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2. Introduction

Intreduction.

What's it Rii Abowt, and lhy Are Ne Here? -
A Personal Preface.

When I began the research which hasg eventuated in
this dissertation I had two main issues 1in mind, which I
hoped would turn out to be interrelated. One was a concern
about mutuail misundeﬁstanding within our culture between
people in the sciences and those concerned with the arts.
"For reasons of my own personal history I had come to feel
the divide between the g£o0 called "two cultures" {1} rather
acutely. With some loyalties on either side, I should have

liked to have been able to show that at root their methods

- &and aims have more in common than is usually believed: that

there are things on either side which the other by its own
- 1ights, ought to cherish beyond, respectively, utility and
entertainment value. However, I could see no direct way to
tackle this issue beyond adding to the rhetorie which it

usually brings forth.

The other issue which concerned me was the problem
of cultural and historical relativism as 1t bears on the
natural sciences. This, of course, has been a major point
-of dispute amongst philosophers at least since Kuhn's The
Struckture of ScientiFic Revolutions was published {2%).
-After reading that book myself I, like many others, was
puzzled as to how to reconcile the persuasive <case for
- relativism which 1t seems to -make with the powerful

intuition that contemporary natural science is, for the



3. - Introduction

most part, telling us the truth about the ways of nature in
- & sense that, say, Ptolemaic astronomy or Zande witcheraft
lore do nok give us the truth. Thisg intuition seems to be
- -powerfully confirmed by the fact that we 1in the
contemporary West are surrounded by science  based
technologies, from TV sets to penicillin, which manifestly

wark.

However, there was much 1in Kuhn's account of -

science which rang true to me, or certainly more true than
other more formal scilentific 'methodologies'. In particular
I liked his notion that fields of scientific inguiry are
centred around "paradigms" or Yexemplarz", Yeoncrete
- problem solutions™ {3}, -rather than around 'laws' or

‘theories' ag these terms are generally understood by

" philosophers of science. My original scientific education

had been in bilochemistry, but I had heard precious little
about such 'laws' or 'theories' there, although modern
biochemistry isg about as ‘hard' and as 'normal' a science
- as one could reasonably wish {4)}. Biochemical knowledge is
primarily about metabolic pathways, the chaing of reactions
by which the chemical substances within organisms are
transformed one to the other, and the way in which the
enzymes, the proteins which c¢catalyze most of these
reactions, do their Job. An expert biochemist i1is not

someone who khows a lot of 'laws' and 'theories?, but

someone who has a relatively detailed knowledge of the

pattern of the chemical events which go on inside cells

{and a magtery of certain laboratory  techniques).
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Biochemists, and other scientists, do, of ecourse;
frequently talk about "theories", but what they usually
seem to mean by thias are either very narrow hypotheses, of
relevance to one or a few very specific experiments, or
else something very 1loose and general - something pretty
much like what Kuhn means by "paradigm" {5}. I shall not

distain to use “theory" in this latter, 'ordinary' sense.

Quite apart from this apparent conflict of
intuitions about the nature and status of scientific
knowledge, I also feel a conflict of moral intuitions about
relativism. A major virtue of the doctrine would sgeem to be

that it allows us to pay proper respect to people who are

remote either geographically or historically from ourselves -

(or who used to be remote geographically). When, as often
seems to be the case, such people sincerely hold or held
" beliefe radically at variance with our own, 1t seems to me
to be entirely proper to wish to check  the impulsge to
regard them as ignorant and benighted. Relativism provides
ug with an intellectual Justification for checking this
impulse. When the people concerned are (or were once)
distant from us geographically, relativism provides a
bulwark against racism. Awareness of historical changes in
beliefs helps to dispel arrogance and complacency. We know
that belief systems have changed radically in the past, and
it ie salutary to realize that they may do 8o in the

future. However, if we regard this succession of changes as
a progrees it seems to follow that not only were our

ancestors benighted, we are almost certainly benighted too!
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Relativiem provides an escape from 'these-uncomfortable

conclusions.

