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My remarks and observations will concern the problem of
judging priorities in research and shall deal chiefly with funda-
mental research and will touch upon similar questions in applied
fields only in as far as they may exert an influence on basic
research.

The problems involved are of the greatest interest today
both to the individual research worker, to governments and
organizations who are to- support scientific work and also fo
those who wish to stimulate individual work by awarding prizes
or other distinctions.

I have been involved in such decisions myself during many
yvears and my thoughts are based largely on personal ex-
poriences. As T oam also a scientist myself T have certain
possibilities to view the sitwation from both sides.

Paper presented on April 17th, 970, during the Plenary Session of the
Pontifical Academy of Sclences.
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The dilemma is above all that « free research » can no
longer be as free as it used to be, although most responsible
people woueld admit that freedom in basic rescarch is cssential
for human progress in all ficlds. The limitations thus put on
our freedom are chiefly a consequence of the enormously
increasing demands placed on research, both fundamental and
applied, which can not be met by a corresponding increase of
funds and personnel, There is, however, another equally tm-
portant factor: the research worker himself in making his own
priorities is often aware of his duties to help a suffering world
and he may therefore fecl inclined to prefer a short-range pro-
ject of obvious practical importance to a long-range plan which
scientifically may seem more significant, and where he may
have a greater chance of deing his utmost in his specific
capacity.

These problems are often highly personal but it seerns worth
while to discuss a few points in this context. Tor example:
What are the optimal conditions for original, fundamental
razearch? How do we best judge excellence in scientific work?
Can more be done to convince authorities and the general
publiz of the significance of basic work for the development
of human welfare? These questions are essential, because
quality must always play a prominent role when we discuss
priorities. .

When great discoveries are published in the scientific lite-
rature they are presented in a form which does not tell us very
much about now things really happened, unless we are so well
informed that we can read hetween the lines. A research
worker who has reached a goal will present his results in the
most logical and concentrated form, which does not necessarily
maan that he will describe the path he actually followed in his
work, We all know that this path is mostly rather crooked,
full of stumbling blocks, tempting sideways that are « dead
ends », wishful thinking and many other human weaknesses.
First whan the goal is reached one knows what should have
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been the logical way and this is what is used in the final pre-
sentation. This is necessary in order that scientific literature
shall not ba overloaded, and there is nothing dishonest in this
kind of « after-rationalization ». Nevertheless it is to be regret-
ted that in this age of great discoveries so little is written about
how great discoveries are made. Although this is mostly a
highly personal matter it ought to be possible to obtain and
analyze material from personal interviews, autobiographs ete.
Much of the work of great scientists in the 18th and 1gth
centuries, and earlier, is today studied and analyzed by active
groups in the history of learning, but it seems to me that we
neglect a closer study of today’s work. Some material wili
vanish as scientists pass away. After all it would seem to be a
very urgent matter to find out how great science is done, also
because of the enormous funds which are today invested to
promote research. Much of the «research aboul research »
done deals too much with a comparison in scientific produc-
tivity under different conditions or in different countries,
measuring the output in number of pages or titles of com-
munications or by other means where gnality does not come
into the pictore.

[ am not sure that a penetrating study of the optimal condi-
tions for scientific creativity would lead to practical recommen-
dations to governments, research councils or foundations how
they should spend their money. DBul it might lead to an aware-
ness in the back of their minds which could influence their
decisions. And to others it would be fascinating to know more
about the act of creation of great science. When discussing
such questions with collegues one finds a certain consensus as
regards cerfain factors which seem to have had considerable
influence. For example: the privilege of having worked under
a great master, to receive inspiration from him and to witness
how scientific work is done at its best. This does not involve
simply imitation, but sometimes opposition.  You know, as
well as 1 do, what a great inspiration a young apprentice may
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feel when he finds that the professor is wrong, Much of the
influence takes the form of criticism — that is positive criticism
— but also if on some occasions the senior scientist can explain
to his collaberators not only what engages his mind just now,
but also what he hopes o do, how he feels about the situation
in a cerfain field, also perhaps his disappointments and suffer-
ings, facing failures or contradictions. This is to « prepare the
minds »,

The prepared mind is no doubt an essential background but
it is not enough. A deep personal involvement is necessary,
one has to live with one’s problem and one even may have to
sulfer with it, Tt is interesling that the deeper one penetrates
this subject, the more obvious is the conclusion that creativity
is basically the same in science as it is in the arts and in music,
This may seem strange to some laymen who tend to believe
that science is only cold logics and thus a rather inhuman oc-
cupation,

