanic faculty member advising a Hispanic student might form an
advising team that includes a Hispanic faculty member in a related discipline.
Other appropriate mentors could include other students, more-advanced
postdoctoral associates, and other faculty in the same or other fields. A good
place to find additional mentors is in the disciplinary societies, where students
can meet scientists, engineers, and students from their own or other institutions
at different stages of development.

WHAT IS A MENTOR? 6
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Coordinate activities with other mentors. For example, a group of mentors
might be able to hire an outside speaker or consultant whom you could not
afford on your own.

Building networks. You can be a powerful ally for students by helping
them build their network of contacts and potential mentors. Advise them to
begin with you, other faculty acquaintances, and off-campus people met
through jobs, internships, or chapter meetings of professional societies.
Building a professional network is a lifelong process that can be crucial in
finding a satisfying position and career.

PROFESSIONAL ETHICS

Be alert for ways to illustrate ethical issues and choices. The earlier that
students are exposed to the notion of scientific integrity, the better prepared
they will be to deal with ethical questions that arise in their own work.

Discuss your policies on grades, conflicts of interest, authorship credits,
and who goes to meetings. Use real-life questions to help the student understand
what is meant by scientific misconduct: What would you do if I asked you to
cut corners in your work? What would you do if you had a boss who was
unethical?

Most of all, show by your own example what you mean by ethical conduct.
You might find useful the COSEPUP publication On Being a Scientist: 
Responsible Conduct in Research (1995), also available on line.

POPULATION-DIVERSITY ISSUES

In years to come, female students and students of minority groups might
make up the majority of the population

WHAT IS A MENTOR? 7
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from which scientists and engineers will emerge. Every mentor is
challenged to adapt to the growing sex, ethnic, and cultural diversity of both
student and faculty populations.

Minority issues. Blacks, Hispanics, and American Indians as a group make
up about 23% of the US population, but only about 6% of the science and
engineering labor force. Many minority-group students are deterred from
careers in science and engineering by inadequate preparation, a scarcity of role
models, low expectations on the part of others, and unfamiliarity with the
culture and idioms of science. Mentors can often be effective through a style
that not only welcomes, nurtures, and encourages questions, but also challenges
students to develop critical thinking, self-discipline, and good study habits.
Expectations for minority-group students in science have traditionally been too
low, and this can have an adverse effect on achievement. A clear statement that
you expect the same high performance from all students might prove helpful.
Be aware of minority support groups on your campus and of appropriate role
models. Link minority-group students with such national support organizations
as the National Action Council for Minorities in Engineering (see "Resources").

Cultural issues. You could find yourself advising students of different
cultural backgrounds (including those with disabilities) who have different
communication and learning styles. Such students might hail from discrete rural
or urban cultures in the United States or from abroad; in many programs,
foreign-born students are in the majority. If you are not familiar with a
particular culture, it is of great importance to demonstrate your willingness to
communicate with and to understand each student as a unique individual. Are
you baffled by a student's behavior? Remember

WHAT IS A MENTOR? 9
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that a cultural difference could be the reason. Don't hesitate to ask colleagues
and the students themselves for help. Finding role models is especially
important for students from a culture other than yours. Examine yourself for
cultural biases or stereotypical thinking.

Female representation. In some fields—notably psychology, the social
sciences, and the life sciences—females are well represented as students but
underrepresented in the professoriate and are not always appointed to assistant
professor positions at a rate that one would expect on the basis of PhD and
postdoctoral student representation. In other fields—such as mathematics,
physics, computer science, and engineering—females are underrepresented at
all levels. In all fields, the confidence of female students might be low,
especially where they are isolated and have few female role

WHAT IS A MENTOR? 10
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models. If you advise female students in one of these fields, be aware that they
could need extra support. Wait for cues from students, however, to avoid
singling out anyone for special treatment. Be familiar with campus support
groups and of female role models on and off campus.

Family issues. Both women and men can face challenging family issues;
mentors should be alert to students who need extra support when having a child,
raising a child alone, returning to school after child-rearing, caring for a

WHAT IS A MENTOR? 11
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parent, suffering marital problems, or juggling the challenges of a two-career
family. You might want to send a student to a colleague or counselor with
special competence in family issues.

Sexual harassment. If you mentor a student of the opposite sex, extra
sensitivity is required to avoid the appearance of sexual harassment.
Inappropriate closeness between mentors and students will produce personal,
ethical, and legal consequences not only for the persons involved but also for
the programs or institutions of which they are part.

Be guided by common sense and a knowledge of your own circumstances.
Is it appropriate to invite the student to discussions at your home? During
meetings, should you keep the office door closed (for privacy) or open (to avoid
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the appearance of intimacy)? Make an effort to forestall misunderstandings by
practicing clear communication. If you do have a close friendship with a
student, special restrictions or self-imposed behavior changes might be called for.

But do not restrict students' opportunities to interact with you because of
sex differences. In a respectful relationship, mutual affection can be an
appropriate response to shared inquiry and can enhance the learning process;
this kind of affection, however, is neither exclusive nor romantic. For additional
guidance, talk with your department chair, your own mentor, or other faculty.

Disability issues. Students with physical, mental, emotional, or learning
disabilities constitute about 9% of first-year students with planned majors in
science and engineering. Be careful not to underestimate the potential of a
student who has a disability. Persons with disabilities who enter the science and
engineering workforce perform the same kinds of jobs, in the same fields, as
others in the workforce. You should also keep in mind that persons with
disabilities might have their own cultural background based on their particular
disability, which cuts across ethnic lines.

As a mentor, you might be unsure how to help a student with a disability.
Persons with disabilities can function at the same level as other students, but
they might need assistance to do so. You can play a pivotal role in finding that
assistance, assuring students that they are entitled to the assistance, and
confirming they are able to secure assistance. Another very important role of
the mentor is in making colleagues comfortable with students who have
disabilities.

Many campuses offer programs and aids such as special counseling,
special equipment (adaptive computer hardware, talking calculators, and
communication devices),
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adapted physical education, learning disability programs, and academic support.
Further, your institution's specialist in Americans with Disabilities Act

(ADA) issues might provide help (for example, in securing funding from the
National Institutes of Health [NIH], the National Science Foundation [NSF],
and other sources). However, keep in mind that this person might know less
than you do about the needs of a student in your field--for example, in the use
of particular equipment.

Remember that the student who lives with the disability is the expert and
that you can ask this expert for help.
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2

THE MENTOR AS FACULTY ADVISER

Faculty advisers can be asked to advise a wide range of students or junior
colleagues, from predegree undergraduates to postdoctoral students and junior
faculty. The details of your advice will vary widely, but a cardinal goal should
be to help those you mentor toward greater initiative, independence, and self-
reliance. Those who grow accustomed to nurturing support but who have failed
to develop independence might be painfully shocked when moving into a
position where such support is lacking. Students and junior colleagues "own"
an important decision only when it is truly theirs.

MENTORING UNDERGRADUATES

When advising undergraduates, you might be asked to help select courses,
to suggest work experiences, and to provide guidance as to the many science or
engineering careers that are available. Many young students lack sufficient
experience to imagine what kind of work they might do as professionals. Don't
assume that students know something
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just because it is obvious to you. One of your goals for students is to
provide a "map" to the terrain and a "travelers' guide" to the professional
universe that they might some day encounter.

Early concerns. Some students, especially if they are the first in their
families to attend college, fear that they lack the ability or preparation to
become scientists or engineers. Gently probe the student's level of interest and
most-satisfying activities. Introduce a student with low self-confidence to
another student or a colleague who faced similar challenges. Pay special
attention to motivation, which might be more important than background in
deciding a student's success or failure. In addition, beware of letting your own
assumptions or biases distort your opinion of a student's potential.

An undergraduate might enjoy science and mathematics without knowing
how to choose a major. You can help by posing fundamental questions: What
have you most enjoyed in life? What are you good at? Do you like abstract
problems or hands-on activities? Suggest early exposure to a range of courses,
summer jobs or internships, and work-study experiences. Encourage them to
explore many options by talking to other students at all levels and to
professionals about their careers.