However, I am sure I am nect alone in feeling that
atrong relativistic premises too readily lend themselves to
abuse. It is, regrettably, only too easy to deploy
‘relativistiec arguments to undermine the claims to universal
validity of any belief system or way of 1life of which one
happens to disapprove, whilst falling to apply the
argumente to one's own beliefs and stanhdards, however
- eccentric these may be. I fear this frequently happens. In
fact I suspect 1t may be unavoidable for the radical
relativist. In practice, everyone, whatever thelr
epistemology, must prefer to live in a certain way and to
have the pe§ple around them behave 1n a certain sort of
way. If the relativiet criticizes claims to absolutism of
belief and value systeme which he does not l1ike, how can he
avoid implicitly recommending what epitomizes his own ideal
way of 1ife - whether it be the zany "anarchism" of a
Feyerabend {6} or the post-prandial "conversation"™ of a
‘Rorty {(7}. Deployed critically, relativistic arguments are
koo powerful; they can debunk anything. It is, I suspect,
thies excessive power which so often leaves one (well, me at
least) with the feeling of being intellectually bullied
when reading the work of radical relativists. On the other
hand, if the relativist conscientiocusly manages  to abjure -
criticism of anyone's belief system, how is he going to be
able to stand up against, say, Nazism {8¥%}? Do we really

want to embrace a doctrine which faces us with the choice
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either of being intellectually dishonest, or else supine in

the face of evil?

Relativism seems to lead both to virtue and to
vice., It 1is also, on the more personal 1level, both a
promise and a threat. The promise 1is that of freedom:
‘whether freedom from conventional restraints or freedom
from having to worry about difficult problems; freedom to
" try and build utopia now, or freedom from having to bother
at all. The threat is that of anomie, of losing our sense
of direction and purpose, of decadence {9}, perhaps even of
madness. Whether one feelg the promise or the threat more
acutely is perhaps a matter of temperament. I must confess
to being more sensitive to the threat. However, the proper
task seems to me to be neither to refute relativism (which
is either too easy or impossible {10%}), nor to promote it.
What wé should hope to do 1is to construct a viable outlook
which combines as much as pogsible of the virtue and
promise of relativism with as 1little as possible of the
vice and threat. When I firet read Kuhn I not only began,
dimly, to sense these proplems about relativism, I also
sensed that the notion of "paradigm®™ or "“exemplar" might

‘contain the seeds of a way to resolve them.

Kuhn's 1idea of how '"paradigms" or "exemplars"
actually function in science is, a8 he acknowledges {11},
indebted and closely akin tc the notion at the centre of
Michael Polanyi's philosophy of science {12}. This is what

he calls "tacit knowledge", knowledge which underlies
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scientific understanding and practice, but which cannot be
articulated. Polanyi, however, was no relativist but a
staunch escientific realist, and his belief 41in an
irreducibly tacit component of scientific knowledge was a
central piank of this realism:

There are an infinite number of mathemat-
ical formulae which will cover any series
of numerical observations. Any additional
future obsgervations can still be accounted
- for by an infinite number of formulse.
Moreover, no mathematical function connect-
ing instrument readinge can ever constitute
a gcientific theory. Future instrument
‘readings cannot ever be predicted. But this
is merely a symptom of a deeper inadequacy,
" namely, that the explicit content of a
theory fails to account for the guidance it
affords to future discoveries. To hold a
natural law to be +true 1ig to believe that
its presence will manifest 1itself in an
indeterminate range of yet unknown and
perhaps yet unthinkable consequences. It is
to regard the law as a real feature of
nature which, ag such, exists beyond our
control.

