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AUTHOR’S NOTE, 1993

I do not regard myself as an expert in either science or philosophy
I have, however, tried hard all my life to understand something of
the world we live1n Scientific knowledge, and the human rationality
that produces 1t, are, I beheve, always fallible, or subject to error But
they are, I believe, also the pride of mankind For man 1s, so far as
I know, the only thing in the universe that tries to understand what
1t 15 all about May we continue to do so, and may we also be aware
of the severe limitations of all our contributions

For many years I have argued agamst mtellectual fashions in the
sciences, and even more against intellectual fashions in philosophy
The fashionable thinker 1s, 1n the main, a prisoner of his fashion, and
I regard freedom, political freedom as well as a free and open mind,
as one of the greatest, if not the greatest, value that our life can offer
us

Today 1t has become fashionable 1n the sciences to appeal to the
specialized knowledge and authority of experts, and fashionable 1
philosophy to demgrate science and rationality Oftentumes, this
demgration of science and rationality 1s due to a mistaken theory of
sctence and rationality — a theory which speaks of science and
rationality 1n terms of speciahizations, experts, and authority But
science and rationality have really very httle to do with special-
1zation and the appeal to expert authority On the contrary, these
mtellectual fashions are actually an obstacle to both For just as the
fashionable thinker 1s a prisoner of his fashion, the expert 15 a
prisoner of his specialization And 1t is the freedom from mtellectual
fashions and specializations that makes science and rationahity
possible

Today, the appeal to the authority of experts 1s sometimes excused
by the immensity of our specialized knowledge And it 1s sometimes
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defended by philosophical theories that speak of science and
rationality 1n terms of specializations, experts, and authority But in
my view, the appeal to the authority of experts should be neither
excused nor defended It should, on the contrary, be recognized for
what 1t 15 — an mntellectual fashion — and 1t should be attacked by a
frank acknowledgement of how little we know, and how much that
little 1s due to people who have worked in many fields at the same
ume And 1t should also be attacked by the recogmition that the
orthodoxy produced by intellectual fashions, specialization, and the
appeal to authorities 1s the death of knowledge, and that the growth
of knowledge depends entirely upon disagreement

This 1s my excuse for collecting in a shm volume a few essays
written 1n defence of science and rationality

The essays m thus volume were originally prepared on different
occasions as lectures for non-specialist audiences As a result, they
often contained a resume of my general approach to plilosophy, and
they sometimes contained brief discussions of some point taken up
at greater length m another essay This posed something of a
problem when bringing them together n this volume I have
attempted to solve it by eliminating passages where there was an
obvious overlap between two essays (provided this could be done
without inflicting too much damage on their structure)

Some of what 1s said 1n these essays will undoubtedly be famihiar
to those who know my other works But I believe that there 1s also
much 1n these essays that will not be so familiar And I have, 1n any
event, tried hard to make every point and every argument as simple
and as clear as I could

This volume 1s permeated by a conviction which I have tried to
indicate by its subuitle, and which has mspired my writings for at
least the last sixty years Itis the conviction that scienufic knowledge
15, despute 1ts fallibility, one of the greatest achievements of human
rationality — and that we can, through the free use of our always
fallible reason, nonetheless understand something about the world
and, perhaps, even change 1t for the better

KRP
Kenley, Surrey, 1993
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INTRODUCTION

All, or almost all, the papers collected 1n this volume are written to
defend rationality and rational criticism It 15 2 way of thinking, and
even a way of living a readmess to hsten to critcal arguments, to
search for one’s own mistakes; and to learn from them It s,
fundamentally, an attitude that I have tried to formulate (perhaps
first 1n 1932) in the following two lines

‘I may be wrong and you may be right,
and by an effort, we may get nearer to the truth’

These two lines in italics here quoted were first printed 1n 1945 i my
Open Society (volume II, the second page of chapter 24, “The Revolt
Against Reason’), and I stalicized the lines i order to indicate that
I regarded them as important For these two lines were an attempt
to summarize a very central part of my moral articles of faith The
view that they summed up I called ‘critical rationalism’

But the critics of my Open Sociery and of critical ranonalism were,
it seemed, blind to these two lines so far as I know, none of my
critics showed any interest 1n them, or quoted them Some said that
my book lacked any moral principle or ethical reasoning, others that
my critical rationalism was dogmatic ~ too dogmatic, and there also
was an attempt to replace my critical rationalism by a more radically
critical and more explicitly defined position But because this
attempt bore the character of a defimtion, 1t led to endless philo-
sophical arguments about its adequacy I never found anyone who
had taken notice of the two lines that I had mtended as my moral
credo ~ lines that had seemed to me to exclude any possibility of a
dogmatic interpretation of ‘critical rationalism’

I am very ready to admut that all this 1s my own fault — that the
two lines are obviously too brief to make the reader conscious of all

2t}



INTRODUCTION

that I shall attribute to them in the next paragraph I hope you will
agree that all I indicate there 1s indeed contamed 1n these two lnes
—and more

This 1s the reason why, after half a century, I am quoting them
here They were intended to contawn, 1n a nutshell, a confession of
faith, expressed simply, in unphilosophical, ordinary English, a faith
in peace, in humamty, 1n tolerance, 1 modesty, 1n trymg to learn
from one’s own mustakes, and in the possibilities of critical discus-
sion It was an appeal to reason, an appeal I had hoped would speak
from all the pages of that long book

It 1s perhaps of interest if I reveal that I owe the idea of
formulatung these two lines to a young Carinthian member of the
National Socralist Party, neither a soldier nor a policeman, but
wearing the Party uniform and a pistol It must have been not long
before the year 1933 — the year Hitler came to power m Germany
— that this young man said to me “What, you want to argue? I don’t
argue I shoot!” He may have planted the seed of my Open Society

More than sixty years have gone by since this expertence, and 1n
the place where 1t happened, things seem to have improved But over
what was then the Caninthian-Yugoslavian border, a border that has
not changed, the readiness to shoot under the pretext of ethnic
provocaton has mcreased in a terrible way The attack of irration-
alism upon argument has been going on through all these sixty years
1n more than sixty fashions The pretext of ethnic provocation 1s the
meanest and most revoltng one of all, but not the newest Quite
possibly 1t 1s the oldest This 1s not much comfort But at least we
need not accept that there 1s here — or elsewhere — a hustorical
tendency for things to become worse The future depends upon
ourselves It 1s we who bear all the responsibility

For this reason, an important principle holds It s our duty to
reman optimists Perhaps I should explam this in a few words before
ending these notes

The future 15 open It 1s not predetermined and thus cannot be
predicted — except by accadent The possibilities that lie 1n the future
are mfinite When I say ‘It 1s our duty to remamn optimists’, this
mncludes not only the openness of the future but also that which all
of us contribute to 1t by everything we do we are all responsible for
what the future holds in store

Thus 1t 15 our duty, not to prophesy evil but, rather, to fight for
a better world

. 4h i
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THE RATIONALITY
OF SCIENTIFIC
REVOLUTIONS

SCICCUOH versus instruction

The title of this series of Spencer lectures, ‘Progress and Obstacles
to Progress in the Sciences’, was chosen by the orgamzers of the
series The title seems to imply that progress in science 1s a good
thing, and that an obstacle to progress s a bad thing —a position held
by almost everybody until quite recently Perhaps I should make 1t
clear at once that I accept this position, although with some shght
and fantly obvious reservations to which I shall briefly allude later
Of course, obstacles which are due to the mherent difficulty of the
problems tackled are welcome challengers (Indeed, many scientists
were greatly disappointed when 1t turned out that the problem of
tapping nuclear energy was comparatively trivial, mnvolving no new
revolutionary change of theory) But stagnation in science would be
a curse Sull, I agree with Professor Bodmer’s suggestion that
scientific advance 1s only a mixed blessing! Let’s face 1t blessings are
mixed, though there may be some exceedingly rare exceptions

My talk will be divided 1nto two parts The first part (sections
I-VIII) 1s devoted to progress in science, and the second part
(sections IX~XIV) to some of the social obstacles to progress

Remembering Herbert Spencer, I shall discuss progress n science
largely from an evolutionary pomnt of view — more precisely, from the
point of view of the theory of natural selection Only the end of
the first part (that 1s, section VIII) will be spent 1n discussing the

Furst published 1n Problems of Scientsfic Revolution Scientific Progress and Obstacles
to Progress tn the Sciences, The Herbert Spencer Lectures 1973 edited by Rom Harre;
Clarendon Press, Oxford, 1975 I wish to thank Troels Eggers Hansen, the Rev
Michael Sharratt, Dr Herbert Spengler, and Dr Martin Wenham for critical comments
on this lecture
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progress of science from a logical point of view, and m proposing two
rational criteria of progress n science, which will be needed 1n the
second part of my talk

In the second part I shall discuss a few obstacles to progress in
science, more especially ideological obstacles And 1 shall end
(sectrons XI-XIV) by discussing the distinctions between, on the
one hand, scientzfic revolutions, which are subject to rational criterta
of progress, and, on the other hand, :declogical revolutions, which
are only rarely rationally defensible It appeared to me that this
disinction was suffictently interesung to call my lecture “The
Rationality of Scienufic Revolutions” The emphasis here must be, of
course, on the word scientific’

1

I now turn to progress i science I will be looking at progress in
science from a biological or evolutionary point of view I am far from
suggesting that thus 15 the most important powmt of view for
examining progress in science But the biological approach offers a
conventent way of introducing the two leading ideas of the first half
of my talk They are the ideas of mstruction and selection

From a biological or evolutionary pomnt of view, science, or
progress 1n science, may be regarded as a means used by the human
species to adapt itself to the environment to nvade new environ-
mental niches, and even to invent new environmental niches ? This
leads to the following problem

We can disunguish between three levels of adaptation geneuic
adaptation, adaptive behavioural learming, and scientific discovery
(which 1s a special case of adaptive behavioural learning) My main
problem 1 thus part of my talk will be to enquire 1nto the simularities
and dissimularities between the strategies of progress or adaptation
on the scentific level and on those two other levels the genetic level
and the bebavioural level And I will compare the three levels of
adaptation by investigatng the role played on each level by
instruction and by selection

II

In order not to lead you blindfolded to the result of this comparison
I will annnounce at once my main thesis It 1s a thesis asserting the
fundamental similarity of the three levels, as follows

2



1 THE RATIONALITY OF SCIENTIFIC REVOLUTIONS

On all three levels — genetic adaptation, adaptwve bebaviour, and
scientific discovery — the mechamsm of adaptation is fundamentally
the same

Thus can be explained 1n some detail

Adaptation starts from an mherited structure which 1s basic for all
three levels the gene structure of the organism To 1t corresponds, on
the behavioural level, the mnate repertoire of the types of behaviour
which are available to the organism and, on the saientific level, the
domnant scientific conjectures or theorses These structures arealways
transrutted by instruction, on all threelevels by the repheation of the
coded genetic mstruction on the genetic and the behavioural levels,
and by social traditton and imitation on the behavioural and the
scienttfic levels On all three levels, the sstruction comes from within
the structure If mutations, or variations, or errors occur, then theseare
new instructions, which also arise from within the structure, rather
than from without, from the environment

These inherited structures are exposed to certain pressures, or
challenges, or problems to selection pressures, to environmental
challenges, to theoreucal problems In response, variations of the
genetcally or traditionally mherited wmstructions are produced® by
methods which are at least partly random On the geneuc level, these
are mutations and recombinations® of the coded instruction On the
behavioural level, they are tentative vartations and recombinations
within the repertoire On the scienufic level, they are new and
revolutionary tentative theories On all three levels we get new
tentative trial mstructions — or, briefly, tentative trials

It 1s important that these tentative trials are changes that originate
withn the individual structure 1n a more or less random fashion ~on
all three levels The view that they are not due to mstruction from
without, from the environment, 1s supported (if only weakly) by the
fact that very similar organisms may sometimes respond i very
different ways to the same new environmental challenge

The next stage 1s that of selecting from the available mutations and
variations those of the new tentative trials which are badly adapted
are ehminated This 15 the stage of the elimmnation of error Only the
more or less well adapted trial instructions survive and are inherited
i their turn Thus we may speak of adaptation by ‘the method of
trial and ervor’ — or better, by ‘the method of trial and the
elimmation of error” The elimination of errox, or of badly adapted
trial instructions, 1s also called ‘natural selection® Tt 15 a kind of
‘negative feedback’ that operates on all three levels

3



THE MYTH OF THETRAMEWORK

It 1s to be noted that 1n general no equilibrium state of adaptation
1s reached by any one application of the method of trial and the
elimination of error, or by natural selection First, because no perfect
or optimal trial solutions to the problem are likely to be offered
Secondly ~ and this 1s more mmportant — because the emergence of
new structures, or of new mstructions, involves a change in the
environmental situation New elements of the environment may
become relevant And mn consequence, new pressures, new chal-
lenges and new problems may arise as a result of the structural
changes which have arisen from within the organism

On the genetic level the change may be a mutation of a gene, with
a consequent change of an enzyme Now the network of enzymes
forms the more intimate environment of the gene structure Accord-
ingly, there will be a change 1n this intimate environment And with
it, new relationships between the orgamism and the more remote
environment may arise —and further, new selection pressures

The same happens on the behavioural level For the adoption of
a new kind of behaviour can be equated in most cases with the
adoption of a new ecological niche As a consequence, new selection
pressures will arise, and new genetic changes

On the scientific level, the tentative adoption of a new conjecture
or theory may solve one or two problems But it mvariably opens
up many new problems, for a new revolutionary theory functions
exactly like a new and powerful sense organ If the progress 1s
significant then the new problems will differ from the old problems
the new problems will be on a radically different level of depth This
happened, for example, in relauvity It happened i quantum
mechamces And 1t 1s happening right now, most dramaucally, 1n
molecular biology In each of these cases, new horizons of unex-
pected problems were opened up by the new theory

Thas, I suggest, 1s the way in which science progresses And our
progress can best be gauged by comparing our old problems with
our new ones If the progress that has been made 15 great, then the
new problems will be of a character undreamt-of before There will
be deeper problems, and there will be more of them The further we
progress i knowledge, the more clearly we can discern the vastness
of our ignorance *

I will now sum up my thesis

On all the three levels which I am considering, the genetic, the
behavioural, and the scientific levels, we are operating with mherited
structures which are passed on by instruction — either through the

4



1 THE RATIONALITY OF SCIENTIFIC REVOLUTIONS

genetic code or through tradition On all the three levels, new
structures and new instructions arise by trial changes from within
the structure by tentauve trials, which are subject to natural
selection or the elimination of error

II1

So far I have stressed the similarities in the working of the adaptive
mecharusm on the three levels Thus raises an obvious problem what
about the differences?®

The main difference between the genetic and the behavioural level
1s this Mutations on the genetic level are not only random but
completely ‘blind’ 1n two senses ® First, they are 1n no way goal
directed Secondly, the survival of a mutation cannot influence the
further mutations, not even the frequencies or probabilities of their
occurrence (though admuttedly, the survival of a mutation may
sometimes determine what kind of mutations may possibly survive
mn future cases) On the behavioural level, trials are also more or less
random But they are no longer completely ‘blind” i esther of the
two senses mentioned First, they are goal directed And secondly,
ammals may learn from the outcome of a trial they may learn to
avoid the type of trial behaviour winch has led to a faillure (They
may even avoid 1t m cases i which 1t could have succeeded )
Simularly, they may also learn from success And successful behav-
our may be repeated, even in cases n which it 1s not adequate
However, a certain degree of ‘blindness’ 1s inherent in all trials 7

Behavioural adaptation 1s usually an intensely active process the
ammal — especially the young animal at play — and even the plant are
acuvely investigating the environment

Thus activity, which 1s largely genetically programmed, seems to
me to mark an important difference between the genetc level and
the behavioural level I may here refer to the experience which the
Gestalt psychologists call “msight’, an experience that accompanies
many behavioural discoveries ? But 1t must not be overlooked that
even a discovery accompanied by ‘insight’ may be mustaken every
trial, even one with “msight’, 1s of the nature of a conjecture or a
hypothesis Kohler’s apes, 1t will be remembered, sometimes hit
with ‘insight” on what turns out to be a mustaken attempt to solve
their problem And even great mathematicians are sometimes musled
by mntwition Thus animals and men have to try out their hypotheses
They have to use the method of trial and of error elimnation

5
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On the other hand I agree with Kohler and Thorpe' that the trials
of problem-solving animals are in general not completely blind
Only n extreme cases, when the problem which confronts the
animal does not yield to the making of hypotheses, will the animal
resort to more or less blind and random attempts in order to get out
of a disconcerting situation Yet even wn these attempts, goal-
directedness 1s usually discernible; in sharp contrast to the blind
randomness of genetic mutations and recombinations

Another difference between genetic change and adapuve behav-
1oural change 15 that the former always establishes a rigid and almost
mvariable genetic structure The latter, admuttedly, leads sometimes
also to a fairly ngid behaviour pattern which 1s dogmatically adhered
to — radically so 1n the case of ‘imprinting’ (Konrad Lorenz) — but
in other cases 1t leads to a flexsble pattern which allows for
differentiation or modification For example, 1t may lead to explora-
tory behaviour, or to what Pavlov called the ‘freedom reflex” !

On the scientific level, discoveries are revolutionary and creative
Indeed, a certain creativity may be attributed to all levels, even to the
genetic level new trials, leading to new environments and thus to
new selection pressures, create new and revolutionary results on all
levels, even though there are strong conservative tendencies built
mto the various mechanisms of mstruction

Genetic adaptation can of course operate only within the time
span of a few generations — at the very least, say, one or two
generations In organisms which replicate very quickly this may be
a short time span, and there may be simply no room for behavioural
adaptation More slowly reproducing organisms are compelled to
mvent behavioural adaptation m order to adjust themselves to quick
environmental changes They thus need a behavioural repertoire,
with types of behaviour of greater or lesser lautude or range The
repertoire, and the latitude of the available types of behaviour, can
be assumed to be genetically programmed And since, as indicated,
a new type of behaviour may be said to mvolve the choice of a new
environmental niche, new types of behaviour may indeed be
genetcally creauve For they may in thewr turn determine new
selection pressures, and thereby indirectly decide upon the future
evolution of the genetic structure 2

On the level of scientific discovery two new aspects emerge The
most important one 1s that scientific theortes can be formulated
lingusstically, and that they can even be published Thus they
become objects outside of ourselves objects open to 1nvestigation

6



1 THERATIONALITY OF SCIENTIFICREVOLUTIONS

As a consequence, they are now open to criticzsm Thus we can get
nid of a badly fitting theory before the adopuon of the theory makes
us unfit to survive By enticizing our theories we can let our theories
die i our stead This 1s of course immensely important

The other aspect 15 also connected with language It 1s one of the
novelties of human language that it encourages story telling, and
thus creative imagimation Scientific discovery 1s akin to explanatory
story telling, to myth making and to poetic imagination The growth
of imagimation enhances of course the need for some control, such
as, m science, mter-personal criticism — the friendly hosule cooper-
ation of screntists, which 1s partly based on compettion and partly
on the common aim to get nearer to the truth Thus, and the role
played by mstruction and tradition, seems to me to exhaust the mamn
sociological elements mherently mvolved 1n the progress of science
~ though more could be said of course about the social obstacles to
progress, or the social dangers inherent in progress

IV

I have suggested that progress m science, or scientific discovery,
depends on wmstruciion and selection on a conservative or traditional
or hustorical element, and on a revoluuonary use of trial and the
elimination of error by criucism, which mcludes severe empirical
examinations or tests ~ that 1s, attempts to probe into the possible
weaknesses of theories, attempts to refute them

Of course, the individual scientist may wish to establish his theory
rather than to refute it But from the pomt of view of progress in
science, this wish can easily mislead him Moreover, if he does not
himself examine hus favourite theory critically, others will do so for
him The only results which will be regarded by them as supporting
the theory will be the failures of mteresting attempts to refute 1t —
failures to find counter-examples where such counter-examples
would be most expected in the light of the best of the competing
theories Thus 1t need not create a great obstacle to science if the
mdividual scientist 1s biased 1n favour of a pet theory Yet I think that
Claude Bernard was very wise when he wrote “Those who have an
excessive faith 1 their 1deas are not well fitted to make discov-
ertes *1?

