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Research: Some Definitions

» Webster: “Diligent and systematic inquiry or investigation into a
subject in order to discover or revise facts, theories, applications.”

* Einstein: “Science (research) is nothing else but refinement of
everyday thinking.”

o Keywords:
o discover a original contribution!
e revisea critical thinking!

e refinea diligent work!



Research: Unigue Features/Challenges

* You are confronted with a challenge of making an “original
contribution” a create an intellectual product that has never
existed before in the world of smart people!

* You have to operate in an ambiguous environment a find
or develop something that is not fully defined. Lesson:
definition of the problem is an integral and perhaps the most
Important part of good research.

* You haveto bevery patient a you could go through “dry
spells’ lasting months or even years when no significant
results emerge although you seem to work as hard as one can.



Research: Unigue Features/Challenges

*The moment of gratification of solving the problem is very swest,
but also very short a and it is time to move to another problem.

* You have to be fiercely competitive/aggressive but not in a
“gport/ military” sensea you should confront the problem, not
people asif it isapersonal challenge, so you cannot sleep and eat
until you win.

* No 8 to 5 work days and no weekendsa problem occupies your
brain all the time when you walk, eat, drive the car, sleep.



Research: Tips on Good Practices

 Defining the problem: why is it important?

@ Problem definition is perhaps the most important a when you
have done it, you are ready to present your Ph.D. proposal.

@ Once you realy defined the problem, solving would require
efforts and certain refinement of theideaa the major work is
done when the problem is properly defined.

@ Defining the problem does not mean saying “I will look at, for
example, machining of the titanium alloys, since nobody |ooked at
It before based on my literature search” a it means formulation of
a clear hypothesis and performing basic scaling analysis and/or
simple experiments that support your hypothesis, so it is now
worthwhile refining the idea and looking at the details.



Research: Tips on Good Practices
 Defining the problem: what makes problem be good?

@ Know the state of the art in the field, but be careful not to let
the experts opinion to influence your take on the problem a that
Iswhere the role of the thesis advisor is perhaps most significant.

@ Work on the important problemsonly a these are hard, but
could lead to the original and significant results.

@ Y ou must have avery deep knowledge of the fundamentalsin
one, two, or at most three basic science disciplines in which you

are trying to make your contribution a it isequally applicable to
traditional uni-disciplinary and interdisciplinary work.

@ True contributions are still made in certain disciplines (not
between disciplines), but you should use knowledge developed by
peoplein other fields to advance your disciplinea that iswhere
the value of multidisciplinary approach or “strong peripheral
vision” comes into play.



Research: Tips on Good Practices
 Defining the problem: how to approach it?

@ Utilize what | call “after abig party table cleaning practice” in
guiding your thinking process to define the problem a first put
biggest dishes away to clear up your path to those smaller and
dirtier itemsthat are hardest to clean. The latter are potentially
good topics for the original research proposal.

@ Start with very deep understanding of basic fundamental issues
of the problem you are confronted, then find the bottleneck a this
IS aresearch problem of potentially high impact.

@ Think how you could attack a bottleneck problem without
looking at the prior work (i.e., no in-depth literature review, yet)
a record in details your thoughts and observations

@ Do not rush here, spend your time on developing your original
thoughts/ideas.



Research: Tips on Good Practices

 Defining the problem: how to approach it?

@ Do not let your knowledge of certain methods, techniques, etc.
drive your approach to the problem & do not select the problem just
because it fits the skill set you havea thereisagreat chance that
such aproblem won't be original and worthwhile attacking.

@ Now, review the literature in depth, critically compare your well-
recorded thoughts/ideas with the current state-of-the-art a hopefully,
through this comparison and consultation with your thesis advisor the
preliminary problem definition will emerge.

@ Findly, it istime to do ssimple analysisexperimentsa make sure
you do not violate basic fundamental laws of physics or chemistry.

@ If everything looksgood a it istimeto write aPh.D. thesis
proposal!



Research: Tips on Good Practices

» \What else to pay attention: Know/exploit your strengths & weaknesses

@ Y ou could be an excellent theorist or clever experimentalist a
possible, but seldom you have equal strengths in both aspects.

@ Do not go against nature in Ph.D. level research a for example,
don’t try to focus on theoretical work if you think this s your
weakest point and by doing an original research you would hope be
able to remediate it.

@ 1t won't work, simply sharpen your weaker points through the
extensive coursework, but try to make an original contribution using
the best skills you have.

@ It isaready hard to make an original research contribution, so it
may never work for you if you will try to do it where you are not
naturally good.



Research: Tips on Good Practices

* What else to pay attention: Environment is soil for good research

@ Cultivate smart and intellectually curious friends/colleagues who
are interested in bouncing ideas and are themselves doing an original
work in their disciplines.

@ These friends could be the best critics of your work a you would
not believe how many good ideas come up when you talk to a smart
non-expert in your field.

@ Exploit hidden resourcesa involve your spouse or girl/boy friend
Into your scientific pursuits, but not during an anniversary dinner.



Research: Tips on Good Practices
 Last words...

@ Thereisno such aresearch field/discipline where all original and
Important problems have aready been solved a good news!

@ In the new emerging fields, these original problems could be
hanging low to be picked a so the challenge is to recognize them.

@ In more mature disciplines, the challenges are often deeper and
much more profound and often already formulated (e.g., in 20 most
Important problems in math by Hilbert) a here, the success would
heavily depend on your solid mastery of fundamentals and creative
application/devel opment of new concepts/analytical or experimental
tools.

@ Regardless of the specific research field, your best partners are a
deep understanding of fundamentals, creativity and originality of
your thought process (often going against the tide), and hard work.



Research: Tips on Good Practices

e Good luck and remember that, by
definition, thereis “good research” but
no unique “good way to do research”

e Developing your own unique approach

to research 1IsaBIG PART OF YOUR
GRADUATE EDUCATION & RESEARCH!
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