As yet, only a minimum age can be
assigned the Pliocene-Pleistocene bound-
ary in these cores. From rates of
accumulation of late-Pleistocene sedi-
ment determined by radiocarbon dating,
and from the known thickness of Pleis-
tocene sediment above the boundary,
we estimate the age of the boundary to
be not less than 800,000 years. Since
the Pleistocene section above the
boundary is incomplete because of the
removal of some part by slumping, the
real age of the boundary must be some-
what greater. To our knowledge, these
cores provide the first evidence of the

nature of the climatic change which
opened the Pleistocene epoch and
which, by creating an environment of
rigorous selection, started a group of
primates upon the evolutionary road
that led to the emergence of man (11).
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What Are We Looking For?

Attention to the nature of scientific discovery
would produce better information retrieval systems.

Currently there is a stampede into
science information retrieval systems—
that is, systems designed to recover
factual data from the printed mass—
and, to a lesser extent, into document
retrieval systems—those designed to dis-
inter a book, article, review, or report,
per se, for someone who will then read
it to retrieve its information content.
There has been too much focusing of
attention on ways and means, particu-
larly lucrative ways and means, accom-
panied by a plethora of silly arguments
and downright battles, all obscuring the
need to answer the fundamental ques-
tion: What are we looking for?

The general argument is that we are
looking for scientific work that has al-
ready been done so that it will not be
necessary to do it over again. If we
are indeed looking for something like
a method of synthesizing a compound,
or if we want to know whether such a
compound has been made, probably the
science information retrieval systems
available are as good or bad as we
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deserve. But suppose we are looking
for a new field theory or a scientific
approach that will open up new lines
of research. Factual retrieval systems
will not suffice. Again, what are we
looking for?

Scientific Method

At this point, it would be worth
while to consider the nature of scientific
method, scientific research, and scien-
tific discovery.

Scientific method may be defined as
a means of studying the universe and
its contents which is characterized by
a critical, systematic process of active
investigation and reasoning, leading in
general to publicly verifiable conclusions
(1). The investigational approach may
be either observational (direct) or ex-
perimental (indirect); it may be based
on common-sense procedures or on pro-
cedures arising from the acquisition of
specialized knowledge. The reasoning
from the data produced by either ap-
proach may be influenced by hypothesis
or theory and may result in generaliza-
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tions, further theories, predictions, or
even quantitative laws (2). The re-
quirement for publicly verifiable conclu-
sions eliminates those areas of human
knowledge that are characterized by a
high reliance on probability, and areas
in which  “observations” are deduced
long after the event. '

Scientific method is used in research.
Research is defined as “the more or
less systematic investigation of phe-
nomena intended to add to the sum
total of verifiable knowledge” (3). This
broad definition excludes experimenta-
tion of the trial-and-error type, or pure
chance observation. Some degree of
planning is involved, certainly mental
preparation, although experimentation
is not necessarily indicated. Research
may be of two main kinds: fundamental
and applied. Fundamental research is
research motivated by intellectual curi-
osity rather than by any attempt to
solve a specific practical problem. Al-
though fundamental research does un-
dertake to solve particular problems,
these are intellectual problems which
must be solved in order to bring theo-
retical structure into line with experi-
mental results, or to suggest new lines
of development. Fundamental research
ultimately may produce an original
theory, or it may elaborate on, prove,
or disprove existing theories. Applied
research seeks a more limited objec-
tive—the production of some well-de-
fined specific scientific occurrence or
material. The end product is very often
patented; it must be usable, practical,
to be eligible for this protection.

The major result of scientific method
and scientific research is scientific dis-
covery (4); this may come at any time,
at any place, and to any man, provided
he has the genius to recognize it. A
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scientific discovery results from a com-
bination of circumstances. The time is
ripe—that is to say, a scientific break-
through is due. The man is available,
trained, and intelligent (“Chance favors
the prepared mind”; a fool would not
recognize opportunity if it bit him).
Usually the time is characterized by
simultaneous discoveries (examples are
the discoveries of anesthesia and the
calculus). There is a factor of luck
involved, too. The pages of scientific
journals are full of works by men who
“almost” made a discovery. Robert
Koch’s teacher, Jakob Henle, foresaw
very clearly how to prove the germ
theory, but he could not prove it. The
luck, of course, was in starting with
anthrax; anyone who picked a virus
disease failed.