We meet here with a new definition
of reality. Real is that which 1&g expected
to reveal 1itself indeterminately in the
future. Hence an explicit statement can
bear on reality only by virtue of the tacit
component associated with it. This concep-
tion of reality and of the tacit knowing of
reality underlies all my writings. {13}
By contrast, the g0 called "incommensurability",
- whiceh forms the basis of Kuhn's relativism, is essentially
& linguistic matter. It ig impossible, we are told, to
choose between Einsteinian and Newtonian mechanics on a
purely logical and observational basis. Nor c¢an we show
that the latter is a special case of the former. The reason
for <this is that the central terms of each theory have

different and incompatible meanings, even when the words

used are the same. For Einstein, mass increases with
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velocity and can be converted into energy. For Newton it is
part of the essence of mass that it 18 conserved, and, it
is suggested, Einstein's conception of mass cannot in any
way be expressed in Newtonian terms (or vice-veras) {14}.
Likewise, the Einsteinian notion that space may be curved
is seen as quite properly incomprehensible for a Newtonian
{15}. For such reasons, 1t is claimed, statements made in
-the language of two different theories c¢an never be
properly compared. They can never really contradiet one
another and thus no strictly logical cholce can ever be
made between them. I believe that this argument and other
related ones {16} do show that strictly formalizeable
methods of theory choice, such as we find 1in the
philosophies of the Logical Empiricists and of Popper,
cannot be made to work. However, 1t does not follow that
there can be no reasonable grounds for prefeé}ng one theory
over another, and, indeed, since he first wrote
'Structurs', Kuhn has been at some pains to insist that he
did not mean to imply this {17}. He has not, to my
knowledge, ever entirely eschewed relativism, but he seems
to hold only a very moderate form of it. In fact it has
been Paul Feyerabend, the co-originator of the notion of
theory incommensurability {18%}, who has really pressed the
idea's relativistic consequences -~ to the extent of seeming
to make a virtue of irrationality and even capriciousness
in science {19}. But Feyersbend, it should be noted,
continues to see sclience ag being primarily about
'*theories' - sets of statements which can be expressed in a

language.
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- Kuhn's “exemplars" and Polanyi's "tacit knowledge",
on the other hand, seem to hold out the promise of being
able to get at a deeper sort of Kknowledge than can be
explicitly expressed in words, a Knowledge that arises from
direct contact with the natural world, rather than being
mediated and distorted by the cultural forces embodied in
language. As Rorty {20} makes clear, it is precisely the
widespread belief amongst contemporary philosophers that
this cmnnok be done, that what we can say is co-extensive
with what we can know, that gives relativiem much of its
-plausibility, or even makes it seem inescapable to
contemporary philosophers. But if Kuhn and Polanyi seem to
~hint that  there may be such "infra-linguistic' knowledge,
they leave its nature very obscure. It is so obscure, in

fact, that at one time Polenyl was tempted by the notion

that what he then called "scientific intuition'" might be a

sort of psychic power, similar to clairvoyance or
precognition {21}. (I am relieved to say that he later
abandoned thie idea {22}.) However, there are other clues.
Both Kuhn and Polanyi expreses an intellectual debt to
Gestalt Psychology {23}, and at one time a major part of
the present work was intended to be a study of the Gestalt
Theory and its 1influence -on these and other related
thinkers (such as N.R. Hanson, who alsc cites them {(24}).
However, I came to the conclusion that Kuhn and Hanson had
attained (or, at least, they displayed) only a very shallow
understanding of Gestalt Theory {25}, which was, indeed,

profoundly anti-relativistic {26}. The real influence upon
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Kuhn from psychology came, I suspect, from the so called
'New Look' theory of perception, whose leading figure was
J.8. Bruner. Kuhn does not mention Bruner, but they were at
Harvard at the same time {27} and the one plece of
psychological research which Kuhn {28} considers at any
length (though without citation) is an experiment,
involving anomalous playing cards (red clubs, black
diamonds, etc.) done by Bruner & Postman. This, perhaps
significantly, was published wunder the title "On the
Perception of Incongruity: a Paradigm" {29}. (We shall meet
another member of the 'New Look' school, Richard Gregory,
in chapter II.D.) Polanyil was, I think, much more genuinely
influenced by the Gestalt Theory. But even in his work this
influence is difficult to disentangle from other strands of
thought. The Gestalt Theory does, I think, give us some -
insight into the nature and possibility of "tacit
knowledge", and we sghall discuss it in SI.B.4, but it can
- hardly be relied upon to provide us with the answers we

seek - it is almost certainly empirically falese.

