CHAPTER 1

The Processes of Science

1.1 INTRODUCTION

{n order to understand the role of statistics. generaliy, and the role of design ol cxperi-
ments in particular, it is useful to attempt to characterize the processes ol science and
technology. All science and technology starts with questions or problems. The grand
aint is W develop a model which will describe adequately, that is, accurately, the past,
present. and fulure of the umiverse. Obviously, if we are to describe the {uture, we must
have a model that incorporates development over time—that is, a dynamic model. and
a model that predicts what alterations will be brought about by interventional acts, such
as drug therapy, reducing money supply. or supplying a nation with armaments, to give
widely disparate examples.

1.1.1 Observations in Science

The foundation of all science is, obviously, observation. This, which we all do every
waking minute of our lives. would seem to be a very simple matter, with a logic that
is catircly clear. Tt is not clear from several points of view. Curiously enough, it
is not discussed, it seems by philosophers of knowledge. [t is obvious that animals
make obscrvations—all one has to do is to try to catch a rabbit. It observes that it
is being chased and takes evasive action. This is, presumably, an instinet bred into
rabbits by the evolutionary process. In science, a reaction to a portion of the world is
an observation only if that reaction can be recorded, perhaps only in memory, or better,
ol course, by aciual physical recording. Te do this requires a language and descriptive
terms. I 1s necessary that an observation can be described in terms that have some
meaning o others. The development of a language for this purpose, a langnage that is
ctfective, 1s a process of science that continues, We need only look at the development
of the language of biology. This field is full of names of things, and indeed. onc of
the great difficulties of the ficld is to learn the naming that has been developed in the
past, a task that becomes more and more dilficult as processes of obscrvation are being
developed, one can almost say. day by day. Many parts of the journal Science of teday
are unreadable except by experts and would be unreadable for the experts of decades
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ago. The development of this type of descriptive language proceeds with care, and
with the discipline of the area of study. A descriptive term does not receive validation
until it is agreed on and can be confirmed by any observer who follows the prescribed
protocol of observation and has been educated in the vse of the descriptive terms. This
is no more than a cliché in physical and biological science and one might be led to the
view that it is not worth stating. But when we turn to any aspect of human mental status
ot mental behavior, the “obvious™ cliché becomes critical. One merely has to look at
the nosology that occurs in psychiatry to see the problemy. This is not to imply that
waorkers in that area are dolts—the area is remarkably difficult because ol the problem
of validation ot observation.

A second point about observation is that it is by its very nalure incomplete. One
observes, one says, a robin outside one’s window. Humanity uses this mode of expres-
sion and it has served it well, But one does not observe the whole of the phenomenon.
Just recall the commonplace interchange. Person A says “Isce arobin.” Person B suys,
“¥es, Lsec it too. Did you notice that it has a gray bar on its wing tips?” Person A savs,
“No, [ did not notice that, but now that you mention it, I do sce it Person A’s obscrva-
tion was incomplete relative to B’s observation. Obviously, there can be person C, who
sees more. Also, obviously, observation 1s not an innate ability; it is one which may
require high “professional™ tralning—even in arcas thal use no move than the ordinary
unaided human eye, For the nataralist of the sixtecnth century. for the ordinary citizen
naturalist, and for the person who has received two years of training, observation is not
at all the sume. If we adjoin the obvious massive development of observational pro-
cesses, with physical devices, for instance, observing in infrared light. observing with
an electron microscope., and so on, there is not an elemental aclivity which we can call
“making observation.”

Another aspect, which is much more subtle, 1s that the process of observation may
or may nol have an cffect on what is being observed, with the elementary conseguence
that one simply cannot observe the status of an object of observation, There are, of
course, clementary techniques for combating this, as in the use of blinds to observe
birds, or of walls that have one-way vision. But when one considers observing, or
trying to observe, the mental state of a human and leaving aside the possihility of ob-
serving whal one thinks to be physical correlates of mental status, one has to wlk to
the human and ask questions and then it is not at all clear what the stalus of cnsuing
conversation by the human being observed is. Turning aside from an obviously fantas-
tically difficult arca, we saw a revolution in physics at the beginning of the twentieth
century with the realization that one could not look at a particle except by shooting
another particie at it and getting a collision. This type of situatdon led to the famous
Heisenberg uncertainty prineiple in an area for which it was thought previously that
one could observe without interfering with the object observed. This phenoimenon has
huge consequences as any modemn physicist knows. 1t has. also, huge conscquences
with respect to epistemology.

L.1.2 Two Types of Observations

We leave this discussion. For the purposes of our discussion here. we assume that there
is a validated process of observation that has no effect on the object being observed. We
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must, however, discuss a major poinl. There are fundamentally, it secms. two types of
observation. The (irst consists of placing an observation of an object of ohservation in a
class: for instance. the flower being observed is pink or has pinnate leaves. Tn most cir-
cumstances. there is no doubt ol the recorded obscrvation (though one can be doubtful,
e.2.. on a color designation). In other cases, the result of the observation is uncertain:
we merely have to imagine being given sequentially with repetition unknown to the ob-
server of a set of colored blocks that do not have strongly distinguishable colors. One
will find that one’s observadon ol a block will give different results in repetitions, over
which one is fairly sure that color has not changed. In such cases, one has no recourse
but to use a probability model wo the effect that, in repetitions that are unconnected in a
known way, there will be a [requency distribution of observational outcomes. We shall
not be concerned with this at present. The second type of observation, which perme-
ates guantitative science, is the measurement of a numerical magnitude, for example,
the weight of a piece of rock. which one is confident does not change. In this case,
ihere is always an error and an imprecision of measurement. The nature of the error
and of the imprecision 1s again representable by some frequency distribution of results.
This type of problem permicates, of course. the physical sciences, and increasingly so,
as the sought alter observation. such as weight, becomes smaller and smaller,

We hope that we have given a uselul discussion ol observation, though elementacy
and polentiatly highly obscure at & philosophical level. We take comfort in the fact that
even il the process of observalion 1s quite unclear (as it is at a fundamental level), the
world of science is permeated with inlerpersonally validated observation,

1.1.3 From Observation to Law

Our writing here is aimed at constructing a useful model of what happens in science. It
seems clear that the beginning of science is observation and description. It also seems
clear that this is still a critical feature of science. This observation process requires no
theory. It is interesting in this connection, to look at what Darwin (1809-1882) did in
the voyuge of the Beagle. He was, [or his age, a very remarkable observer, The point
of expressing the above views is that it 1% sometimes said that the mere collection of
abservations has 1o be bused on a theory, a concept to which we shall turn. If one wishes
Lo state that even the simplest observation is based on the informal theory that one’s
abservation process obtained an attribute of what is observed and not of the obscerver,
one cannol object. Apart from this, much observation has been generated not by any
theory but by curiosity, an atiribute that one observes in animals. It is true, of course,
that, very often, ohservation is initiated by a guestion or by a problem situation. One
could say that curiosity is the result of & question, but this seems 10 be mere playing of a
verbal game. Obviously, our presentation is Baconian and we guote his first Aphorism
{Spedding et al., Vol. 1. 1861, p. 241y

Homo, Narturze minister et interpres, tantum facic el intelligit quantum de Natura:
ordine re vel mente ohservaverit, nec wmplius scil aut potest,

[or in its ranslation (Spedding et al., Vol. VILL 1863, p. 67):

Man, being the servant and interpreier of Nature. can do and understand so much
and so much anly as he has obscrved in fact or thought of the course of nature:
























