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secretly hoping that they will suddenly stumble on a gold mine). They do
not yet know themselves well enough to be able to estimate how they
would work in a given environment (they do not yet know themselves),
nor do they know the workings of the world of science well enough to
estimate how a particular type of employment would work for them (they
do not yet know the tradecraft).* With this book we are furnishing tools
to do both.

1.2 Match your goals to your character and talents

Which of your character traits are likely to lead to success? Sufficient
basic scientific talent (including of course intelligence) is obviously
essential to be successful as a scientist. While raw talent can be refined,
it cannot be created. One tragedy that is common (but not always
recognized) occurs when the talent level required for success in a
particular field exceeds the raw talent of the scientist. In effect the
scientist has, so to speak “run out of talent.” The only real cure is to
move into a different field. However, before doing this, provided the will
is there, talent can be made much more effective by making best use of
some particular traits and also by developing and strengthening others. In
effect, “Do not quit until you have given it your best shot.”

It is clear that, other things being equal, one would expect success in
accomplishing science to be positively correlated with this native raw
ability. While one can consciously try to explore various ways to give
this ability free rein, the basic ability itself is probably not something that
can be consciously learned or developed. To find one’s basic level in any
field it is vital to have a just opinion of one’s basic ability in that field.
This can be very difficult to do, and, while it is not something we will
discuss here, the beginning scientist should make a serious attempt to do
this.

*Another cartoon of Sidney Harris has a pensive garage mechanic saying to a customer,
“Actually I started out in quantum mechanics, but somewhere along the way I took a
wrong turn.” (as shown on p. 141 of his Chalk Up Another One, Rutgers University Press
(1992)).



10 Survival Skills for Scientists

Fortunately, and contrary to most people’s beliefs, it is not the raw
talent for science that is the most important trait that ultimately
determines a researcher’s success. It is little realized how much success
in science (and in particular in experimental science) depends on other
behavior which, unlike basic raw ability, can be learned, improved and
developed. This book is aimed at going through what can be improved
and developed, so our readers can decide for themselves how to be as
good a scientist as they can. Development in this way is a means to the
end just as much as the other kinds of research support. Another analogy
is sailboat racing. There is a basic ability or “touch” in being able to coax
a little more speed out of a sailboat, but there are also many things than
can be consciously learned, anticipating tactical problems, boat
preparation, weather prediction, many aspects of sail trim etc. There are
books which describe what to learn about every thing except the sailing
“touch.” This book on Survival Skills in Science is aimed at telling you
about everything except the “touch” in your field of science.

To drive this point home, let us make it in another way. There are
many admittedly clever and ingenious research scientists who are more
talented than most others but who are not as successful as you would
expect them to be, based purely on their talent. Certain character traits,
such as drive, patience, and the ability to work in a team or to lead one,
are extremely useful and perhaps more important, in the long run, than
raw talent. Luckily, for those who learn how to do it, many of these other
important traits can be consciously learned and strengthened. Of course
you have to know which of these traits are worth cultivating and
strengthening, and how to do it. Potentially brilliant concert pianists who
cannot school themselves to the discipline of relentless practice, will
remain just that “potentially brilliant,” while those with somewhat less
talent but more discipline can fulfill all their promise. (We will return to
this topic when we discuss actions which will follow the basic choices.)

"Curiously enough, the sailors with the “touch” are just as obsessive about boat
preparation as those of us who are doing it because we are obsessed with catching up to
them. It seems that although “touch” is worth far more than sandpaper hours, the touch
arises in part from being very sensitive to boat performance, so the “touch” sailors are
almost in pain on a poor boat. The best sailors are thus unable to forego the sanding —
they are too obsessed. The analogy with science is all too evident.
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knobs and executing the research, first hand. Normally there will be no
graduate students to delegate to, but occasionally there can be post-docs
(depending on the philosophy of your employer, among other things). In
these settings, being an alpha means becoming a manager, and probably
doing less and less in terms of research (although again, it is difficult to
generalize).

Federico: — Over the years, I had many lively discussions on these
aspects with an astronomer friend of mine, who really likes to do
research but cannot see himself in a faculty position. He dislikes the idea
of teaching (perhaps he would consider a little of it at most) and of
writing grant proposals. When I pointed out that as a professor he could
advance his ideas and projects faster, by working with several graduate
students in parallel, M. replied: “I want to DO research, not manage it.”
I think this sentence, although a bit severe, more or less summarizes the
key differences between an alpha (who now manages research, and does
little of it himself) and a beta (who actually does it)

1.4 Choices in work climate

In general, doing science and research requires teamwork and
coordination (among other things). If the work is done in a team format
with a quasi-military hierarchy, there are many roles, such as supreme
leader, group leader, team player, outside specialist and (temporary)
slave labor (i.e., graduate students). While most people prefer telling
other people what to do than being told, the road to the top job can be
arduous, and the leader’s job may well become more like the president of
a small company than a scientist. If the leader’s job seems too political,
being a group leader may be a useful compromise. More often in science
the work is done in collaborations which are much looser and more
democratic, probably less stressful with more room for individual roles
in a pleasant group. Things run best when everyone plays a role in which
they are at ease. Unfortunately it seems to be the case that the North
American (academic) system tends to evaluate everyone as if they were
trying to be number ones. Even if Napoleon said that every soldier had
the baton of a field marshal in his knapsack, he only meant that the top



Basic Choices 17

job was open to anyone with talent, and not that sergeants should be
judged by their ability to command armies. The European system
privileges teamwork and has room for everyone, but North American
criteria for promotion and the like often seem to place too much
emphasis on the scientist as individual entrepreneur.