Another possible clue as to the nature of exemplars
and tacit knowledge seemed to 1lie in +the notion of a
theoretical model,. Many, and perhaps all, scientific
theories (or should we say paradigms) seem to have at their
heart an analogy drawn between the more or less hidden
processes which are proposed to underlie the phenomena to
be explained and some " other process, or combination of
procesﬁes. which 1is more accessible and familiar. An

obvious example ie the Kinetic Theory of Gaskes. in which
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the molecules of gas are envisaged as very much 1like tiny
billiard balls moving about and colliding in three
-dimensions. But the analogy need not be mechanical. The
Darwinian theory of Natural Selection is based on a

compogite analogy between the methods used by the breeders

of domesticated animals and plants, and with Malthusgian -

economic theory. Positivistie philosophers of science, most
notably Duhem {30}, have tended to regard such analogical
models as at best heuristie aide to theory building. These
heuristiec effects are not insignificant, as Duhem was well
aware, -and they probably bear very much on the
independently interesting 1issue of scientific creativity.
However, they are never, it is suggested, a necessary part
of a truly satisfactory and and finished theory, which

should, rather, be a purely formal mathematical and logical

congtruction. Other philoscophers of science, howevery, -

notably Campbell {31} and Hesse {32} have cautioned that it
may hot be wise to, as it were, throw away the model once a
logico-mathematical superstructure sufficient to the
pPhenomena under study has been built around it. They argued
that i1t is only the analogicsal model at a theory's core
which makes 1t poesible for theories to be 'predictive' in
the sense of suggesting the possibility of new, previously
unsuspected phenomena. To be sure, positiviet accounts of
science are much concerned with prediction, but only in the
sense that £?ﬁ regard® science as a codification of beliefs

that event E will (probably, and  ceteris paribus) follow

from situation S5, because it has frequently been observed

to do 80 before. Predictions in the first sense are surely
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more interesting and important. For one thing, although
there are exceptions (such a8 meteorology and the
navigational uses of astronomy), most of - the technological
benefits of science surely flow from the prediction of new

effects.

At this point things begin to 1look promisging.
~Analogical models seem to be assigned to do much the same
Job in science as that which Polanyl assigned to  "tacit
kﬁowledse" in the passage we quoted above. The usual notion
of a model will not, perhaps, do everything that Polanyi
wants "tacit knowledge"™ to do - he wants it also to express
something about the commitment which a scientist holds
towards a theory in which he believes - but let us leave
this aside for the moment, for there is a puzzling aspect
- to the notion of models in science which is seldom remarked
upon. Most of the time, in most filelds, the models have no
‘material exlistence, There are exceptions to this -
molecular bilologists find it helpful to build ball and
stieck models of molecules, ‘'cognitive scilentists' try to
model mental processes as computer programs {33%)}, and
engineers test scale models in wind tunnels and the like -
but, mostly, scientific models are embodied, at best,
simply a8 flat and static diagramse in text books. The
natural habitat of the scientific model is, surely, in the
imagination of the scientist. Indeed, 1f this were not so
then it is not at all clear that they would be at all
promising candidates to solve any of our epistemological

problems. If scientific models were, in the firet place,
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actual material models, then most of the game problems as
to how we can know the material world would seem to arise
in the case of knowing the moéel as would arise over:
knowing the original phenomena of interest. To push the
model back into the mind at this point may seem merely
obscurantist, putting up a smoke-screen instead of solving
a problem {34}, but I hope by the end of this work to have
blown away most of the smoke and to have revealed how a
mental model can fulfil an epistemological réle which a

material one cannot.