Course work and academic goals. Suppose one of your advisees can't
decide whether to major in electrical or chemical engineering. Discussing with
students their career goals and discussing the differences between careers might
help them decide. In addition, you can suggest colleagues and alumni in those
fields, both academic and nonacademic, who would be willing to talk with the
student. Suggest that the student undertake an internship or locate a part-time or
summer
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job. The National Science Foundation's Research Experiences for
Undergraduates Program offers both summer and in-term paid research
experiences. Your institution's research-support office, placement office, or
alumni association might be good resources, as are national disciplinary
societies and your own personal contacts.

For electives, encourage students to take courses that they enjoy or that can
lead to new fields of study. The undergraduate years offer the opportunity for
experimentation with fields of knowledge. As their career unfolds, they might
work outside their field, outside research, or outside their native country;
courses in business, psychology, public policy, or foreign language might open
new doors; courses in arts and humanities will provide breadth and perspective.
A biology major interested in genetics might take a class in psychology and find
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an interest in genetic counseling. A physics major who is exposed to health care
might discover a career in radiation physics. On the other hand, students also
should learn the importance of focus and depth in some field.

Urge the student to seek practical experience. Eventual hiring decisions are
often influenced more by students' accumulated laboratory experiences,
computer skills, or industrial training than by the courses they have taken. A
reference from someone who has worked with the student in a practical context
carries additional weight. A volunteer summer position with a good teacher or
laboratory might be worth more than a summer job that pays well but teaches
little, even if this involves short-term financial sacrifice.

Undergraduate research. Encourage undergraduate students to perform a
research project, whether with you or a colleague, so that they better
understand the practice of science. This experience is valuable regardless of the
career path chosen. If you are the research adviser, help the student find a well-
planned project that interests both of you and that can be completed in a defined
period.

Work with the student to set up a clear time line for completion of
research. Set high but realistic goals; it is very important to select a project that
has a good chance of success. Define your own responsibilities, including
regular feedback and evaluation. Make connections between course work and
the literature.

For the committed student, such a project can have lasting influence,
whether the student goes on to graduate school or directly into the workforce.
Do not, however, place undergraduates in research posts without evaluating
their fitness and desire to perform the work. And do not assign undergraduates
to a pilot program or an untested method.
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Research that is poorly conceptualized or executed might be worse than no
research experience at all. If a student does have a poor research experience, try
to explain the reasons; a student who understands the causes of failure is less
likely to suffer permanent career damage.

Your broader challenge is to interpret a research experience in the context
of the student's total education. The primary purposes of student research are to
master techniques, to learn to think critically, to acquire strategies for problem-
solving, and to learn the importance of patience and perseverance in the
unpredictable context of research.

An excellent source of information and support is the Council on
Undergraduate Research (CUR), a national organization founded on the premise
that research adds depth
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and problem-solving ability to the learning of science. CUR, based at the
University of North Carolina in Asheville, supports publications, workshops,
formal meetings, consulting services, speaking programs, fellowships, and a
home page (see "Internet Resources").

Another resource is Project Kaleidoscope (PKAL), an informal national
alliance that seeks to strengthen undergraduate programs in science,
mathematics, engineering, and technology. The vision of PKAL is to promote
"a thriving community of students and faculty working together in a research-
rich environment." The organization, headquartered in Washington, DC,
sponsors workshops, seminars, consulting teams, and Internet links (see
"Internet Resources").

Contemplating graduate school  How can you tell whether a student has
what it takes for graduate school? The usual indicators are references, course
records, test scores, and success in undergraduate research. But don't be afraid
to use your intuition: Do you detect the energy of curiosity and motivation? The
truly motivated student will probably find a way to succeed.

On the other hand, the rigorous environment of graduate school is not a
good place for hesitant students to avoid the "real world" or to pass time while
deciding what to do with their lives. Graduate study requires high levels of
commitment and ability.

MENTORING GRADUATE STUDENTS

Many science-related careers do not require a PhD. In such fields as
biotechnology, hydrogeology, environmental engineering, science and
technology policy analysis, and science
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journalism, the bachelor's or master's degree can lead directly to a productive
career. It is common for engineers to terminate their studies at the bachelor's or
master's level; some engineers add a master's degree after beginning
employment.

A doctorate is appropriate for most students who desire research careers,
including academic research and industrial research. But a doctorate does not
restrict a person to a life at the bench or in academe. For example, of senior
scientists and engineers employed in business or industry, one-third are in
management.

Choosing a school. If students are ready to make the leap to graduate
school, encourage them to use the telephone, visit campuses (and their home
pages), talk with current students and faculty, seek out alumni, attend
conferences, and read publications by faculty. Personal meetings with
professionals and students can bring a feel for the profession and an excellent
basis for choosing an appropriate learning environment.

Helping students choose an adviser.  At the graduate level, students'
choice of a research adviser is one of their most important decisions-and yet
some of them exercise less care in this decision than they do in the purchase of
a car. Encourage students to shop around carefully, to talk to present and former
advisees, and to gain personal impressions through face-to-face interviews. Be
sure that a potential student knows your particular mentoring style and finds it
congenial.

Students should also be advised to examine the performance of possible
mentors: publication record, financial-support base, reputation, success of
recent graduates, recognition of student accomplishments (e.g., through
coauthorship),
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A MATHEMATICS MAJOR WHO BECAME AN ACTUARY

Russell Greig excelled in
mathematics as an undergraduate at Florida A&M University. His goals
were to use mathematics in a practical way, to work in the "real world,"
and to earn a good income. He was planning a career in civil engineering
when his calculus professor took him aside.

"He said, 'You're doing well enough in math; have you considered
actuarial science?' I hadn't, so I checked it out in the Jobs Almanac, which
said it was a growing field. After some reluctance—I was already pretty far
along in engineering—I decided to give it a try.'"

Now, just 5 years later, Mr. Greig is one examination away from being
a fellow of the Casualty Actuarial Society, the rough equivalent of a PhD
in actuarial mathematics. He gained a head start by taking the first two
actuarial examinations as an undergraduate; 10 are required for
fellowship status. As a result, he was offered a job by the National Council
on Compensation Insurance, in Boca Raton, FL, an insurance advisory
company. His first assignment was to produce new data on workers'
compensation claims needed by insurance companies, actuaries, and
legislatures. He is now calculating reserves for the workers' compensation
"residual" insurance market. At the same time, he is approaching the end
of his studies.

"Since I graduated, I've been spending close to 400 hours every 4
months studying for the exams," he says.
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"The company gives me 120 hours, the rest I do at night and on
weekends. The competition is pretty steep, so you have to do well. If you
do, job prospects are excellent and you gain high respect in the
profession. At the fellowship level you're at the top and you can pretty
much decide where you want to work. I'll probably stay in the South; I'm
from the Virgin Islands and I can't take the cold."

Mr. Greig encourages students who enjoy applied mathematics to
look into the field. "I recommend it to those who enjoy number-crunching,
who want to see immediate, practical results from what they're doing. You
have to be prepared to pay your dues, but there's plenty of opportunity.
There are only about 2,500 casualty actuaries in the world, and the field is
still growing.

"Math majors have other good choices in applied fields. One is the
financial area, where there is demand for people who can quantify
financial-risk models and can present clearly what they're doing to others
who are not sophisticated in math. In fact, when I'm done with these
exams I'm going to take the Chartered Financial Analyst exams, which are
like a shortcut to an MBA in finance. This allows you to do more asset-
related work.

"Another growth area is computer science and programming. I often
work with programmers who don't understand the math involved. If you
know the math to begin with, you'll be able to write your own ticket. The
math is where it begins."
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laboratory organization, and, most important, willingness to spend time
with students. Much of this information can be learned directly from the
potential mentor and from the mentor's current and past students.

Which students should you accept? You might be approached by more
than one student about being an adviser. Bear in mind the responsibilities of
saying yes, and examine your other commitments. Handling a large group
might be possible with a "secondary mentoring" network, where senior
members of your research group act as mentors to junior members.