All thus 1s part of the critical approach to science, as opposed to
the inductivist approach — of the Darwiian or elimuationist or
selectiomst approach, as opposed to the Lamarckian approach The

7
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mnductivist or Lamarckian approach operates with the idea of
wmstruction from without, or from the environment But the critical
or Darwiman approach only allows wmstruction from within — from
within the structure tself

In fact, I contend that there is no such thing as instruction from
withont the structure, or the passive reception of a flow of information
which 1mpresses mself on our sense organs All observations are
theory-impregnated There 1s no pure, disinterested, theory-free
observation {To see thus, we may try, using a little imagination, to
compare human observation with that of an ant or a spider )

Francis Bacon was rightly worried about the fact that our theories
may prejudice our observations This led him to advise scientists that
they should avoid prejudice by purifying thewr minds of all theories
Sumilar recipes are still given '* But to attain objectivity we cannot
rely on the empty mind Objectivity rests on criticism, on critical
discussion, and on the critical examunation of expersments '* And we
must recognize, particularly, that our very sense organs incorporate
what amount to prejudices I have stressed before (in section II) that
theories are like sense organs Now I wish to stress that our sense
organs are like theories They mcorporate adaptive theories (as has
been shown 1n the case of rabbits and cats) And these theories are
the result of natural selection

v

However, not even Darwin or Wallace, not to mention Spencer, saw
that there 1s no instruction from without They did not operate with
purely selectiomst arguments In fact, they frequently argued on
Lamarckian lines ® In this they seem to have been mistaken Yetit
may be worth while to speculate about possible limits to Darwinism
For we should always be on the lookout for possible alternatives to
any domumnant theory

I think that two pomts might be made here The first 1s that the
argument against the genetic inheritance of acquired characteristics
(such as mutilations) depends upon the existence of a genetic
mechanism i which there 1s a fairly sharp disunction between the
gene structure and the remaming part of the organism the soma But
this genetic mechanism mustitself bealate product of evolution, and 1t
was undoubtedly preceded by various other mechanisms of a less
sophisticated kind Moreover, certain very special kinds of muu-
lations are mhernited — more particularly, mutilations of the gene

8



1 THERATIONALITY OF SCIENTIFIC REVOLUTIONS

structure by radiation Thus if we assume that the primeval orgamsm
was a naked gene, then we can even say that every non-lethal
mutilation to this organism would be inherited What we cannotsay 1s
that this fact contributes in any way to an explanation of genetic
adaptation, or of genetic learning — except indirectly, via natural
selection

The second pomnt 15 this We may consider the very tentative
conjecture that, as a somatic response to certain environmental
pressures, some chemical mutagen 1s produced, increasing what 1s
called the spontaneous mutation rate This would be a kind of semi-
Lamarckian effect, even though adaptation would sull proceed only
by the elimination of mutations — that 1s, by natural selecuon Of
course, there may not be much in this conjecture, as 1t seems that the
spontaneous mutation rate suffices for adaptive evolution ¥

These two points are made here merely as a warning agamst too
dogmatic an adherence to Darwinism Of course, I do conjecture
that Darwinism 15 right, even on the level of scientific discovery, and
that 1t 15 right even beyond this level that it 1s right even on the level
of artistic creation We do not discover new facts or new effects by
copying them, or by inferring them mductively from observation, or
by any other method of mstruction by the environment We use,
iather, the method of trial and the ebwunation of error As Ernst
Gombrich says, ‘making comes before matching’ ' the active
production of a new trial structure comes before its exposure to
eliminating tests

VI

I suggest therefore that we concerve the way science progresses
somewhat on the lines of Nuels Jerne’s and Sir Macfarlane Burnet’s
theories of antibody formation ' Earlier theories of anubody
formation assumed that the antigen works as a negattve template for
the formation of the antibody This would mean that there 1s
mstruction from wuhout, from the mvading anubody The funda-
mental 1dea of Jerne was that the mstruction or mformation which
enables the antibody to recogmze the antigen 1s, hiterally, inborn
that 1t 15 part of the gene structure, though possibly subject to a
repertowre of mutational varianons It 1s conveyed by the genetic
code, by the chromosomes of the specialized cells which produce
the anubodies And the immune reaction 1s a result of growth-
sumulation given to these cells by the antibody-antigen complex

9



THE MYTH OF THE FRAMEWORK

Thus these cells are selected with the help of the invading environ-
ment (that 1s, with the help of the antigen), rather than instructed
(The analogy with the selection — and the modification - of scientfic
theories 1s clearly seen by Jerne, who 1n this connection refers to
Kierkegaard, and to Socrates in the Meno )

Wath this remark I conclude my discussion of the biological
aspects of progress in science

Vil

Undismayed by Herbert Spencer’s cosmological theortes of evol-
ution, I will now try to outline the cosmological significance of the
contrast between mstruction from withm the structure, and selection
from wathout by the elimination of trials

To this end we may note first the presence, in the cell, of the gene
structure, the coded instruction, and of various chenucal sub-
structures,® the latter 12 random Brownian motion The process of
instruction by which the gene rephcates proceeds as follows The
vartous substructures are carried m random fashuon (by Brownian
motion) to the gene Those which do not fit fail to attach themselves
to the DNA structure Those which fit, do attach themselves (with
the help of enzymes) By this process of trial and selection,?! a kind
of photographic negative or complement of the genetic mstruction
1s formed Later, this complement separates from the ornginal
mstruction and, by an analogous process, forms again its negative
This negauve of the negative becomes an 1dentical copy of the
onigimal positive instruction %

The selective process underlying rephcation 1s a fast-working
mechanmism It 1s essentially the same mechanism that operates in
most nstances of chemucal synthesis, and also, especially, i pro-
cesses like crystalhzation Yet although the underlying mechanism is
selective, and operates by random trials and by the elimmauon of
error, 1t functions as a part of what 1s clearly a process of instruction
rather than of selection Admittedly, owing to the random character
of the motions wvolved, the matching processes will be brought
about each ume in a shghtly different manner In spite of ths, the
results are precise and conservative the results are essenually
determuned by the oniginal structure

If we now look for simular processes on a cosmuc scale, a strange
picture of the world emerges which opens up many problems It s
a dualistic world a world of structures 1n chaotically distributed
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motion The small structures (such as the so-called ‘elementary
particles’) build up larger structures And this 1s brought about
mainly by chaotic or random motion of the small structures, under
special conditions of pressure and temperature The larger structures
may be atoms, molecules, crystals, organisms, stars, solar systems,
galaxies, and galactic clusters Many of these structures appear to
have a seeding effect, like drops of water 1n a cloud, or crystals in a
solution That 1s to say, they can grow and muluply by mnstruction
And they may persist, or disappear by selection Some of them, such
as the aperiodic DNA crystals® which constitute the gene structure
of organisms and, with 1t, therr building mstructions, are almost
mfinitely rare and, we may perhaps say, very precious

I find this dualism fascinating I mean the strange dualistic picture
of a physical world consisting of comparauvely stable structures —or
rather, structural processes — on all micro and macro levels, and of
substructures on all levels m apparently chaouc or randomly
distributed motion a random motion that provides part of the
mechanism by which these structures and substructures are sus-
tained, and by which they may seed by way of mnstruction, and grow
and multply by way of selection and instruction This fascinatng
dualistic picture 1s compatible with, yet totally different from, the
well-known dualistic picture of the world as indetermmmusuc 1n the
small, owing to quantum-mechanical indetermimsm, and determm-
nistic 1n the large, owing to macro-physical determunism In fact, 1t
looks as if the existence of structures which do the nstructing, and
which mtroduce something like stability nto the world, depends
very largely upon quantum effects® This seems to hold for
structures on the atomic, molecular, crystal, organic, and even on the
stellar levels (for the stability of the stars depends upon nuclear
reactions), while for the supporting random movements we can
appeal to classical Brownian motion and to the classical hypothesis
of molecular chaos Thus n this dualist picture of order supported
by disorder, or of structure supported by randomness, the role
played by quantum effects and by classical effects appears to be
almost the opposite from that in the more traditional pictures

VIII

So far I have considered progress in science mamnly from a biological
pomtof view However, 1t seems to me that the following two logical
points ave crucial

11
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Furst, in order that a new theory should constitute a discovery or
a step forward 1t should conflict with its predecessor — that 1s to say,
1t should lead to at least some conflicting results But this means,
from a logical point of view, that 1t should contradict® its predeces-
sor 1tshould overthrow 1t

In this sense, progress mn science - or at least striking progress —
1s always revolutionary

My second pomt 1s that progress in science, although revol-
utionary rather than merely cumulative,?® 15 1n 2 certain sense always
conservative a new theory, however revolutionary, must always be
able to explam fully the success of its predecessor In all those cases
m which 1ts predecessor was successful, 1t must yield results at least
as good as those of 1ts predecessor and, if possible, better results
Thus n these cases the predecessor theory must appear as a good
approximation to the new theory, while there should be, preferably,
other cases where the new theory yields different and better results
than the old theory ¥

The mmportant point about the two logical criteria which I have
stated 15 that they allow us to decide of any new theory, even before
it has been tested, whether 1t will be better than the old one,
provided 1t stands up to tests But this means that, in the field of
science, we have something like a criterion for judging the quality of
a theory as compared with its predecessor, and therefore a criterion
of progress And so 1t means that progress in science can be assessed
rationally *® This possibility explains why, 1o science, only pro-
gressive theories are regarded as interesting And 1t thereby explains
why, as a matter of historical fact, the history of science 1s by and
large a history of progress {Science seems to be the only field of
human endeavour of which this can be said )

As I have suggested before, scientific progress 1s revolutionary
Indeed, its motto could be that of Karl Marx ‘Revolution n
permanence’ However, scientific revolutions are rational in the sense
that, mn principle, itis rationally decidable whether or notanew theory
1s better than its predecessor Of course, this does not mean that we
cannot blunder There are many ways m which we can make
mustakes

An example of a most interesting mustake 1s reported by Dirac ?
Schrodinger found, but did not publish, a relativistic equation of
the electron, later called the Klein—Gordon equation, before he
found and published the famous non-relativistic equation which 1s
now called by his name He did not publish the relatvistic equation

12
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because 1t did not seem to agree with the experimental results as
mterpreted by the preceding theory However, the discrepancy was
due to a faulty interpretation of empirical results, and not to a fault
i the relattvistic equation Had Schrodinger published it, the
problem of the equivalence between his wave mechames and
the matrix mechanics of Hewsenberg and Born might not have
arisen, and the history of modern physics might have been very
different

It should be obvious that the objectivity and the ratonality of
progress 1n science 1s not due to the personal objectvity and
rationality of the scientist *° Great science and great scientists, like
great poets, are often inspired by non-rational intuitions So are
great mathematicians As Pomcare and Hadamard have pomnted
out,’’ a mathematical proof may be discovered by unconscious
trials, gwided by an mspiration of a decidedly aesthetic character,
rather than by rauional thought This 1s true, and mmportant But
obviously, it does not make the result, the mathemancal proof,
wirrational In any case, a proposed proof must be able to stand up to
cnitical discussion to its exammation by competing mathematicians
And this may well induce the mathematical inventor to check,
rationally, the results which he reached unconsciously or intuitively
Similarly, Kepler’s beautiful Pythagorean dreams of the harmony of
the world system did not invalidate the objectivity, the testability, or
the rationality of his three laws — nor the rationality of the problem
which these laws posed for an explanatory theory

With this, I conclude my two logical remarks on the progress of
science I will now move on to the second part of my lecture, and
with 1t to remarks which may be described as partly sociological, and
which bear on obstacles to progress in science

IX

I think that the mamn obstacles to progress in science are of a social
nature, and that they may be divided into two groups economic
obstacles and 1deological obstacles

On the economic side poverty may, trivially, be an obstacle
(although great theoretical and experimental discoveries have been
made 1n spite of poverty) In recent years, however, 1t has become
fairly clear that affluence may also be an obstacle Too many dollars
may chase too few ideas Admuttedly, even under such adverse
circumstances progress can be achieved But the spint of science 1s

13
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in danger Big Science may destroy great sctence, and the publication
explosion may kill ideas Ideas, which are only too rare, may become
submerged 1n the flood The danger 1s very real, and it 15 hardly
necessary to enlarge upon 1t, but I may perhaps quote Eugene
Wigner, one of the early heroes of quantum mechanics, who sadly
remarks *? “The spirit of science has changed ’

Thus 1s indeed a sad chapter But since 1t 15 all too obvious I shall
not say more about the economuic obstacles to progress in science
Instead, I will turn to discuss some of the 1declogical obstacles

X

The most widely recognized of the ideological obstacles 1s 1deolog-
cal or religious intolerance, usually combined with dogmatism and
lack of imagmanon Historical examples are so well known that 1
need not dwell upon them Yet it should be noted that even
suppresston may lead to progress The martyrdom of Giordano
Bruno and the trial of Galileo may have done more n the end for the
progress of science than the Inquisition could do agamnst it

The strange case of Arnstarchus and the onginal heliocentric
theory opens perhaps a different problem Because of his helio-
centric theory Aristarchus was accused of impiety by Cleanthes, a
Stoic But this hardly explams the obliteration of the theory Nor can
1t be said that the theory was too bold We know that Aristarchus’
theory was supported, a century after it was first expounded, by at
least one highly respected astronomer (Seleucus)®* And yet, for
some obscure reason, only a few brief reports of the theory have
survived Here 15 a glaring case of the only too frequent farlure to
keep alternative ideas alive

Whatever the details of the explanation, the failure was probably
due to dogmatism and intolerance But new ideas should be regarded
as precious, and should be carefully nursed — especially if they seem
to be a bit wild I do not suggest that we should be eager to accept
new 1deas just for the sake of their newness But we should be
anxious not to suppress a new 1dea even 1if 1t does not appear to us
to be very good

There are many examples of neglected 1deas, such as the 1dea of
evolution before Darwin, or Mendel’s theory A great deal can be
learned about obstacles to progress from the history of these
neglected 1deas An interesting case 15 that of the Viennese physicist
Arthur Haas who in 1910 partly anticipated Niels Bohr Haas
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published a theory of the hydrogen spectrum based on a quantiza-
tion of J J Thomson’s atom model Rutherford’s model did not yet
exist Haas appears to have been the first to mtroduce Planck’s
quantum of action 1nto atomic theory with a view to deriving the
spectral constants In spite of his use of Thomson’s atom model,
Haas almost succeeded n his derivation And as Max Jammer
explains 1 detail, 1t seems quite possible that the theory of Haas
(which was taken seriously by Sommerfeld) indirectly influenced
Niels Bohr®* In Vienna, however, the theory was rejected out of
hand It was ndiculed and decried as a silly joke by Ernst Lecher
(whose early experiments had impressed Heinrich Hertz?®), one of
the professors of physics at the University of Vienna, whose
somewhat pedestrian and not very inspiring lectures I attended some
eight or mine years later

A far more surprising case, also described by Jammer,*® 1s the
rejection 1n 1913 of Einstein’s photon theory, first pubhished 1n 1905,
for which he was to recerve the Nobel prize in 1921 Thus rejection
of the photon theory formed a passage within a petition recom-
mending Emstemn for membership of the Prussian Academy of
Science The document, which was signed by Max Planck, Walther
Nernst, and two other famous physicists, was most laudatory, and
asked that a ship of Eimstein’s (such as they obviously beheved his
photon theory to be) should not be held aganst hum This confident
manter of rejecting a theory which, 1n the same year, passed a severe
experimental test undertaken by Millikan, has no doubt a humorous
side Yet 1t should be regarded as a glorious incident m the history
of science, showing that even a somewhat dogmatic rejection by the
greatest living experts can go hand in hand with a most liberal-
minded appreciation these men did not dream of suppressing what
they believed was mistaken Indeed, the wording of the apology for
Emstein’s shp 1s most interesting and enlightening The relevant
passage of the petition says of Einstein “That he may sometimes
have gone too far in his speculations, as for example n hus
hypothesis of hight quanta, should not weigh too heawily agamnst
him For nobody can mntroduce, even into the most exact of the
natural sciences, ideas which are really new, without sometimes
taking a risk 7 Thus 1s well said, but 1t 1s an understatement One has
always to take the nisk of being mistaken, and also the less important
risk of being misunderstood or musjudged

However, this example shows, drastically, that even great scien-
tists sometimes fail to reach that self-critical attitude which would
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prevent them from feeling very sure of themselves while gravely
musjudging things

Yet a himited amount of dogmatism 1s necessary for progress
Without a serious struggle for survival in which the old theories are
tenaciously defended, none of the competing theories can show their
mettle — that 1s, their explanatory power and their truth content
Intolerant dogmatism, however, 1s one of the mamn obstacles to
science Indeed, we should not only keep alternative theories alive
by discussing them, but we should systematically look for new
alternatives And we should be worried whenever there are no
alternatives — whenever a dominant theory becomes too exclusive
The danger to progress in science 1s much mncreased if the theory in
question obtains somethung like 2 monopoly

XI

But there 1s an even greater danger a theory, even a scientific theory,
may become an intellectual fashion, a substitute for religion, an
entrenched ideology And with this I come to the main pont of this
second part of my lecture, the part that deals with obstacles to
progress in science — to the distinction between scientific revolutions
and 1deological revolutions

For 1n addition to the always important problem of dogmatism
and the closely connected problem of ideological mntolerance, there
1s a different and, I think, more mteresting problem I mean the
problem which arises from certain links between science and
deology — links which do exist, but which have led some people to
conflate science and ideology, and to muddle the distinction between
scientific and 1deological revolutions

I think that this 1s quite a serious problem at a time when
ntellectuals, mcluding scientists, are prone to fall for ideologies and
mtellectual fashions Thus may well be due to the decline of religion,
to the unsatsfied and unconscious religious needs of our fatherless
soctety °® During my Lifetime I have witnessed, quite apart from the
various totalitarian movements, a considerable number of mtellec-
tually highbrow and avowedly non-religious movements with
aspects whose religious character 1s unmistakable once your eyes are
open to them *? The best of these many movements was that which
was mspired by the father figure of Emstein It was the best, because
of Einstein’s always modest and hughly self-critical attitude and hus
humanity and tolerance Nevertheless, I shall later have a few words
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to say about what seem to me the less satisfactory aspects of the
Einsteinian ideological revelution

I am not an essentialist, and I shall not discuss here the essence or
nature of ‘ideologies” I will merely state very generally and vaguely
that I am going to use the term “ideology’ for any non-scientific
theory, or creed, or view of the world which proves attractive, and
which interests people, including scientists (Thus there may be very
helpful and also very destructive ideologies from, say, a humani-
tartan or a rationalist point of view “°) I need not say more about
ideologies 1n order to justify the sharp distinction which I am gomng
to make between science® and “ideology’, and further, between
scientific revolutions and ideological revolutions But I will elucidate
this distinction with the help of a number of examples

These examples will show, I hope, that 1t 1s important to
distinguish between a scientific revolution 1n the sense of a rational
overthrow of an established scientfic theory by a new one, and all
processes of ‘social entrenchment’ or perhaps ‘social acceptance’ of
ideologies, including even those 1deologies which mcorporate some
sctentific results

XII

As my first example I choose the Copernican and Darwinian
revolutions, because i these two cases a scientific revolution gave
rise to an 1deological revolution Even if we neglect here the ideology
of ‘Social Darwinism’,** we can distingmish a scienuific and an
1deological component in both these revolutions

The Copernican and Darwinian revolutions were zdeological in so
far as they both changed man’s view of his place 1n the universe
They clearly were scientific 1 so far as each of them overthrew a
domunant scientific theory a domnant astronomucal theory and a
dominant biological theory

It appears that the ideological impact of the Copernican and also
of the Darwimnian theory was so great because each of them clashed
with a religious dogma This was highly significant for the mtellec-
tual hustory of our awvilization, and 1t had repercussions on the
history of science (for example, because 1t led to a tension between
religion and science) And yet, the historical and sociological fact
that the theories of both Copernicus and Darwin clashed with
religion 1s completely irrelevant for the rational evaluation of the
scientific theories proposed by them Logically 1t has nothing
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whatsoever to do with the saentific revolution started by each of the
two theories

It 15 therefore important to distinguish between scientific and
ideological revolutions particularly 1n those cases in which the
ideological revolutions interact with revolutions 1n science

The example, more especially, of the Copernican 1deological
revolution may show that even an 1deological revolution might well
be described as ‘rational’ However, while we have a logical criterion
of progress 1n science — and thus of rationality — we do not seem to
have anything like general criteria of progress or of ratonality
outside science (although this should not be taken to mean that
outside science there are no such things as standards of rationality)
Even a highbrow mntellectual :deology which bases itself on accepted
scientific results may be irrational, as 1s shown by the many
movements of modernism in art {(and in science), and also of
archaism 1 art —~ movements which in my opiion are imtellectually
sipid since they appeal to values which have nothung to do with art
(or science) Indeed, many movements of this kind are just fashions
which should not be taken too seriously

Proceeding with my task of elucidaung the distinction between
scientific and ideological revolutnions, I will now give several
examples of major scientific revolutions which did not lead to any
ideological revolution

The revolution of Faraday and Maxwell was, from a scientific
pomnt of view, just as great as that of Copernicus, and possibly
greater 1t dethroned Newton’s central dogma — the dogma of central
forces Yet 1t did not lead to an ideological revolution, though 1t
inspired a whole generation of physicists

JJ Thomson’s discovery (and theory) of the electron was also a
major revolutton To overthrow the age-old theory of the indivisi-
bility of the atom constituted a scienttfic revolution easily compar-
able to Copernicus’ achievement when Thomson announced 1t,
physicists thought he was pulling their legs But 1t did not create an
ideological revolution And yet, 1t overthrew both of the two rival
theortes which for 2400 years had been fighting for dominance m the
field of matter ~ the theory of indivisible atoms, and that of the
contmuity of matter To assess the revolutionary sigmificance of this
breakthrough 1t will be sufficient to remund you that 1t introduced
structure as well as electricity into the atom, and thus mto the
constitution of matter Also, the quantum mechanics of 1925 and
1926, of Hesenberg and of Born, of de Broglie, of Schrodinger and
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of Dirac, was essentially a quantization of the theory of the
Thomson electron And yet Thomson’s scientfic revolution did not
lead to a new 1deology

Another striking example 1s Rutherford’s overthrow mn 1911 of
the model of the atom proposed by JJ Thomson 1n 1903 Ruther-
ford had accepted Thomson’s theory that the positive charge must
be distributed over the whole space occupied by the atom This may
be seen from his reaction to the famous experiment of Geiger and
Marsden They found that when they shot alpha particles at a very
thin sheet of gold foil, a few of the alpha particles — about one 1
twenty thousand ~ were reflected by the foil rather than merely
deflected Rutherford was mncredulous As he said later ** ‘It was
quite the most incredible event that has ever happened to me 1n my
life It was almost as incredible as if you fired a fifteen-inch shell at
a piece of tissue paper and 1t came back and hit you’ This remark
of Rutherford’s shows the utterly revolutionary character of the
discovery Rutherford realized that the experument refuted Thom-
son’s model of the atom, and he replaced 1t by his nuclear model of
the atom This was the beginning of nuclear science Rutherford’s
model became widely known, even among non-physicists But 1t did
not trigger off an 1deological revolution

