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The Methods of Science

_Observation and experiment

The methods used by working scientists have evolved
from a separation of methods used in ordinary life, partic-
ularly in the manual trades. First you have a look at the
job and then you try something and see if it will work. In
more learned: :language, - we begin with observations and
follow with experiments. Now everyone, whether he is a
scientist or not, observes; but the important things are what
to observe and how to observe them. It is in this sense that
the scientist differs from the artist. The artist observes in
order to transform what he sees through his own experience
and feeling into some new and evocative creation. The
scientist observes in order to find things and relations that
are as far as possible independent of his own sentiments.
This does not mean that he should have no conscious aim.
Far from it: as the history of science shows, some objective,
-often a practical one, is almost an essential requirement

for the discovery of new things. What it does mean is that
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in order to achieve its goal in the nonhumsan world, deaf
to the most emotional appeal, desire must be subordinated

to fact and law,

Classification and measurement

Two techniques have in time grown out of naive obser-
vation: classification and measurement. Both are, of course,
much older than conscious science, but they are now used
in quite a special way. Classification has become in itself
the first step towards understanding new groups of phenom-
ena. They have to be put in order before anything can be
done with them. Measurement is only one further stage of
that putting in order. Counting is the ordering of one
collection against another; in the last resort against the
fingers. Measuring is counting the number of a standard
collection that balances or lines up with the quantity that
is to be weighed or measured. It is measurement that links
science with mathematics on the one hand, and with com-
mercial and mechanical practice on the other. It is by
measurement that numbers and forms enter science, and it is
also by measurement that it is possible to indicate precise-
ly what has to be done to reproduce given conditions and
obtain a desired result.

It is here that the active aspect of science comes into the
picture—that characterized by the word “experiment.” After
all, as the word indicates, it is only a trial, and early
experiments indeed were full-scale trials. Once measurement
was introduced it was possible not only to reproduce trials

accurately, but also to take the somewhat daring step of

. § o



carrying them out on a small scale. Tt is that small-scale
or model experiment that is the essential feature of modern
science. By working on a small scale far more frials can
be carried out at the same time and far more cheaply.
Moreover, by the use of mathematics, far more valuable
results can be oblained from the many small-scale experi
ments than from one or two elaborate and costly full-scale
trials. All experiments boil down to two very simple opera-
tions: taking apart and putting together again; or in scientific
language, analysis and synthesis. Unless you can take a
thing or a process to bits you can do nothing with it but
observe it as an undivided whole. Unless you can put the
pieces together again and make the whole thing work there
is no way of knowing whether you have introduced some-

thing new or left something out in your analysis.

Apparatus

In order to carry out these operations, scientists have,
over the course of cenluries, evolved a complete set of
material tools of their own—the apparatus of science. Now
apparatus is not anything mysterious. It is simply the tools
of ordinary life turned to very special purposes. The crucible
is just a pot, the forceps a pair of tonmgs. In turn, the
apparatus of the scientist often comes back into practical
life in the form of useful instruments or implements. It is
not very long, for instance, since the modern television set
was the cathode-ray tube, a purely scientific piece of
apparatus devised to measure the mass of the electron.

Scientific apparatus fulfiils either of two major functions:

o T o



as scientific instuments, such as telescopes or microscopes,
it can be used to extend and make more precise our sensory
perception of the world; as scientific tools, such as micro-
manipulators, stills, or incubators, it can be used to extend,
in a controlled way, our motor manipulation of the things

around us.

Laws, hypotheses, and theories

From the results of experiments, or rather from the
mixture of operation and observation that constitutes experi-
ments, comes the whole body of scientific knowledge. But
the body is mnot simply a list of such results. If it were,
science would soon become as unwieldy and as difficult to
understand as the Nature from which it started. Before
these results can be of any use, and in many cases before
they can even be obtained, it is necessary to tie them
together, so to speak, in bundles, to group them and to
relate them to each other, and this is the function of the
logical part of science. The arguments of science, the use
of mathematical symbols and formulas, in earlier stages
merely the use of names, lead to the continuous creation
of the more or less coherent edifice of scientific laws,
principles, hypotheses, and theories. And that is not the end;
it is here that science is continually beginning, for, arising
from such hypotheses and theories, there come the practical
applications of science. These in turn, if they work, and even
more often if they do not, give rise to new observations,
rew experiments, and new theories. Experiment, interpreta-

tion, application, all march on together and between them
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make up the effective, live, and social body of science.

The language of science

In the process of observation, experiment, and logical
interpretation, there has grown up the language, or rather,
the languages, of science that have become in the course of
time as essential to it as the material apparatus. Like the
apparatus, these languages are not intrinsically strange;
they derive from common usage and often come back to it
again. A cycle was once kuklos, a wheel, but it lived many
centuries as an abstract term for recurring phenomena
before it came back to earth as a bicycle. The enormous
convenience of making use of quite ordinary words in the
forgotten languages of Greece and Rome was to avoid
confusion with common meanings. The Greek scientists
were under the great disadvantage of not having a word—in
Greek—-for it. They had to express themselves in a rounda-
bout way in plain language—to talk about the submaxillary
gland as “the acora—like lumps under the jaw.” But these
practices, though they helped the scientists to discuss more
clearly and briefly, had the disadvantage of building up a
series of special languages or jargons that effectively, and
sometimes deliberately, kept science away from the ordinary
man, This barrier, however, is by no means necessary,
Scientific language is too useful to unlearn, but it can and will
infiltrate into common speech once scientific ideas become
as familiar adjuncts of everyday life as scientific gadgets.
BEENZIE, KL FE R R (R & RIS 6 B3 a8 E T
BHED, RGEETHEHSRE,



Questionss

Decide whether the following statements are true or

false according to the text:

1.

10.

11.

Scientific methods were largely based

on the observation of manual trades. * True
The scientist observes and uses his

own sentiments in order to find rela-
tionships. True
Observation has become in itself the

first step toward understanding new

groups of phenomena. « True
Science and mathematics are linked

by order, not by measurement. FTrue
Early experiments were done as full-

scale trials. *True
The small-scale experiment is the

essential feature of modern science. ‘True
All experiments boiled down to three

simple operations. True
The one basis for all experiments is
synthesis. True
Scientific apparatus is derived from

and is based upon the needs of science, ® True
The body of scientific knowledge is

the product of operation and observa-

tiomn. . True
Scientific laws and theories are

claimed to be the end or goal of

« 10 o

False

¥ False

* False
" False
False
False
*False
Y False

¥ False

False



12.

13.

14.

15.

science, True
Scientific hypotheses, but not the
applications of science, give rise to

new observations and experiments. ' ¢ True
The language of science derives from

common usage. « True
The word kuklos has been applied to
nonrecurring phenomena. True
Scientific language has kept science

away from the ordinary man. " True

" False

*False
False
*False

$False-
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