1.5 A basic choice: Experimentalist or theoretician?

Although this is an aspect that applies mostly to physics and to
chemistry (in the sense that it is a basic choice for those fields), there are
aspects that apply to other fields, in which one does find a cultural divide
between the experimentalists who produce the data of what might be
called the “ground truth” (by analogy with aerial reconnaissance), the
touchstone by which all theory constructs are tested and the people who
create the theories.

In physics theorists are very well-known, but in other sciences the
theorists are less prominent. Probably the most prominent chemistry
theorist in the 20" century was Linus Pauling (Nobelist for the work
discussed in “The Nature of the Chemical Bond”). In biochemistry,
the best-known examples of what we here term “theoreticians” are
the members of the Watson-Crick duo who created the DNA model
concept.

DIVERSION Theory and theoreticians are hard to represent, but
there is a glorious counter-example, shown on the next page.
The actual object of the cartoon is an equation! (Guess which
equation it might be before you turn to the next page.) The cartoon
is by Sidney Harris' (naturally!) and is the only one (to our
knowledge) where an equation from theory is the real point, but
one where most non-scientists can get the joke. (Permission for
use of this Sidney Harris cartoon received from his web site at
ScienceCartoonsPlus.com.)
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Federico: — As an undergraduate student, [ was particularly good at
theoretical coursework, and was hoping to become a theoretician as a
career. (In several Mediterranean countries (perhaps for cultural or
historical reasons) doing theory is considered more popular and
prestigious than getting your hands dirty with experimental work. In
Italy, most physics students begin by hoping to become theoretical
physicists.) This early inclination is also related to the fact that I was
(and still am) somewhat clumsy in the laboratory.

As time progressed however, I came to realize that all the best
students of my course (and many of them were better than me, at least
when comparing primitive indicators of performance such as grades)
wanted to become theoreticians as well. Not only, they all wanted to
pursue the theory of high T. superconductivity, a topic in condensed
matter physics that was — and still is — very hot and controversial at the
time, and which I was also interested in. Moreover in the physical
sciences there is often the (unfortunate) perception that doing theory is to
be considered more noble and prestigious than getting your hands dirty
in the laboratory.



Basic Choices 19

Thus I was faced with a very common kind of dilemma: should I
follow my instinct, and become a theoretician, but accept being at the
end of the list? Or should I make a compromise and choose to become an
experimentalist, perhaps fighting a bit against my inclination, but
probably being the best experimentalist in my course? 1 ended up
choosing the latter. It turns out that it has helped my career enormously.
Obviously at first it was not an easy choice, but in hindsight it was by far
the best choice for me.

The trick to being happy in science, as with life in general, is to know
yourself well enough to make the right choices, choices that you will
probably have to live with and that may be irreversible. Incidentally,
several of my theorist colleagues were also highly successful so far;
however, in the face of tough competition, more than one gifted student
who stayed in theory dropped out of graduate school and ended up
pursuing a completely different career, like consulting or financial
mathematics. This is not necessarily a bad thing of course, and you could
argue that perhaps they were not meant to be scientists after all. They
may even be happier doing what they are doing now. However, if they
had made a different, more rational choice like the one I did, perhaps
they would have stayed in science. (I know at least one person who
wonders what life would have been like if she had stayed in scientific
research, and she probably will ask herself that question for a long time
hereafter.)

Tudor: — My anecdote is almost the reverse. I began as an engineer
(actually a hybrid called engineering physics), did an essentially
experiment-plus-theory-interpretation engineering thesis at Cambridge
University, and began a mixture of theory and experiment in a Research
Laboratory doing contract research for the government. As time went on
I realized that there were what I found to be deep mysteries in the
experimental technology — vacuum leaks, electrical hum, electrical
ground loops, to name the worst — which I could never master and
which remained for me “wild magic.” I gradually but happily abandoned
my feeble attempts to master the arcana of the laboratory and became a
theoretician often for experiments in which I had no direct interest,
becoming in fact a de facto theoretical physicist in plasma physics,
although holding no physics degree.
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One advantage of this long love affair with experiment is that I retain
a deep respect for people who can make experiments work, a lively
interest in how experiments are done and how to (in effect) “diagnose”
any theoretical constructs to suggest experiments. It gives me a special
thrill if I can use theory to show how an experiment that appears not to
be working can saved by using a different protocol and analysis
procedure. A theoretician 1 have become indeed, but a better one for
having been also an experimentalist for some ten years.

Now all this was accomplished with little conscious analysis on my
part, without any real penalty, but from this I have become convinced
that doing frequent “reality checks” on your comfort level in the way you
function in your science is essential. Without this there is a significant
risk of drifting into a way of working in which the basic mental
discomfort of a poor fit between you and the way you are working leads
to a dysfunction in the work for reasons that may pass unperceived.

Federico and Tudor: — To place things in perspective and make
this example relevant to scientists in other fields like biology and
chemistry, where theory as such may not bulk as large, we point out that
each discipline has its “hot” subfield. In biology it might be molecular
biology, and in chemistry something else.

In the anecdotes just reported we suggest a generalization with “hot
subfield” replacing “theory.”

The lesson to be drawn from the first anecdote thus becomes this. Do
not go into the “hot” subfield of your discipline just because it is trendy
and all the good students want to do the same. You have to choose what
is hot for you (Know thyself!). Later, when you become a successful
scientist you may even create a new trend and a new “hot” subfield. In
the longer run, your goal is to become a leader, not a follower.

The lesson to be drawn from the second anecdote becomes the
following.

Just because a field is “hot” is not a reason for going into it, and the
competition will be fierce if you do “jump into the hot water”. However,
do go into the “hot” field BOTH of the following apply: (i) it is
sufficiently attractive to you for its intrinsic worth and (ii) you find that
you are generating interesting ideas almost in spite of yourself.”