One of the most fundamental scientific revolutions in the history
of the theory of matter has never even been recognized as such I
mean the refutation of the electromagnetic theory of matter which
had become dominant after Thomson’s discovery of the electron
Quantum mechamncs arose as part of this theory, and 1t was
essentially this theory whose ‘completeness’ was defended by Bohr
against Einstein 1n 1935, and again in 1949 Yet 1n 1934 Yukawa had
outlined a new quantum-theoretical approach to nuclear forces
whuch resulted in the overthrow of the electromagnetic theory of
matter, after forty years of unquestioned dominance *°

There are many other major scientific revolutions which failed to
trigger off any ideological revolution — for example, Mendel’s
revolution (which later saved Darwinism from extinction) Others
are X-rays, radio-activity, the discovery of 1sotopes, and the discov-
ery of superconductivity To all these, there was no corresponding
ideological revolution Nor do I see as yet an 1deological revolution
resulting from the breakthrough of Crick and Watson
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XI1I

Of great interest 1s the case of the so-called Einsteinian revolution —
I mean Emstemn’s scientific revolution, which among intellectuals
had an 1deological influence comparable to that of the Copernican or
Darwinian revolutions

Of Emnstemn’s many revolutionary discoveries m physics, there are
two which are relevant here

The first 1s special relanvity, which overthrows Newtonian
kinematics, replacing Galileo mvariance by Lorentz mnvartance *¢ Of
course, this revolution sausfies our criterra of rationality the old
theories are explamned as approximately valid for velocities which are
small compared with the velocity of light

As to the ideological revolution linked with this scientific
revolution, one element of it 1s due to Minkowsk: We may state this
element 1n Minkowski’s own words “The views of space and time
I wish to lay before you’, Minkowski wrote, © are radical
Henceforth space by 1tself, and time by itself, are doomed to fade
away into mere shadows, and only a kind of union of the two will
preserve an independent reality ™ This 1s an ntellectually thrilling
statement But 1t 1s clearly not science 1t 15 ideology It became part
of the 1deology of the Emstetnian revolution But Emstemn himself
was never quite happy about 1t Two years before his death he wrote
to Cornelius Lanczos ‘One knows so much and comprehends so
httle The four-dimensionality with the [Minkowsk: signature of]
+++— belongs to the latter category *®

A more suspect element of the 1deological Einsteiman revolution
1s the fashion of operationalism or positivism — a fashion which
Emstein later rejected, although he himself was responsible for 1,
owing to what he had written about the operational definition of
simultaneity Although, as Einstemn later realized,*” operationalism
15, logically, an untenable doctrine, 1t has been very influential ever
smce, 1n physics, and especially 11 behavioursst psychology

With respect to the Lorentz transformations, it does not seem to
have become part of the ideology that they limit the validity of the
transitvity of sumultaneity the principle of transitivity remains vahid
within each inertial system while 1t becomes invalid for the
transition from one system to another Nor has it become part of the
ideology that geneial relatvity, or more especially Ewmstein’s cos-
mology, allows the introduction of a preferred cosmic time and
consequently of preferred local spatio-temporal frames 5
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General relauvity was, in my opinion, one of the greatest scientific
revolutions ever, because 1t clashed with the greatest and best tested
theory ever — Newton’s theory of gravity and of the solar system It
contains, as 1t should, Newton’s theory as an approximation, yet it
contradicts it 1 several points It yields different results for elliptic
orbits of appreciable eccentricity And it entails the astorushing
result that any physical particle (photons included) which ap-
proaches the centre of a gravitauonal field with a velocity exceeding
six-tenths of the velocity of light 1s not accelerated by the gravita-
tional field, as in Newton’s theory, but decelerated - that 15, not
attracted by 2 heavy body, but repelled *!

This most surprising and exciting result has stood up to tests, but
it does not seem to have become part of the :deology

It 15 this overthrow and correction of Newton’s theory which,
from a scientific (as opposed to an ideological) pont of view, 15
perhaps most significant in Einstein’s general theory This implies, of
course, that Emstemn’s theory can be compared point by point with
Newton’s* and that 1t preserves Newton’s theory as an approxi-
mation Nevertheless, Einstein never believed that his theory was
true He shocked Cornelius Lanczos 1n 1922 by saying that hus
theory was merely a passing stage he called 1t ‘ephemeral’ ** And he
said to Leopold Infeld® that the left-hand side of his field equation®
{the curvature tensor) was as solud as a rock, while the right-hand
side (the momentum—energy tensor) was as weak as straw

In the case of general relativity, an 1dea which had considerable
ideological influence seems to have been that of a curved four-
dimensional space This idea certanly plays a role m both the
saientific and the ideological revolution But thus makes 1t even more
important to distinguish the scientific from the 1deological revol-
ution

However, the ideological elements of the Einsteintan revolution
influenced scientists, and thereby the hustory of science And this
mfluence was not all to the good

First of all, the myth that Emstemn had reached lus result by an
essential use of epistemological, and especially operational, methods
had, 1n my opinion, a devastating effect upon science (It 1s irrelevant
whether you get your results — especially good results ~ by dreaming
them, or by drinking black coffee, or even from a mustaken
epistemology *°) Secondly, it led to the belief that quantum mechan-
1cs, the second great revolutionary theory of the century, must outdo
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the Emstemman revolution, especially with respect to its epistemo-
logical depth It seems to me that this belief affected some of the
great founders of quantum mechanics,” and also some of the great
founders of molecular biology® It led to the domunance of a
subjectivist interpretation of quantum mechanics an mterpretation
which I have been combating for almost forty years I cannot here
describe the situation, but while I am aware of the dazzling
achievement of quantum mechanics (which must not blind us to the
fact that 1t 1s seriously mcomplete®®) I suggest that the orthodox
mterpretation of quantum mechanics 1s not part of physics, but an
ideology In fact, 1t 1s part of a modermistic ideology, and 1t has
become a scientific fashion which 1s a serious obstacle to the
progress of science

X1V

I hope that I have made clear the distinction between a scientific
revolution and the 1deological revolution which may sometimes be
linked with it The ideological revolution may serve rationality or 1t
may undermine 1t But 1t 1s often nothing but an intellectual fashion
Even 1f 1t 15 linked to a scientific revolution 1t may be of a highly
irrational character, and 1t may consciously break with tradition

But a scienufic revolution, however radical, cannot really break
with tradition, since 1t must preserve the success of its predecessors
This 1s why scientific revolutions are rational By this I do not mean,
of course, that the great scientists who make the revolution are, or
ought to be, wholly rational bemngs On the contrary although I
have been arguing here for the ranonality of scienufic revolutions,
my guess 1s that should mndividual scientists ever become “objective
and rational’ in the sense of ‘impartial and detached’, then we should
mdeed find the revolutionary progress of science barred by an
impenetrable obstacle

NOTES

1 Professor WF Bodmer concluded his Herbert Spencer Lecture, entided
‘Bio-medical Advances A Mized Blessing? , with the remark

Thus I believe that even if biomedical advances {and of course other
scientsfic advances) are a muxed blessing — they are a blessimg we
cannot avord and 1t 1s our job to see to 1t that the mxture comes out
for the best (See Problems of Scientific Revolution Scientsfic Progress
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and Obstacles to Progress i the Saences, The Herbert Spencer
Lectures 1973,p 41)

My own musgivings concerming sctentific advance and stagnation anse
mamnly from the changed spinit of science, and from the unchecked
growth of Big Science, which endangers great science (See section IX of
this lecture ) Biology seems to have escaped this danger so far, but not,
of course, the closely related dangers of large-scale apphicanion

The formauon of membrane protewns, of the first viruses, and of cells,
may perhaps have been among the earhiest inventions of new environ-
mental niches, though it 1s possible that other environmental mches
(perhaps networks of enzymesinvented by otherwise naked genes) may
have been invented even earher

It 1s an open problem whether one can speak i these terms (mn
response ) about the genetic level (compare my conjecture about
responding mutagens in section V) Yet if there were no vanations, there
could not be adaptation or evolution And so we can say that the
occurrence of mutanions 1s either partly controlled by a need for them,
or funcuions as if 1t were

When m this lecture I speak; for brevity s sake, of ‘mutation, the
possibility of recombination 1s of course always tacitly included

The realization of our ignorance has become pmpointed as a result, for
example, of the astonishing revolution brought about by molecular
biology

For the use of the term ‘bhind” {especially 1 the second sense) see D' T
Campbell, Methodological Suggestions from a Comparative Psychol-
ogy of Knowledge Processes’, Inguiry, 2, 1959, pp 152-82, ‘Bhind
Vanation and Selective Retention 1 Creative Thought as 1 Other
Knowledge Processes , Psychological Review, 67,1960, pp 380~400, and
‘Evolutionary Epistemology , in The Phiosophy of Karl Popper, in The
Library of Living Philosophers, edited by PA Schipp, The Open
Court Publishing Co , La Salle, llinass, 1974, pp 413-63

While the ‘blindness’ of trals 1s relative to what we have found out 1n
the past, randomness 1s relative to a set of elements (forming the sample
space’) On the genetic level these ‘elements’ are the four nucleotde
bases On the behavioural level they are the constituents of the
orgamsm’s repertowre of behaviour These consttuents may assume
different weights with respect to different needs or goals, and the
weights may change through experience {lowering the degree of
‘blindness )

On the importance of active participation, see R Held and A Hemn,
‘Movement-Produced Sumulanon m the Development of Visually
Guuded Behaviour’, Journal of Comparative Physwological Psychology,
56, 1963, pp 872-6 Cp ] C Eccles, Facing Reality Philosopbical
Adventures by a Bran Scentist, Springer-Verlag, New York, 1970,
pp 66-7 Theactivity 1s, at least partly, one of producing hypotheses see
J Krechevsky, ““Hypothesis” versus “Chance” mn g‘xe Pre-Solution
Period 1n Sensory Discrimmation-learmung , Unwersity of California
Publications . Psychology, 6, 1932, pp 27-44 (reprinted m Anwmal
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Problem Solving, edited by AJ Riopelle, Penguin Books, Harmonds-~
worth, 1967, pp 183-97)

I may perhaps mention here some of the differences between my views
and the views of the Gestalt school of psychology (Of course, I-accept
the fact of Gestalt perception I am only dubious about what may be
called Gestalt philosophy )

I conjecture that the umty, or the articulation, of perception 1s more
closely dependent on the motor control systems and the efferent neural
systems of the bramn than on afferent systems that 1t 1s closely
dependent on the behavioural repertoire of the orgamsm I conjecture
that a spider or a mouse will never have insight (as had Kohler s ape)
mto the possible unity of the two sticks which can be joined together,
because handling sticks of that s1ze does not belong to their behavioural
repertotre All this may be interpreted as a kind of generahization of the
James-Lange theory of emotions (1884, see William James, The Prin-
aples of Psychology, Macmullan & Co, London, 1890, volume II,
pp 4494f ), extending the theory from our emotions to our perceptions
(especially to Gestalt perceptions) which thus would not be ‘given to
us (as 1 Gestalt theory) but rather ‘made’ by us, by decoding
(comparatively given’) clues The fact that the clues may mislead
(optical illusions 1 man, dummy illusions mn animals, etc) can be
explamed by the biological need to impose our behavioural in-
terpretations upon highly simplified clues The conjecture that our
decoding of what the senses tell us depends on our behavioural
repertorre may explain part of the gulf that lies between ammals and
man For through the evolution of human language our repertorre has
become almost unlimuted
See WH Thorpe, Learning and Instinct in Animals, Methuen, London,
1956, pp 99ff, W Kohler, The Mentality of Apes, Pengun, London,
1957, pp 166£f
See 1P Pavlov, Conditroned Reflexes, Oxford University Press, Lon-
don, 1927, especially pp 11~12 In view of what he calls ‘exploratory
behaviour’ and the closely related freedom behaviour’ ~ both obviously
genetically based — and of the sigmificance of these for scientific activity,
1t seems to me that the behaviour of behaviourists who aim to supersede
the value of freedom by what they call ‘positive reinforcement’ may be
a symptom of an unconscious hostility to science Incidentally, what
B F Skinner (cp his Beyond Freedom and Dignity, Alfred A Knopf,
New York, 1971) calls “the literature of freedom did not arise as a result
of negative reinforcement, as he suggests It arose, rather, with Aeschy-
lus and Pindar, as a result of the victories of Marathon and Salanus
Thus exploratory behaviour and problem solving create new conditions
for the evolution of genetic systems, conditions which deeply affect the
natural selection of these systems One can say that once a certan
latitude of behaviour has been attained — as 1t has been attained even by
unicellular orgamsms (see especially the classic work of HS Jennings,
The Behavior of the Lower Orgamisms, Columbia University Press,
New York, 1906) - the imtiative of the organism 1n selecting 1ts ecology
or habitat takes the lead, and natural selection within the new habitat
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follows the lead In this'way, Darwinism can simulate Lamarckism, and
everi Bergson’s creative evolution’ This has been recogmzed by strict
Darwiusts For a brilliant presentation and survey of the history, see Sir
Alister Hardy, The Lwing Stream; Collins, Londen, 1965, especially
lectures VI, VIL, and VIII, where many references to earlier literature
will be found, from James Hutton (who died 1n 1797) onwards (see pp

178f ) See also Ernst Mayr, Animal Species and Evolution, The Belknap
Press, Cambridge, Mass , and Oxford University Press, London, 1963,
pp 604ff and 611, Erwin Schrodinger, Mind and Matter, Cambridge
University Press, Cambnidge, 1958, chapter'2, FW Braestrup, “The
Evolutionary Sigmficance of Learmng’, 1n Videnskabelige Meddeleser
Fra Dansk Naturbistorisk Forening, 134, 1971, pp 89-102 (with a
bibliography), and also my first Herbert Spencer Lecture, 1961, now mn
my Objective Knowledge

Quoted by Jacques Hadamard, The Psychology of Invention in the
Mathematical Freld, Princeton Unuversity Press, Princeton, NJ, 1945,
and Dover edition, New York, 1954, p 48

Behavioural psychologists who study ‘experimenter bias” have found
that some albino rats perform decidedly better than others if the
experimenter 15 led to believe (wrongly) that the former belong to a
strain selected for bigh mtelligence See Robert Rosenthal and Kermut L

Fode, “The Effect of Experimenter Bias on the Performance of the
Albwno Rat’; Bebavioral Science; 8; 1963, pp 1839 The lesson drawn
by the authors of this paper is that experiments should be made by
research assistants who do not know what outcome 1s desired (p 188)

Like Bacon, these authors pin their hopes on the empty mnd, forgetting
that the expectations of the director of research may communicate
themselves, without explicit disclosure, to his research assistants, just as
they seem to have communicated themselves from each research
assistant to hus rats

Cp my Logic of Scentific Discovery, section 8, and my Objective
Knowledge

It 1s mteresting that Charles Darwin m his later years believed 1 the
occastonal inheritance even of mutilations See his The Varation of
Ansmals and Plants Under Domestication, 2nd edition, John Murray,
London, 1875, volume I, pp 466-70

Specific mutagens (acting selectively, perhaps on some particular
sequence of codons rather than on others) are not known, I understand

Yet their existence would hardly be surprising:m thus field of surprises,
and they might explam mutational hotspots Atany rate, there seems
to be a real difficulty 1n concluding from the absence of known specific
mutagens that specific mutagens do not exist Thus 1t seems to me that
the problem suggested in the text (the possibility of a reaction to certain
strains by the production of mutagens) 1s sull open

Cp Ernst Gombrich, At and Hlusion, Pantheon Books, New York,
1960 and later editions, see the Index under ‘making and matching

See Niels Kai Jetne, The Natural Selection Theory of Antubody
Formation, Ten Years Later’, in Phage and the Ongn of Molecular
Biology, edited by J Cauns et al, Cold Springs Harbor, New York,
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1966, pp 301-12, also The Natural Selection Theory of Anubody
Formation’, Proceedings of the Nattonal Acadery of Science, 41, 1955,
pp 849-57, Immunological Speculations , Saenstfic American, 229, July
1973, pp 5260 See also Sir Macfarlane Burnet, A Modification of
Jerne’s Theory of Anubody Production, using the Concept of Clonal
Selection’s Austrian Journal of Secence, 20, 1957, pp 67-9, and The
Clonal Selection Theory of Acquired Immunity, Cambridge University
Press, Cambnidge, 1959
What I call “structures” and substructures” are called ‘integrons’ by
Francoss Jacob, The Logic of Living Systems a History of Heredity,
Allen Lane, London, 1974, pp 299-324
Something might be said here-about the close connection between ‘the
method of trial and the elimination of error’ and selection” All selection
1s error elimination And what remains — after elimination — as ‘selected
are merely those trials which have not been eliminated so far
The man difference from a photographic reproduction process 1s that
the DNA molecule 1s not two-dimensional but linear a Jong string of
four kinds of substructures ( bases ) These may be represented by dots
coloured erther red or green, or blue or yellow The four basic colours
are parwise negatives (or complements) of each other So the negative
or complement of a string would consst of a string 1 which red 15
replaced by green, and blue by yellow - and vice versa Here the colours
represent the four letters (bases) which constitute the alphabet of the
genetic code Thus the complement of the original sering contains a kind
of translation of the oniginal information into another yet closely related
code And the negative of this negative contamns i turn the ongmal
information, stated 1n terms of the ongnal (the genetic) code

This situation 1s utihzed 1n replication, when first one pair of
complementary strings separates and when next two paws are formed as
each of the strings selectively attaches to itself 2 new complement The
result 1s the rephcation of the original structure, by way of mstruction
A very simiar method 15 uulized in the second of the two mam
functions of the gene (DINA) — the control, by way of instructon, of the
synthesis of protems Though the underlying mechanism of this second
process 1s ‘more comphcated than that of replication, 1t 1s similar m
principle
The term apenodic crystal (sometimes also aperodic solid } 1s
Schrodingers See his What 1s Life?, Cambndge Umversity Press,
Cambridge, 1944 Cp his What 1s Life? 1n Schrodinger, What s Life? &
M sz and Matter, Cambridge University Press, Cambridge, 1969, pp 64
and 91
That atomie and melecular structures have something to do with
quantum theory is almost trivial, considering that the peculianities of
quantum mechamcs {such as eigenstates and eigenvalues) were mtro-
duced 1nto physics i order to explain the structural stabihty of atoms

The 1dea that the structural ‘wholeness’ of biological systems has also
something to do with quanturn theory was first discussed, I suppose; 1n
Schrodinger s small but great book What 1s Life? which, 1t may be saud,
anticipated both the rise of molecular biology and of Max Delbruck s
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wfluence on its developmerit In this book Schrodinger adopts a
consciously ambivalent attitude towards the problem whether or not
biology will turn out to be reducible to. physics' In chapter 7, “Is Life
Based on the Laws of Physics? , he says (about living matter) first that
‘we must be prepared to find 1t working m a manner that cannot be
reduced to the ordmnary laws of physics’ (What s Life? & Mind and
Mazter,p 81) But a little Jater he says that the new principle’ (that 1s
tosay, ‘order from order’) 1snotalien to physics” it1s notlung else than
the principle of quantum physics agamn’ (in the form of Nernst's
prineiple) (What is Life? & Mmnd and Matter, p 88) My attitude 1s also
an ambwvalent one On the one hand, I do not believe 1n complete
reducibility On the other hand, I thunk that reduction must be
attempted For even though 1t 1s likely to be only partially successful,
even a very partial success would be a very great success

Thus my remarks 1 the text to which this note 15 appended (and
which 1 have left substantially unchanged) were not meant as a
staternent of reductionism All I wanted to say was that quantum theory
seems to be involved 1n the phenomenon of structure from structure or

order from order’

Butmy remarks were not clear enough For mn the discussion after the
lecture Professor Hans Motz challenged what he beheved 10 be my
reductiomsm by referning to one of the papers of Eugene Wigner ( The
Probability of the Existence of a Self-Reproducing Unit’, chapter 15 of
hus Symmetries and Reflections Scientific Essays, MIT Press, Cambrnidge,
Mass , 1970, pp 200-8) In this paper Wigner gives a kind of proof of
the thesis that the probability 15 zero for a quantum theoretical system
to contam a subsystem which reproduces ttself (Or, more precsely, the
probabulity 1s zero for a system to change 1n such a manner that at one
ttme 1t contamns some gubsystem and later a second subsystem which 1s
a copy of the first ) I have been puzzled by this argument of Wigner s
since 1ts first publication n 1961 And m my reply to Motz I pointed out
that Wigner's proof seemed to me refuted by the existence of Xerox
machines {or by the growth of crystals) which must be regarded as
quantum-mechanscal rather than biotonic’ systems (It may be claumed
that-a Xerox copy or a crystal-does not reproduce atself with sufficient
preciston. Yet the most puzzling thing about Wigner’s paper 1s that he
does not refer to degrees of precision, and that absolute exactness —
which 1s not required — 15, 1t seems, excluded at once by Pauly’s
principle ) I do not think that etther the reducibility of biology to
physics or else its irreducibility can be proved — at any rate not at
present
Thus Ewmstem’s theory contradicts Newton's theory (although 1t con-
tains Newton’s theory as an approxumation) In contradistinction to
Newton’s theory, Einstein s theory shows for example that in strong
gravitattonal fields there cannot be a Keplenan elliptic orbit with
appreciable eccentricrty but without corresponding precession of the
pernthelion (as observed of Mercury)