Remind yourself, and students whom you consider taking on, of the
importance of personal chemistry. Do you think you can work productively
with this person? Can you imagine recommending this student for a job? If the
relationship doesn't feel right for either party, or if communication is poor, think
about helping the student find another adviser as soon as possible. You might
also consider developing the skills that will allow you to work with a more-
diverse group of students.

Choosing a degree program. Many students on the threshold of graduate
school are unable to visualize a career path; this makes it difficult to choose a
degree program. Remind them that careers evolve slowly, and ask the kinds of
basic questions you would ask an undergraduate: What are you good at? What
kinds of activities are most satisfying? How much schooling do you need to do
that?

Keep in mind that science and engineering degrees can often be combined
in interesting ways with such professional degrees as the MBA, JD, and MD.
For example, a student might combine degrees in microbiology and law for a
career in patent law. A physics major might add a minor in
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business, or even Japanese studies, with an eye to a position with a
multinational corporation.

The decision to pursue a doctorate might entail some sacrifice. Student A,
who moves directly into the job market after a bachelor's or master's degree,
might be well ahead in experience and financial gain by the time Student B
receives a PhD. Over the course of a career, Student B might reach higher levels
of salary and responsibility, but not for some time.

Planning the curriculum. When a new graduate student arrives at your
institution, discuss the rules regarding required and elective courses,
comprehensive exams, thesis, and teaching. Requirements vary even within an
institution. Keep handy your institution's student handbook or course guide for
continuing discussions.

Some programs, such as environmental studies and earth sciences, might
naturally encompass a wide range of topics. Others are more sharply focused in
subject matter, and leave less room for exploration. Where appropriate,
encourage students to seek classes that will expand their knowledge base and
help develop requirements for such classes. Some students benefit from
auditing nontechnical classes, such as business and law, or taking classes in
another university through a consortium program ("Course work and academic
goals" in the above section on "Mentoring Undergraduates"). In all cases,
students should first talk with the instructor and with students who have taken
the course to assess whether it will meet their needs.

When planning their curriculum, graduate students at all levels should be
aware of nonacademic and interdisciplinary career opportunities. As noted in
the "Logistical Issues" box, most recent science and engineering PhDs are not
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employed in traditional academic positions. Many disciplinary societies profile
people with advanced degrees in their publications and Web pages, many of
whom have found satisfying alternative careers. An extended discussion of this
issue, including a series of profiles, is offered in the COSEPUP publication
Careers in Science and Engineering: A Student Planning Guide to Grad School
and Beyond (see "Resources"). A few of these profiles are included in this guide.

Choosing a research topic. Urge the student to think through a research
topic in advance-to imagine a thesis title, list hypotheses to test and perhaps
expected outcomes, and write a full proposal. The title and outcomes might
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change, but a well-designed planning procedure (perhaps including a
public presentation and defense) helps both you and the student toward a
common understanding of the project. It also allows other committee members
to contribute early in the process. If you approve a topic outside your expertise,
recruit a committee member who is an expert.

Discuss with the student whether the project meets these conditions; it
should interest you as well as the student, permit the student to learn useful
skills, serve as the basis for a thesis no matter what the results, and be designed
for completion within a reasonable period. Students who are part of a large
group should be able to claim a particular aspect of the work that can be
developed further.
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Choosing a committee. Both mentor and student should participate in
choosing a committee. Be sure the group represents a good mix of ages, fields,
analytic approaches, and other qualities. If you as research adviser have a
practical bent, a colleague who is a theorist might add good balance. Share with
the student any knowledge of personal or political conflicts among potential
members, which could disrupt a student's progress and morale.

Some students are tempted to seek members who are unlikely to be
critical. You should encourage students to avoid this strategy. The members of a
committee should be respected as scholars and have the expertise needed to
give thorough exams and supervise research. The student needs committee
members who will form the nucleus of a professional network and eventually
help the student find employment and a satisfying career path.

Making good progress. Part of the mentor's job is to teach careful
planning and use of time. Let students know what their responsibilities are and
agree on schedules. If a student falls behind, consider that the cause might be
exhaustion, unclear direction, lack of commitment, or dislike for the project or
persons involved. Suggest breaking a large task into smaller pieces, "easing"
into it by steps, and setting a time limit for each step. Encourage the student to
set aside regular time for planning and also for self-improvement (reflective
thought, physical exercise, reading for pleasure, and so on).

Students benefit from writing regular progress reports (preferably in the
form of research articles) to clarify their own work, to communicate with you,
and to sharpen their writing skills. You might choose to have weekly research-
group meetings where students take turns presenting pa
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pers and exchanging experiences. Make presentations informal, with time for
many questions.

Powerful forces can work against making good progress. You or other
faculty might seek to retain students as they become more proficient. That is an
unfortunate conflict between your desire to maximize productivity in your own
research and your duty as a mentor to support a student's timely progress. Your
primary obligation is to the education of the student.

Students, too, can be reluctant to conclude their research, either because
they have not found employment or because they don't know what to do next.
Urge them to push against those forces. The students' goal should be to finish in
a timely fashion, and this should be your goal for them as well.

At the same time, discourage rigid schedules. Remember that every student
is unique, and many end up doing things differently—and often much better—
than you might have imagined. Some students, through no fault of their own,
will require extra time: new parents (fathers as well as mothers), those who
work part time, students with disabilities, those who return after an off-campus
fellowship or other leave of absence, and so on.

If, after a reasonable period, a student has not shown high aptitude for
research, the mentor should advise a nonresearch career. This can be difficult if
a student has planned a research career, but if you are convinced that a student's
abilities are insufficient or are stronger in another field, the kindest course is to
say so.

Abuse of power. Many students, especially in graduate school, are
profoundly dependent on their mentors—often for a combination of financial,
educational, and emotional sup
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port. This dependence makes it easy for advisers to abuse their power
(sometimes unintentionally) and difficult for students to contest an abuse.
Advisers might give inadequate credit for students' research or assign work of
little or no educational value. They might impair a student's confidence by too
much criticism, too little support, or emotional indifference.

Abuses of power can be especially hard to resolve when the person best
positioned to help solve the problem is central to the problem. It is best to
discuss such issues face to face; when appropriate, committee members, other
faculty, or a department chair can mediate. If a colleague or student has raised
an abuse-of-power issue with you, consult with other mentors, strive for better
communication with students, or ask for help from a third party.

Professional growth. There are many ways to facilitate students'
professional growth in addition to one-on-one counseling. One strategy is to
create informal cross-disciplinary groups (such as women in mathematics and
science). Use monthly meetings (with incentives like free pizza) as forums for
discussing such topics as interview strategies, coping with negative reviews,
and giving good presentations. Another approach is to organize interdisciplinary
seminars with other departments to introduce students (and faculty) to new
avenues of inquiry and to colleagues in related disciplines.

Make use of your network of contacts to suggest internships, summer or
part-time jobs, and off-campus mentoring. Propose an active role in student
chapters of professional societies, where students can gain group skills, learn
about career possibilities, and make valuable contacts among both peers and
professors. Other suggestions are presented in the section "Mentoring
Undergraduates."
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MENTORING POSTDOCTORAL STUDENTS

Postdoctoral study has become the norm in some fields, such as the life
sciences and chemical sciences; for other fields, such as engineering, it is rare.
Some students find that a postdoctoral study in a national or industrial
laboratory broadens their outlook and job opportunities and allows them to
learn a new research culture. Others find themselves in a "holding pattern"-
going from postdoctoral position to postdoctoral position without finding a long-
term research position-as well as working for low pay and no benefits for many
years. Thus, the decision to undertake postdoctoral work should not be made
lightly and should be made only after examination of one's career goals and the
career opportunities in that field.

Finding a position. Encourage students who want a postdoctoral position
to determine the three or four research groups that seem most appropriate to
their interests and abilities. Use your own network of contacts and make
personal calls to introduce the student. Then suggest that the student call each
supervisor, with relevant questions: How many postdoctoral fellows do you
have now? What do they do? Where do they go afterward? What support is
available? Recommend a face-to-face meeting with the supervisor, as well as
with former postdoctoral students of the program and faculty members doing
similar work.

