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5 Questions drive research

In the theoretical physics community there are many more people
who can answer well-posed questions than there are people who can
pose the truly important questions. The latter type of physicist can
invariably also do much of what the former can do. but the reverse
is certainly not true.
Zee, 2003
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Many scientists (and non-scientists as well) live under the impression
that they don't know much about research topics that lie outside those
that occupy them on a daily basis. We often feel like a blank sheet
of paper when it concerns such research topics. Perhaps we know
more about various areas than we think. The path to ferreting out
aspects that we do and don't know is lined with questions. For exam
ple, both of us authors are geophysicists, and (an understatement) we
don't know much about biomedical research. Yet if we take a topic
such as cell therapy, several statements (correct or incorrect, naive or
otherwise) about this area of research can readily bring a number of
questions to our lay minds. A line of thinking might go as follows.

In cell therapy one seeks to modify the genetic material of cells in
a body in order to correct the deviant behavior that causes a
disease. The genetic material is stored in large molecules called
DNA. Viruses modify the genetic material of cells. Can we use
existing viruses for cell therapy! How do we change the genetic
material of viruses! Are there ways other than through use of
viruses to change the genetic material of cells! We know of such
an activity as genetic engineering. Must that technique be used in
the laboratory only, or can it be applied in-situ!

This list of what we already know and questions that they
inspire can readily be made longer and progressively more sophisti
cated. This, of course, in no way implies that we have any degree of



)ise in the field of cell therapy (quite the opposite), or that we can
formulate research questions that are pertinent for front-line research
in cell therapy. Even though many of our notions about the subject
are likely erroneous, containing many misconceptions, we neverthe
less are not blank sheets of paper regarding cell therapy or many other
subjects.

The example above suggests that formulating questions is the
precursor to further learning. Posing questions is such an essential part
of innovation in research that we focus on the role of questions in this
chapter. But where do the questions come from? When embarking on
a new line of research, it is useful first to make a list of what you
know, or think you know, about the research topic. You need only
take a fresh piece of paper, or fresh computer page, and write down
or type everything you know about the topic. Don't be critical and
don't "filter" your ideas before you write them down. It's as useful to
discover your misconceptions as it is to find out which of your notions
are correct. This starter list of unfiltered ideas fertilizes the soil from
which questions sprout.

5-1 THE NEED TO ASK QUESTIONS

HejAristotk) provided a pattern of learning which is among the mostdifficult of all steps in science. It consists of being able to ask questions in
such a manner that data can be sought for an answer.

Moore, 1993*
That is the essence of science: Ask an impertinent question, and you're on
your way 10 a pertinent answer.

ISronowski, 1973

Suppose you are lost in a forest and you need to find your way
out. One approach is just to go off in some direction and hope that this
gets you out. If, however, you don't know where you are going and
have a hard time keeping your bearing, this usually leads to endless
wandering through the forest, getting nowhere. Instead, what might
you do? You could ask yourself questions such as: Can 1 see any

• Reprinted with permission of Harvard University Press.

) 1. hr alandmarks, for example, a hilltop thai will allow me a vic\.
larger area! Is there a river or a road that could lead me to population!
Is there any direction, such as downhill, in which I can reasonably
expect to find a way out! Are there any signs of human activity such
as traffic noise or smoke! From having posed these questions, you can
start to devise a strategy for getting out of the forest.

Consider another problem. You are developing software and arc
stuck with a bug in your code. How do you find this bug? You could
just stare at the code long and hard. This usually leads to myopia rather
than to quick results. A far more efficient way to uncover the bug is
to ask yourself questions aimed at helping you find it. (This might
sound like circular reasoning, yet this is the way to proceed. Before
you can find it, you must first focus on where to look and what to
look for.) For example, can you narrow down the bug to specific parts
of the program, such as a particular subroutine? In order to answer
these questions, you can insert test statements in your code or write
a test program. In the short run this costs time, but over the long run
it can save a great deal of time; it often is the only way to find the bug
(unless you are lucky).

The upshot of these examples is that, to solve your problem,
the key is not to look for answers but to ask the right questions. If
you pose enough questions, some are bound to be right ones. Asking
questions is essential in research because they help give focus, and
without such focus we are groping in the dark. Questions posed and
later pondered give needed direction to our research.