Even the collecting of butterflies 1s theory-impregnated { butterfly” is a
theoretical term, as 1s “water 1t.nvolves a set of expectations) The
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recent accumulation of evidence concerning elementary particles can be
mterpreted as an accumulation of falsifications of the early electro-
magnetic theory of matter
An even more radical demand may be made For we may demand that
if the apparent laws of nature should change, then the new theory,
mvented to explam the new laws, should be able to explain the state of
affairs both before and after the change, and also the change itself, from
umversal laws and (changing) imtial conditions Cp my Legic of
Scientsfic Discovery, section 79, especially p 253

By statng these logical criteria for progress, I am 1mplicitly rejecting
the tashionable (anti-rationalistic) suggestion that two different theortes
such as Newton s and Einstein s are incommensurable It may be true
that two scientists with a verificationist attitude towards thewr favoured
theories (Newtonan and Emsteiman physics, say) may fail to under-
stand each other But if their attitude 1s eritical (as was Newton’s and
Ewmstein’s) they will understand both theories, and see how they are
related See, for this problem, the excellent discussion of the comparabil-
ity of Newton’s and Einstein’s theories by Troels Eggers Hansen in hus
paper ‘Confrontation and Objectivivy’, Danish Yearbook of Philosophy,
7,1972, pp 13-72
The logical demands discussed here (cp chapter 10 of my Conjectures
and Refutations and chapter 5 of Objective Knowledge), although they
seem to me of fundamental importance; do not, of course, exhaust what
can be satd about the rationalP method of science For example, in my
Postscript to the Logic of Saentific Discovery I have developed a theory
of what I call “metaphysical research programmes’ (see my Realism and
the Aim of Saience, edited by WW Bartley, III, Rowman & Littlefield,
Totowa, New Jersey, 1983) Thus theory, 1t might be mentioned, m no
way clashes with the theory of testing and of the revolutionary advance
of science which I have outlined here An example which I gave there
of a metaphysical research programme 1s the use of the propensity
theory of probability, which seems to have a wide range of applications

What I say 1n the text should not be taken to mean that rationality
depends on having a critenion of rationality Compare my criticism of
‘criterson philosophies’ 1n Addendum I, ‘Facts, Standards, and Truth’, to
volume Il of my Open Socety
The story 1s reported by Paul AM Dirac, “The Evolution of the
Physicist’s Picture of Nature’, Scentific American 208, 1963, no 5,
pp 45-53 Seeespecually p 47
Cp my criticism of the so-called sociology of knowledge” m chapter 23
of my Open Soctety, and pp 155f of my Poverty of Historicism
Cp Jacques Hadamard, The Psychology of Invention i the Mathemat-
ical Freld, Princeton Unversity Press, Princeton, NJ, 1945, and Dover
edition, New York, 1954
A Conversation with Eugene Wigner’, Scrence, 181, 1973, pp 527-33
Seep 533
ForPAmstarchus and Seleucus see Sir Thomas Heath, Aristarchus of
Samos, Clarendon Press, Oxford, 1913
See Max Jammer, The Conceptual Development of Quantum Mechanies,
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MeGraw-Hill, New York, 1966, pp 40-2

See Heinrich Hertz, Electric Wawves, Macmillan & Co, London, 1894,
Dover edition, New York, 1962, pp 12, 187f, 273

See Jammer, The Conceptual Development of Quantum Mechancs,
pp 43f, and Theo Kahan, ‘Un document historique de 'academie des
sciences de Berlin sur 'acuvite scienufique d’Albert Einstein (1913),
Archwes mternationales d’historre des scrences, 15, 1962, pp 337-42,
especially p 340

Compare Jammer's shghtly ifferent translation 1 The Conceptual
Development of Quantum Mechanics

Our western socteties do not, by their structure, satisfy the need for a
father-figure I discussed the problems that arise from ths fact briefly 1n
my (unpublished) Willlam James Lectures i Harvard, 1950 My late
friend, the psychoanalyst Paul Federn, showed me shortly afterwards an
earlier paper of his devoted to.this problem

Fairly obvious examples are the roles of prophet played, i various
movements, by Sigmund Freud, Arnold Schonberg, Rarl Kraus, Ludwig
Wittgenstein, and Herbert Marcuse

There are many kinds of ‘1deologtes’ i the wide and (deliberately) vague
sense of the term I used in the text, and therefore many aspects to the
distinction between science and ideology Two may be mentioned here
One 15 that scientific theories can be distingmished or “demarcated’ (see
note 41) from non-scientific theorses which, nevertheless; may strongly
wnfluence scientists, and even inspire thewr ‘work (This anfluence, of
course, may be good, or bad, or mixed ) A very different aspect 1s that
of entrenchment a2 scientific theory may function as an ideology of it
becomes socially entrenched This 1s why, when speaking of the
distinetion between scientific revolutions and 1declogical revolutions, I
nclude among 1deological revolutions changes 1n the social entrench-
ment of what may otherwise be a scientific theo:

In order not to repeat myself too often, I did not mention in this lecture
my suggestion for a criterion of the empurical character of a theory
(falsifiability or refurability as the criterion of demarcation between
empirical theortes and non-emparical theories) Since in English ‘science’
means ‘empirical science’, and since the ‘matter 15 suffictently fully
discussed 1n my books, I have wntten things like the following (for
example, in Conjectures and Refutations,p 39) © i order to be ranked
as salentific, [statements] must be capable of conflicting with possible,
or concewvable, observations” Some people seized upon this like a shot
(as early as 1932, I think) “What about your own gospel® 1s the typical
move (I found this objection again 1n a book published 1n 1973 ) My
answer to the objection, however, was published 1n 1934 (see my Logzc
of Scientsfic Discovery, chapter 2, section 10 and elsewhere) I may
restate my answer my gospel 1s not ‘scienttfic’, 1€, 1t does not belong
to-empirical science, but it 1s, rather, a (normative) proposal My gospel
(and also my angwer) 15, inaidentally, criticizable, though not just by
observation—and it has been criicized

For a criticism. of Social Darwinism, see my Open Socrety, chapter 10,
note71
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Further to my use of the vague term “ideology (which mcludes all kinds
of theories, behefs, and attitudes, mncluding some that may influence
scientists) 1t should be clear that I mtend to cover by this term not only
historicist fashions like ‘modermsm’, but also serious, and rationally
discussable, metaphysical and ethical 1deas 1 may perhaps refer to Jim
Enikson, a former student of mine1n Christchurch, New Zealand, who
once said m a discusston We do not suggest that science mvented
intellectual honesty, but we do suggest that intellectual honesty invented
science’ A very similar 1dea 1s to be found i chapter 9 of Jacques
Monod s book Chance and Necessity, Alfred A Knopf, New York,
1971 See also my Open Society, chapter 24 We mught say, of course, that
anideology which has learned from the critical approach of the sciences
15 hikely to be more rational than one which clashes with science

Lord Rutherford, “The Development of the Theory of Atomic Struc-
ture’, tn Background of Modern Science, edited by J Needham and W
Pagel, Cambnidge Unmiversity Press, Cambnidge, 1938, pp 61-74 The
quotation s fromp 68

See my ‘Quantum Mechanics without “The Observer’ , 1n Quantum
Theory and Reality, edited by Mario Bunge, Springer-Verlag, New
York, 1967, esp pp 8-9 (It also now forms a chapter in volume III of
my Postscript to the Logic of Saentific Discovery, see my Quantum
Theory and the Schism i Physics, edied by WW Bartley, III,
Hutchmson, London, 1982 )

The fundamental 1dea (that the inertial mass of the electron 1s:in part
explicable as the mertia of the moving electromagnetic field) which led to
the electromagnetic theory of matter 1s due to J] Thomson, ‘On the
Electric and Magnetic Effects produced by the Motion of Electrified
Bodies’, Philosophical Magazine, fifth series, 17,1881, pp 229-49, and to
O Heaviside, ‘On the Electromagnetc Effects due to the Motion of
Electrification through a Daelectric’, Philosophical Magazine, fifth sertes,
27,1889, pp 324-39 Irwasdeveloped by W Kaufmann (‘Die magnetische
und elektrische Ablenkbarkeit der Bequerelstrahlen und die scheinbare
Masse der Elektronen’, Gott Nachr, 1901, pp 143-55, ‘Ueber die
elektromagnetische Masse des Elektrons’, 1902, pp 291-6, Ueber die

Elektromagnetische Masse” der Elektronen , 1903, pp 90~103) and M
Abrabham { Dypamik des Elektrons, Gotr Nachr, 1902, pp 2041,
Prinzipten der Dynamik des Elektrons , Annalen der Physik, fourth
series, 10,1903, pp 105-79)nto the thesis that themass of theelectronisa
purely electromagnetic effect (See W Kaufmann, Die elektromag-
netische Masse des Elektrons’, Physikalische Zeutschrift, 4, 1902-3, pp
57-63 and M Abraham, Theorie der Elektrizitat, volume 11, Leipzig,
1905, pp 136-249 } The 1dea was strongly supported by H A Lorentz,
‘Elektromagnetische vershynselen in een stelsel dat zich met willekeurige
snelherd, klewner dan die vanhet hehe, beweegt , Verslag van de Gewone
Vergadermmg der Wis — en Natuurkundige Afdeeling, Komnklyke Aka-
demie van Wetenschappen te Amsterdam, X1I, 19034, second part, pp
986-1009, and by Emnstein s special relativity, leading to results deviatng
from those of Kaufmann and Abraham The electromagnetic theory of
matter had a great ideological influence on scientists because of the
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fascinating possibility of explaining matter It was shakenand modified by
Rutherford’s discovery of the nucleus (and the proton) and by Chad-
wick’s discovery of the neutron, which may help to explain why 1ts final
overthrow by the theory of nuclear forces was hardly noticed

The revolutionary power of special relauvity lies 1n-a new potnt of view
which allows the derivation and mterpretation of the Lorentz trans-
formations from two simple first principles The greatness of thus
revolution can be best gauged by reading Abraham s book (volume II,
referred to i the preceding note) This book, which 15 shightly earlier
than Poincares and Einsteins papers on relativity, contams a full
discussion of the problem situation of Lorentzs theory of the
Michelson experiment, and even of Lorentz’s local time Abraham
comes, eg on pp 143f and 370f, quute close to Einstetnan ideas It
even seems as if Max Abraham was better mformed about the problem
situation than was Emstemn Yet there 1s no realization of the revolu-
tionary potenualities of the problem situation ~ quite the contrary For
Abraham. writes m lus Preface, dated March 1905 “The theory of
electricity now appears to have entered a state of quieter development”’
Thus shows how hopeless it 1s even for a great scienust ke Abraham to
foresee the future development of his science

See H Minkowsks, Space and Time’, in A Einstein, HA Lorentz, H

Weyl, and H Minkowsks, The Prinaple of Relatiwity, Methuen,
London, 1923 and Dover edition, New York, p 75

Cornelius Lanczos, ‘Rationalism and the Physical World’, in Boston
Studzes m the Philosophy of Science, 3, edited by RS Cohen and MW
Wartofsky, Rewdel, Dordrecht, 1967, pp 181-98 Seep 198

See my Comjectures and Refutations, p 114 (with footnote 30) See also
my Open Socety, volume 11, p 20, and the criticism 1n my Logic of
Scientsfic Discovery, p 440 I pomnted out this critictsm 1n 1950 to PW
Bridgman, who recerved 1t most generously

See AS Eddington, Space Time and Gravitation, Cambridge Uni-
versity Press, Cambridge, 1935, pp 162f It 1s interesting in this context
that Dirac (on p 46 of the paper referred to'in note 29 above) says that
he now doubts whether four-dimensional thinking 15 a fundamental
requirement of physics (It 15 a fundamental requirement for driving a
motor car ) .

More precisely, a body fallng from infimty with a veloaity v > ¢/3%
towards the centre of a gravitational field will be constantly decelerated
i approaching this centre

See the reference to Troels Eggers Hansen cited in note 27 above See
also Peter Havas, ‘Four-Dimensional Formulations of Newtoman
Mechamies and thewr Relation to the Special and the General Theory of
Relatvity’, Review of Modern Physics, 36, 1964, pp 938-65, and
‘Foundation Problems in General Relatvity , i Delaware Seminar
the Foundations of Physics, edited by M Bunge, Springer-Verlag, New
York, 1967, pp 124-48 Of course, the comparison 1s not trivial see for
example pp 52f of E Wigner’s book referred to in note 24 above

See Lanczos, Rationalism and the Physical World’, p 196

See Leopold Infeld, Quest, Victor Gollancz, London, 1941, p 90
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See Albert Einstein, ‘Die Feldgleichungen der Gravitation , Preussische
Akadenue der Wassenschaften, Suzungsberichte, 1915, pt 2, pp 844-7,
‘Die Grundlage der allgememen Relatvitatstheone’, Annalen der
Plyysite, fourth series, 49, 1916, pp 769822

Thus I beheve that §2 of Einstein’s famous paper; Die Grundlage der
allgemeinen Relattvitatstheorie’ (see note 55 above, English translation,
The Foundation of the General Theory of Relativity’, in The Principle
of Relarwviry, pp 111-64, see note 47 above) uses most questionable
epistemological arguments agamst Newton’s absolute space and for a
very tmportant theory

Especially Hesenberg and Bohr

Apparently 1t affected Max Delbruck See Donald Fleming, ‘Enugre
Physicists and the Biological Revolution’, Perspectives in American
FHistory, 2, Harvard, 1968, pp 152-89, especially sections ivand v (I owe
this reference to Professor Mogens Blegvad )

It 1s clear that a physical theory which does not explain such constants
as the electric elementary quantum (or the fine structure constant) 1s
mcomplete — to say nothmg of the mass spectra of the elementary
particles See my paper ‘Quantum Mechanics without “The Observer™,
referred to 1n note 45
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Those who believe this, and those who do not; have ne
common ground of discussion, but in view of their opinions
they must of necessity scorn each other

Plato

\ I

One of the more disturbing aspects of the intellectual Iife of our time
1s the way in which urrationalism 1s so widely advocated, and the way
m which irrationalist doctrines are taken for granted One of the
components of modern irrationalism 1s relatvism (the doctrine that
truth 1s relative to our intellectual background, which 1s supposed to
determine somehow the framework within which we are able to
think that truth may change from one framework to another), and,
mn particular, the doctrine of the impossibility of mutual under-
standing between different cultures, generations, or historical
periods — even withun science, even within physics In this paper I
discuss the problem of relativism It 1s my claim that behind 1t lies
what I call “The Myth of the Framework™ I explain and criucize this
myth, and comment also on arguments that have been used 1n 1ts
defence

The proponents of relativism put before us standards of mutual
understanding which are unrealisucally high And when we fail to

Based on a paper which was first prepared in 1965, a version of which was first
published m The Abdication of Philosophy Philosophy and the Public Good (The
Schipp Festschrift) edited by E Freeman, The Open Court Publishing Co , La Salle,
Hhnoss, 1976 1 am indebted to-Arne Petersen for vanious suggestions and corrections,
and to Alan Musgrave for remunding me to include the diagnosis contained 1n section
KVT The motto 1s from Plato s Crito, 45D
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meet those standards, they claim that understanding 1s impossible
Against thus, T argue that if common goodwill and a lot of effort are
put mto 1t, then very far-reaching understanding 1s possible
Furthermore, the effort 1s amply rewarded by what we learn in the
process about our own views, as well as about those we are setting
out to understand

This paper sets out to challenge relat:vism in 1ts widest sense It 1s
important to present such a challenge, for today the increasing
escalation i the production of weapons has made survival almost
identical with understanding

-~

11

Although T am an admurer of tradiion, and conscious of its
importance, I am, at the same time, an almost orthodox adherent of
unorthodoxy I bold that orthodoxy s the death of knowledge, since
the growth of knowledge depends entwrely on the existence of
disagreement Admutedly, disagreement may lead to strife, and even
to violence And this, I think, 1s very bad indeed, for I abhor
violence Yet disagreement may also lead to discussion, to argument,
and to mutual crincism And these, I think, are of paramount
importance I suggest that the greatest step towards a better and
more peaceful world was taken when the war of swords was first
supported, and later sometimes even replaced, by a war of words

This 1s why my topic 1s of some practical significance

111

But let me first explamn what my topic 1s, and what I mean by my
utle, “The Myth of the Framework’ I will discuss, and argue aganst,
amyth a false story that 1s widely accepted, especially in Germany
From there it invaded America, where 1t became almost all-pervasive
among ntellectuals, and where 1t forms the background of some of
the most flourishing schools of philosophy So I fear that the
majority of my present readers may also believe in the myth, either
consciously or unconsciously

The myth of the framewofk can be stated 1n one sentence, as
follows

A rational and fruitful discussion 1s impossible unless the partici-
pants share a common framework of basic assumptions or, at least,
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unless they have agreed on such a framework for the purpose of the
discussion

This is the myth I am going to criticize

As I have formulated 1t here, the myth sounds like a sober
statement, or like a sensible warning to which we ought to pay
attention 1n order to further rational discussion Some people even
think that what I describe as a myth 15 a logical principle, or based
on a logical principle I think, on the contrary, that 1t 1s not only a
false statement, but also a vicious statement which, if widely
believed, must undermine the umty of mankind, and so must greatly
mcrease the likelthood of violence and of war This 1s the main
reason why I want to combat it, and to refute 1t

As indicated, I mean by “framework” here a set of basic assump-
tions, or fundamental principles — that 1s to say, an wmtellectual
framework It 1s 1mportant to disunguish such a framework from
some attitudes which may ndeed be preconditions for a discussion,
such as a wish to get to, or nearer to, the truth, and a willingness to
share problems or to understand the aims and the problems of
somebody else

Let me say at once that the myth contamns a kernel of truth
Although [ contend that 1t 1s 2 most dangerous exaggeration to say
that a frmitful discussion 1s impossible unless the participants share a
common framework, I am very ready to admut that a discussion
among participants who do not share a common framework may be
difficult A discussion will also be difficult if the frameworks have
little 1n common And it will be the easter the greater the overlap
between the frameworks Indeed, if the participants agree on all
points, it may turn out to be an easy, smooth, and rational discussion
- though perhaps a little boring

But what about frustfulness® In the formulation I gave of the
myth, 1t 1s a fraustful discussion which is declared impossible Agamst
this T shall defend the directly opposite thesis that a discussion
between people who share many views 1s unlikely to be fruitful, even
though it may be pleasant, while a discussion between vastly
different frameworks can be extremely frustful, even though 1t may
sometimes be extremely difficult, and perbaps not quite so pleasant
(though we may learn to enjoy 1t}

I think that we may say of a discussion that it was the more
fruitful the more its participants were able to learn from 1t And this
means the more interesting questions and difficult questions they
were asked, the more new answers they were induced to think of, the
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more they were shaken in their opinions, and the more they could
see things differently after the discussion — 1n short, the more their
intellectual horizons were extended

Frurtfulness in this sense will almost always depend on the
original gap between the opinons of the participants in the
discussion The greater the gap, the more fruitful the discussion can
be — always provided, of course, that such a discussion 1s not
altogether smpossible, as the myth of the framework asserts

v

But 1s a frustful discussion between different frameworks really
possible? Let us take an extreme case Herodotus, the father of
historiography, tells an interesting though somewhat gruesome
story of the Persian King, Darius the First, who wanted to teach a
lesson to the Greeks living i his empire It was the custom of the
Greeks to burn their dead Darius ‘summoned’, we read 1 Her-
odotus, ‘the Greeks living 1 his land, and asked them for what
payment they would consent to eat up their fathers when they died
They answered that nothing on earth would mduce them tq,do so
Then Darus summoned the  Callatians, who do eat their fathers,
and he asked them m the presence of the Greeks, who had the help
of an interpreter, for what payment they would consent to burn the
bodses of thewr fathers when they died And they cried out aloud and
implored him not to mention such an abomination *!

