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Ghoosing good problems is essential for being a good scientist. But what is a good problem, and how do you

choose one? The subject is not usually discussed expli

tly within our profession. Scientists are expected to

be smart enough to figure it out on their own and through the observation of their teachers. This lack of
explicit discussion leaves a vacuum that can lead to approaches such as choosing problems that can give
results that merit publication in valued journals, resulting in a job and tenure.

The pramise of ths essay i that & fullr
discussion of our topi, including s
subjective and emotional aspects, can
nvich our science, and our well-being. A
‘g00d choice means that you can compe-
tenty discover now knowledge that you
fing fascinating and that alows self-
oxpression

We wil discuss simple principles of
choosing scientfic problems that have
elped me, my students, and many fllow
scientsts. Theso principles might form
a basi for teaching this subject generally
toscents.

‘Starting Point: Choosing a Problom
s an Act of Nurturing

What is the goal of sarting a ab? f s
sometimes easy 10 pick up a default
valus, common in current culure, such
s “The goal of my lab s to publsh the
maximum number of papers of the high-
est aualty.”

Howover, in tis essay, we wil rame
the goal diferently: *Alab is 2 rururing
envionment. that aims to maxinize the
potential o students as scientsts and as.
human beings.

Choices such asthese ars crucial. From
values—even i they e not consciously
stated—flow all of the decisions made in
the ab, b and smal: how the Iab looks,
when students, can take a vacation, and
(a5 we will pow discuss) wha problems
o choose. Withn the nurturing lab, e
aim o chaose a problem for our studants
(and for ourseives) n order to foster
‘growth and solf-motivated research.

The Two Dimensions of Problom
Choice

To choose a scientifc problem, let us
begin with a simple graph, as a startng

point for discussion (Figure 1). We wil
compareproblems. by imagiing two.
axes. The frst s feasiilty—that s
whether aproblem i hard o easy,in unfs.
such s the expected tme to complete
the project. This axis is a functon of
the skils of the resaarchers and of the.
technology in the lab. 1t is important to
remember that problems that are sasy.
on paper aro often hard in realty, and
that problems that are hard on paper are
nearty impossible n reaity.

The second axissnferest:he ncrease
In knowiedge expected from the project.
Wo generaly value scionce that ventures.
doep o unknown waters. Problems.
can be ranked in terms of the distance
from the known shores, by the amount
n which they increase verifable knowl-
dge. We wil calthis the nforost of the
probem.

Inafortrcomingsection, we il discuss
the subjective nafure of the nfrest axi.
But first, et us frst consider aspects of
probiem choice using our iagram.

Looking at the range of probiems n ths
two-dimensional space, one sees that
many projects in cunent research are of
the casy-but-not-too-iteresting varisty
als0 known as “low-hanging fut.” Many.
other projects in sclence today are
unfortunately both diffcut and have low
Interest, partall stemming from a view
that hard equals good. A fow protiems.
are grand challenges: tough problems.
with the potential to_considerably
advance understanding. But most often
wo would fiko probloms in the top-ignt
quadrant, botn feasible and wih high
Interes, kel o extend our knowledge
sigfcanty

‘e diagram suggests @ way to choose
betueen problems, using the Pareto front
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principle of optimization theory. If pro-
blam A is betier on both axes than
problem B, one can erase 8 from the
diagram. Applying this crteron (o all
problems, one is et only wih problems.
for which there are no problems clearly
batter in both feasibilty and ntrest,
These remaining probiems. are on the
Pareto font.

To docide which problem 1o select
along the front depends on how we weigh
the two axes. For exampl, a beginning
graduate student neads @ problem that
Is asy; posiive feedback can thus be
rapily provided, bolstering confidence.
These problems are on the botom right
of the Pareto front. The second problem
in graduate school can move up the.
interest axis. Postdocs need projacts in
the top-right quadrant, since time is
imited. Beginning Pls, who need toselect
afieid on which 1o spend many years and
Wih which fo tran students, may seek
a grand chalenge that can bo dhided
into many good, small projects. Thus,
the optimal problems move along the
Parstofront as a functionof th ife stages.
of the scentist,

Take Your Time.
A common mistake made in choosing
problems s taking the st problem that
comes to mind. Since a typical project
takes years even it if soams doable in
months, rapid choice leads to_ much
rustration and bittemess in our profes-
sion It takes time o find  good problem,
and every week spent in choosing one.
an save months or years laer on.