We are suggesting then that the primary mode of
existence of scientific models is as mental images. They
are now beginning to look even more like "tacit knowledge",
and perhaps we could say that the main function of Kuhnian
"exemplars"™ is to convey such models, such images, into the
scientist's mind, and to sustain them there. Green {35}, it
seems to me, is quite right in arguing that Kuhn can fairly
be glossed as propeosing a major réle for the imagination in
science. Furthermore, there is a respectable tradition of
giving mental images a central rdle in scientific
understanding. I am not thinking, here, merely of the many
anecdotes in which unbidden images are said to have played
a crucial part in the genesis of new scientific ideas
(Kekulé's famous snake images, which inspired his idea of
the benzene ring, for example) {36}. Rather, I mean the
notion that mental images play a necessary, ongoing part in
the understanding and application of a theory. Perhaps the

most famous expression of this view came from Heinrich
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‘Hertz in The Principles of Machanics:

In endeavouring thus to draw inferences as

to the future from the past, we always

adopt the following process. We form for

ourself images {37%} or symbols of external

objecte; and the form which we give them is

such that the necessary conseguents of the

images in thought are always the images of

- the necessary consequents in nature of the

things pictured. {38}.
As A.I. Miller {39} has recently shown, Hertz -was by no
means alone amongst philosophically minded physicists of
his time 1in taking such a view (although many also
dissented from it). Differences of opinion over the value
or even hnecesgsity of imagery in scientific understanding
were not confined to physics. For instance, Van't Hoff's
explanation of optical isomerism in terms of asymmetric
molecules was viciocusly attacked by Kolbe, on the grounds
that it was based on fantasy and "hallucinations", on
mental images of molecules. Van't Hoff, of coursge, is now
considered to have been right, and Kolbe's attack drew from
him a gtirring defence of the importance of imagination in
science {40%). However, the doubts raised by the so called
"imageless thought controversy" in psychology {41}, and the
problems surrounding the interpretation of gqguantum
mechanics, meant that, in the earlier part of this century,
anti-imagistic positivism carried the day, at least amongst
philosophers. The Vienna Circle positivists {(upon whom
Duhem was a very important influence {42}) became the

dominant force in philosophy of sgcience - and they had no

time for such occult entities as mental images.

Miller, however, argues that guantum mechanics can
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be understood in terms of imagery, and, indeed, that Bohr's
'Copenhagen' interpretation, with ites paradoxical notion of
"complementarity", was devised precisely to preserve
visualizability, even at the apparent cost of consistency
{43}. Perhaps 1it 18 no accident that the Copenhagen
interpretation has remained dominant amonget physicists who
actually have to uss  the theory. In any case, out of
earshot of the philosophers many scientists continued to
uphold the opinion that imagery played a vital 7réle in
their own thought processes. ' Einstein testified, in a
letter solicited by Hadamard, that:

The words of the language, as they are
written or spoken, do not seem to play any
réle in my mechanism of thought. The
psychical entities which seem to serve as
elements 1in thought are certain signs and
more or lege clear images which c¢can be
*voluntarily' reproduced and combined.
(.0.)

The above mentioned elements are,
in my case, of visual and sometimes of
muscular type. Conventional words and other
signs have to be sought for laboriously
only 1in a secondary stage, when the
mentioned associative play is sufficiently
well established and can be reproduced at
will. {4a4}.

But we sghould not resgtrict imagistic understanding to
geniuses or theoreticians. The physicist Martin Deutsch
avers:
I have never met a physicist, at least not
~an experimental physicist, who doesg not
think of the hydrogen atom by evoking a
visual image of what he would see if the
particular atomic model with which he is
working existed literally on a scale
accessible to sense impressions. {(45}.
After describing an experiment in subatomiec physies, he

continues:

We clearly could not have designed our