What would our world-view be like, for example, if Einstein
had not asked himself the question "what would happen if the speed
of light is the same for every observer?" At first sight this seems an
absurd question because it implies that two observers moving with
respect to each other see light propagate with the same speed. Yet if
Einstein had not thought to pose this question, the theory of relativity
would not have been formulated, the equivalence of mass and energy
would be a puzzle, and many technological advances, such as satellite
navigation (Ashby, 2002) would have been impossible. Much of our
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world-view and technology have been shaped by great minds who were
motivated to pose and follow up on questions that at first sight seemed
outlandish, but whose inquisitive nature led to discoveries that could
not have been imagined before.

Perhaps surprising, when you ask the right questions the
answers usually follow rather directly. But, are all the questions you
ask the right ones? Of course not, so pose lots of them. The process
however, works only when the questions are sufficiently specific Sup
pose you are still lost in a forest. Asking yourself the question "how
can I find my way out?" is not of much help unless it is used as an
aid to thinking of more well-defined following ones. The questions
must be sufficiently clear-cut that they lead to actions that will guide
you to the problem's solution. If the questions fail to do this you
have to make them more detailed. This process of asking yourself a
succession of questions that are progressively more specific could be
constdered as a path that might lead you out of the forest. Although
subsequently finding the answers to these questions could well entail
much work, such a path usually is the only practicable way to start
toward solving your problem.

Being innovative in the type of questions that we ask is essential
As stated by Nick Woodward, program manager at the US Department
of Energy: "we need to change the nature of the questions we ask not
,ust seek better answers to the questions we already have." Wouldn't
« be good if all the questions you asked were the right ones in some
sense? While that, of course, cannot be guaranteed, a prime charac
•ensue of the right sort is that the question leads to tangible action
Its promise of accomplishing that, moreover, requires that the ques-
fon not be so large that the suggested course of action requires too
many steps in too many directions at once. Breaking up the large ques-
t-on mto smaller ones usually helps in formulating those that lead to
action that ultimately helps solve the problem.

It is often said that scientists must be good problem-solvers.
Tins is true, but the key to solving problems is not your problem-
solvtng skill; instead it is your skill in posing the right questions

c

Often when you hit upon the right question - a particularly pertinent
one - you almost immediately have solved the problem.

Asking questions is central for a related reason, one that might
seem vague, even mystical. Humans have great creative power. The
process by which this power is released involves several steps. First
we think about a certain issue. After having formed our thoughts,
we translate them into words by either saying them aloud or writing
them down. Ultimately this sequence leads to actions that allow us
to modify our world. We thus have the following chain of events:

Thoughts => Words => Actions

This sequence parallels the idea succinctly stated by Emerson (1841):
"An action is the perfection and publication of thought" and formu
lated by Saint-Exupery (1931) that "in life there are no solutions. There
are only forces operating: you have to create these forces, and thesolu-
tions follow." Our thoughts, made more tangible by putting them in
words, are crucial to giving us direction and moving us to action. Our
thoughts are ethereal. This is not to discount the value of pictures in
our minds. The ideas of some of the more creative scientists grow in
their minds as pictures rather than words.

The words or the language, as they are written or spoken, do not
seem to play any role in my mechanism of thought. The psychical
entities which seem to serve as elements in thought are certain
signs and more or less clear images, which can be 'voluntarily'
reproduced and combined.

Albert Einstein, in Hadamard, 195'!

Words nevertheless are the vehicle to capture these thoughts
and make them more tangible. These words can be written, spoken,
or simply repeated and quietly pondered in our mind - or any com
bination of these. Words are more tangible than thoughts and more
connected to matter in the case of spoken words (sound waves) or
written text. It is through our actions that we translate the words into
material events.

c c
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^ nderpins science, the path taken in research often departs from- g,cal-At times we can be most effectivein finding thepath to
soluuon by creative thinking driven by intuition rather than by pure

■ • -the temporary relinquishing of conscious controls hberates the
nund from certain constraints which are necessary to maintain
'he drsciplmed routines of thoughts but may become an
impediment to the creative leap...