The need for postdoctoral mentoring. It can be tempting to suppose that
postdoctoral students require little or no mentoring because they have more
experience than undergraduate or graduate students. That might not be true for
postdoctoral students, any more than it is for junior faculty.
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In fact, postdoctoral students, who might have scant supervision, ill-
defined goals, and poor access to a community of peers-tend to incur greater
risks of isolation and stagnation than graduate students. A good mentoring
relationship can be crucial to the success of postdoctoral students as they
develop original research ideas and move toward greater independence and
maturity.

Helping the student find a second or even third postdoctoral position might
not be difficult, but the most-valuable contribution of the mentor is to help the
student
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find a "real job." That process should occur before the student begins their
research with a thorough review of the student's experience and goals. Establish
your expectations and "terms of employment." Set a schedule for follow-up
reviews at regular intervals. Career goals, which can change appreciably over
time, should be a central topic of these discussions. Another important topic is
finances; postdoctoral students often enter a postdoctoral position with scant
financial resources. Be aware of ethical employment practices, which include
giving advance notice of layoffs and regular updates on a postdoctoral student's
employment status.

Some of the basic obligations that a mentor has to a postdoctoral student
are to help perform research, design a good curriculum vitae, rehearse
interviews, prepare manuscripts, plan seminars, raise grant money, and learn
about the current job market (see the box "Career Questions"). In addition, a
good mentor will maintain sufficiently frequent contact to know about personal
or other problems that could hinder progress and will generally make every
necessary effort to help the postdoctoral student grow into a mature and
productive colleague.

Demonstrating progress. In any field, the broad purpose of the
postdoctoral experience is to gain research experience and skills that open new
vistas. If you mentor postdoctoral students, make it clear that they should
demonstrate independent research thinking, be productive, have their work
reflected on their record, and make sure that someone in a position of authority
knows what they are doing and can facilitate their next steps.

Some students find it useful to remain with a laboratory after the usual 1-3
years of postdoctoral experience. However, this should be accompanied by clear
indica
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tions of progress, such as promotion to research associate (or other position),
the addition of responsibilities (such as supervision and teaching), and efforts to
obtain independent funding.

A common problem of postdoctoral students is their lack of institutional
connections. Mentors can help by making them aware of the nature and location
of department offices and by introducing them to other faculty and staff-an
obvious step that is often ignored. Encourage the department or institution to
include postdoctoral students in their seminars, retreats, and meetings with
speakers.

Further comments of relevance to postdoctoral students are offered in the
next section, on mentoring junior faculty.

MENTORING JUNIOR FACULTY

When a department hires a new assistant professor, it has invested one of
its most valuable resources: a tenure-track position. And yet new faculty are
often left to fend for themselves amid the turmoil of professional and personal
change: new courses to teach, a laboratory empty of both equipment and
students, unknown department politics, conflicting demands on one's time, an
unfamiliar living environment.

As a result, it is not surprising that faculty retreats and discussions at a
number of universities have revealed extensive morale problems among junior
faculty, including a sense of isolation and alienation. Those expressing
dissatisfaction are not restricted to females and minority-group faculty, who
might have few or no role models among senior faculty, but include white
males as well.

Although research on this subject is sorely needed, an effective way to
increase the likelihood of retaining talented
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young faculty might be to provide excellent guidance by senior mentors. Even
through relatively simple mechanisms, such as luncheons and workshops with
senior faculty, junior faculty can obtain needed guidance on career goals,
ethical behavior, housing and financial issues, collaborative relationships, grant-
proposal writing, resource people, teaching policies, department politics,
personal issues, and criteria for appointments, promotions, tenure, and salary.

Some institutions (for example, Stanford) have initiated mentoring
programs that match each new faculty member with a senior mentor. The
mentors are encouraged to offer advice, guidance, and, when necessary,
intervention with administration or other faculty on behalf of their junior
partners. Mentoring pairs might meet at least several times a year to discuss
such topics as career options, space allocation, funding, and research.
Sometimes a written mentoring agreement is useful in formalizing the
expectations of both parties.

Both senior faculty and the department chair can play important roles in
setting the tone and agenda for mentoring junior faculty. Be aware that junior
faculty members might not have had useful mentoring themselves and so might
need extra guidance in helping their own students. In particular, the chair and
other leaders should

•   Make clear the expectations and criteria for promotion. Be sure that the
new faculty members understand timetables and deadlines, what is
required for tenure, and exactly how new faculty are evaluated.

•   Facilitate the acquisition of resources to meet those expectations.
Introduce new faculty to the rest of the faculty and to key staff people.
Facilitate research by securing a
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good startup package; send promising graduate students their way.
Give new faculty a list of teaching policies and help, if needed, in
learning to teach well.

•   Give frequent, accurate feedback. Formally evaluate junior faculty at
least once a year-preferably twice. Appoint an ad hoc review
committee to meet with the new faculty member. At the meeting, ask
about short-term and long-term goals. Discuss the committee's report
at a meeting of tenured faculty, and then discuss the evaluations with
the new faculty member.

•   Reduce impediments to progress toward promotion. Protect women
and minority-group faculty from the demands of "tokenism" when
many people will assume that women and minority-group faculty are
the only ones who can advise women or minority-group students.
Protect new faculty from excessive requests from senior faculty, and
from exploitation in group grants or facilities. Facilitate access to
nonacademic resources (such as medical care, child care, and housing)
and be aware of family and dual-career issues.
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3

THE MENTOR AS CAREER ADVISER

Good mentoring in science and engineering has taken on added importance
in recent years. Over the last 2 decades, the proportion of PhDs entering
traditional academic research and teaching has dropped from over 60% to less
than 50%; thus, most new PhDs today find work outside academe. Most
scientists and engineers are entering a more diverse employment environment
that is characterized by a trend toward more-interdisciplinary, collaborative, and
team work. Many of them are preparing for more-integrative, systemic
approaches to increasingly complex fields, such as bioscience, environmental
studies, and information science.

As the employment environment and the conduct of science and
engineering change continuously, it is wise to view the career as an
evolutionary process. Students should plan their careers with an eye to steady or
even sudden change. They might not know exactly how they will use their
education until they begin professional work.

One of the most helpful things you can do for students
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at any stage is to take them on visits to other laboratories or to industrial work
sites. Such visits can give students a broad and realistic view of possible careers.

ENVISIONING AND PLANNING A CAREER

Even though students cannot know which direction their careers will
eventually take, they can help themselves by studying the possibilities. One of
the mentor's goals should be to help the student stay aware of evolving career
conditions and opportunities.

Encourage students to find out what recent graduates from their
department or program have done. Help them recognize fields that are likely to
be expanding when they graduate. Many "hot" fields involve cross-disciplinary
research and therefore a combination of educational backgrounds and skills. Be
aware, however, that a popular field might attract more students than there are
jobs.

In preparing for a career, advise a balance between
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breadth and specialization. A major in a very broad area might not provide
the specific skills needed to land a job. Conversely, over specialization can be
perilous; today's hot technology could be outmoded in 5 years. An engineer
with a narrow base of education, such as an exclusive focus on aeronautical
engineering, might be more vulnerable to job-market changes than one with a
more-general degree, such as mechanical or electrical engineering.

UNDERGRADUATES: EARLY PERSPECTIVES

Many undergraduates have little idea what kind of career they can
anticipate. If you as mentor are happy and successful in what you do, it might
be natural to encourage a student to follow in your footsteps. Remember,
however, that each student is unique and needs to be encouraged to select the
most-appropriate path for him or her. Avoid the
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temptation to treat students as "clones" of yourself (see box
"Good Mentoring: Being Flexible").

One challenge for many mentors is to stay current on employment trends
in their field, especially if they have worked on campus for many years. You
can monitor major trends with a small investment of time by visiting some of
the on line sites mentioned in "Resources." And you can investigate the local
career-planning center and your institution's alumni network. Encourage
students to visit workplaces, to arrange to "shadow" people on the job, and to
find off-campus internships and summer placements. There is no substitute for
practical experience in learning what one is good at, what a field is like, and
what scientists and engineers actually do.