To futher complicate the picture,
there are many premature discoveries.
Josiah Willard Gibbs’s research on ther-
modynamics is a shining example. Re-
discovery brought belated recognition
of the real value of his work. Even
more common are missed discoveries:
the essential discovery was made but
not recognized. Pasteur’s attempts to
get pure cultures, uncontaminated by
antibiotics, are an example. He was so
intent on establishing the germ theory
of disease that he missed the signifi-
cance of the germ Kkillers. There are
even accidental discoveries, such as
Roentgen’s discovery of the penetrating
powers of x-rays. The scientist in such
a case then goes to work to see if the
“discovery” really is a discovery and
so brings all his scientific training to
bear on the problem.

A discovery may seem to be a flash of
intuition or even of creation, given the
favorable circumstances mentioned ear-
lier, but more probably it stems from
rigid self-discipline, intensive learning,
and prolonged use of the scientific
method in fundamental research. It is
possible for embryonic field theory to
result from applied research, as in the
case of Michael Faraday, but this is
less usual.

Retrieval

The method, the type of research, the
discovery all have a bearing on what
is recovered in information and docu-
ment retrieval. Results of applied re-
search are easier to retrieve than results
of fundamental research because, as a
rule, applied research is more limited
in scope, more definite in procedure,
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and more clear-cut in exposition. Some-
times trying to describe the reasoning
involved in fundamental research is like
trying to nail currant jelly to the wall.
In the light of subsequent information
the ideas seem more clear, but contem-
porary readers of many expositions of
theoretical work must have found them
considerably less than lucid. The work
on the developing germ theory is a
classic case in point (5).

Hypotheses and theories are very dif-
ficult to classify and index unless they
have become quantified laws or prin-
ciples. It may be almost impossible
to convey deductive and inductive rea-
soning in sufficiently abbreviated form.
Yet the reasoning can be more signifi-
cant than the observational or experi-
mental data. Ultimately, one might say,
it always is. It is, for example, rather
common for scientists making an ex-
periment to be unable to explain the
results obtained. The experiment of
Michelson and Morley showed the
theory of the ether to be invalid, but
Einstein must have been more interested
in the explanations which occurred dur-
ing the next 30 years than in the experi-
ment which made them necessary.
Document retrieval, as opposed to in-
formation retrieval, is a sine qua non
for finding this type of information.
The scientist must read the article as
the author wrote it, with the argument
intact.

Discovery is just as hard to pin down
as hypothesis and theory. An accepted
discovery is no great problem, but al-
most every accepted discovery has a
history of many premature discoveries.
The priority quarrels are usually ex-
tremely bitter, because there is rarely
any doubt that someone other than the
man who got the credit first had the
idea. Often it is several men. Some,
like Mendel, receive full recognition for
their discoveries. Others, like Semmel-
weis and Gibbs, receive credit after
they are dead. More often, the man
who is able to establish the idea, who
produces it at the right time, receives
the approbation; the others are scientific
curiosities, to be mentioned by the his-
torian of science who resurrects them
from limbo. There is little reason to
believe that any system can perform
retrieval of the kind the historian per-
forms. That a premature discovery
should be identified as a discovery as
soon as possible, in the light of sub-
sequent advances, and that this be pub-
licized, is greatly to be desired, but how
are the indexers, classifiers, and ab-

stracters to know when to make such
a search and what to look for? More
realistically, it would be extremely help-
ful if, at the very first announcement
of a discovery, the premature forerun-
ners could be produced by a retrieval
system. This could not be done with
an information retrieval system. It is
a remote possibility with a document
retrieval system. On the other hand,
in view of the multiplicity of interested
scientists when the times are finally
propitious for the acceptance of a dis-
covery or a new idea, is it necessary
to worry unduly about a discovery
really getting lost? The humanists say
that nothing worthwhile is ever lost.
Does this not apply to science as well
as to the humanities?

An information retrieval system can
provide the answer to a request for
information of a very specific and lim-
ited type, and this is certainly a legiti-
mate and very necessary function in
industry and sometimes in government,
but an information retrieval system
cannot, by its very nature, be a really
satisfactory means of keeping up with
scientific research. There is no sub-
stitute for reading the book, article,
review, or report. Every article (in-
cluding this one) has three meaning
patterns: what the author said, what
the author thought he said, and what
the reader thought the author said. The
last is by far the most important
pattern of the three. No abstracter or
indexer can convey adequately the
thought sequence or all of the ideas in
any scientific article that is more than
a cut-and-dried laboratory report. Not
all readers, by any chance, can under-
stand what an author said. In the case
of the premature discovery, only a
much later rereading, in the light, prob-
ably, of events which had not occurred
when the article was written, will con-
vey the desired information.