Koestler, 1964
This is no, to say that intelligence is not essential to research Of
course it is. In addition to their value in logical pursuits, intelligence

nndexpertisearetheretosteerfreeassociationatasubconsciouslevelThe process described in the quote above is nowadays referred
.o as bramstorming. While we often think of brainstormmgl a group
ctivity tt can actually be highly ptoductive when done individually'

e ramstormmg, the ideas come in by free association. Unfortu
■ncly, ,t too often happens that, when brainstorming with a group
he tcmptatton is large to react on each other's ideas m a way Zl™ z:,icins ?c bra,nstormin8—*—£
3 I don t h.nk that is right" or "that can never be done because «
■uerrupt the flow of the free associations needed for productive

-n-stonmng in a group.* m our experience, brainstorming session
sua ystartontherighttrackwithagroupproeessoffreeas ociatmn

but, too often, after a while this process becomes stifled by critic^
— from within thegroup. The later into the session to which

» mmm'Tr-Can P0StP°nCd' thC m°re USefU' Wl11 be ̂  b̂n-nnmg. TJus IS not t0 denigrate ^ valuc q{ ^
"thers. In the best of group brainstorming, ideas abound, but an effec
• vc chau-person is needed to monitor or facilitate the process by redi-

-ttngtheflowofthediscussion when participants become reactivt

2 ̂ssatssssst——P5;lhcycanbreak

c

Questions, of course, can arise in settings other than brain
storming sessions of the group or individual. Questions pop up while
reading a paper, listening to a seminar, or at random moments during
the day or night. To ensure that these questions are not lost, keep
pencil and paper handy so that you can write them down immedi
ately. This can also be done in the margin of whatever (of your own)
you are reading or on index cards kept close by. It is useful to carry
a small "questions" notebook, suitably labeled with a big question
mark on the cover. Alternatively, a handheld computer can be used
for this purpose, although the authors do not see themselves operating
such a device in the middle of the night after a particularly inspiring
dream.

5.2 ORDER AND PRIORITIZE QUESTIONS
When there is no problem, there is no incentive to think about it or solve it.
Only when a problem becomes irritating enough do we tackle its solution.

Killcfer, 1969

The list of questions made by free association and by collecting
questions over time basically frames the problem or problems that you
face in your research and that prompt you to take action. Usually,
embedded in the questions you have formulated is a logical order,
perhaps initially hidden. Because research is most effective when its
actions are well ordered, once you have made a list of questions about
the topic of your research it is therefore appropriate to organise them
into some logical arrangement. As mentioned above, this can he done
particularly simply by cutting the sheets of questions in pieces with
one question per paper slip. These smaller slips of paper can then be
moved around the table until they reflect a logical order. Prioritization
of the different questions can be accomplished by defining categories
for those that are related to one another and then sorting the slips of
paper within each category. The shuffling of questions can, of course,
also be carried on a computer since text can be placed at will on the
screen.

0 <



■\Linear ordering Planar ordering (non-linear)

llem l

Item 2

Item 3

llem 4

llem 5

nc 5.1 A linear ordering of items (left) versus an ordering of items in*
plane |nght| that allows for more creativity and flexibility

Shuffling questions around on a sheet of paper or a computer
screen might appear to be a primitive way to organize questions, but
n has an important advantage over making a single sequential list
Havmg items listed simply in sequential order draws the individual
into thinking linearly. Such an ordering is shown in the left part of
Fig. 5.1. I„ contrast, shuffling small pieces of paper around over a
Plane, as shown in the right part of Fig. 5.1, offers freedom to make
connections among the different items more readily than with the
linear ordering in a conventional list. Once you paste the pieces of
paper onto a large sheet of paper, you can use colored markers to draw
arrows that show connections among different items, or you can write
addition*] comments on the master sheet of questions that you have
created. Alternatively, the drawing tools on a computer can be used
to achieve the same results.3

You might think that we are describing a merely kindergarten
approach to creating order, but consider the method Mendeleev used
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fig. s.2. The periodic table of elements as compiled by Mendeleev in
1869. The table is rotated 90 degrees compared io the way it is currently
displayed.

in the nineteenth century, which led him to discover the periodic
table of elements. An early version of his periodic table is shown in
Fig. 5.2. As he describes,4

4 Mendeleev, Principles of Chemistry, Vol II, 1905.



/ began to look about and write down the elements with their
atomic weights and typical properties, analogous elements and
hke atomic weights on separate cards, and this soon convinced
me that the properties of elements are in periodic dependence
upon their atomic weights.