We must however also count with another factor, namely
the « triggering » mechanism which works on the prepared
mind. There are many anecdotes about this — Newton’s apple
for example — and some of them may be true. Studies of
optimal conditions for creativity have given amusing results.
For example: a Damnish philosopher found that his most pro-
ductive time for new ideas was when he was brushing his
teeth.  Because while doing so he felt no obligations to.the
rest of the world.  The essence of this and of similar observa-
tions is probably the « anli-stress » condition prodoced by a
break in an attitude of a too conscious effort to produce
sormething.

Now to return to the dilemma in the selection of priorities
in the world as it is to-day. An increasing number of scientists
are becoming aware of the sufferings of the world to the extent
that they suffer themselves. And they know — perhaps better
than most people — which enormous risks we arc running as
our capacity to make use of our discoveries has oulgrown our
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ability to prevent the misuse. I can very well imagine that in
this situation a scientist would be willing to sacrifice his. Jong-
ringe plans for some more immediate goal, ifs this -appears
particularly desivable in the present situation. “And I can also
imagine that now the eptimal conditions for creativity — as I
have just discussed, would apply to such cases even to people
who earlier would never have thought of sacrificing some of
their so-called {reedom. :

I have experienced in my life both the « nuclear age » dnd
the « space age » but I would hope to live to see also a « clean-
ing up» age. Cleaning up after a development. which in
certain respects has been recklessly fast.  To-clean up:does
not seem particularly fascinating as compared to research intc
atomic nuclei or into the outer space. This has to be weighed
agaiost the increasing degree of personal involvement, of which
T have spoken. And even if the atoms.and the space: may
have to wait, they will still be there, waiting for futmc eX-
nlorers coming from a cleaner world.

To decide about 1')1'101'itscs in research is, as we all know,
extremely difficult. It requires an almost prophetic vision: Tni
the early Gav% of the atomic bomb some biologisté complained
that life sciences, although they appear to be of greater im-
portance to the Immudldte needs of mankind, came too much
in the background as compared to nuclear research. Now we
can see the benefit to mankind of results coming out of the
work on the atomic bomb, for example the immense benefit to
medicine by the use of isotopes, and the great possibilities in
agriculture which may come out of the possible use of nuclear
energy in de-salination of sea-water. The contribution of lead-
ing scientists to the Immediate needs of mankind may also

take the form of suggesting or urging priorities — they should
have the vision, more than a,nybody else, what the future
pe 151)0(:‘[1\7(‘ and possibilities are. : C

I have, since many years, been active in various fanctions
in the Nobel Foundation and T have had certain responsibilities
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in decisions about the award of the scientific Nobel prizes.
This involves every year to find among about 100 candidates
who is the most worthy. As you can imagine this is no easy
task. It is, however, encouraging to find that there seems to
be a surprisingly uniform opinion among scientists all over the
world, irrespective of nationality, as regards, let me say, ten
out of the one hundred being the worthiest. But even so, the
problem is to select one, or two or perhaps three among these
ten. According to Alfred Nobel’s will the prizes should be
awarded to those who have done the greatest benefit to man-
kind. This is again a priority problem, although of a somewhat
different kind -— rather a value problem. I have sometimes
been asked by colleagues who have followed our activities, who
know the rules laid down in Nobel’s will, why scientific Nobel
prizes so often are awarded for achicvements which do not at
present seem to be of immediate importance for the well-being
of man. This is no doubt the case, and reflects a strong belief
among those responsible for the decisions in the value of basic
rescarch, but it also seems to be in accordance with Alfred
Nobel's views. He wished to give support to those who needed
it best, which he believed to be rather the far-sighted dreamers
who were not shrewd enough to benefit financially from their
discoveries, in contrast to those who made obviously and im-
mediately explorable inventions. To-day it would seem that
such a distinction between long-range and short-range usefulness
is less realistic, and this is perhaps also the case with the profit-
making as the prime motivation for serving mankind. Never-
theless, basic research has always had problems in finding
resources as compared to applied ficlds, and it scems to me
that this policy for the Nobel Foundation is justified even
today. It may help to focus the attention of authorities and
of the general public to the value of basic research, and also
to listen to advice coming from leading scientists as to how
their results should be used and how a misuse should be
avoided.