Ends, Then Means

This all comes back to the original
question: What are we looking for?
We are looking for new scientific knowl-
edge. We are looking for new scientific
knowledge of all types—not just for
knowledge about how to make some-
thing or about what has been produced
to date. We are looking for scientific
knowledge that does not necessarily fit
the present ground rules, and especially
for that which contradicts them. We
are looking in particular for the kind
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of new scientific knowledge that will
open new paths of research, both fun-
damental and applied. We are looking
for new scientific knowledge that is in
advance of its time and that may be
obscured among the mass of current
publications. We are looking for new
ideas in science at all levels of scientific
method, not just at the lower levels
represented by observation and experi-
mentation.

When a scientist is looking for scien-
tific information of this kind, he must
look. He should not be satisfied to
have anyone else do his looking for
him, beyond the point of indicating the
source of the sort of information he
requires. He may say that he does not
have time. If he is involved in funda-
mental research he must find the time,
even if it means working on only one
thing at a time. For no one can do
his looking for him. No one else has
the background, the learning, the atti-
tude of mind necessary for recognizing

and grasping the meaning of the infor-
mation when it comes along. The docu-
mentalist and the librarian must design
systems to make it easier for the scien-
tist to do his own looking. But they
should never interpose themselves be-
tween the scientist and the written
word. He must read the material him-
self.

All of the systems, both conven-
tional (that is, library solutions) and
nonconventional (documentation solu-
tions), suffer from the weakness that
too much attention is paid to means,
too little to ends. Nine hundred and
ninety-nine separate rules to “clarify”
entry still do not make library books
easy to find. Hardware belongs in a
hardware store until we are intellec-
tually capable of using it—and this has
not happened yet. The specific prob-
lems to be solved in any kind of re-
trieval system are still the basic phil-
osophical ones: What is the best way
to organize knowledge? How can the

News and Comment

Test Ban: Prospects for Agreement
May Be Dim, But in Cuban
Aftermath They Appear Brighter

It has been said that anyone who
was not thoroughly frightened by the
Cuban missile episode just simply did
not know the facts. The facts, of course,
are best known to President Kennedy
and Premier Khrushchev, and, while
they fortunately are among the most
steely nerved of the species, it is evident
that their “eyeball to eyeball” con-
frontation has stimulated some serious
thoughts about defusing the Cold War.
These thoughts, it is clear, were not
lacking before, but just as nothing pro-
motes fire safety like a charred hospital,
the Cuban affair has provided the in-
centive for reopening seemingly mean-
ingful talks on what has come to be
considered the first step toward arms
control—the nuclear test ban.
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The foundation for these talks was
laid in the Kennedy-Khrushchev cor-
respondence that brought the missile
crisis to an end. Khrushchev wrote
that it was urgent to think about dis-
armament issues beyond Cuba, Ken-
nedy responded that he agreed, and
shortly thereafter, preparations began
for the resumption of the test ban
talks, which had recessed in deadlock
last fall.

The talks, which got under way 14
January in New York, shifted to Geneva
last week, amid reports that the pros-
pects range from dismal to promising.
Such reports have been par for the
course during the 5-year history of test-
ban negotiations, and, since the former
appraisal has turned out to be the case,
optimists are to be regarded with skep-
ticism. There are, however, substantial
indications that things are now moving
along, and however dim the prospects

system devised accept constant and un-
limited changes in this knowledge? How
do we show the overlapping, inter-
related, multidimensional nature of
modern knowledge? Solutions to these
problems are vital to successful dis-
semination of scientific information,
particularly of the type necessary for
further major advances. In the quest
for such solutions, let us, above all,
keep in mind what we are looking for—
and then make it easier to find.
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may be, it appears that they are a lot
brighter than ever before. The evidence
lies not only in relaxations of both the
Soviet and American positions, but al-
so in Republican rumblings and the
beginnings of an administration effort
to cultivate public opinion in anticipa-
tion of a possible domestic row over the
wisdom of a test ban.

Briefly, this is where the negotiations
now stand: The Soviet Union, returning
to a position that it briefly held and
later abandoned in 1958, accepts the
principle of on-site inspection and is
now willing to permit two to three in-
spections annually. It would also permit
the installation of three unmanned seis-
mic stations, so-called black boxes, on
Soviet soil, and it would admit foreign
personnel to service the instruments.

The United States, on the basis of
what are said to be markedly improved
seismic detection techniques, has aban-
doned its insistence on foreign-manned
seismic stations on Soviet soil. And the
U.S. insistence on on-site inspection has
receded from a demand for 20, in 1960,
to 12 to 20, in 1961, and, now, to 8
to 10. The U.S. also wants at least
7 “black boxes” on Soviet soil, but it
has made it appear that it has not ar-
rived at a bedrock position on any
numbers.

Measured in terms of the history of
the test-ban negotiations, the Soviet re-

739


http://www.sciencemag.org