By making a card for each element, and by ordering them according to
properties of the various elements, he discovered an underlying order
to the properties of the elements. Mendeleev accomplished this at a
tore when about 50 elements that we know today had not yet even
been discovered! It is a tribute to his genius (and doggedness) that
he perceived the order in the periodic table when so many pieces of
the puzzle were not yet known. The early draft of the periodic table
m Fig. 5.2, which clearly shows that the intellectual work is still in
progress, is a two-dimensional display of his ideas much in a fashion
akm to shifting pieces of paper.

The process of generating questions and ordering them is appli
cable throughout your research career. One of us, together with a
graduate student, visited Shell research with the goal of giving shape
to a ,otnt research project. We spent the first two days talking about
possthle research directions, about things we knew and those we did
not know. In the process we generated question after question, and
wrote down every question and idea that arose in the discussions. On
the second evening in our hotel room we borrowed scissors, glue and
a large piece of paper from the surprised hotel staff, and cut our list
of questions into pieces with one question on each piece of paper We
ordered these questions into a coherent and logical pattern on a large-
sheet of paper. The next morning we could show our colleagues at
Shell a workplan for the project that needed little modification from
their side.* Quite likely you might consider it unecessary to revert

research p.an from the security company, but to our surprise we could reconstruct

to such kindergarten steps as cutting, shuffling, pasting, and drawing
colored arrows. Give it a try though, to find out if this approach works
for you. A variation of it did for Mendeleev.

5.3 TURNING QUESTIONS INTO A WORKPLAN
We've just discussed making a prioritized list of questions that support
the primary question of the research project. This list serves a two-fold
goal. First, it helps to focus on the issues that you want to investigate.
Second, the list can be used to translate those questions into actions.
Sometimes it is difficult to decide where to begin when addressing a
problem. Your prioritized list, however, can be a valuable aid in decid
ing the order in which to proceed in carrying out your investigation.
This amounts to making a workplan for the research. Such a workplan
should not be viewed as a formality for documenting the work to be
undertaken. Instead, making a workplan is a process of formulating
a strategy for carrying out the research in a systematic way. Devel
oping and following a workplan is critically important when you arc
working alone, but is even more so when you are working in a group.
To use the full potential of the group requires cooperation, dividing
of tasks, and coordination of actions. While working in a group poses
problems associated with interactions among members, potentially
a group can make much more progress than can an individual work
ing alone. Whether you work alone or in a group, the workplan is
an important tool for giving focus and direction to research (see also
Chapter 6).

A good workplan starts with a clearly defined goal of the project.
Write the overall goal at the top of the workplan, and keep it in mind
throughout. In a sound workplan, all the actions in the plan ultimately
support the goal of the project. Having the plan written down and
prominently displayed aids in keeping focus on the project's goal.

the research plan within an hour. Once the research plan had been internalized (i.e.,
imprinted on our mind - in no small part through the manipulation of the scraps ol
paper), the physical manifestation of the plan in print diminished in importance.

c



• o 1 g; W°rkpian iS CaSed b>' ***** wi th the0,-Ad ,1St of questions, discussed above, and then translating the
quesuons mto actions that could help solve them. When workmg in

to subgroups. A good workplan contains the following elements:

. An ordered list of activities to be carried out
• A clear indication of how these activities are interrelated <
• A deliverable and a timeline for each activity.

A deliverable can be, for example, a written or oral report, a set of mea
surements or entries for a database of references in literature sea"
It -s essentia, that the workplan be documented. We have good exp i
cnce wtth documentmgtheworkplanin^miformat, the onnat
fa-"Pages In this way the workplan can be read on any compu
that has a web browse, An additional advantage is that the workplan

net that allows access to only certain users. A WO* is particularly

mtcrnc . A W,k, is a webpage that can be accessed and edited con
veniently through the internet by a designated group of users. T e

When working in a group, it is important to hold each other to
t»e workphm and its timeline. Suppose for example that, in a oup

"•' hC UK'°f thC m0nth" h rcm-ns a good idea to go ahead with
t- meeting to d.scuss the subgroup's part of the project at the sched
- c ---enifthatsubgroupothenvisemtghtnotfeel ready ;;e"
« report ,ust then. Useful types of questions that might arise in £

; £ = ^For ..tore m/ormation see htcp: //„M.viki .org_

facto.- I'fi.-icircumstance could include the following. What are the facto.- mat
cause the subgroup to feel unready to report: Were there unforeseen
complications that bear discussion within the full group? When will
the subgroup be ready to report- Is it necessary to change the work-
plan? Even when you are working alone rather than in a group, posing
such questions can be a useful exercise because it helps keep your
work on target.