Daruus, I suspect, wanted to demonstrate the tiuth of something
like the myth of the framework Indeed, we are given to understand
that a discussion between the two parties would have been impos-
stble even with the help of that interpreter It was an extreme case of
a ‘confrontation’ — to use a term much i vogue with believers in the
myth of the framework, and a term which they like to use when they
wish to draw our attention to the fact that a ‘confrontation’ rarely
results 1n a frurtful discussion

Let us assume that this confrontation staged by King Darius
actually did take place as Herodotus narrates 1t Was it really
frustless? I deny that it was Admuittedly, it does not seem that mutual
understanding was achieved And the story shows that we may be
faced, i some rare cases, by an unbridgeable gulf But even 1n this
case, there can be little doubt that both parties were deeply shaken
by the experience, and that they learned something new I myself
find the 1dea of cannibalism just as revolting as did the Gieeks at the
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court of King Darus And I suppose my readers will feel the same
But these feelings should make us all the more perceptive and the
more appreciative of the admrable lesson which Herodotus wishes
usto draw from the story Alluding to Pindar’s distinction between
nature and convention,” Herodotus suggests that we should look
with tolerance and even with respect upon customs or conventional
laws that differ from our own If this particular confrontation ever
took place, some of the participants may well have 1eacted to it 1n the
enlightened way in which Herodotus wishes us to react to hus story

This shows that there 1s, even without a discussion, a possibility
of a fruitful confrontation among people deeply comnutted to
different frameworks But we must not expect too much we must not
expect that a confrontation, or even a prolonged discussion, will end
with the participants reaching agreement

But 1s agreement a/ways desirable? Let us assume that there 15 a
discusston and that the 1ssue at stake 1s the truth or falsity of some
theory or hypothesis We ~ that 1s, the rational witnesses or, if you
like, impartial spectators of the discussion — should of course like the
discussion to end with all parties agreeing that the theory 1s true of
wn fact 1t is true, or that the theory s false 1f w fact 1115 falce but only
1 these cases For we should like the discussion to reach, if possible,
a true verdict We should, however, dishike the 1dea that agreement
was reached on the truth of the theory if the theory was in fact false
And even if 1t was true, we should prefer that no agreement 1s
reached on 1ts truth if the arguments supporting the theory were too
weak to bear out the conclusion Insuch a case, we mught even prefer
that no agreement 1s reached at all And m such a case we should say
that the discussion was fruitful of the clash of opinion led the
participants to produce new and interesting arguments, even though
these arguments were inconclusive For conclusive arguments in
support of a theory are very rare in all but the most trivial 1ssues,
even though arguments agamnst a theory may sometimes be pretty
strong

Looking back at Herodotus® story of the confrontation, we can
now see that even 1 this extreme case where no agreement was m
sight the confrontation may have been useful and that, given time
and patience (which Herodotus seems to have had at his disposal),
1t did bear frurc —at least in Herodotus’ own nund

Thus my thesis 1s not that the gulf between different frameworks, or
between different cultures, can, for logical reasons, always be
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bridged My thests 1s merely that 1t can #sually be bridged There
may be no common assumptions There may perhaps be only
common problems For different groups of humans do, as a rule,
have much in common, such as the problems of survival But even
common problems may not always be needed My thesis 1s that logic
neither underpins the myth of the framework nor 1ts derual, but that
wecan try to learn from each other Whether we succeed will depend
largely on our goodwill, and to some extent also on our historical
situation, and on our problem situation

v

I wish to suggest here that, in a way, we ourselves and our own
attitudes are 1n part the results of confrontations and of inconclusive
discussions of the kind described by Herodotus

What I mean can be summed up by the thesis that our Western
cavihization 1s the result of the clash, or confrontation, of different
cultures, and therefore of the clash, or confrontation, of different
frameworks

It 1s widely admutted that our civilization — which at 1ts best may
be described, somewhat eulogistically, as a ranonalist ervilization -
1s very largely the result of the Greco-Roman civiization This
cwvilization acquired many of 1ts features, such as the alphabet, even
before the clashes between the Romans and the Greeks, through 1ts
clashes with the Egyptian, the Persian, the Phoenician, and other
Middle Eastern civilizations And in the Christian era our civi-
lization was further modified through clashes with the Jewish
cvilization and through clashes due to the Germanic and the Islamic
1nvasions

But what of the original Greek miracle — the rise of Greek poetry,
art, philosophy, and science the real origin of Western ranonalism?
[ assert that the Greek miracle, so far as it can be explained, was also
largely due to culture clash It seems to me that this 1s indeed one of
the lessons which Herodotus wants to teach us in his History

Let us look for a moment at the origin of Greek philosophy and
Greek science ? It all began in the Greek colonies in Asia Minor,
Southern Italy, and in Sicilly These are places where the Greek
colonists were confronted with the great civilizations of the East,
and clashed with them, or where, in the West, they met Sicilians,
Carthagimians, and Italians such as the Tuscans The impact of
culture clash on Greek philosophy 1s very obvious from the earhest
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reports about Thales, the founder of Greek philosophy It 1s
unmustakable in Heraclitus, who seems to have been influenced by
Zoroaster But the way i which culture clash may lead men to think
cnitically comes out most forcefully 1n Xenophanes, the wandering
bard Although I have quoted some of his verses on other occasions,
I will do so again, because they illustrate this point so beautifully *
Xenophanes makes use of the lessons he learned from the clash
between the Greek, the Ethiopian, and the Thracian cultures for a
criticism of the anthropomorphic theologies of Homer and Hesiod

The Ethiops say that their gods are flat-nosed and black

While the Thracians say that theirs have blue eyes and red hair

Yet if cattle or horses or lions had hands and could draw

And could sculpture like men, then the horses would draw their
gods

Like horses, and cattle like cattle, and each would then shape

Bodies of gods in the likeness, each kind, of 1ts own

And Xenophanes draws an tmportant critical conclusion from this
lesson he concludes that human knowledge 1s fallible

The gods did not reveal, from the beginning,

All things to us, but 1n the course of time,

Through seeking we may learn, and know things better
These things are, we conjecture, like the truth

But as for certain truth, no man has known 1t,
Nor will he know 1t, nesther of the gods,

Nor yet of all the things of which I speak
And even if by chance he were to utter

The final truth, he would himself not know 1t
For all 1s but a woven web of guesses

Although Burnet and others have denied it, I think that Parmenudes,
perhaps the greatest of these early thinkers, stood under Xeno-
phanes” influence ® He takes up Xenophanes’ distinction between
the one final truth which 1s not subject to human convention, and
the guesses, opinions, and conventions of the mortals There are
always many different opinions and conventions concermng any
one problem or subject-matter (such as the gods) This shows that
they are not all true For if they conflict, then at best only one of
them can be true © Thus 1t appears that Parmenides (a contemporary
of Pindar to whom Plato attributes the distinction between nature
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and convention) was the first to distinguish clearly between truth or
reality on the one hand, and convention or conventional opmion
(hearsay, plausible myth) on the other —a lesson which, we may say,
he derived from Xenophanes and from culture clash It led hum to
one of the boldest theories ever concerved

Culture clash played an important role in the rise of Greek science
~ of mathematics and astronomy —and one can even specify the way
i which some of the various clashes bore fruit Moreover, our :deas
of freedom, of democracy, of toleration, and also the ideas of
knowledge, of science, of rationality, can all be traced back to these
early Greek experiences

Of all these 1deas, the 1dea of rationality seems to me the most
fundamental It appears from our sources that the invention of
rational or critical discussion was contemporaneous with some of
these clashes, and that discussion became traditional with the rise
of the earliest Ionian democracies

Vi

One of the main tasks for human reason 1s to make the universe we
live in understandable to ourselves Thus 1s the task of science There
are two different components of about equal importance 1 this
enterprise

The first 1s poetic mventiveness, that 1s, story-telling or myth-
making the mvention of stories which explain the world These are,
to begin with, often or perhaps always polytheistic Men feel that
they are in the hands of unknown powers, and they try to understand
and to explain the world, and human life and death, by mnvenung
stortes or myths about these powers

Thus first component, which may be perhaps as old as human
language 1tself, 1s all-important And 1t seems unmwversal all tribes,
and all peoples, have such explanatory stories, often 1n the form of
farry tales It seems that the invention of explanations and explana-
tory stories 1s one of the basic functions that human language has to
serve

The second component of rationality 1s of comparatvely recent
date It seems to be specifically Greek and to have arisen after the
establishment of writing i Greece It arose, it seems, only once
with Anaximander, the pupil of Thales, and the first critical
cosmologist It1s the mnvention of criticism, of the critical discussion
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of the various explanatory myths — with the aim of consciously
improving upon them

The mamn Greek example of explanatory myth-making on an
elaborate scale 15, of course, Hestod’s Theogony This 1s 2 wild and
gruesome story of the origin, the deeds, and the musdeeds, of the
Greek gods At first sight one would hardly feel mclined to think
that the Theogony may provide suggestions which could influence
the development of a scientific explanation of our world Yet I have
proposed the historical conjecture that a passage in Hesiod’s
Theogony’, which was foreshadowed by another 1n Homer’s //ad?,
was so used by Anaximander

I'will explain my conjecture According to tradition, Thales ~ the
teacher and kinsman of Anaximander, and the founder of the Ionian
school of cosmologists — taught that ‘the earth 1s supported by water
on which 1t rides like a ship” Anaximander — the eventual successor
of Thales — turned away from this somewhat narve myth (intended
by Thales to explan earthquakes) Anaximander’s new departure
was of a truly revolutionary character, for he taught, we are told, the
following “There 1s no thing at all that 15 holding up the earth
Instead, the earth remamns stationary owing to the fact that it 1s
equally far away from all other things Its shape 1s like that of a
drum We walk on one of 1ts flat surfaces while the other 1s on the
oppostte side’

This bold idea made possible the ideas of Arnstarchus and
Copernicus, and 1t even contains an anticipation of Newton’s forces
How did 1t arise? I have also proposed the conjecture? that it arose
out of a purely logical criticism of Thales’ myth The eniticism 15
sumple if we explain the position and stability of the earth 1n the
umverse by saying that 1t is supported by the ocean like a ship that
1s supported by water, then we are bound, the critic says, to explan
the position and stability of the ocean But this would mean finding
some support for the ocean, and then some further support for this
support Obwiously, this leads to an infinite regress How can we
avoid 1t?

In looking for a way out of this frghtful impasse which, it
appeared, no alternative explanation was able to avoid, Anaximander
remembered, I conjecture, a passage 1n which Hesiod develops an
idea from the Iliad, where we are told that Tartarus 1s exactly as far
beneath the earth as Uranus, or heaven, 1s above 1t

The passage reads ‘For mmne days and mghts will a brazen anwil
fall from the heavens, and on the tenth 1t will reach the earth And
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for nine days and mights will a brazen anvil fall from the earth, and
on the tenth 1t will reach Tartarus’*® This passage may have
suggested to Anaximander that we can draw a diagram of the world,
with the earth in the muddle, and the vault of the heavens like a
hemisphere above 1t Symmetry then suggests that we mterpret
Tartarus as being the lower half of the vault In this way we arrive
at Anaximander’s construction as 1t 1s transmutted to us - a
construction that breaks through the deadlock of the infinte
regress

There 1s, I think, a need for such a conjectural esplanation of the
tremendous step that carried Anaximander beyond his teacher
Thales My conjecture, 1t seems to me, makes the step more
understandable and, at the same time, even more impressive for 1t 1s
now seen as a rauonal solution of a very difficult problem ~ the
problem of the support and the stability of the earth

Yet Anaximander’s criticism of Thales and his critical construc-
tion of a new myth would have led to nothing had these not been
followed up How can we explain the fact that they were followed
up? Why was a new myth offered in each generation after Thales?
I have tried to explain this by the further conjecture that Thales and
Anaximander together founded a new school tradition ~the eritical
tradition

My attempt to explain the phenomenon of Greek rationalism and
of the Greek critical tradition by a school tradition 1s, of course,
again completely conjectural In fact, 1t 1s 1tself a kind of myth Yet
it does explamn a umque phenomenon — the Ionian school For at
least four or five generations this school produced, i each new
generation, an ingenious revision of the teachings of the preceding
generation In the end 1t established what we may call the scientific
tradition a tradition of criticism which survived for at least five
hundred years, and which resisted some serious onslaughts before 1t
succumbed

The critical tradition was founded by the adoption of the method
of eriticrzing a recewved story or explanation and then proceeding to
a new, improved, imaginatuve story which mn curn 1s subnutted to
crincism This method, I suggest, 1s the method of science It seems
to have been invented only once in human history It died in the
West when the schools in Athens were suppressed by a victorious
and intolerant Christianty, though 1t lingered on 1 the Arab East
It was missed and mourned during the Middle Ages In the
Renaissance, 1t was not so much reinvented as rexmported from the
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East, together wath the rediscovery of Greek philosophy and Greek
science

The uniqueness of this second component of the scienufic
tradition ~ the method of critical discussion — will be realized if we
consider the old-established function of schools, especially of
rehgious and semi-religious schools Thewr function 1s, and has
always been, to preserve the purity of the teaching of the founder of
the school Accordingly, changes in doctrine are rare and are mamly
due to mustakes or misunderstandings When they are consciously
made they are made, as a rule, surreptitiously — for otherwise
changes will lead to splits, to schisms

Yet in the Tonian school, we find a school tradition which
carefully preserved the teaching of each of its masters, while 1t
nonetheless deviated from their teaching afresh 1n each new gener-
ation

My conjectural explanation of this unique phenomenon 1s that 1t
started when Thales, the founder, encouraged Anaximander, hs
follower, to see whether he could produce a better explanation of the
apparent stability of the earth than he himself had been able to offer

However this may have been, the invention of the eritical method
could hardly have happened without the impact of culture clash
And 1t had the most tremendous consequences For within four or
five generations, Parmemides boldly suggested that the earth, the
moon, and the sun were spheres, that the moon moved round the
earth while she was always ‘wistfully’ looking ‘round for the rays of
the sun’, and that this could be explained by the assumption that she
borrowed her hight from the sun ** A lutle later 1t was conjectured
mn the Platonic school that the earth rotated, and that the earth
moved round the sun But these later hypotheses, due especially to
Arnstarchus, seem to have been too bold, and they were soon
forgotten

These cosmological or astronomical findings became the basis of
all future science Human science started from a bold and hopeful
attempt to understand critically the world i which we live Thus
ancient dream found fulfilment in Newton We can say that only
since Newton has humanity become fully conscious — conscious of
its position 1 the universe

All this, I suggest, 15 the result of culture clash, or the clash of
frameworks, which led to the applicatton of the method of critical
discussion to myth-making — to our attempts to understand, and to
explaimn the world to ourselves
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VIl

If we look back on this development, then we can understand better
why we must not expect any critical discussion of a serious issue,
any ‘confrontation’, to yield quick and final results Truth 1s hard to
come by It needs both mgemuty i criticizing old theorses, and
ingenuity 1n the imaginative invention of new theories This 1s so not
only in the sciences, but i all fields

Serious critical discussions are always difficult Non-rational
human elements such as personal problems always enter Many
participants i a rattonal, that 1s, a crizcal, discussion find 1t
particularly difficult that they have to unlearn what their instincts
seem to teach them (and what they are raught, inaidentally, by every
debating society) that s, to win For what they have to learn is that
victory in a debate 1s nothing, while even the shightest clarification
of one’s problem ~ even the smallest contribution made towards a
clearer understanding of one’s own position or that of one’s
opponent —1s a great success A discussion which you win but which
fails to help you to change or to clarfy your mund at least a httle
should be regarded as a sheer loss For this very reason no change
mn one’s position should be made surreptitiously, but 1t should
always be stressed and 1ts consequences explored

Rational discusston m this sense 1s a rare thing But it 15 an
mmportant 1deal, and we may learn to emjoy 1t It does not aim at
conversion, and 1t 1s modest 1n 1ts expectations it 1s enough, more
than enough, if we feel that we can see thungs 1n 2 new light or that
we have got even a little nearer to the truth

VIII

But let me now return to the myth of the framework There are
many tendencies which may contribute to the fact that this myth 1s
often taken for an almost self-evident truth

One of these tendencies I have already mentioned It results from
a disappomted over-optumism concerning the powers of reason -
that 15, from an over-optimistic expectation concerning the outcome
of a discussion I mean the expectation that discussion should lead
to a decisive and deserved intellectual victory of the truth, rep-
resented by one party, over falsity, represented by the other When
it 15 found that this 1s not what a discussion usually achieves,
disappointment turns an over-optumistic expectation into a general
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pessimism concerming the frutfulness of discussions

Another tendency which contributes to the myth of the frame-
work, and which deserves careful scrutiny, 1s connected with
historical or cultural relatrvism This 1s 2 view whose beginnings may
perhaps be discerned 1n Herodotus

Herodotus seems to have been one of those somewhat rare people
whose munds are broadened by travel At fiist he was no doubt
shocked by the many strange customs and mstitutions which he
encountered in the Middle East But he learned to respect them, and
to look on some of them critically, and to regard others as the results
of historical acadents he learned to be tolerant, and he even
acquired the ability to see the customs and institutions of hus own
country through the eyes of his barbarian hosts

This 15 a healthy atttude But it may lead to relativism, that s, to
the view that there 1s no absolute or objective truth, but rather one
truth for the Greeks, another for the Egypuans, sull another for the
Syrians, and so on

1 do not thuink that Herodotus fell mto this trap But many have
done so since — perhaps mspired by an admurable feeling of
tolerance, combined with some dubious logic

There 1s one version of the 1dea of cultural relativism which s
obviously correct In England, Australia, and New Zealand we drive
on the left hand side of the road, while mn America, 1n Europe, and
in most other countries we drive on the right hand side What 15
clearly needed 1s some such rule of the road But which of the two
~ the right or the left — 15 obviously arbitrary and conventional
There are many similar rules, of greater or lesser importance, which
are purely conventional, and even arbitrary '> Among these are the
different rules for pronouncing and spelling the English language in
America and England Even two quite different vocabularies could
be related in such a purely conventional way And provided the
grammatical structures of the two languages are very sumular, the
situation would closely resemble that of the two different rules of
the road We may regard such vocabularies, or such rules, as
differing 1 a purely conventional way there 1s really nothing to
choose between them ~ nothing, at least, of importance

As long as we consider only conventional rules and customs such
as these, there 1s no danger that the myth of the framework will be
taken too seriously For a discussion between an American and an
Englishman about the rule of the road s likely to lead to an
agreement Both are likely to regret the fact that their rules do not
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comeide Both will agree that in principle there 1s nothing to choose
between the two rules and that 1t would be unreasonable to expect
the United States to adopt the left hand rule 1n order to achieve
conformity with Britamn And both are likely to agree that Britam
cannot at present make a change which may be desirable but which
would be extremely costly After agreement has thus been reached
on all points, both participants are Likely to part with the feeling that
they have learned nothing from the discussion which they did not
already know

The situation changes completely when we consider other institu-
tions, laws, and customs — those, for example, which are connected
with the admimstration of justice Different laws and customs i this
field may make all the difference for those living under them Some
laws and customs can be very cruel, while others prowvide for mutual
help and the relief of suffering Some countries and their laws respect
freedom while others do so less, or not at all These differences are
most unportant, and they must not be dismussed or shrugged off by
a cultural relativism, or by the claim that different laws and customs
are due to different standards, or different ways of thinking, or
different conceptual frameworks, and that they are therefore incom-
mensurable or incomparable On the contrary, we should try to
understand and to compare We should try to find out who has the
better msttutions And we should try to learn from them

It 15 my opmion that a critical discussion of these important
matters 1s not only possible, but most urgently needed It 1s often
made difficult by propaganda and by a neglect of factual mfor-
mation But these difficulties are not insuperable Thus it 1s possible
to combat propaganda by information For information, if available,

+ 18 not always ignored — though 1t 15, admittedly, often 1gnored
Cultural relativism and the doctrine of the closed framework are
ertous obstacles to the readiness to learn from others They are

obstacles to the method of accepting some mstitutions, modifyimng
others, and rejecung what 1s bad For instance, many people think
that we can accept or reject only the whole framework or ‘system’
of ‘communism’ or of ‘capitalism’ If we think about these so-called
‘systems’, we have to disunguish between the systems of theories —
the ideologies ~ and certain social realities Both have considerably
mfluenced each other But the social realities have little simularity to
the 1deologies — to what they are supposed to be, especially by
Marxists
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IX

There are some people who uphold the myth that frameworks of
laws and customs cannot be rationally discussed They assert that
morality 1s identical with legality or custom or usage, and that 1t 15
therefore impossible to judge, or even to discuss, whether one
system of customs is morally better than another, since the various
existing systems of laws and customs are the only possible standards
of morality

This view goes back to Hegel’s famous formulae “What 1s real 1s
reasonable’ and “What 1s reasonable 1s real’ > Here ‘what 15” or “what
1s real’ means the world, including 1ts man-made laws and customs
That these are man-made 1s denied by Hegel, who asserted that the
World Spirst or Reason made them, and that those who seem to have
made them — the great men, the makers of history — are merely the
executors of reason, their passions being the most sensiuve nstru-
ment of reason They are the detectors of the Spirit of their Time,
and ulumately of the Absolute Spirit, that 1s of God himself

(Thus 1s just one of those many cases 1n which philosophers use
God for their own private purposes — that s, as a prop for some of
therr tottering arguments )

Hegel was both a relativist and an absolutist as always, he had 1t
at least both ways, and if two ways were not enough, he had 1t in
three ways And he was the first of a long chain of post-Kantian, that
1s, post-critical or post-rationalist philosophers — mainly German -
who upheld the myth of the framework

According to Hegel, truth itself was both relative and absolute It
was relative to each hustorical and cultural framework there could
thus be no rational discusston between such frameworks smnce each
of them had a different standard of truth But Hegel held hus own
doctrine that truth was relative to the various frameworks to be
absolutely true, since it was part of hus own relatvistic philosophy

Hegel’s claim to have discovered absolute truth does not now
appear to attract many people But his doctrine of relative truth and
his version of the myth of the framework attracts them sull The
most influential contributor to the myth after Hegel was, no doubt,
Karl Marx I need hardly remind you of his idea of a classbound
science — of proletarian science and bourgeois science — each
mmprisoned within its own framework After Marx, these 1deas were
further developed, especially by the German Max Scheler, and by the
Hungarian Karl Mannheim They called their theories ‘the sociology
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of knowledge’, and they held, like Marx, that each man’s conceptual
framework 1s determined by hus ‘social habitat’ I have critcized
these 1deas elsewhere, but 1t 15 important to see what 1s behind their
appeal What makes these ideas attractive 15 that people confuse
relauvism with the true and mmportant msight that all men are
fallible, and prone to be biased This doctrine of fallibility has played
a sigmuficant role 1 the history of philosophy from its earliest days
on — from Xenophanes and Socrates to Erasmus and to Charles
Sanders Petrce —and I think 1t 15 of the utmost importance ButIdo
not think that the true and important doctrine of human fallibility
can be used to support relativism with respect to truth

Of course, the doctrine of human fallibility can be validly used to
argue agamst that kind of philosophical absolutism which claims
that 1t possesses the absolute truth — or perhaps a criterion of absolute
truth, such as the Cartesian criterion of clarity and distinctness, or
some other intuitive criterion But there exists a very different
attitude towards absolute truth, m fact a fallibilist attitude Itstresses
the fact that the mistakes we make can be absolute mustakes, in the
sense that our theorses can be absolutely false — that they can fall
short of the truth Thus to the fallibilist the notion of truth, and that
of falling short of the truth, may represent absolute standards - even
though we can never be certain that we are living up to them But
since they may serve as a kind of steering compass, they may be of
decisive help 1n eritical discussions

This theory of absolute or objective truth has been revived by
Alfred Tarski, who also proved that there can be no universal
criterion of truth There 1s no clash whatever between Tarskr’s
theory of absolute or objective truth and the doctrine of fallibiity '*

But 1s not Tarski’s notion of truth a relative notion? Is 1t not
relative to the language to which the statement whose truth 1s being
discussed belongs?