When a student has trouble articulating goals, be pa
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tient. As long as students are interested and engaged in their work, they
shouldn't be pressured. Goals must evolve at a natural pace. Remind students
that they will almost certainly have multiple positions and perhaps even
multiple careers, which is the strongest reason to aim for flexibility in
qualification and experience.

GRADUATE STUDENTS: HELPING STUDENTS BECOME
COLLEAGUES

Once a student begins a job search in earnest, there are many ways the
mentor can help, from encouragement and advice to direct recommendations.
When possible, arrange a telephone call or face-to-face meeting, which can be
far more persuasive than a letter. Introduce students to members of your own
network of contacts and urge them to extend that network themselves.

Recommend other search aids, including Internet sources (such as the
NRC Career Planning Center), professional societies, and ads in journals and
major newspapers. Keep handy your own list of telephone numbers and
addresses, especially of former students, that might be helpful. (See
"Resources" for more ideas.)

After spending years in graduate school, some students might devalue their
own abilities or feel that they are too specialized for many employment
positions. Remind them that they have acquired not only a series of credentials
and a vocation, but a range of transferable skills-including analytical reasoning,
program design and management, communication, evaluation, integration, and
objectivity-that can be applied in many occupations.
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POSTDOCTORAL STUDENTS: FINDING A "REAL" JOB

Mentors can help postdoctoral students prepare for jobs by helping them to
sharpen the skills listed above and to design a good CV, rehearse interviews,
and learn about the current job market. In many cases, the most useful function
of mentors is to introduce postdoctoral student to their own contacts, who might
be able to offer or point to desirable positions.

Help students be aware of local resources for job-seek
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ers, including the institution's career center, bulletin boards, or professional
meetings where jobs are advertised.

Keep in touch with candidates' progress by discussing the results of their
interviews and job applications. Many faculty avoid this subject and end up
offering insensitive or irrelevant advice.

Discuss career goals with the postdoctoral students and provide honest
feedback, even when this is difficult. Provide examples of nonacademic, as well
as academic, role models.

THE CAREER AS CONTINUUM

At every level, the student should learn to look at academic and
professional activities as parts of a single or branching continuum. As the
student views course work, summer jobs, and practical experience as part of a
single journey, the transition from student to professional activities can be
smooth and satisfying. Each student activity is best regarded as a long-term
investment in a life's work.
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4

THE MENTOR AS SKILLS
CONSULTANT

Students must augment their field-specific knowledge and experience with
a variety of other skills if they are to make the best use of their talents. Beyond
learning to communicate about science, many students need to develop informal
communication skills in general, such as the ability to express themselves
clearly and understand others' responses. You can help them develop these other
skills in the context of many learning activities.

DEVELOPING SKILLS AS AN UNDERGRADUATE

Planning and organization.  Many undergraduates have little experience
in organizing tasks and making good use of time. You can help them acquire
this skill, beginning with simple scheduling. Use mentoring appointments as a
framework.

Writing ability.  Clear writing is essential to most careers, especially those
in administration and management. Engage your students in writing tasks and
emphasize its
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importance. Your institution might offer writing programs; if so, be sure that
they address the special needs and contexts of technical writing. If they don't,
lobby for such a program-or start one yourself. There are many resources that
can help you do this.

Oral communication. Speaking is at least as important as writing. Students
must be able to present ideas and results to other scientists and engineers, as
well as to the lay public and specialists in other fields. For students with low
confidence, begin with "safe" exercises: Ask them questions and let them
respond without interrupting. As they gain confidence, move on to class
presentations and talks at student disciplinary-society meetings. Help them
develop their research presentations. Videotaping practice sessions can enable
students to see correctable habits, and it helps build their confidence. Watching
oneself on videotape is often embarrassing; let students watch the tapes in
privacy. Many students benefit from professional training, via speech classes or
consultation.

Teaching. One of the most important communication skills is teaching, a
skill that undergraduates can begin to develop. One way is to accompany them
to high schools where the students can offer career guidance and college
information. The undergraduate gains a stronger connection with you and
becomes an "expert" to the high-school students.

DEVELOPING SKILLS AS A GRADUATE STUDENT

Communication skills. Rather than withdraw into the isolation of research,
students should continue to develop their writing ability and oral expression
during graduate
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years. If they are teaching assistants, they might learn more from leading
class discussions than simply grading papers. Use laboratory and other
meetings, journal clubs, and department seminars as opportunities for
presentations, brainstorming, and group critiques. Eventually they should
present posters or papers at national society meetings.

Teaching. Graduate students should have regular practice in
communicating their ideas. Universities, industries, and other employers place
great importance on instructional skill and the ability to communicate ideas.
Graduate students can work with their teaching center, give laboratory
seminars, and teach or tutor undergraduates. A senior student can gain excellent
experience in mentoring a junior student in a laboratory context, taking some
responsibility for the student's progress. Encourage them to design teaching
material of their own. Attend teaching events and offer feedback.

Grant proposals. Practice in writing grant proposals, like teaching, must
begin early. Suggest practical exercises, such as applying for funds to attend a
professional meeting or perform an independent research project. As students
gain experience, they will be able to provide productive help with your own
proposals.

SKILLS FOR ALL LEVELS

Nonacademic abilities. Most jobs require skills that do not appear in the
core curriculum. These skills-such as administration, management, planning,
and budgeting-can sometimes be developed through elective courses, temporary
jobs, or off-campus internships. Students can benefit from multiple credentials
(i.e., a second degree, nonmajor courses, or nonacademic skills) when preparing
for a career.
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A NURSE WHO BECAME A RESEARCH MANAGER

As a single mother of two, Diana
Garcia-Prichard worked as a nurse to support her family. But when she
signed up for chemistry courses at California State University at Hayward,
she felt her life shift. "Physical science was perfectly suited to my thought
processes," she says. "It was the first time in my life that I found
something I really wanted to do."

She completed her BS cum laude, entered graduate school at the
University of Rochester, and in 4.5 years had a master's and a PhD in
chemical physics. She was hired as a research scientist by Eastman
Kodak Company, where she is a senior research scientist who also
supervises technology-development projects.

"In grad school I knew I wanted to do research, and I thought I would
become a professor and help my community back home in California. But
my adviser told me it was too difficult for women to get grants or academic
jobs. I didn't have the experience to know there were grants for minorities,
and my adviser didn't know it. Fortunately I've had a wonderful research
experience here. And Kodak, being a big company, has been able to
support some of my other goals."

Dr. Garcia-Prichard has worked hard to reform science policy and
education, serving on the Clinton-Gore transition team, the National
Science Foundation Education and Human Resources Directorate, an
American
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Chemical Society editorial board, and the board of a local community
college.

"I want students today to be better informed than I was about careers.
For example, they need to know what kinds of grants there are and who
can get them. Also, there's a huge gap between what students learn in
universities and what's needed in an industrial workplace. Here I work in
physical chemistry, but I also have to be able to collaborate with materials
scientists, engineers, and chemists.

"And they should know that the corporate environment is changing
today. Shareholders are forcing corporations to downsize staff, but the
work still has to get done.

"Choosing the right adviser can help-someone who not only is a good
scientist, but is savvy about careers and understands what you need. If
you pick a famous scientist who is not a good caregiver, you end up
staying in school too long and doing a lot of their work. I was done in 4.5
years, and part of the reason was that I stood up to my adviser. I told him,
if you want someone to do your laboratory work, you'll have to find
someone else. I'm here for a chemistry degree, not a degree in plumbing."

Of course, that bold approach will not always be successful. The best
advice for students in dealing with their advisers is to be honest,
persistent, and communicative. Because the student's goals are not
usually the same as those of an adviser, a good relationship requires
continued effort, good judgment, and good will—on both sides.
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People skills. Discourage students from working in isolation from others.
People skills-the abilities to listen, to share ideas, and to express oneself-are
indispensable for most positions. Look for opportunities to include shy or
withdrawn students in social gatherings and group projects. Excessive shyness
could be a symptom of more-serious personal problems, for which you might
want to suggest counseling.

Leadership. Advise students to join and take a leadership role in
disciplinary societies, journal clubs, student government, class exercises, and
volunteer activities.