While a workplan is a useful tool for keeping focus in research,
it is nothing more than a tool to serve the goal of carrying out the
research. The workplan itself is not the goal and should never be
turned into one. Moreover, the workplan should never be considered
as carved in stone. It is in the nature of research that its course can
rarely be foreseen in all its details. If it could be, the research prob
ably is not sufficiently innovative. It can therefore be expected that
the workplan will need to be modified, perhaps frequently, over the
course of the project. Don't be hesitant to adjust the workplan as the
project progresses. Again, it is nothing more than a tool to formulate
a strategy. Hanging on too rigidly to a single strategy could hamper
progress in the research.

Although this chapter opened with an example of questions one
could think of about a subject that is outside the individual's field of
expertise, for the research that you'll be doing your questions ought
not to be arriving totally out of the blue. Rather, they will come from a
field of research, even if it is new to you, about which you have become
quite familiar. Key to gaining that familiarity is doing a thorough
literature search. Such a search is the start of any research project, and
it can be worthwhile periodically to repeat the search while carrying
out the project. Chapter 9 offers suggestions for aids to making that
search effective.

The central message of this chapter is that, whatever back
ground you bring to a problem, your quality as a researcher depends
primarily on your ability to ask the right questions, but that can
happen only if you pose lots of questions, many of which will



subsequently be discarded. In case you have doubts about this
approach, watch leaders in a research field during a seminar. These
usually are the individuals who come up with numbers of questions
Their ability to generate questions, the product of an open mind is
no small factor in what makes them leaders in their field.

6 Giving direction to our work

6.1 SET GOALS
// you don't know where you are going, any road will take you there.
Lewis Carroll, 1832-1898

It's a dream until you write it down; then it's a goal.

Simon, 1998

It's difficult to imagine embarking on a journey, adventure,
activity - any endeavor - without having a goal, however vague that
goal might be. Even if you don't study a map before going on a road
trip, you at least think to put gas in the car. Coals for a holiday might
be explicit or implicit, and they can range from short term to inter
mediate and somewhat long. A career in science, starting from your

period in graduate school and continuing into a life of research, is a
journey, a long one. Much more so than for a holiday journey, the
thoughtful setting of explicit goals is of crucial importance for a suc
cessful career in research and for success in the research itself. By
success, we mean here the achievement of valuable contributions in
your field, accomplished with a good deal of pleasure and a minimum
of needless pain and time wasted.

Goals give direction to our actions. By clearly choosing and
defining goals, we provide a focus for action needed to arrive at a
hoped-for destination or outcome. Defining goals not only helps in
creating a mental commitment to take certain action, it also enables
us to formulate a plan of attack toward reaching the desired ends.
The most short term of goals, for example, what you plan to accom
plish today, are the easiest to define and pursue. The focus needed
for success in graduate school and in research in general, however.

c c



Ves the defining of goals that are of significantly longer term
■ --n well-defined, long-term goals spelled out, you can then proceed

to define a sequence of progressively shorter-term ones. To be clear
about our meaning, a well-defined goal minimally requires that it be
stated in writing.

For good reason, you can expect your goals to change with time.
With a sequence of goals kept clearly in mind, however, you can be in
control of those changes and avoid being thoughtlessly deviated from
your path. Numerous factors can deviate us from our goals or our
Planned t.metable. In research, setbacks are common: experimental
equipment might not be cooperative, computers crash, people might
try to convince us to choose a different path, and the general level
of distraction can be so large that staying focused is difficult More
over, the results of our research can fall short of what we might have
expected or hoped for. For these and other reasons it is not always easy
- and sometimes it is not even desirable - to keep working toward the

reahzation of a defined goal. Nevertheless, without having set well-
defined goals, the risk is high that chance events (and, sometimes
other people) will determine where you are headed. It is unlikely that'
you would be happy with that. That being the case, you need to be the
one settmg, following through on, and, when appropriate, modifying
goals for your research and career.