The answer to this question 1s ‘no’ Tarski’s theory says that a
statement 1n some language, say English, 1s true if and only if 1t
corresponds to the facts And Tarski’s theory implies that whenever
there 1s another language, say French, in which we can describe the
same fact, then the French statement which describes thus fact will be
true if and only if the corresponding English statement 1s true Thus
1t 15 impossible, according to Tarski’s theory, that of two statements
which are translations of each other, one can be true and the other
false Truth, according to Tarski’s theory, 1s therefore not dependent
on language, or relative to language Reference to the language 1s
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made only because of the unlikely but trivial possibility that the
same sounds or symbols may occur in two different languages and
may then perhaps describe two totally different facts

X

An awareness of the difficulties of translation between different
languages has also contributed to the myth It may happen that a
statement in one language 1s untranslatable mnto another, or 1n other
words that a fact or a state of affairs which can be desciibed m one
language cannot be described 1n another

Anybody who can speak more than one language knows, of
course, that perfect translations from one language mto another are
very rare, if they exsst at all But thus difficulty, well known to all
translators, should be clearly distinguished from the situation
discussed here — that 1s, the impossibiity of describing in one
language a state of affairs which can be described 1n some other
language The ordinary and well-known difficulty consists of
something quite different, namely this A crisp, sumple, and easily
understandable statement 1 French or English may need a highly
complex and awkward rendering 1n, say, German - a rendering
whichas even difficult to understand in German In other words, the
ordinary difficulty known to every translator 15 that an aesthetically
adequate translation may be impossible, not that zny translation of
the statement 1n question 1s mmpossible (I am speaking here of a
factual statement, not of a poem or an aphorism or bon met, or of
a statement which 1s subtly sronical or which expresses a sentiment
of the speaker )

There can be no doubt, however, that a more radical impossibility
may arise For example, we can construct an aruficial language
which contains only one-termed predicates, so that we can say
this language ‘Paul 15 tall” and ‘Peter 1s short’, but not “Paul 1s taller
than Peter’

More interesting than such artificial languages are some living
languages Here we can learn much from Benjammn Lee Whorf
Whorf was, 1t seems, the first to draw attention to the significance
of certam tenses m the language of the Hopi, an American Indian
tribe These tenses are experienced by a Hop1 speaker as describing
some part of the state of affairs which he tries to describe 1 hus
statement They cannot be adequately rendered mto English, for we
can explain them only in a roundabout way, by referring to certam
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expectations of the speaker rather than aspects of the objective states
of affairs

Whorf gives the following example There are two tenses 1n Hopi
which might inadequately be rendered i English by the two
statements ‘Fred began chopping wood’ and ‘Fred began to chop
wood” The first would be used by the Hop: speaker if he expects
Fred to go on chopping for some time If the speaker does not expect
Fred to go on chopping, then he will 7ot say, in Hopy, ‘Fred began
choppmg’ He will use that other tense rendered by ‘Fred began to
chop’ But the real point 1s that the Hopi speaker does not wish by
the use of his tenses merely to express his different expectations He
rather wishes to describe two different states of affawrs ~ two
different objective situations, two different states of the objecuve
world The one tense may be said to describe the beginning of a
continumg state or of a somewhat repetitive process, while the other
describes the beginning of an event of short duration Thus the Hop:
speaker may try to translate Hopt into English by saying ‘Fred
began sleeping’, n contradistinction to ‘Fred began to sleep’,
because sleeping 1s a process rather than an event

All this 15 very much simplified a full restatement of Whorf’s
description of the complex linguistic situation could easily take up
a whole paper The main consequence for my topic which seems to
emerge from the simations described by Whorf and more recently
discussed by Quine 1s this Although there cannot be any lingustic
relattiity concerming the rruth of any statement, there 1s the
possibility that a statement may be untranslatable to certain other
languages For two different languages may have built into thewr very
grammar two different views of the stuff the world 1s made of, or of
the world’s basic structural characteristics In the termunology of
Quune this may be called the ‘ontological relativity’ of language '

The possibility that some statements are untranslatable s, I
suggest, about the most radical consequence we can draw from what
Quune calls ‘ontological relatvity’ Yet 1n spite of Quine’s various
striking but somewhat # priorz arguments agamnst translatability,
most human Janguages are i fact reasonably inter-translatable Of
course, some languages are badly nter-translatable — perhaps
because of ontological relativity, perhaps for other reasons !” For
example, an appeal to our sense of humour, or an allusion to a locally
well-known historical event, may be completely untranslatable
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X1

It 15 obvious that this situation must make rational discussion very
difficult of the participants are brought up m different parts of the
world and speak different languages But I have found that these
difficulties can often be surmounted I have had students 1n the
London School of Economics not only from Europe and America
but also from various parts of Africa, the Middle East, India, South-
East Asia, China, and Japan And I have found that the difficulues
could usually be conquered with a little patience on both sides
Whenever there was a major obstacle to overcome, 1t was, as a rule,
the result of indoctrination with Western 1deas Dogmatic, uncritical
teaching 1n bad Westernized schools and universities, and especially
training in Western verbosity and in some Western 1deology were,
my experience, much graver obstacles to rational discussion than
any cultural or ingusstic gap

These experiences also suggested to me that culture clash may lose
some of 1ts great value if one of the clashing cultures regards itself
as umversally superior, and even more so if 1t 1s s0 regarded by the
other this may destroy the greatest value of culture clash, for the
greatest value of culture clash lies 1n the fact that it can evoke a
critical atutude More especially, if one of the parties becomes
convinced of its inferiority, then the critical atutude of trymg to
learn from the other will be replaced by a kind of blind acceptance
a blind leap 1nto a new magic circle, or a conversion, as it 1s so often
described by fideist and existentialist philosophers

I believe that ontological relativity, though an obstacle to easy
communication, can prove of immense value i all the more
important cases of culture clash if it can be overcome not by a
sudden leap into the dark, but sufficiently slowly For it means that
the partners m the clash may hberate themselves from prejudices of
which they are unconscious — from taking theories unconsciously
for granted, theories which, for example, may be embedded 1n the
logical structure of their language Such a liberation may be the
result of criticism awakened by culture clash

What happens 1n such cases® We compare and contrast the new
language with our own, or with some others we know well In the
comparative study of these languages we use, as a rule, our own
language as a metalanguage — that 1s, as the language 1n which we
speak about, and compare, the languages which are the objects under
mnvestigation, including our own language The languages under
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wmvestigation are the object languages In carrying out the mvesti-
gation, we are forced to look upon our own language - say English
~1m a critical way, as a set of rules and usages which may be
somewhat narrow since they are unable completely to capture, or to
describe, the kinds of entizes which the other languages assume to
exist But this description of the limitations of English as an object
language is carried out 1n English as a metalanguage Thus we are
forced by this comparative study to transcend precisely those
limitations which we are studymg And the interesting point 1s that
we succeed in this The means of transcending our language 1s
criticism

Whorf lumself, and some of hus followers, have suggested that we
live 1n a kind of intellectual prison, a prison formed by the structural
rules of our language I am preparcd to accept this metaphor, though
I have to add to it that 1t 1s an odd prison as we are normally unaware
of being 1mprisoned We may become aware of it through culture
clash But then, this very awareness allows us to break out of the
prson If we try hard enough, we can transcend our prison by
studying the new language and by comparing 1t with our own

Admuttedly, the result will be a new prison But 1t will be a much
larger and wider prison And again, we will not suffer from 1t Or
rather, whenever we do suffer from it, we are free to examine 1t
eritscally, and thus to break out again into a still wider prison

The prisons are the frameworks And those who do not like
prisons will be opposed to the myth of the framework They will
welcome a discussion with a partner who comes from another
world, from another framework, for 1t gives them an opportunity to
discover their so far unfelt chamns, to break these chains, and thusto
transcend themselves But this breaking out of one’s prison s clearly
not a matter of routine *® 1t can only be the result of a critical effort
and of a creative effort

XII

In the remainder of this paper I will try to apply thus brief analysis
to some problems which have arisen in a field in which I am greatly
interested - the philosophy of science

It 18 now fifty years since I arrived at a view very silar to the
myth of the framework ~ and I not only arrived at it but at once went
beyond 1t It was during the great and heated discussions after the
First World War that I found out how difficult 1t was to get
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anywhere with people living in a closed framework — I mean people
like the Marxists, the Freudians, and the Adlerians None of them
could ever be shaken in his adopted view of the world Every
argument against their framework was mterpreted by them so as to
fit mnto 1t And if this turned out to be difficult, then 1t was always
possible to psychoanalyse or socioanalyse the arguer cricism of
Marxian 1deas was due to class prejudice, criticism of Freudian ideas
was due to repression, and criticism of Adlerian ideas was due to the
urge to prove your superiority, an urge which was due to an attempt
to compensate for a feeling of inferiority

I found the stereotyped pattern of these attitudes depressing and
repelling, the more so as I could find nothing of the kind n the
debates of the physicists about Einstein’s General Theory, although
1t too was hotly debated at the time

The lesson I derived from these experiences was this Theories are
important and indispensable because without them we could not
orientate ourselves 1 the world — we could not live Even our
observations are mterpreted with their help The Marwst literally
sees class struggle everywhere Thus he believes that only those who
deliberately shut thewr eyes can fad to see it The Freudian sees
everywhere repression and sublimation The Adlerian sees how
feelings of inferiority express themselves in every action and every
utterance, whether 1t 1s an utterance of inferiority or superionity

This shows that our need for theories 1s immense, and so 1s the
power of theortes Thus it 1s all the more important to guard aganst
becoming addicted to any particular theory we must not let
ouiselves be caught in a mental prison 1did not know of the theory
of culture clash at the ume, but I certainly made use of my clashes
with the addicts of the various frameworks 1n order to impress upon
my mind the 1deal of liberating oneself from the mtellectual prison
of a theory in which one mught get stuck unconsciously at any
moment of one’s life

It 1s only too obwvious that thus 1dea of self-liberation, of breaking
out of one’s prison of the moment, might 1n sts turn become part of
a framework or a prison — or 1n other words, that we can never be
absolutely free But we can widen our prison, and at least we can
leave behind the narrowness of one who 1s addicted to hus fetters

Thus our view of the world 1s at any moment necessarily theory-
impregnated But this does not prevent us from progressing to better
theories How do we do 1t? The essential step 1s the Linguisuc
formulation of our beliefs Thus objectifies them, and thus makes 1t
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possible for them to become targets of cniicism In this way, our
beliefs are replaced by competing theories, by compeung con-
jectures And through the critical discussion of these theories we can
progress

In this way we must demand of any better theory, that 1s, of any
theory which may be regarded as progressing beyond some less
good theory, that it can be compared with the latter In other words,
that the two theories are mot ‘incommensurable’, to use a now
fashionable term, introduced 1 this context by Thomas Kuhn

For example, Prolemy’s astronomy 1s far from incommensurable
with that of Aristarchus and Copermcus No doubt, the Copernican
system allows us to see the world i a totally different way No
doubt there 15, psychologically, a Gestalr shift, as Kuhn calls it This
1s psychologically very important But we can compare the two
systems logically In fact, 1t was one of Copernicus’ main arguments
that all astronomucal observations which can be fitted mnto a
geocentric system can, by a simple translation method, always be
fitted 1nto a heliocentric one There 1s no doubt all the difference 1n
the world between these two views of the umverse, and the
magmitude of the gulf between the two views may well make us
tremble But there 1s no difficulty 1n comparing them For example,
we may pomnt out the colossal velocities which the rotating sphere
of the fixed stars must give to the stars which are near to its equator,
while the rotation of the earth, which in Copernicus’ system replaces
that of the fixed stars, involves very much smaller velocities Thus,
together with some practical acquaintance with centrifugal forces,
may well have served as an important point of comparison for those
who had to choose between the two systems

I assert that this kind of comparison between systems which have
hustorically grown out of the same problems (say, to explain the
movements of the heavenly bodies) 1s always possible Theores
which offer solutions of the same or closely related problems are as
a rule comparable, I assert, and discussions between them are always
possible and fruitful And not only are they possible, they actually
take place

X111

Some people do not think that these assertions are correct, and this
results 1n a view of science and its hustory very different from mine
Let me briefly outline such a view of science
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The proponents’ of such a view observe that scientsts are
normally engaged m close cooperation and discussion And the
proponents argue that this situation 1s made possible by the fact that
scientists normally operate within 2 common framework to which
they have commutted themselves (Frameworks of this kind seem to
me to be closely related to what Karl Mannheim used to call “Total
Ideologies’ *°) The periods during which scientists remain com-
mitted to a framework are regarded as typical They are periods of
‘normal science’, and scientists who work 1n this way are regarded
as ‘normal scientists’

Science 1n this sense 1s then contrasted with science 1n a period of
crisis or revolution These are periods 1 which the theoretical
framework beguns to crack, and in the end breaks It 1s then replaced
by a new one The transition from an old framework to a new one
1s regarded as a process which must be studied not from a logical
point of view (for 1t s, essenually, not wholly, or even manly,
rational) but from a psychological and sociological point of view
There 1s, perhaps, something like ‘progress’ in the transition to a new
theoretical framework But this 15 not a progress which consists of
getting nearer to the truth, and the transition 1s not guided by a
rational discussion of the relative merits of the competing theories
It cannot be so gmided since a genunely rational discussion 1s thought
to be wmpossible without an established framework Without a
framework 1t 1s not even thought to be possible to agree what
constitutes a pomt of ‘merit’ 1 a theory (Some protagonsts of this
view even think that we can speak of truth only relatve to a
framework } Rational discussion is thus impossible if 1t 15 the
framework which 1s being challenged And this 1s why the two
frameworks - the old and the new — have sometimes been described
as imncommensurable

An additional reason why frameworks are sometimes said to be
incommensurable seems to be this A framework can be thought of
as consisting not only of 2 ‘domuinant theory’, but also as being, 1n
part, a psychological and sociological entity It consists of a
domunant theory together with what one mght call a way of viewing
things in tune with the domnant theory, including sometimes even
a way of viewing the world and a way of life Accordingly, such a
framework constitutes a social bond between 1ts devotees 1t binds
them together, very much as a church does, or a political or artsuc
creed, or an deology

Thus 15 a further explanation of the asserted ncommensurability 1t
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1s understandable that rwo ways of life and two ways of looking at the
world are mcommensurable Yet I want to stress that two theorzes
which try to solve the same famuly of problems, including their
offspring (thewr problem children), need not be incommensurable, and
that i science, as opposed to religion, 1t 1s problems and theories that
are paramount I do not wish to deny that there 1s such a thing as a
‘scientific approach’, or a scientific ‘way of life’ — that s, the way of life
of those men devoted to science On the contrary, I assert that the
scientific way of life involves a burning interest 1n objective scientific
theories — i the theories m themselves, and in the problem of their
truth, or their nearness to truth And this mterest 1s a critzcal interest,
an argumentatrve mnterest Thus 1t does not, like some other creeds,
produce anything like the described ‘incommensurabiity’

It seems to me that many counterexamples exist to the theory of
the hustory of science that I have just discussed There are, first,
counterexamples that show that the existence of a “framework’ ~ of
a dominant theory, and of work going on within 1t — 15 by no means
anecessary or even a characteristic conditton for the development of
science There are, more especially, counterexamples that show that
there may be several ‘dominant’ theorses struggling for centuries for
supremacy m a science, and that there may even be fruitful
discussions between them My mamn counterexample under this
heading 1s the theory of the constitution of matter, in which atomism
and continuity theories were, fruitfully, at war from the Pythagor-
eans and Parmemides, Democritus and Plato, to Hesenberg and
Schrodinger I do not think that this war can be described as falling
mto the prehistory of science, or into the history of pre-science
Another counterexample of this second kind 1s constituted by the
theories?® of heat warning with kinetic and phenomenological
theories And the clash between Ernst Mach and Max Planck® was
netther characteristic of a crisis, nor did 1t occur within one
framework, nor, indeed, could 1t be described as pre-scientific
Another example 1s the clash between Cantor and his crities
(especially Kronecker) which was later continued in the form of
exchanges between Russell and Poincare, Hilbert and Brouwer By
1925 there were at least three sharply opposed frameworks involved,
and they slowly changed their character By now not only have
frustful discussions occurred but so many syntheses that the
ammadversions of the past are almost forgotten Thirdly, there are
countetexamples that show that fruitful rational discussions may
continue between devotees of a newly established domunant theory
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and unconvinced sceprics Such 1s Galilleo’s Two Principal Systems
Such are some of Emstemn’s ‘popular’ writings, or the important
criticism of Emnstein’s principle of covariance voiced by E Kretsch-
mann (1917), or the criucism of Emstein’s General Theory recently
voiced by Dicke And such are Enstemn’s famous discussions with
Bohr It would be quite mcorrect to say that the latter were not
frustful, for not only did Bohi claim that they much improved lus
understanding of quantum mechanics, but they also led to the
famous paper of Emstein, Podolsky, and Rosen which has produced
a whole literature of considerable significance, and may yet lead to
more 2 No paper which 1s discussed by recognized experts for
thirty-five years can be denied 1ts scientific status and significance,
but thus paper was, surely, criticizing (from the outside) the whole
framework which had been established by the revolution of 19256
Opposition to this framework — the Copenhagen framework — 1
continued by a mimonty to which for example de Broghe, Bohm,
Lande, and Vigier belong, apart from those names mentioned in the
preceding note #*

Thus discussions may go on all the ime And although there are
always attempts to transform the society of scientists mnto a closed
soctety, these attempts have not succeeded In my opimon they
would be fatal for science

The proponents of the myth of the framework distinguish sharply
between rational pertods of science conducted within a framework
(which can be described as periods of closed or authoriarian
science) and periods of crisis and revolution {which can be descuibed
as the almost wrrational leap ~ comparable to a religious conversion
—~from one framework to another)

No doubt there are such irrational leaps, such conversions, as
described No doubt there are scientists (normal scientsts, pre-
sumably) who just follow the lead of others, or give way to social
pressure and accept a new theory as a new faith because the experts,
the authorities, have accepted 1t I admut, regretfully, that there are
fashions n science, and that there 1s also social pressure

I even admut that the day may come when the social community
of scienusts will consist maaly or exclusively of scienusts who
uneritically accept a rubing dogma They will normally be swayed by
fashions And they will accept a theory because 1t 1s the latest cry,
and because they fear to be regarded as laggards

1 assert, however, that this will be the end of science as we know
it —the end of the tradition created by Thales and Anaximander and
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rediscovered by Galileo As long as science s the search for truth 1t
will be the rational critical discussion between competing theories,
and the rational critical discussion of the revolutionary theory This
discussion decides whether or not the new theory 1s to be regarded
as better than the old theory that s, whether or not 1t 1s to be
regarded as a step towards the truth

X1v

Almost forty years ago I stressed that even observations, and re-
ports of observations, are under the sway of theories or, if you
like, under the sway of a framework Indeed, there 1s no such thing
as an ummterpreted observation, an observation which 15 not
theory-impregnated In fact, our very eyes and ears are the result of
evolutionary adaptations — that 1s, of the method of trial and error
corresponding to the method of conjectures and refutations Both
methods are adjustments to environmental regularities A sumple
example will show that ordinary visual experiences have a pre-
Parmenidian absolute sense of up and down built into them - a sense
which 1s no doubt genetically based The example 1s this A square
standing on one of its sides looks to all of us a different figure from
a square standing on one of its corners There 15 a real Gestalt shift
m moving from one figure to the other

But L assert that the fact that observations are theory-impregnated
does not lead to ncommensurability between erther observations or
theories For the old observations can be consciously reinterpreted
we can learn that the two squares are different positions of the same
square This 1s made even easier just because of the genetically based
mterpretations no doubt we understand each other so well partly
because we share so many physiological mechanisms which are built
IO Our genetic system

Yet I assert that it 1s possible for us to transcend even our
genetically based physiology This we do by the critical method We
can understand even a bit of the language of the bees Admuttedly,
this understanding 1s conjectural and rudimentary But almost all
understanding 1s conjectural, and the deciphering of a new language
1s always rudimentary to start with

It 1s the method of science, the method of critical discussion,
which makes 1t possible for us to transcend not only our culturally
acquired but even our mborn frameworks This method has made us
transcend not only our senses but also our partly innate tendency to
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regard the world as a umverse of identifiable things and therr
properties Ever since Heraclitus there have been revolutionaries
who have told us that the world consists of processes, and that things
are things only in appearance 1n reality they are processes This
shows how critical thought can challenge and transcend a frame-
work even if 1t 15 rooted not only 1 our conventional language but
in our genetics —1n what may be called human nature itself Yet even
this revolution does not produce a theory mncommensurable with 1ts
predecessor the very task of the revolution was to explamn the old
category of thing-hood by a theory of greater depth

XV

I may perhaps also menton that there 1s a very special form of the
myth of the framework which is particularly widespread It 1s the
view that, before discussion, we should agree on our vocabulary —
perhaps by ‘defining our terms’