Teamwork. Learning is often most effective within a community of
scholars. Cooperative problem-solving skills can be developed through group
exercises, collaborative laboratory work, and other team projects. Team skills
have gained importance with the trend toward multidisciplinary work in science
and engineering.

Creative thinking. A productive scientist or engineer is one who
approaches problems with an open mind. Give students permission to move
beyond timid or conventional solutions and remind them that original thinking
carries some risk. Provide an environment where it is safe to take intellectual
risks.

For a list of personal skills and attributes that are helpful to scientists and
engineers, see appendix B in COSEPUP's Careers in Science and Engineering:
A Student Planning Guide to Grad School and Beyond.
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5

THE MENTOR AS ROLE MODEL

In a good mentoring relationship, you, as the senior partner, can be a role
model through both your words and your actions. By who you are, you provide
a personal window for the student on a possible future. Your ethical, scientific,
and professional behavior all leave a strong impression on students, as does
your attitude toward your work.

Communicate your feelings about your professional career. Share your
frustrations as well as your enthusiasms. When something excites you, tell your
students why. Communicate the importance of mentoring and your hope that
students will some day be mentors themselves.

A student might see or understand only a part of what you do-probably
your scientific or engineering activities. Take the time to raise other topics that
you are comfortable in discussing with your students. What is a typical day,
week, or weekend like for you? What does it feel like to do what you do? You
might want to talk about administrative, entrepreneurial, or civic activities;
family obligations or the
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A GENETICIST-MOLECULAR BIOLOGIST WHO BECAME A
PATENT LAWYER

 Rochelle Karen Seide, who
was educated as a biologist, now enjoys a rewarding career as a patent
attorney specializing in biotechnology. After beginning her studies in
bacteriology and earning a PhD in human genetics, she completed her
schooling with a law degree. This seemingly radical career change, she
says, came naturally enough as an extension of her inborn people skills.

"Even when I was a scientist [at Northeastern Ohio Universities
College of Medicine], I spent a lot of time with other people teaching and
doing genetic counseling. I liked the interpersonal aspects of my work as
well as the science. Patent practice lets me use them both."

Dr. Seide became an attorney in the New York firm of Brumbaugh,
Graves, Donohue & Raymond. In her specialty of intellectual-property law,
she spends much of her time in litigation and counseling: Does a new
biotechnology process or product merit a patent? Can a client expect
good protection for the life of the patent? To answer such questions, she
must understand the cutting-edge research that her clients are doing. She
could not do this without her expertise in-and love for-science.

Dr. Seide feels that it was important to focus on science for its own
sake while working toward her PhD. Still, she encourages students to
understand that "if you want to do science from another perspective, more
avenues are open to you. I have found how exciting it is to learn from
people in other disciplines and to look at science from other perspectives."
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challenge of a dual-career partnership; and your goal of balancing the
professional and personal aspects of life.

The sum of all those activities-of all your actions as a mentor-is what
students take with them after graduation. The image of you as a person will last
longer than your words or professional achievements. The power and value of
the image will depend on the efforts you have made in building honesty, trust,
and good communication throughout your mentoring relationship.
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6

RECOMMENDATION: IMPROVING
THE QUALITY OF MENTORING

In this guide, we have listed many steps that individual faculty members
and senior students can take to become more-effective mentors. However, the
effectiveness of mentoring at every level is partly a function of institutional
support. According to a report by the Council of Graduate Schools,
"Universities, graduate schools, and departments all can play prominent parts in
fostering mentorship among faculty members."

Institutions have a large stake in promoting effective mentoring at the
undergraduate, graduate, postdoctoral, and junior-faculty levels. As we have
suggested in this guide, improved mentoring is likely to enhance students'
educational experience, morale, career planning and placement, and
professional competence.

The most direct way for institutions to improve the quality of mentoring is
to reward good mentoring. Faculty members at research-oriented institutions are
often rewarded for good research but seldom for good mentoring; in fact,
faculty might actually be penalized for mentoring to the extent that time
devoted to students is time not spent on research.
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Unless good mentoring is embedded in institutional systems of rewards
and promotions, it is unfair to expect faculty members to assign high priority to
good mentoring. Therefore, we recommend that institutions incorporate
mentoring and advising effectiveness in the criteria used for appraisals of
faculty performance, including evaluations for the purposes of promotion and
tenure.

Few institutions have developed mechanisms for appraising mentoring
performance. Because techniques of mentoring vary widely among individuals
(including the amount of time spent with students, the degree of intervention in
student choices, how meetings with students are structured, and the extent of
joint activities), qualitative measures are of little value. Given the logical
premise that one's mentoring effectiveness is reflected by the later achievements
of one's students, however, a number of useful mechanisms for appraising
mentoring performance are apparent. For example, institutions could

•   Track the progress of former students to provide information about the
career experiences of graduates.

•   Develop a faculty evaluation form and ask third-year graduate students
to complete it, assessing how well their mentors (or other faculty
members) have contributed to their research, scholarship, and general
education. A sample form is available at the NRC Web site: http://
www.nap.edu/readingroom/books/mentor.

•   Collect data from current students on their perceptions of faculty
performance in mentoring and advising.

In addition to appraising mentoring performance, institutions can take
other steps to stimulate better mentoring, including the following:
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•   Take a more active role in choosing faculty advisers to ensure that
those with good mentoring ability are included.

•   Provide guidance on mentoring for new faculty and advisers, which
can include briefings, workshops, the assignment of senior mentors,
and instructions on campus and Internet resources. Periodic seminars
can be held where senior faculty describe good mentoring and junior
faculty ask questions; this guide can be used as a resource.

•   Provide discipline-oriented career counselors who can offer students
and advisers up-to-date information on the full range of educational
and career opportunities for scientists and engineers, including
industrial internships, combined degrees, part-time and summer
placements, and classes outside their discipline.

•   Sponsor more discussions of topics relevant to mentoring, such as
professional standards, ethical values, balancing career and personal
life, and finding a good postdoctoral student.

•   Offer students a "guide to mentors" describing their responsibilities and
those of mentors and including relevant descriptions of potential
mentors and achievements of mentors' former students.

•   Monitor abuses of power by faculty-through departmental oversight,
student evaluations, time-to-degree data, and student performance-and
include such abuses in the criteria used for faculty evaluation.

•   Hold annual seminars that update faculty on the latest employment
trends, internship opportunities, etc., as well as issues such as
appropriate faculty-student relations, cultural and ethnic issues, etc.
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•   Develop requirements for electives and other classes that will broaden
the skills and versatility of students.

•   Create an institutional award for distinguished mentors. The White
House Office of Science and Technology Policy and the American
Association for the Advancement of Science have recently instituted
such awards on the national level. Recognition at the institutional level
is a key first step.

Specific techniques of enhancing and rewarding good mentoring must vary
by institution. The purpose of this document is not to prescribe techniques, but
to encourage a renewed commitment to mentoring at every level. We believe
that such a commitment will bring personal as well as professional and
institutional rewards to all members of the educational enterprise as they
prepare the nation's next generation of scientists and engineers.
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7

RESOURCES

You can mentor more easily and effectively if you know what resources
are available at your own institution. A departmental adviser might supply
students' schedules and requirements. A student-affairs office usually offers
tutoring and workshops on study skills or "college survival." The health or
counseling center can usually suggest an appropriate counselor, physician, or
psychologist when a student needs professional help with personal problems.
To equip yourself to do career planning, begin with your career-placement
center, which should have a variety of services and information.

INTERNET RESOURCES

The Internet can also help you mentor more effectively and easily in a
number of ways. For example, e-mail and "chat groups" can be used to keep in
touch with students. In addition, the Internet can provide access to worldwide
resources, such as those described below.
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The Committee on Science, Engineering, and Public Policy's (COSEPUP)
homepage (http://www2.nas.edu/cosepup) has links to on-line versions of its
useful resources Reshaping the Graduate Education of Scientists and
Engineers, Careers in Science and Engineering: A Student Planning Guide to
Grad School and Beyond, On Being a Scientist: Responsible Conduct in
Research, and A National Conversation on Doctoral Education: An Emerging
Consensus.