In research it is likewise crucial to define goals. What do you
want to discover?' What do you want to achieve? Satisfy your sci
entific curiosity? Publish many papers and advance rapidly in your
career: Develop a patent or marketable product? The attainment
of such general goals requires that more specific ones be set and
addressed beforehand. Your goal could he to find out how a spe
cific b.ological process works,- it might be a desire to make your
name by presenting a breakthrough at conference X. Decide on what

c o , p , „ n g , h e s e „ , e n c e . ' ^ J ^ ^ ^ ^ "

each you. ̂ Oal.you really want to achieve, and then work hard to rea
This is the only way to maintain control over the direction in which
you head.

Appropriate for research is to set a hierarchy of different goals,
some of them global and long-term, which require the defining of
shorter-term ones that must be satisfied along the way. An example
is "I want to develop a career in research with the aim of solving
a grand-challenge problem in genetic engineering, and later in my
career I want to share the expertise I have acquired with a younger
generation." Working toward such a goal requires study in graduate
school and the setting of shorter-term goals for graduate studies such
as those for course work and research. The satisfying of shorter-term
ones amounts to having passed milestones along the road. A milestone
can be, for example, the completion of a certain set of experiments,
the finishing of a certain amount of course work, or the presentation
of a certain piece of research at a scientific conference. In practice, we
benefit not only from defining our intermediate goals but also from
monitoring our progress over time. Defining the milestones there
fore entails not only what exactly is achieved, but also when each
milestone is reached.

Not everybody has clearly defined goals for the longest time-
scales, and, to be realistic regarding these longer-term ones, we should
be alert to "expect the unexpected"; unanticipated events in life often
give the realization of long-term goals an unexpected twist.

We find the question "what defines success?" to be particularly
useful when defining goals. Answering this question necessitates that
we thoughtfully articulate just what is our larger goal and, by infer
ence, what are the milestones along the way toward that goal. The
question of what defines success can be addressed for each of these
milestones.

In research, one usually proceeds from one phase to the next. A
phase in research is usually focused on answering a specific question
or range of questions. This could, for example, involve a literature
search, the formulation of a research plan, the creation of software, or



the performing of an experiment. Often, it is essential to finish each

step, defined by a specific milestone, before moving on. One might
need the results of a specific task in order before proceeding to the
next. For example, the creation of a workplan depends on a thorough
knowledge of the current state of research in the field, so a litera-
turc search is necessary in order to learn what is presently known.
The design of future experiments likely will depend on the outcome
of measurements previously made. In practice, we work toward our
goals by realizing a planned sequence of subgoals (milestones). Con-
fusmg the order of the milestones can lead to an ineffective line of
research. With a well-thought-through sequence, reaching a particular
milestone gives confidence to take the next step in research.

One model for defining goals in research is to structure the
plans as if preparing a research paper. Such a paper usually begins
with an overview of the current state of research and previous work.
Next, the research methodology is introduced and then applied to
experiment, numerical simulations, or to data that are collected oth
erwise. This information is then processed and applied toward the
research question being asked. Finally, this is all integrated into con
clusions and a discussion of the implications of the work done. This
generic structure for scientific papers can effectively be used for defin
ing goals and milestones for research. In practice, one does not know
ahead of time just which part of the research will be successful, so
it is prudent to lay out a number of potential paths that could be
followed.

Again, in defining goals, we are choosing where we are headed
Then, by articulating our goals, sharing them with others, and writing
them down for ourselves, we build a commitment to work toward
realizing them. This commitment then leads to actions that bring us
closer to reaching our goals. Note that, in doing so, we follow the
same chain of events as discussed in Chapter 5: thoughts (our goals)
lead to words (the articulation of goals) and then to actions (aimed
at realizing goals). Following this sequence helps us use our creative
power to give shape to our future.

6.2 FIVE STEPS TO TAKE IN WORKING TOWARD
YOUR GOALS
Intentness is the ability to resist temptation and stay the course, to
concentrate on your objective with determination and resolve. Impatience
is wanting too much too soon. Intentness does not involve wanting
something, intentness involves doing something.
Emery, 200S"

As we have seen in Section 6.1, without having defined your
goals, other people and external circumstances - including chance -
will decide where you are heading. Defining goals, however, is a dif
ferent matter from reaching them. A process of translating goals into
actions might be the following, adapted from the book of Robbins
(1997).

