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This document gives a roadmap to your Ph.D. The views presented here are a collection of
thoughts from various sources including the author’s own. The primary source is adapted
material from the “Ph.D. Experience”, M.H. Bellare (used with permission). Comments and
suggestions from Prof. Doherty, Prof. Aydil, and Prof. Chmelka are also acknowledged. The
views presented here do not reflect those of the university or the department.

1. WHAT SHOULD YOU EXPECT FROM A PH.D?
Most students think that a Ph.D. is about solving some specific problem in some technical area or
developing a new method in a specific field. That’s not all there is to a Ph.D. Here are more
general objectives of a Ph.D.
1. You should develop confidence in the power of rational thought and the range of its
applicability. Everything in life is a problem of some sort. How often do we think about life that
way and solve our problems methodically? After a Ph.D. you should have the inclination and the
ability to research anything, whether chemical engineering, biology, cooking, gardening, or
stock market.

2. You should feel confident to question things around you and seek out new ways of doing or
seeing things. You should be more likely to ask why things are done in a certain way and try
to make them better. Important discoveries or inventions often come from important questions.

3. A Ph. D. should give you the confidence to jump into a new area, pick it up quickly, and
have something interesting to say about it, even if other people have looked at this area for a long
time. In addition to depth in your thesis area, it should give you the courage to jump into a new
area.

4. You might increase your appreciation for creativity in all areas of life. You might view art
differently, or think differently about music you hear. You may become more appreciative of
what it took to achieve certain things and how new developments departed from the previous
works. You should learn to value creativity and seek it out.

5. A Ph.D. will instill a sense of taste. It should make you unwilling to accept the common
standards and to put them to the test of your own intellect and opinions. You should naturally
find yourself questioning things. You should be willing to contradict conventional wisdom. That
doesn't mean being a rebel just for the sake of it. It just means being constructively critical.

6. A Ph. D. should allow you to develop communication skills, both oral and written. It should
teach you to communicate your ideas to people with a broad spectrum of expertise.
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2. WHAT IS INVOLVED?
Perhaps the most common vision of entering students towards research is that they will have to
solve some hard problem that nobody solved before. That will be their thesis. That may be true,
but research is more than problem solving. It is about conceptualizing, finding issues,
determining directions, and developing critical insight. Problem solving is always there, but
the role it plays varies. A successful Ph.D. should teach you not only to answer questions but
also to ask important questions. The key to a high impact answer is a high impact question.
A common scenario for a Ph.D. thesis is developing a new method, a new model, or a new
notion. When you have new methods or models, the technical aspects of some of the first
solutions may be quite simple. You might then wonder why nobody else did it. The reason is
that they did not ask that particular question or looked at that problem in that way. Don't
look down on simplicity. Good research is often simple.

Most students enter into a Ph.D. program thinking that they like research. Liking research is
liking DOING it, not liking thinking about where it puts you or liking to view yourself as
someone who does it. Separate the process of research from any perceived goal. You will only be
happy in research if you enjoy the process, the day-to-day nuts and bolts of it. If research to you
is only a means to some objective, you are unlikely to enjoy it. Remember, research is not fun
everyday and not all of it is fun, but most of us enjoy a large fraction of the process. For most
professors, thinking about a research problem is not work. It is one of their favorite things to do.
You may not be that fond of research, but if it is just work to be done to you and gotten rid off as
soon as possible, you are in the wrong business. You still may be able to finish your Ph.D., but
you probably will not have a real sense of accomplishment or happiness.

3. LEARNING HOW TO DO RESEARCH
There is no one recipe for good research. Here are a few indications of what is involved.
Think

The first rule of research is to think, think and think again. Never hesitate to throw your mind
at anything. That should be the first thing to try. Before looking up a book or a paper, think.
What you solve by thinking will stay with you for a long time; you may forget what you look up.
Thinking is not restricted to the lab. You may think about your research at odd times like in the
shower or while driving. Thinking is fun. If you don't find it so, it's an indication that you are in
the wrong business.

Identify a Good Example to Follow

You can learn to do research by seeing examples and extrapolating. Papers and discussions with
your advisor are a source of material for this purpose. Identify a few good people that are
relevant to your area and learn about their style of thinking, research, and presentation. You can
learn how to write a paper by carefully looking at other papers. When you see a new problem,
ask yourself what kinds of questions were asked about similar previous problems and use them
to ask questions about the new problem. As you go on, you should be able to extrapolate farther
and farther. You have to be careful not to go overboard and follow someone’s approach without
developing your own view on it.
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Just do it

Sometimes the best way to learn new things is to just do them. You may learn more by trying
new things and learning through failures. Do not be afraid of “failures”. If an experiment proves
that your hypothesis is wrong, that’s not a failure. Do not hesitate to jump into the lab and start
doing experiments. You had to fall a few times before learning to skate or to ride a bike.
Research is worse. Once you learn how to ride a bike you don't fall again, but in research you
never stop failing. You will fail far more often than you succeed. But it is from your failures that
you learn. They increase your understanding and maturity. If you find the process of research
fun, failures are not daunting. In fact, it leads to all kinds of discoveries. Hence, you need to
learn not to care about failures, but to use it to get new ideas. One nice thing about research is
that nobody knows when you failed. You write papers only about your successes. But that is also
deceptive since you don't see the failures of others. But they are always there.