Two key Internet resources are: The National Research Council's Career 
Planning Center for Beginning Scientists and Engineers (CPC) (http://
www2.nas.edu/cpc) and the American Association for the Advancement of
Science (AAAS) Science's NextWave (http://www.nextwave.org). The CPC
includes a bulletin board, an on-line mentoring
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center, data on trends and changes in the job market, and links to the many
useful on-line books, job and research funding listings, and disciplinary society
web sites. The NextWave has open forums on topical issues, feature articles on
alternative science careers, site reviews, news articles, and nuts-and-bolts
science career advice columns.

GENDER, CULTURAL, AND DISABILITY ISSUES

Minority-group students can obtain guidance and scholarship aid through
NACME, Empire State Building, 350 Fifth Ave., Suite 2212, New York, NY
10118-2299 (Telephone, 212/279-2626; URL, http://www.nacme.org). The
New England Board of Higher Education also has materials of value for
minority-group and other students (45 Temple Place, Boston, MA 02111;
Telephone, 617/357-9620; Fax, 617/338-1577; URL, http://www.nebhe.org).
Remember, however, that e-mail is not always confidential.

A number of organizations focus on gender-related issues. Two key
organizations are the Association of Women in Science (http://www.awis.org)
and the Society of Women Engineers (http://www.swe.org). They should be
able to provide guidance or point you toward a related discipline-specific
organization.

Students with disabilities may obtain guidance from the following
organizations:

•   Association on Higher Education and Disability (AHEAD); 614/488-
4972. Promotes education, communication, and training.

•   Educational Resources Information Center (ERIC); 800/8484815. A
focus on disability issues.
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•   Higher Education and Adult Training for the Handicapped (HEATH),
now renamed for Persons with Disabilities); 800/5443284, 202/939-
9320. Helps with transitions from high school to college, college to
graduate school.

•   Job Accommodation Network (JAN); 800/5267234. How persons with
a disability can be accommodated in the laboratory or workplace.

•   National Information Center on Deafness; 202/4515051. Resources for
deaf and hearing-impaired students.

•   President's Committee on Employment of People with Disabilities;
202/3766200; www.pcepd.gov. Excellent reference source, with
liaison person in each state.

Bibliography

For additional material, see the bibliography in the COSEPUP guide
Careers in Science and Engineering: A Student Planning Guide to Grad School
and Beyond (http://www2.nas.edu/cosepup).

DOING SCIENCE

Beveridge, W.I.B. 1950. The Art of Scientific Investigation. United States: Vintage Books.
Committee on Science, Engineering, and Public Policy. 1995. On Being a Scientist: Responsible

Conduct in Research. Washington, D.C.: National Academy Press.
Medawar, P.B. 1979. Advice to a Young Scientist. United States: Basic Books.
Peters, R.L. 1996. Getting What You Came For: The Smart Student's Guide to Earning a Master's

or a PhD. New York: Farrar, Straus, and Giroux.

RESOURCES 72

http://www.pcepd.gov
http://www2.nas.edu/cosepup
http://www.nap.edu/5789


Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

PRESENTATIONS

Briscoe, M.H. 1995. Preparing Scientific Illustrations: A Guide to Better Posters, Presentations,
and Publications. New York: Springer-Verlag.

JOB-HUNTING

Bolles, R.N. 1997. The 1997 What Color Is Your Parachute? Berkeley, Calif.: Ten Speed Press.
Committee on Science, Engineering, and Public Policy. 1996. Careers in Science and Engineering:

A Student Planning Guide to Grad School and Beyond. Washington, D.C.: National
Academy Press.

Hirsch, A. 1996. Interviewing: A National Business Employment Weekly Premier Guide. 2nd edition.
New York: Wiley and Sons.

Schwartz, B.B. ed. 1994. Graduate Student Packet for Students in Physics. College Park, Md. APS
(American Physical Society) and AIP (American Institute of Physics).

Yate, M. 1996. Knock 'Em Dead: The Ultimate Job Seeker's Handbook. Holbrook, Mass.: Adams
Media Corp.

MENTORING

Association for Women in Science. 1993. Mentoring Means Future Scientists. Washington, D.C.:
Association for Women in Science.

Audi, R. 1994. "On the ethics of teaching and the ideals of learning," Academe, SeptemberOctober:
2736.

Bird, S.J. 1994. "Overlooked aspects in the education of science professionals: Mentoring, ethics,
and professional responsibility." J. Science Education and Technology 3:4955.

RESOURCES 73

http://www.nap.edu/5789


Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

Council of Graduate Schools. 1990. Research Student and Supervisor: An Approach to Good
Supervisory Practice. Washington, D.C.: Council of Graduate Schools.

______. 1995. A Conversation About Mentoring: Trends and Models. Washington, D.C.: Council of
Graduate Schools.

Fort, C., Bird, S.J., and Didion, C.J. (eds.) 1993. A Hand Up: Women Mentoring Women in Science. 
Washington, D.C.: Association for Women in Science.

Kanigel, R. 1986. Apprentice to Genius: The Making of a Scientific Dynasty. Baltimore, Md.: Johns
Hopkins University Press.

Olmstead, M.A. 1993. "Mentoring new faculty: Advice to department chairs," CSWP, A Newsletter
of the Committee on the Status of Women in Physics, Vol. 13, No. 1: 1, 811. Washington,
D.C.: American Physical Society, August.

Noe, R.A. 1988. "An investigation of the determinants of successful assigned mentoring," Personnel
Psychology 41:457479.

Roberts, G.C. and Sprague, R.L. 1995. "To compete or to educate? Mentoring and the research
climate," Professional Ethics Report VIII, 1:67, Fall.

Zelditch, M. 1990. "Mentor roles," in Proceedings of the 32nd Annual Meeting of the Western
Association of Graduate Schools, 11. Tempe, Ariz., March 1618.

ORAL COMMUNICATION

Schloff, L. and Yudkin, M. 1992. Smart Speaking. New York: Plume.
Stuart, C. 1989. How to Be an Effective Speaker. Chicago: NTC Publishing Group.

RESOURCES 74

http://www.nap.edu/5789


Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

TIME MANAGEMENT AND PROFESSIONAL
DEVELOPMENT 

Griessman, B.E. 1994. Time Tactics of Very Successful People. New York: McGraw-Hill.
Hobfoll, S.E. and Hobfoll, I.H. 1994. Work Won't Love You Back: The Dual Career Couple's

Survival Guide. New York: W.H. Freeman.
Roesch, R. 1996. The Working Woman's Guide to Managing Time. Englewood Cliffs, NJ: Prentice

Hall.

GENDER, CULTURAL, AND DISABILITY ISSUES

Association for Women in Science. 1995. A Hand Up: Women Mentoring Women in Science, 2nd
edition. Washington, DC.

Didion, C.J. 1993. "Letters of reference: an often-deciding factor in women's academic or career
advancement." Journal of College Science Teaching 23 (1): 910.

Katz, M. and Vieland, V. 1993. Get Smart! What You Should Know (But Won't Learn in Class)
About Sexual Harassment and Sexual Discrimination. New York: The Feminist Press, City
University of New York.

Mitchell, R. 1993. The Multicultural Student's Guide to Colleges. New York: Noonday Press.
National Research Council. 1989. A Common Destiny: Blacks and American Society. Washington,

D.C.: National Academy Press.
National Science Foundation. 1996. Women, Minorities, and Persons with Disabilities in Science

and Engineering. Washington, D.C.: National Science Foundation.
Rosser, S.V. 1990. Female-Friendly Science: Applying Women's Studies Methods and Theories to

Attract Students. New York: Pergamon Press.

RESOURCES 75

http://www.nap.edu/5789


Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

Sonnert, G. and Holton, G. 1995. Who Succeeds in Science? The Gender Dimension. New
Brunswick, N.J.: Rutgers University Press.

Treisman, U. 1992. "Studying students studying calculus: A look at the lives of minority
mathematics students in college," College Mathematics Journal 23 (5):36272, November.