• Define your goals. Again, being explicit about your goals, making them
sufficiently specific, and writing them down helps you create a strong
commitment to them so that they can be translated into actions.
Remember the question "what defines success for my project?"
Answering this question often leads to a more clearly specified, and
sometimes more measurable, endpoint of the chosen goals, which can
help you work toward their realization. Note also that having a
timeline will be particularly helpful once you've defined your goals.

• Decide if you are willing to pay the price. Achieving something large
in life rarely comes for free, just as becoming a great athlete requires
training, a shining academic career requires dedicated study to learn
both your chosen field and the professional skills needed to be
successful. This will entail hard work and, at times, some sacrifice.
You should make a conscious choice as to whether or not you arc
willing to follow through on your larger goals. To excel in research
you must be willing to - that is, make the conscious choice to - put in
the energy necessary to learn new things, follow the scientific
literature, establish contacts in the scientific community, take steps

• Reprinted with permission from Fircl.ot.se Maga:ine, Copyright April 2008
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Voster your creativity, and have the courage to be truly innovative
./mismatch between your goals and your willingness to invest in
them is a recipe for disappointment. Your choice can work out either
way, but choose'.

. Define a strategy. Once you have decided that you truly want to
realize your goals, define with care your strategy for achieving them
for planning steps to take, and for denning milestones along the way
toward the goal - and don't forget to include a timeline. Again put
your strategy on paper in order to make it more tangible. Then start
executing the plan.

. Evaluate your strategy. While executing your plan, you will probably

•Uscover that some portions work out well, and others don't This is

-«J nobody is perfect, and no plan is fool-proof. This is aggravatedby the fact that "in the beginning we don't know what we don't
know." Our initial ignorance often leads to a strategy that needs

justing. Therefore, periodically evaluate your strategy by identifyingus weak and strong points, assessing what works and what does not
• Modify your strategy Adjust your strategy based on evaluation of

winch of your actions have been effective and which have not. Likely
you w.ll go through cycles of reevaluating and modifying your
•strategy, making changes to the execution of your plan.

Neither setting nor following through on goals is a trivial mat
ter but realizing that you need to modify your goals and strategy
•-I havmg the discipline to define and act on the changes, can be the'

t o £ T i ^ " ^ ^ ^ ^ ^ ^ ^ ^ ^ e g o a l i n l i i e ,
.courst,yoUrfesearchgoa,,Youmightfindi[ instruc[ iveto rc-rcad the above sequence of steps with your research project in

6-3 WHAT IS YOUR GREATEST RESOURCE?
'» Rowing the above steps of defining your strategy, evaluating your

;- - laptingt estrategy,youarenota.one.Youaresurroundedby People who can help in a variety of ways. A good way to use the

. )
>U| ,«OSexperience of others is simply to observe what they are doing. Su,-f*se

you are struggling with an academic course you are taking, ami this
course appears to be much easier for a friend. Much as your inclination
might be to trudge through the material by yourself, it can be worth
while to sec how your friend learns the course material and to compare
her approach with your own strategy. It could simply be that your
friend learns certain types of material more easily, but often it could
be that her study habits are more effective than yours. But, you can
do much more than just observe. Why not ask colleagues how they
approach subjects or problems, and even see if you can study along
side them? Most people are willing to help and share their expertise,-
certainty that is true of friends.

Consider two basic ways of learning. The first is to learn by
encountering your own mistakes and then figuring out how to correct
them. The second is to imitate the methods of others. Although both
approaches to learning, or a combination of both, work well, the sec
ond one, emulating others, can be a much more efficient investment
of your time. The essential point here is that you are likely to be sur
rounded by a wealth of expertise and possibilities for getting help. The
people around you can be your most valuable resource. Most people
are flattered for you to have sought their advice, including for help
in defining, evaluating, and adapting your strategy on the basis of the
evaluation.

A corollary of the principle that your colleagues can be your
greatest resource is that you can be a great resource for them as well.
Not only do you learn from others, but others learn from you, often
without actually being aware of your being the teacher. We learn
much from simply observing others; likewise we often influence oth
ers through just our words or actions.2 Whether casually through our
actions or explicitly through study together, a network of colleagues

2 This is one reason that "leading by example" is such .1 powc.ful tool in management.
Whether we are aware of it or not, we arc being observed by those atound us. A
discrepancy between the words and actions of a leader rapidly undermines his or her
credibility.