I have criticized this view on various occasions and I do not have
space to do so again % I only wish to make clear that there are the
strongest possible reasons aganst this view All definitions, so-called
‘operational definitions’ included, can only shift the problem of the
meaning of the term 1 question to the defining terms Thus the
demand for definitions leads to an infinite regress unless we admut
so-called ‘primutive’ terms, that 1s, #ndefined terms But these are as
a rule no less problematic than most of the defined terms

XVI

In the last section of this paper, I will briefly discuss the myth of the
framework from a logical pomt of view I will attempt somethung
like a logical diagnosis of the malaise

The myth of the framework is clearly the same as the doctrine that
one cannot rattonally discuss anything that 1s fundamental, or that
a rational discussion of principles 1s impossible

This doctrine 1s, logically, an outcome of the mistaken view that
all rational discussion must start from some principles or, as they are
often called, axtoms, which in their turn must be accepted dogmat-
ically if we wish to avoid an infimite regress — a regress due to the
alleged fact that when rationally discussing the vabdity of our
principles or axioms we must agamn appeal to principles or axioms
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Usually those who have seen this situation either msist dogmat-
ically upon the truth of a framework of principles or axioms, or they
become relativists they say that there are different frameworks and
that there 15 no rational discussion between them, and thus no
rauonal choice

But all this 1s mistaken For behind 1t there 1s the tacit assumption
that a rational discussion must have the character of a jusufication,
or of a proof, or of a demonstration, or of a logical derivation from
admutted premuses But the kind of discussion which 1s going on n
the natural sciences might have taught our philosophers that there 1s
also another kind of rational discussion a criucal discussion which
does not seek to prove or to justfy or to establish a theory, least of
all by deriving 1t from some higher premuses, but which tries to test
the theory under discussion by finding out whether 1ts logical
consequences are all acceptable, or whether 1t has, perhaps, some
undestrable consequences

We thus can logically distinguish between a mustaken method of
criticizing and a correct method of criticizing The mistaken method
starts from the question How can we establish or jusufy our thesis
or our theory? It thereby leads either to dogmatism, or to an mfinite
regress, or to the relanvistic doctrine of ratiorally ncommensurable
frameworks By contrast, the correct method of crincal discussion
starts from the question What are the conseguences of our thesis o
our theory? Are they all acceptable to us?®

It thus consists 1 comparing the consequences of different
theories (or, if you like, of different frameworks) and tries to find out
which of the competing theories or frameworks has consequences
that seem preferable to us It 1s thus conscious of the fallibility of all
our methods, although 1t tries to replace all our theories by better
ones This 1s, admuttedly, a difficult task, but by no means an
impossible one

Of course, a proponent of the myth of the framework might
criticize this idea He mught say, for example, that what I have called
the correct method of criticism 1n no way allows us to get out of our
framework — for, he might nsist, the ‘consequences that seem
preferable to us’ will themselves be part of our framework that we
have here a model for mere self-justification, rather than the critical
transcendence of a framework

But I thunk that this criticism 1s nustaken While we may interpret
our views in this way, we do not hawve to do so We can choose to
pursue an aim or goal — such as the aim of understanding better the
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umverse in which we live, and ourselves as part of 1t — which 15
autonomous of the particular theories or frameworks that we
construct to try to meet this aim And we can choose to set ourselves
standards of explanation, and methodological rules, which will help
us to achieve our goal and whch 1t 1s n#ot easy for any theory or
framework to sausfy Of course, we may choose not to do this we
may decide to make our ideas self-reinforcing We may set ourselves
no task other than one we know our present 1deas can fulfil We
certainly can choose to do this But if we do choose to do this, not
only will we be turning our backs on the possibility of learming that
we are wrong, we will also be turnming our backs upon that tradition
of critical thought (stemming from the Greeks and from culture
clash) which has made us what we are, and which offers us the hope
of further self-emancipation through knowledge

To sum up, frameworks, like languages, may be barriers They may
even be prisons But a strange conceptual framework, just like a
foreign language, 15 no absolute barrier we can break into it, just as
we can break out of our own framework, our own prison And just
as breaking through a language barrier 1s difficult but very much
worth our while, and likely to repay our efforts not only by
widening our mtellectual horizon but also by offering us much
enjoyment, so 1t 1s with breaking through the barrier of a frame-
work A breakthrough of this kind 1s a discovery for us It has often
led to a breakthrough in science, and 1t may do so agan

NOTES

1 Herodotus, 111,38

2 1 discuss the distinction between nature and convention i my Open
Society, chapter 5, where I refer to Pindar, Herodotus, Protagoras,
Anuiphon, Archelaus, and especially to Plato’s Laws {cp notes 3, 7, 10,
11, and 28 to chapter 5 and text) Although I mention (p 60) the
sigmficance of the realization that taboos are different in various tribes’,
and although I {just) mention Xenophanes (note 7) and lis profession
25 2 ‘wandering f.»ard’ {note 9 to chapter 10), I did not then fully realize
the part played by culture clash 1n the evolunion of critical thought, as
witnessed by the contribution made by Xenophanes, Heraclitus, and
Parmemdes (see especially note 11 to the Open Socrety, chapter 5) to the
problem of nature or reality or truth versus convention or opinion See
also my Conjectures and Refutations, passim

3 For further discussion, see my Open Society and my Conjectures and
Refutations {introduction and chapters 4 and 5)
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Cp my Conjectures and Refutations, pp 152f The first two lines of my
text are fragment B 16 and the next four fragments B 15 The remaining
three fragments are B 18, 35, and 34 (according to H Diels and W
Kranz, Fragmente der Vorsokratiker, 5th edition, Weidmann, Berln,
1934, see also H Frankel, section 4 of The Pre-Socratics, edited by
A PD Mourelatos, Doubleday Anchor, New York, 1974) The trans-
lations are mine Note, 1n the last quoted two lines, the contrast between
the one final truth and the many guesses, or opinons, or conjectures
Parmemdes used Xenophanes terminology See my Comjectures and
Refutations, for example pp 11, 17, 145,400, and 410 See also my Open
Soctety, note 56 (section 8) to chapter 10

See Parmenides remark (in fragment B 6) on the muddled horde of
erring mortals, always 1n two munds about things, 1n contrast to the one
‘well-rounded truth Cp my Conjectures and Refutations, pp 11, 164f
Theogony, 720-5

Ihad, V111, 1316, cp Aeneid, V1,577

See my Conjectures and Refutations, pp 12611, 138, 150f, 413
Theogony, 720~5

The discovery; 1t appears, 1s due to Parmenides See fragments B14-15

Bright'ning the mght she glides round the earth with a hght which
1s borrowed,
Always she wistfully looks round for the rays of the sun

Convenuonality 1s not quite the same as mere arbitrariness For there
may be better or worse conventions See my Open Soczety, chapter 5,
esp pp b64f

Hegel distingushes; of course, between ‘appearance and ‘reality’
(Wallace translates “Wirklichkert notby reality” butby actuality” —see,
tor example, his Logic of Hegel, Oxford, 1874, p 7 ) God1s ‘most real’
He 15 that which alone 1s truly real , what exists accidentally 15 only
appearance’ Hegel writes Who would not be clever enough to see that
much in his environment 1s not what 1t ought to be?” And he says that
philosophy ‘has to do only with the Idea, which 1s not so powerless
that 1t only determines what ought to be and not what really 1s > (The
quotations are from G WF Hegel, Encyclopadie der philosophischen
Wissenschaften mm Grundrisse, Die Logik, Emnlentung, § 6 See, for
example, the Henning edition, Duncker and Humblot, Berlin, 1840, pp
9-11 Cp W Wallace, The Logic of Hegel, pp: 7-9 ) Thus 1s, of course,
sufficient to muddle what 1s and what ought to be, and thus to defend
practically any view (and perhaps 1ts opposite)

See Alfred Tarski, Logic, Semantics, Metamathematics, translated by
JH Woodger; Oxford University Press, London, 1956 ©have expoun-
ded 1t 1 various places See, for example, my Comectures and
Refutations,pp 2235

See Benjamin Lee Whorf, Language, Thought, and Reality, edited by
John B Carroll, MIT Press, Cambridge, Mass , 1956

See WVO Quine, Word and Objecs, MIT Press, Cambridge, Mass,
1960, and Ontological Relatsvsty and Other Essays, Columbia Uni-
versity Press, New York, 1969
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1 completely agree with Quine’s criticism of the museum theory (or zoo
theory} of the meaning of words — the theory that the world 15 one
museum with labelled showcases whose contents are the unambiguous
referents of the words or labels But there may be different museums
And the relevance of the contents of the showcases may depend on
history ~ for example, on the problems which have been thrown up But
I am just as critical of any observationalist or behaviourist theory of the
meaning of words Translation, I conjecture, 1s a matter of conjecture
and refutation — of conjecturing the other fellow’s problems and lus
background knowledge Thus, I suggest, is the way a first language or a
second language s learned Observation of behaviour may pose
problems, and may help by way of refutation (See my Unendea?’ Quest,
section7 }

Cp p 232 of TS Kuhn, Reflections on my Crities’, 1n Criticssm and
the Growth of Knowledge, edited by I Lakatos and A Musgrave,
Cambridge University Press, London, 1970, pp 231-78

When wriung this section, 1 oniginally had 1n mund Thomas Kuhn and
his book The Structure of Scientsfic Revolutions, Chicago University
Press, Chicago, 1962, 1970 See also my contribution ‘Normal Science
and 1ts Dangers’ to Criticism and the Growib of Knowledge, pp 51-8

However, as Kuhn points out, this interpretation was based on a
misunderstanding of his views (see lus Reflections on my Criucs’, in
Craticism and the Growih of Knowledge, pp 231-78, and hus ‘Postscript
1969 to the 2nd edition of The Structure of Saientific Revolutions), and
1 am very ready to accept his correcuion Nevertheless, I regard the view
here discussed as imnfluenual

For a entieismo of Karl Mannheim, see chapters 23 and 24 of my Open
Soctery

Few people seem to realize that by his equation E=mc?, Emstein
resurrected the fluidum theory of heat (caloric) for which the question
whether heat has any weight was regarded as crucial According to
Ewmstem’s theory, heat bas weight — only 1t weighs very lictle

Cp the discussion between Planck and Mach, especially Planck’s paper
Zur Machschen Theorie der physikalischen Erkenntnus’, Physikalische
Zestschrift, IT, 1910, pp 118690

See, for example; J S Bell, On the Emnstetn Podolsky Rosen Paradox,
Physics, 1, 1964, pp 195-200, and Oan the Problem of Hidden Vanables
m Quantum Mechanics’, Rewews of Modern Physics, 38, 1966, pp

447-52 See also John F Clauser, Michael A Horne, Abner Shimony,
and Richard A Holt, ‘Proposed Experiment to Test Local Hidden
Varable Theories’, Pbyszmg Review Letters, 13 October 1969 An
extension or strengthening of the EPR paradox, described 1n-my Logie
of Saentsfic Discovery, pp 446-8, seems to me to involve a decisive
refutation of the Copenhagen mterpretation, since the two simultaneous
measurements together would allow simultaneous ‘reducuions of the
two wave packets which cannot be carnied out within the theory See
also the paper by James Park and Henry Margenau, ‘Simultaneous
Measurability 1n Quantum Theory’, Faternational Jowrnal of Theor-
etical Physics, 1, 1968, pp 211-83
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24 See my ‘Quantum Mechanics without The Observer” , in Stadies m
the Foundations;, Methodology and Philosophy of Science, volume 1I
Quantum Theory and Reality, edited by Mario Bunge, Springer-Verlag,
New York, 1967

25 Seemy Open Society, chapter 11, section II, or my ‘Quantum Mechanics
without “The Observer 7, especially pp 11~15, or my Comyectrres and
Refutations, pp 19, 28 {section 9), 279, and 402
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REASON OR
REVOLUTION?>

The trouble with a total revolution
Is that 1t brings the same class up on top
Executives of skilful execution
Will therefore plan to go halfway and stop
Robert Frost

The following critical considerations are reactions to the book, Der
Positivismussirest in der dentschen Soziologie, which was published
n 1969, and for which I unwittingly provided the otiginal incentive

I

I will begin by telling some of the history of the book and of its
misleading title In 1960 I was invited to open a discussion on “The
Logic of the Social Sciences’ at a congress of German sociologists 1n
Tubingen I accepted — and I was told that my opening address
would be followed by a reply from Professor Theodor W Adorno

This paper came 1nto being as a result of a suggestion by Professor Raymond Aron
My paper The Logic of the Social Sciences was first published 1n Germany as the
third paper of a collection misnamed Der Positivismusstreit m der dentschen
Soziologte (see note 1, below), i a manner which Ieft 1t unexplained that 1t was the
paper which had unwittingly sparked off this Positwismusstrest In 1970 1 wrote a
letter to the Tumes Literary Supplement ( Dialectical Methodology , TLS 69, 26 March
1970; pp 388-9) i cnticism of a review of the Posstiwismusstrest volume that had
appeared there Professor Aron suggested that I expand this letter, and explamn my
objections to the volume more fully Thus I did 1n the present paper, which was first
published 1 Archiwes enropeennes de sociologie, 11, 1970, pp 252-62 and which 1s
also appended to the English translation of the Positivismusstreit volume (See
Theodor W Adorno et al eds, The Positwwist Dispute n German. Sociology,
translated by Glyn Adey and David Frisby, Harper & Row, 1976 ) The motto 1s from
Robert Frost: A Semu-Revolution , in A Witness Tree
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of Frankfurt It was suggested to me by the organizers that, in order
to make a fruitful discussion possible, I should formulate my views
mn a number of definite theses This I did my opening address to that
discussion, delivered mn 1961, consisted of twenty-seven sharply
formulated theses, plus a programmatic formulation of the task of
the theoretical soctal sciences Of course, I formulated these theses
so as to make it difficult for any Hegelian or Marxist (such as
Adorno) to accept them And I supported them as well as I could by
arguments Owing to the limited time available, I confined myself to
fundamentals, and I tried to avoid repeating what I had said
elsewhere

Adorno’s reply was read with great force, but he hardly took up
my challenge — that 15, my twenty-seven theses In the ensuing
debate Professor Ralf Dahrendorf expressed his grave disappoint-
ment He said that 1t had been the intention of the orgamzers to
bring mnto the open some of the glaring differences — apparently he
included political and 1ideological differences — between my
approach to the social sciences and Adorno’s But the impression
created by my address and Adorno’s reply was, he said, one of sweet
agreement — a fact which left hum flabbergasted (‘als sezen Herr
Popper und Herr Adorno sich in verbluffender Weise emg’) 1 was
and I sull am very sorry about this But having been invited to speak
about “The Logic of the Social Sciences’ I did not go out of my way
to attack Adorno and the ‘dialectical’ school of Frankfurt (Adorno,
Horkheimer, Habermas, et al ), which I never regarded as important,
unless perhaps from a political point of view I was not aware of the
organizers” ntention, and mn 1960 I was not even aware of the
political influence of this school Although today I would not
hesitate to describe this influence by such terms as ‘wrrationalist’ and
‘intelligence-destroying’, I could never take their methodology
(whatever that may mean) seriously from erther an intellectual or a
scholarly pomnt of view Knowing now a little more, I think that
Dahrendorf was nght i being disappointed I ought to have
attacked them using arguments I had previously published in my
Open Society and The Poverty of Historicssm and m “What 1s
Daalectic?,? even though I do not think that these arguments fall
under the heading of “The Logic of the Social Sciences’ — for terms
do not matter My only comfort 1s that the responsibility for
avoiding a fight rests squarely on the second speaker

However this may be, Dahrendorf’s criticism stimulated a paper
(almost twice as long as my original address) by Professor Jurgen
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Habermas, another member of the Frankfurt School It was in this
paper, I think, that the term ‘posttivism’ first turned up m this
particular discusston I was criticized as a positrvzst Thus 1s an old
misunderstanding created and perpetuated by people who know of
my work only at second-hand Owing to the tolerant attitude
adopted by some members of the Vienna Circle, my book, Logik der
Forschung, i which 1 criticized this positivist Circle from a realst
and anti-positivist poimnt of view, was published in a series of books
edited by Moritz Schlick and Philipp Frank, two leading members
of the Circle > And those who judge books by their covers (or by
their editors) created the myth that I had been a member of the
Vienna Circle and a positivist Nobody who has read that book (or
any other book of mine) would agree — unless indeed he believed
the myth to start with, in which case he may of course find evidence
to support his belief

In my defence Professor Hans Albert (not a positvist erther)
wrote a spirited reply to Habermas’ attack The latter answered, and
was rebutted a second time by Albert This exchange was mainly
concerned with the general character and tenability of my views
Thus there was little mention — and no serious criticism = of my
opening address of 1961, and of 1ts twenty-seven theses

It was, I think, 1n 1964 that a German publisher asked me whether
I would agree to have my address published 1n book form together
with Adorno’s reply and the debate between Habermas and Albert
Tagreed

But as now published (1n 1969, in German), the book consists of
two quite new introductions by Adorno (94 pages), followed by my
address of 1961 (20 pages) with Adorno’s original reply (18 pages),
Dahrendorf’s complaint (9 pages), the debate between Habermas
and Albert (150 pages), a new contribution by Harold Pilot (28
pages), and a ‘Short Surprised Postscript to a Long Introduction’ by
Albert (5 pages) In this, Albert mentions briefly that the affair
started with a discussion between Adorno and myself 1n 1961, and
he says quute rightly that a reader of the book would hardly realize
what 1t was all about Thus 1s the only allusion 1n the book to the
story behind 1t There 1s no answer to the question of how the book
got a title which quite wrongly indicates that the opinions of some
‘posttivists” are discussed m 1t Even Albert’s postscript does not
answer the question

What 1s the result> My twenty-seven theses, intended to start a
discussion (and so they did, after all), are nowhere seriously taken up
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m thus longish book — not a single one of them, although one or
another passage from my address 1s mentioned here or there, usually
out of context, to lustrate my ‘positivism’ Moreover, my address
1s buried 1n the middle of the book, unconnected with the begimning
and the end No reader can see, and no reviewer can understand,
why my address (which I cannot but regard as quite unsatisfactory
1 its present setting) 1s included n the book — or that 1t 1s the
unadmutted theme of the whole book Thus no reader would
suspect, and no reviewer did suspect, what I suspect as bemng the
truth of the matter It 1s that my opponents literally did not know
how to criticize ratonally my twenty-seven theses All they could
do was to label me ‘positivist’ (thereby unwittingly giving a hughly
musleading name to a debate 1n which not a single ‘positivist’ was
involved) And having done so, they drowned my short paper, and
the oniginal 1ssue of the debate, i an ocean of words — which I found
only partially comprehensible

As 1t now stands, the mam issue of the book has become Adorno’s
and Habermas’ accusation that a ‘positivist” like Popper is bound by
his methodology to defend the political status guo Itisanaccusation
which I myself raised m my Open Society aganst Hegel, whose
dentity philosophy (what 1s real 1s reasonable) I described as ‘moral
and legal positivism’ In my address I had said nothing about this
1ssue, and I had no opportunity to reply But I have often combated
thus form of ‘positivism’ along with other forms And 1t 1s a fact that
my socal theory (which favours gradual and piecemeal reform,
reform controlled by a critical comparison between expected and
achueved results) contrasts with my theory of method, which
happens to be a theory of scientific and intellectual revolution

II

This fact and my attitude towards revolution can be easily explained
We may start from Darwiman evolunon Orgamsms evolve by trial
and error, and their erroneous trials — their erroneous mutations —
are eliminated, as a rule, by the elimmation of the organism which
1s the ‘carrier’ of the error It 1s part of my epistemology that, 1n man,
through the evolution of a descriptive and argumentative language,
all this has changed radically Man has achieved the possibility of
being critical of his own tentatwve trials, of bis own theories These
theorzes are no longer mcotporated 1n s organism or 1 hus genetic
system They may be formulated i books or in journals And they
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can be critically discussed, and shown to be erroneous, without
killing any authors or burning books — without destroying the
‘carriers’

In thus way we arrive at a fundamental new possibility our trials,
our tentative hypotheses, may be critically elimnated by rational
discussion, without eliminating ourselves This indeed 1s the purpose
of rational eritical discussion

The “carrier” of a hypothesis has an important function 1n these
discussions he has to defend the hypothesis aganst erroneous
criticism, and he may perhaps try to modify 1t «f 1 1ts original form
1t cannot be successfully defended

If the method of rational eritical discussion should establish itself,
then this should make the use of violence obsolete For critical reason
15 the only alternatwve to violence so far discovered

It 1s the obvious duty of all intellectuals to work for this
revolution — for the replacement of the elimmatve function of
violence by the eliminative function of rational criticism But to
work for this end, one has to train oneself constantly to write and
speak 1 clear and simple language Every thought should be
formulated as clearly and simply as possible This can only be
achieved by hard work

111

I have been for many years a critic of the so-called sociology of
knowledge’ Not that I thought that everything that Mannheim (and
Scheler) said was mustaken On the contrary, much of 1t was only too
trivially true What I combated was Mannheim’s belief that there
was an essential difference with respect to objectivity between the
soctal scientist and the natural scienust, or between the study of
society and the study of nature The thesis I combated was that 1t
was easy to be objective in the natural sciences, while objecuvity
the social sciences could be achieved, if at all, only by very select
intellects by the “freely poised ntelligence’ which 1s only ‘loosely
anchored m social traditions”*

As agamst this I stressed that the objectivity of natural and social
science 1s not based on an impartial state of mind 1n the scientists, but
merely on the fact of the public and compeuttive character of the
scientific enterprise and thus on certam social aspects of 1t Thus 1s
why I wrote “What the “sociology of knowledge” overlooks 1s just
the sociology of knowledge — the social or public character of
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science ® Objectivity 15 based, in brief, upon mutnal rational
criticism, upon the critical approach, the critical tradition ¢