Understanding versus knowledge

It is more important to understand well what you know than to know a lot. Successful
research comes from having a good understanding, especially of the basics.  When you read a
paper, ask yourself questions. What if I changed the scheme in the following way? Why is this
novel? Can I come up with a different method? Understanding means the ability to go beyond
the immediate. It means knowing not just what is discussed there, but knowing how it fits into a
larger context.

Leadership

Most students look at their advisors for leadership. This is a very natural reaction, especially in
the beginning of research. But do not be afraid to take charge of your project. It’s true that
advisors have more experience, but you spend more time thinking about your project than your
advisor. Feel free to take the initiative and find new directions for your research. This habit will
help you throughout your career.

What's the student's job during Ph.D.?

You are here to educate yourself and get your Ph.D. Students sometimes view objectives or
experiments suggested by advisors as a “job” that needs to get done. That may be appropriate for
some experiments; however, it is not the goal of your Ph.D. There is really no “job” your advisor
wants you to do. You are working for yourself, not for your advisor. When advisors suggest
experiments they are only suggestions for things that you might do. If you disagree, discuss them
with your advisor.

Some students think that they are a means of getting their advisor’s research done.  This is not
true.  The most important outcome of Ph.D. research are students not papers.

What's the advisor’s job during Ph.D.?

Advisor’s only job as far as Ph.D. research is concerned is to mentor students. Some students
think that it is advisors “job” to raise money to support them. This is half true. It is advisor’s and
University’s job to provide resources (lab space, equipment, etc.) for research. In some
departments, students have to support themselves entirely through TA or RA (not related to their
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Ph.D.). Having an RA for your own Ph.D. research gives you more time and freedom to perform
research. It’s a privilege to have this freedom. At no time during your professional career, you
will have so much freedom, time, and resources dedicated to your intellectual development. So
make full use of your time during your Ph.D.

Most advisors work extremely hard towards their research (along with teaching and other
responsibilities). They work in their office, at home, and even during their vacation. Many of
them work at the expense of their “family time”.  To them, research is more of a lifestyle than a
job. Although it takes time to develop such attachment to research, it is natural for the advisors to
expect excitement, sincerity, commitment, and hard work from students even in the early
stages of Ph.D.
4. WORKING WITH YOUR ADVISOR

The way students and advisors work together differs from student to student and advisor to
advisor. But here is a kind of a general outline.
Phases of your Ph.D.

In most cases, you and your advisor will develop a well-defined broad objective of your thesis
very early in your Ph.D. Your progress towards your thesis can be classified into three phases.

The primary objective of the first phase is to introduce you to research. In this phase, the advisor
typically gives you a well-defined objective (a sub-objective of the broad goal) that could lead, if
successfully completed, to a good quality publication. This starting phase should have clear
questions, goals, and deliverables, meaning a student should be clear on what is the target and
what needs to be done. You and your advisor would typically work together on properly
formulating the questions, solving them, writing up a solution, submitting it to an appropriate
journal and/or a conference.

The primary objective of the second phase is to solidify your technical skills (experimental
and/or theoretical) in various areas that are relevant to your research. In this phase, the advisor
will continue to suggest objectives and experiments, ranging from well-defined to fuzzy, but you
are more on your own with respect to solving the problems and writing up the solutions. At this
stage, you are expected to have an in depth understanding of the details of your
experiments/models. You should also be able to write papers reasonably well on your own. You
should be able to give presentations on your own.

The primary objective of the third phase is to enhance your “vision” about research. In this phase
you should be advanced enough to find your own questions/experiments as well as the answer
them. It is also expected that you to broaden your views about research and develop your skills to
relate to other areas of research. You should be able to appreciate important problems in other
related fields. You should be completely familiar with the process of publishing papers. You
should also identify what you would like to do after you graduate and start learning relevant
skills that you haven’t already learned.

Meetings with advisors

Most advisors meet with their students once a week during regular quarters. You should also free
to drop by at non-scheduled times, or send e-mail. Working together is fun. Most advisors enjoy
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it. A good deal of research is spontaneous and arises from our interactions. You may not
have anything substantial to report at a meeting. That's OK, as long as it's not a habit.