In my lab, we have a rule for new
students and postdocs: Do ot commit
to a problem before 3 months have.
elapsed. I these 3 months the now
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Figur 1. The Feasibilty-Intsrost Diagram for Choosing a roject

student or postdos reads, discusses, and Ikl to choosa problems that il sasfy  the uniqueness of scientst, s the basis
plans. The state of mind is focused on  youn the fong term. of a viabie and creative scienc.
being rather than doing. The tempiation  The inner voice can be strenginened  To chaos a good problem, therefor,
to start working arises, but @ rule is and guided f one s lucky enough lohave e need 1o reflect on our own world
‘arue. After 3 months (or more), acelebra-  carng mentors. A scienist often needs  view. And, as merfors, we can help
tion marks the baginning of the research  asupportiva enviranmenttobegin tolisten  studsnts in the late phases of their PRD
phase—witha wel-planned project. to1his voice. One way {0 help stening to  or i the posidoc stage to strangthen thei
Taking time s not always easy. One  the ner voice s to ask If was the oy inner volce. Amentor can help by stening
must be supported to rasist the urga:  person on eart, which ofthese problems 1o a student describe what they lie in
“Oh, we must produce~—et’s not waste  would | work on?” An honest answer can  science, I Ife outside of science, what
time, and start working.” | am under no _help minmize compromises. moment made them decide 1o become.
flusion that everyone is ree o choose  Another good signof the nner voioe re  scintiss, and what scientfic work they
their own problems, or has the tme  Ideasand questions that comebackagain  admire. We  somelmes begin 10 o
needed for an extended search, Taking  and again o your mind for monts or  pattoms in what the student is taking
timo can bo especial dificult when fund- years. These are kel 10 be the basis of ~ about. Tharo emerges a map of values,
ing is insufficant and grant deadlines  good projocts, more o than ideas that In the way that deep rocks in an ocean
approach. In such dificut situatins, have occurted o you In recent days.  are discernable by the waves mads on
nurtuing is not enough, and you need 1o Another good test: When asked 1o the surface. s this student motvated by
fnd support and do all you can 10 get  describe ourresearchto anacquaintance,  visual aeshetcs or by abstract ideas?
into & beter situation. Even <o, for many  how does it feelto describe each project? By supporing the dogma or by undermin-
of us dealing wih the dffculies of It ramarkable thatistening toourown  ing commonly held truts? Lies tach-
running aab, taking time to choose prob-  idiosyncratic voiceleads obeterscience.  nigues or logical prools? Basic under-
Jems can make a huge difference. Itmakes research sel-motivated and the  standing or applied work? And 5o on.
outine of research more rewarding. In  This can help the mentor selecta project
‘The Subjectivity of the Interest Axis  science, the more you inerest yoursell, in which the student has the potertial
Let s now ook in more detall on the axis  the larger the. probablty that you will _for slf-expression. As menfioned above,

of problem interest. Who dacides how to  terestyour aucience. when one can achieve salf-expression in
rark the inferest of problems? One of science, work becomes ravtalizing, sef-
the fundamental aspects.of sclence is  Self-Expression ariven, and laden with porsonal meaning.

that the iterestof a problem s subjective What i the ssence of the fnner voice? It may also have a better chance of
and personal. This subjectiviy, however,  The projects that @ paricular ressarcher  discovering somathing profound.

makes things confusing. The confusion finds imerasting are an expression of

is cue o the mixing of two voices—one a personal fier, @ way of perceiving the  The Schema of Research

is 2 loud voice of the interests of thosa  worid. This fter is associted with a sat  Wnat happens after wa choose a
around us,in conferences, n our depart-  of values: the belefs of what is good,  problem? Before we end, Id ik {0 dis-
ment. etc. The ofher is 4 faint voice In  beaulful, and te versus what f bad,  cuss the mental picture or schema we
our breast, that says, “This is interesting vy, and fals. Our unique fiter is what hoid of what resssrch vil ook like (Fig-
tome.” Ranking problems with consicer- e bring o the ableas sienists. Amuli- ure 2], A common schema i expressed
ation to the nner voice makes you more plcty in styles and questions, based on i the way papers are witten ono starts
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