RESPONSIBLE SCIENTIFIC CONDUCT

Committee on Science, Engineering, and Public Policy. 1995. On Being a Scientist: Responsible
Conduct on Research, 2nd edition. Washington, D.C.: National Academy Press.

Elliott, D. and Stern, J.E., eds. 1997. Research Ethics: A Reader. Hanover, N.H.: University Press of
New England.

Korenman, S.G. and Shipp, A., eds. 1994. Teaching the Responsible Conduct of Research through a
Case Study Approach: A Handbook for Instructors. Washington, D.C.: Association of
American Medical Colleges.

Macrina, F.L. 1995. Scientific Integrity: An Introductory Text with Cases. Washington, D.C.: ASM
Press.

Sigma Xi. 1986. Honor in Science. Research Triangle Park, North Carolina: Sigma Xi.
"Special Issue on Research Ethics." 1995. Professional Ethics, Vol. 4, Nos. 3 & 4, Spring/Summer.
Stern, J.E. and Elliott, D. 1997. The Ethics of Scientific Research: A Guidebook for Course

Development. Hanover, N.H.: University Press of New England.

RESOURCES 76

http://www.nap.edu/5789


Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

TEACHING

Committee on Science, Engineering, and Public Policy. 1995. Reshaping the Graduate Education of
Scientists and Engineers. Washington, D.C.: National Academy Press.

Committee on Science, Engineering, and Public Policy. 1996. A National Conversation on Doctoral
Education: An Emerging Consensus. Washington, D.C.: COSEPUP.

McKeachie, W.J. 1994. Teaching Tips: A Guidebook for the Beginning College Teacher, 9th
edition. Lexington, Mass.: D.C. Heath and Co.

Pregent, R. 1994. Charting Your Course: How to Prepare to Teach More Effectively. Madison,
Wisc.: Magna Publications.

WRITING

Booth, V. 1993. Communicating in Science: Writing a Scientific Paper and Speaking at Scientific
Meetings, 2nd edition. New York: Cambridge University Press .

Council of Biology Editors, Committee on Graduate Training in Scientific Writing. 1968. Scientific
Writing for Graduate Students: A Manual on the Teaching of Scientific Writing. New
York: Rockefeller University Press.

Day, R.A. 1994. How to Write and Publish a Scientific Paper, 4th edition. Phoenix: Oryx Press.
Moriarty, M.E. 1997. Writing Science Through Critical Thinking. New York: Jones and Bartlett.

RESOURCES 77

http://www.nap.edu/5789


Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

RESOURCES 78

http://www.nap.edu/5789


Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

REPORT BRIEF

RESHAPING THE GRADUATE
EDUCATION OF SCIENTISTS AND

ENGINEERS

COMMITTEE ON SCIENCE, ENGINEERING, AND PUBLIC POLICY
The graduate education of scientists and engineers-an activity of growing

importance in an increasingly technological world-must change to reflect
developments in science, engineering, the economy, and the broader society.
With more than half of new PhDs going to work in nonacademic settings,
graduate education needs to impart a broader range of skills. At the same time,
the PhD should retain the features, including an original research experience,
that have made it a world model.

The result of these changes, writes the Committee on Science,
Engineering, and Public Policy in its report Reshaping the Graduate Education 
of Scientists and Engineers, would be a new kind of PhD, one that emphasizes
adaptability and versatility as well as technical proficiency. COSEPUP, a joint
committee of the National Academy of Sciences, the National Academy of
Engineering, and the Institute of Medicine, recommends that graduate programs
provide a broader exposure to experiences desired by both academic and
nonacademic employers. Faculty and institutions also

RESHAPING THE GRADUATE EDUCATION OF SCIENTISTS AND ENGINEERS 79

http://www.nap.edu/5789


Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

should offer better career information and guidance to students so that they can
make well-informed decisions in planning their academic and professional
careers. Graduate education should prepare students for an increasingly
interdisciplinary, collaborative, and global job market and should not be viewed
only as a byproduct of immersion in an intensive research experience. The
primary objective of graduate education should be the education of students.

The changing job market. Scientists and engineers with PhDs and other
advanced degrees play a central and growing role in American industrial and
commercial life. They contribute directly to the national goals of technological,
economic, and cultural development-not only as researchers and educators but
in a wide variety of other professional roles. And as the country responds to
expanded economic competition, urgent public health needs, environmental
degradation, new national security challenges, and other pressing issues, a
widening variety of professions and organizations are hiring the approximately
25,000 people who receive a PhD each year (up from about 18,000 a decade
ago).

But a mismatch between the numbers of new PhDs and traditional research-
oriented jobs in academia has led to considerable frustration and disappointment
among young scientists and engineers. Fewer than one-third of those who
received PhDs in science and engineering in 1983-86 were in tenure track
positions or had tenure in 1991. New PhDs are spending more time as
postdoctoral fellows while they wait for permanent jobs to become available.
Downsizing and restructuring in industry and government also have reduced the
number of jobs focused on basic research in those sectors.
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Despite the difficulties finding jobs in basic research, hiring in other areas
has been vigorous enough to keep the overall unemployment level of PhDs
relatively low. An increasing number of doctorate recipients are doing applied
research, development, and management in industry, working in government or
nonprofit institutions, or teaching in elementary and secondary schools.

A new PhD. COSEPUP found a common theme in its examination of the
job market for PhDs. Many future job opportunities will favor students with a
greater breadth of academic and career skills than graduate students typically
acquire today. The committee therefore recommended a new model of PhD
education that incorporates the following changes:

•   More versatility . Graduate programs, especially at the departmental
level, should provide options that allow students to gain a wider
variety of academic and career skills. Students who intend to seek a
career in basic research should have a grounding in the broad
fundamentals of their fields and should have some personal familiarity
with several subfields. In addition, experiences that supply career skills
beyond those gained in the classroom and laboratory, such as off-
campus internships, could make graduates more effective in business,
government, and academia at all levels. Many institutions have been
experimenting with such innovations, providing a rich array of
reproducible models.

Employers in all sectors value the requirement for original research that is
the hallmark of the PhD. Hybrid degrees that do not involve such research have
not been successful in the past. But a student interested in working in
nontraditional fields should have the option to design a dissertation

RESHAPING THE GRADUATE EDUCATION OF SCIENTISTS AND ENGINEERS 81

http://www.nap.edu/5789


Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

that meets high standards for originality but is more flexible in terms of time
required, subject matter treated, and approach taken.

•   Better career information and guidance. The lack of accurate,
timely, and accessible data on employment trends, careers, and sources
of student support is a serious flaw in the graduate education system. A
national database that covers such issues as financial aid, time to
degree, and placement rates-including information gathered and
disseminated through the Internet-could help students and their
advisers make informed decisions about professional careers.

•   Less time to degree. The median number of years between receipt of a
bachelors degree and a PhD in science and engineering has risen to
more than 8 years, an increase of about 2 years since 1960. The
reasons for this increase are largely unknown, but some of it may be a
result of students working as highly specialized research assistants or
as teaching assistants in ways that do not directly contribute to their
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education. Each institution should set its own standards for time to
degree and enforce them.

•  Education/training grants. The heavy reliance on research
assistantships for graduate student support has tended to make the
needs of research projects rather than the students' educational needs
paramount. Education/training grants awarded competitively to
institutions and departments that emphasize adapt-ability and breadth
could help develop and sustain locally developed programs.

COSEPUP saw no reason to recommend limits on enrollments or on the
number of foreign students in graduate programs. Greater flexibility and more
information in graduate programs will enhance the system's ability to mesh with
the job market. And these changes, combined with better precollege education,
will attract more American students to graduate education-particularly women
and minorities, who remain seriously underrepresented in some fields of science
and engineering.

A shift in perspective. In the past, graduate schools typically have seen
their mission as producing the next genera
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tion of academic researchers. But scientists and engineers now contribute to
national needs in many other ways. To contribute most effectively to the need
for highly trained scientists and engineers, graduate schools need to review their
missions and consider new approaches. If they do so, graduate education could
play an even more important role in society than it has played in the past.

For more information, including an on-line version of the full text of the
report, visit the COSEPUP homepage at http://www2.nas.edu/cosepup.
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