Try to communicate as much as possible and be honest. Solicit feedback when you need it. You
are not only free to disagree but encouraged to do so. Developing your own opinions and
defending them is a part of your Ph.D. If you don't like a particular set of experiments that your
advisor suggests say so. If you don't see why it is important, ask for the motivation. The more
honest and direct you are, the better you will progress. Tell your advisor what you need from
him/her.

Prepare for your meetings. If you plan to present or discuss a scheme or an analysis of some data,
think about it on your own first. Prepare your thoughts so that you can present them clearly.
If your advisor has to spend more time understanding you, you get lower quality feedback
and it is harder to work together towards a solution. Don’t be afraid to give details. The less your
advisor knows, the lower the quality of the advice.

Think of your discussions with your advisor as a practice for the ones that you may present to
other people and larger audiences. Your advisor has more interest in what you have to say than
anyone else and he/she will pay more attention than anyone else. If he/she doesn’t understand
what you are saying, then probably no one will. Also, if your presentation doesn’t excite your
advisor, it will not excite anyone else.

Try to be clear where you think you are headed in the period up to the next meeting. What are
the tasks, questions, deliverables, if any? Write this down if you are unsure whether you will
remember it.

Finally, maintain free interactions with your advisor. If you wonder what your advisor is
thinking, ask him/her. Don’t play a guessing game. Remember, the relationship between you and
your advisor is not of the employer-employee type. Like any other relationship, this relationship
may have components of excitement, joy, disappointment, unhappiness, and fulfillment. It’s hard
to escape these emotions when you are working hard for a long time on something that you and
your advisor want to achieve badly. Be honest and communicative and you will be able to handle
it well.

5. ARE YOU ON TRACK?

Periodic evaluations of your performance are useful. The best way to know is to ask your
advisor. Progress is measured in a number of ways. Direct output, like papers is the most
obvious. The advisor also looks at how your understanding and knowledge of the material is
developing.

Referring to the three-phase path above, the minimal expectation at the end of Phase 1 is that you
have a good understanding of your subject. You should be aware of other people’s work in this
area. You should know what happens if something in your experiment is changed, and how it
compares to other’s experiments. This phase should typically take at most a year from when
you begin your research. By the time you complete Phase 2, you should be “swimming” fairly
comfortably in the material. You should be able to pick up new concepts rapidly and do simple
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proofs/comparison/analyses in your head. You should be able to make connections across
different sub-areas, have some sense of what is known and not known, and be at ease with basic
techniques. Your work should have resulted in good quality publications. The time required to
complete this phase varies from student to student. By the time you complete Phase 3, you
should have a sense of taste and maturity in addition to proficiency of your own subject. The
time required to complete this phase also varies from student to student.

Publications are crucial to a successful Ph.D. The quantity of publications varies with your Ph.D.
research area. If you want to head into research, whether at a research lab or in academia, they
will look at your publication record. Remember, you are not guaranteed a good job/future just by
the virtue of getting a Ph.D. We all know that outstanding college dropouts have more fame and
money than an average Ph.D. You should aim to maintain the quality of your research and papers
well above the quality of an average Ph.D. in your area. There are no set rules for the number of
publications. You should maintain the best quality of publication that you possibly can. In
addition to papers, it is also expected that you develop communication skills, both written and
verbal. Remember you may have to communicate with people from a variety of backgrounds
ranging from scientists, patent lawyers, to business executives.

The time required to complete a Ph.D. depends on many factors. Accomplishment is measured
by output, not time. For the sake of argument, one can only talk about averages. On average, a
Ph.D. requires five years. Finishing in less time is feasible. A common misconception is that the
advisor wants to keep the student for a long time. This is not true. A quick Ph.D. reflects well on
the advisor as well.

6. TIME ALLOCATION
How people allocate their time to research varies enormously from person to person, week to
week, or quarter to quarter. Some people work on an inspiration or deadline-driven basis. Others
maintain a steady schedule. Neither is right or wrong or better or worse; it is a question of
finding what works best for you.
Advisors look for sustained productivity. A successful Ph.D. student should typically display
excellent productivity and progress over the course of a reasonably long period. This would
include signs of increased understanding, confidence and maturity, and visible output like a
paper.

It is not unusual if on a particular day, or even week, you don't find yourself inclined to do much
research. Take time off now and then; if you can't concentrate, a vacation might do more good
than trying to sit in the lab and push yourself to work. How you allocate time on a short-term
basis is up to you. But if a long period passes without significant progress, you should worry and
talk to your advisor about it. If you don't know whether you are making “enough” progress, ask.
Don't be shy about it.

In general, Ph.D. students tend to put long hours into their research. Putting more than 70 hours a
week is not uncommon. In fact, many advisors put that many hours into their work. There is no
magic number to aim for since the required time varies from subject to subject. What an advisor
looks for is the commitment, sincerity, and the attitude that “I will do everything I can to get
things done”.