Thus natural scientists are not more objectively minded than
social scienuists Nor are they more critical If there 1s more
objectivity 1 the natural sciences, this 1s because there 15 a better
tradition and higher standards of clarity and of rational crincism

In Germany, many soctal scientists are brought up as Hegelians,
and this 15 a tradition destrucuve of 1ntelligence and critical thought
It 1s one of the points where I agree with Karl Marx who wrote ‘In
1ts mysufying form dalectic became the ruling German fashuon’ 7 It
1s the German fashion still

v

The sociological explanation of this fact 15 sunple We all get our
values, or most of them, from our social environment often merely
by mtation (sumply by taking them over from others), sometmes
by a revolutionary reaction to accepted values, and at other times —
though this may be rare — by a critical examuination of these values
and of possible alternatives However this may be, the social and
mntellectual climate, the tradition 10 which one 1s brought up, 15 often
decisive for the moral and other standards and values one adopts All
this 1s rather obvious A very special case, but all-tmportant for our
purpose, 1s that of mtellectual values

Many years ago I used to warn my students agamnst the wide-
spread 1dea that one goes to college 1n order to learn how to talk and
write ‘umpressively’ and incomprehensibly At the tuime many
students came to college with this ridiculous aim 1n mind, especially
m Germany And most of those students who, during therr
umuversity studies, enter into an ntellectual climate which accepts
this kind of valuation ~ coming, perhaps, under the influence of
teachers who 1n their turn had been reared 1 a similar chimate — are
lost They unconsciously learn and accept that highly obscure and
difficult language 1s the mtellectual value par excellence There 1s
little hope that they will even understand that they are mistaken, or
that they will ever realize that there are other standards and values
— values such as truth, the search for truth, the approximanon to
truth through the cntical elimination of error, and clarity Nor will
they find out that the standard of ‘impressive’ obscurity actually
clashes with the standards of truth and rauional criicism For these
latter values depend on clarity One cannot tell truth from falsity,

70



3 REASONORREVOLUTION?

one cannot tell an adequate answer to a problem from an rrrelevant
one, one cannot tell good ideas from trite ones, and one cannot
evaluate 1deas critically ~ unless they are presented with sufficient
clarity But to those brought up in the implcit admiration of
bridliance and ‘impressive’ opaqueness, all this (and all T have said
here) would be at best, ‘impressive’ talk they do not know any other
values

Thus arose the cult of incomprehensibility, of ‘impressive’ and
high-sounding language This was mtensified by the (for laymen)
impenetrable and impressive formalism of mathematics T suggest
that 1n some of the more ambitious social sciences and philosophues,
especially 1n Germany, the traditional game, which has largely
become the unconscious and unquestioned standard, 1s to state the
utmost triviahities 1n hugh-sounding language

If those brought up on this kind of nourishment are presented
with a2 book which 1s written simply and contains something
unexpected, controversial, or new, they usually find 1t difficult or
mmpossible to understand For 1t does not conform to their 1dea of
‘understanding’, which for them entails agreement That there may
be important 1deas worth understanding with which one cannot at
once agree or disagree 1s to them unfathomable

v

There 1s here, at first sight, a difference between the social sciences
and the natural sciences in the so-called social sciences and
philosophy, the degeneration into impressive but more or less empty
verbalism has gone further than in the natural sciences Yet the
danger 15 getting acute everywhere Even among mathematicians a
tendency to impress people may sometimes be discerned, although
the mcitement to do so 1s least here For 1t 1s partly the wish to ape
the mathematicians and the mathematical physicists in technicality
and n difficulty that inspires the use of verbiage 1n other sciences
Yet lack of critical creativeness — that s, of inventiveness paired
with critical acumen — can be found everywhere And everywhere
thus leads to the phenomenon of young scientists eager to pick up the
latest fashion and the latest jargon These ‘normal’ scientists® want
a framework, a routine, a common, and exclusive language of their
trade But 1t 1s the non-normal scientist, the daring scientist, the
critical scientist, who breaks through the barnier of normality, who
opens the windows and lets 1 fresh air; who does not think about
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the impression he makes, but tries to be well understood

The growth of normal science, which 1s inked to the growth of
Big Science, 15 likely to prevent, or even to destroy, the growth of
knowledge, the growth of great science

The situation 1s tragic if not desperate And the present trend 1n
the so-calied empirical investigations into the sociology of the
natural sciences s likely to contribute to the decay of science
Superimposed upon this danger 1s another danger, created by Big
Sctence 1ts urgent need for scienufic techmcians More and more
Ph D candidates receive merely techmical traming o certam tech-
niques of measurement They are not mutiated mnto the scientific
tradition, the critical tradition of questionung, of being tempted and
guided by great and apparently msoluble niddles rather than by the
solubility of hittle puzzles True, these technicians, these specialists,
are usually aware of their lunitations They call themselves ‘special-
wsts” and reject any claim to authority outside their specialities Yet
they do so proudly, and proclaim that specialization 1s a necessity
But this means flying 1n the face of the facts, which show that great
advances still come from those with a wide range of interests

If the many, the specialists, gan the day, 1t will be the end of
science as we know 1t — of great scrence It will be a spiritual
catastrophe comparable in 1ts consequences to nuclear armament

VI

1 now come to my main pomnt Itis this Some of the famous leaders
of German sociology who do their mtellectual best, and do 1t with
the best conscience 1n the world, are nevertheless, I believe, simply
talking trivialines m lugh-sounding language, as they were taught
They teach this to their students, who are dissatisfied, yet do the
same The genune and general feeling of dissauisfaction, mamfest
m their hostility to the society 1 which they live, 15 2 reflecion
of their unconscious dissatisfaction with the sterthity of their own
activities

I will give a brief example from the writings of Professor Adorno
The example 1s a select one — selected, indeed, by Professor
Habermas, who begins his first contribution to Der Positiwis-
musstrest by quoting 1t On the left I give the onigmal German text,
in the centre thus text as translated 1n the present volume, and on
the right a paraphrase into simple Enghish of what seems to be being
asserted °
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Die  gesellschaftliche
Totalstat fuhrt ken Er-
genleben oberhall des
von ihr Zusammenge-
fassten, aus dem swie

selbst besteht

Sie produziert und re-
produziert sich durch
thre  emnzelnen Mo-
mente hindurch

So wemg aber jenes
Ganze vom Leben, von
der Kooperation und
dem Antagonismus se-
ner Elemente abzuson-
dern 1st,

so wemg kann irgen-
demn  Element auch
bloss in seimem Punk-
tionieren  verstanden
werden ohne Eansicht
m des Ganze, das an

der Bewegung des Ein-
selnen  selbst  semn
Wesen hat

System und Emzelhent
sind reziprok und nur
m thre Reziprozitat zu
erkennen

Societal totality does
not lead a life of 1ts own
over and above that
which 1t unites and of
which 1t, :n its turn
comprises

It produces and repro-
duces 1tself through its
indvidual moments

This totality can no
more be detached from
life, from the coopera-
aon and the antago-
nism of 1ts elemients,

than can an element be
understood merely as it
functions without m=
sight nto the whole
which has s source
{Wesen, essence) 1n the
motion of the mdvid-
ual entiry wself

System and indrvidual
entity are reciprocal
and can only be appre-
hended mn therr rec-

procity

of

Society  consists
social relationships

The vanous soaal
relationships somehow
produce soctety

Among these relations
are cooperation and
antagonism, and smce
society consists of these
relations, it 15 1mpos-
sible to-separate it from
them

The opposite 15 also
true none of the rela-
t1ons can be understood
without the: totality of
all the others

{Repetiion of the pre-
ceding thought )

Comment The theory of the social wholes developed here has been
presented and developed, sometimes better and sometimes worse,
by countless philosophers and sociologists I do not assert that 1t 1s
mustaken I only assert the complete triviality of its content Of
course Adorno’s presentation 1s very far from trivial

VII

It 1s for reasons such as these that I find 1t so difficult to discuss any
serious problem with Professor Habermas I am sure he 1s perfectly
smcere ButI think that he does not know how to put things simply,
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clearly, and modestly, rather than impressively Most of what he says
seems to me trivial The rest seems mistaken

So far as I can understand him, the following 1s s central
complaint about my alleged views My way of theorizing, Habermas
suggests, violates the principle of the identisy of theory and practice
—perhaps because I say that theory should belp action, that 15, should
help us to modify our actions For I say that it 1s the task of the
theoretical sciences to try to anucipate the unintended consequences
of our actions Thus I differentiate between this theoretical task and
the action But Professor Habermas seems to think that only one
who 1s a practical critic of existing society can produce serious
theoretical arguments about society, since social knowledge cannot
be divorced from fundamental socal attitudes The indebtedness of
this view to the sociology of knowledge 1s obvious and need not be
laboured

My reply 1s very simple We should welcome any suggestion as to
how our problems might be solved, regardless of the atutude
towards society of the man who puts them forward provided that
he has learned to express himself clearly and simply = 1n a way that
can be understood and evaluated — and that he s aware of our
fundamental ignorance and responsibilities towards others ButIdo
not think that the debate about the reform of society should be
reserved for those who first put1n a claim for recognition as practical
revolutionaries, and who see the sole function of the revolutionary
intellectual 1n pointing out as much as possible what 1s repulsive n
our social life {excepting their own social roles)

It may be that revolutionaries have a greater sensitivity to socral
ills than other people But obviously, there can be better and worse
revolutions (as we all know from history), and the problem 1s not to
do too badly Most, if not all, revolutions have produced societzes
very different from those desired by the revolutionaries Here s 2
problem, and it deserves thought from every serious critic of society
And this should include an effort to put one’s ideas into simple,
modest language, rather than high-sounding jargon This 1s an effort
which those fortunate ones who are able to devote themselves to
study owe to society

VIII

A last word about the term ‘positivism’ Words do not matter, and
I do not really mund if even a thoroughly nusleading and mustaken
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label 1s applied to me But the fact 1s that throughout my hfe T have
combated positivist epistemology, under the name ‘postuvism’ Ido
not deny, of course, the possibility of stretching the term “positivist’
until 1t covers anybody who takes any interest in natural science, so
that 1t can be applied even to opponents of positivism, such as
myself I only contend that such a procedure 1s neither honest nor
apt to clarify matters

The fact that the label ‘positivism’ was originally applied to me by
sheer blunder can be checked by anybody who 1s prepared to read
my early Logik der Forschung

It 1s, however, worth mentioning that one of the victims of the two
musnomers, ‘positivism’ and ‘Der Posstivismusstrert” 1s Dr Alfred
Schmuidt, who describes himself as a ‘collaborator of many years’
standing’ (Jangrabriger Muarbetter) of Professors Adorno and
Horkhetmer In a letter to a newspaper Die Zeut,'® written to defend
Adorno against the suggestion that he misused the term “positivism’
mn Der Posttrvismusstrett or on similar occastons, Schimidt character-
1zes posttivism as a tendency of thought 1n which ‘the method of the
various single sciences 1s taken absolutely as the only valid method
of knowledge’ (die emzeluwissenschaftlichen Verfabren als emzig
gultige Erkenntnis verabsolutierende Denken), and he identifies 1t,
correctly, with an over-emphasis on ‘sensually ascertainable facts’
He 15 clearly unaware of the fact that my alleged posttivism, which
was used to give the book Der Positrvismusstrest its name, consisted
of a fight aganst all this, which he describes (faily correctly) as
‘posttivism’ I have always fought for the right to operate freely with
speculative theories against the narrowness of the ‘screntistic’
theories of knowledge and, especially, agamnst all forms of sensu-
alistic empiricism

T have fought against the aping of the natural sciences by the social
sciences,'! and I have fought for the doctrine that positivistic
epistemology 1s inadequate even in its analysis of the natural sciences
which, 1n fact, are not “careful generalizations from observation’, as
15 usually believed, but are essenually speculanve and daring
Moreover, I have taught, for more than thirty-eight years,'? that all
observations are theory-impregnated, and that thewrr main function is
to check and refute, rather than to prove, our theories Fally I have
not only stressed the meaningfulness of metaphysical assertions and
the fact that I am myself a metaphysical realist, but I have also
analysed the mmportant historical role played by metaphysics 1n
the formation of scientific theories Nobody before Adorno and
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Habermas has described such views as ‘positivistic’, and I can only
suppose that these two did not know, originally, that I held such
views (In fact, I suspect that they were no more nterested in my
views than I am 1n theurs )

The suggestion that anybody interested 1n natural science 15 to be
condemned as a positrvist would make positivists not only of Marx
and Engels, but also of Lenmn - the man who ntroduced the
equation of ‘positivism’ and ‘reaction’

Termuinology does not matter, however Only it should not be
used as an argwment And the title of a book ought not to be
dishonest — nor should 1t attempt to prejudge an 1ssue

On the substantial 1ssue between the Frankfurt School and myself
— revolution versus piecemeal reform - I shall not comment here,
since I have treated 1t as well as I could 1n my Open Society Hans
Albert too has said many mcisive things on this topic, both in his
rephes to Habermas m Der Positivismusstrest and 1n his important
book Traktat uber kritische Vernungft '*

NOTES

1 H Mausand P Furstenberg, eds; Der Posstrvismusstrest w der dentschen
Soziologre, Luchterhand, Berlin; 1969

2 What 15 Dualectic? , Mind, XLIX, 1940, pp 403ff Reprinted m
Conjectures and Refutations

3 The Vienna Circle conuisted of men of ongmality and of the highest
tellectual and moral standards Not all of them were positivists, even
if we mean by this term no more than 2 condemnaton of speculative
thought, although most of them were I have always been 1n favour of
eriticizable speculative thought and, of course, of its eriticism

4 The quotation 1s from Mannheim It 1s discussed more fully in my Open

Socrety, volume u, p 215

The Poverty of Flistoricssm, p 155

Cp my Conjectures and Refutations, especially chapter 4

Karl Marx, Capital, volume 11, 1872, Nachwort’ (Insome Jater editions

this 1s described as Preface to second edition” The usual translation 1s

not ‘mystifying” but ‘mystified’ To me this sounds hike a Germanism )

8 The phenomenon of normal science was discovered, but not criticized,
by Thomas Kuhn i The Structure of Scientific Revolutions Kuhn s, 1
believe, mstaken mn thinking that ‘normal’ science 1s not only normal
today but always was so On the contrary, m the past - until 1939 =
science was almost always cnitical, or extraordinary” There was no
screntfic ‘routine

9 In the origmnal publication of this article in Archrves enropeennes de
socologee the three columns contained, respectively, the original Ger-
man, a paraphrase into simple German of what seemed to be bemng
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asserted, and a translation of this paraphrase into English

10 12 June 1970, p 45

11 Seemy Logtc of Saentific Discovery, new appendix 1

12 See my Logic of Screntific Discovery, new appendix 10

13 Hans Albert, Traktat uber kritische Vernunft, ] CB Mohs, Tubingen,
1969
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ADDENDUM 1974
THE FRANKFURT SCHOOL

I first heard of the Frankfurt School 1n the 1930s but decided then,
on the basis of some experimental reading, agamst conscientiously
reading 1ts output

In 1960, as recounted 1 my ‘Reason or Revolution?, I was asked
to open a discussion at a conference in Tubingen, and was told that
Adorno would reply to my paper® This led me to another attempt
at reading the publications of the Frankfurt School and especially
Adorno’s books

Most of Adorno’s works may be dinided into three groups Furst,
there are his essays on music, literature, or culture These I found
little to my taste To me they read like rmutations of Karl Kraus, the
Viennese writer — bad imitations, because they lacked Kraus’ sense
of humour I had known, and heartily disliked, this kind of writing
m my days i Vienna I used to think of it as cultural snobbery,
pracused by a clique which regarded itself as a cultural elite These
essays, incidentally, are characterized by their social srrelevance

Then there was a second group of books, on epistemology or
philosophy And these seemed just the sort of thing one calls 1n
English ‘mumbo-jumbo’ (or 1n German “Hokuspokus®)

Of course, Adorno was a Hegelian as well as a Marxist And Iam
opposed to both to Marxism and especially to Hegelianism

As to Marx, I have great respect for hum as a thinker and as a
fighter for a better world, though I disagree with hum on many
pomnts of decisive importance I have criticized his theories at
considerable length He 1s not always particularly easy to under-
stand, but he always tries his best to be understandable For he has
something to say, and he wants people to understand lum Butasto
Adorno, I can nether agree nor disagree with most of lus philos-
ophy In spite of all efforts to understand us philosophy, it seems to
me that all of 1t, or almost all, 1s just words He has nothing whatever
1o say, and he says 1t 1n Hegelian language

But there 1s a third group of hus writings The essays which belong

In December 1973 I wasasked by the BBC if I would agree to be interviewed on the
subject of the so-called Frankfur: School for usena programme on thew work 1o
be broadeast in January 1974 I prepared a brief paper (which was not m fact
broadcast 1 thus form because T was given only five muittes in which to speak)
contaung a few entical remarks I make m section I of my paper Reason or
Revohution about my attitade towards the Frankfurt School
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to thus third group are mainly complaints about the times we live in
But some of them are interesting and even moving They give direct
expression to hus fears to his anxiety, as he calls it umself, and to hus
deep depression Adorno was a pessimist After Hitler came to
power — an event which, he says, surprised him as a politician - he
despaired of mankind, and he surrendered his belief 1n the Marxust
gospel of salvation Itis a voice of utmost despawr which sounds from
these essays — a tragic and pitiful voice

But so far as Adorno’s pessumism 1s philosophical, its philosoph-
ical content 1s nil Adorno is consciously opposed to clanty
Somewhere he even mentions with approval that the German
phiosopher Max Scheler asked for ‘more darkness’ (mebr Dunkel),
alluding to the last words of Goethe, who asked for ‘more light’
(mebr Licht)

It 1s difficult to understand how a Marxist hike Adorno could
support a demand for more darkness Marx, certainly, was for
enhghtenment But Adorno has published, together with Hork-
heimer, 2 book under the title Dualectic of Enlightenment® in which
they try to show that the very idea of enlightenment leads, by 1ts
mner contradictions, nto darkness — the darkness which we are
allegedly 1n now Thus 1s, of course, a Hegelian :dea Nevertheless, it
remains a puzzle how a socialist, or a Marxust, or a humanst, like
Adorno, can revert to such Romantic views, and prefer the maxim
‘more darkness’ to ‘more light” Adorno acted on his maxim by
publishing mtentionally obscure and even oracular wriungs It can
only be explained by the nineteenth-century tradition of German
philosophy, and by the ‘Rise of Oracular Philosophy’, as I call it 1n
my Open Society — the nse of the school of the so-called German
Idealists Marx himself was brought up 1n this tradition, but he
reacted forcefully agamnst it, and 1n Caputal he made a remark about
it, and about Dialectic, which I always admired Marx said m
Capital “In 1ts mysufymg form the Daalectic became the ruling
fashion 1 Germany ® Dialectic 1s still the ruling fashion 1 Ger-
many And 1t is still ‘wa ats mysufying form’

But I would lLike also to say a few words about Horkheumer
Compared with Adorno, hus writings are lucidity itself But Hor-
kheimer’s so-called ‘Critical Theory’ 1s empty — devoid of content
This 15 more or less admutted by the editor of Horkheimer’s
Knitische Theorie, when he says “To cast Horkheimer’s conception
into the form of understandable (‘emgangige’) propositions 1s
almost impossible’ * There remains only a vague and unongmnal
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Marxian historicism Horkheimer does not say anything tenable that
has not been said better before His views may be said to be
objectively uninteresting, including those with which I can agree

For L have found in Horkheimer some propositions with which 1
can agree I can even agree with Horkheimer’s formulation of his
ultimate aims In the second volume of his book Kritische Theore he
says, after rejecting Utopianism ‘Nevertheless, the 1dea of a future
society as 2 community of free men  has a content to which we
ought to remam loyal through all [historical] change * I certainly
agree with this 1dea; the 1dea of a society of free men (and also with
the 1dea of loyalty to it) It 1s an idea that inspired the American and
the French revolutions Unfortunately, Horkheimer has nothing of
the shightest interest to say about the problem of how to get nearer
to thisideal aim

In fact, Horkheimer rejects, without argument and mn defiance of
historical facts, the possibility of reforming our so-called ‘social
system’ This amounts to saying Let the present generation suffer
and perish ~ for all we can do 1s to expose the ugliness of the world
we live 11, and to heap insults on our oppressors, the ‘bourgeoisie’
This 1s the total content of the so-called Critrical Theory of the
Frankfurt School

Marx’s own condemnation of our soctety makes sense For Marx’s
theory contamns the promuse of a better future But the theory
becomes vacuous and irresponsible if this promise is withdrawn, as
it1s by Adorno and Horkhermer This 1s why Adorno found that life
1s not worth living For life 1s really worth living only if we can work
fora better world nzow, and for the immediate future

It 15 a crime to exaggerate the ugliness and the baseness of the
world 1t1s ugly, but 1t 15 also very beautsful, nhuman, and also very
human And 1t1s threatened by great dangers The greatest 1s world
war Almost as great 1s the population explosion But there 1s much
that 1s good m this world For there 1s much good will And there
are muillions of people alive today who would gladly risk their lives
if they thought that they could thereby bring about a better world

We can do much now to reheve suffering and, most important, to
mcrease mdividual human freedom We must not wait for a goddess
of history or for a goddess of revolution to introduce better
conditions mto human affarrs History, and also a revolution, may
easily fail us It did fail the Frankfurt School, and 1t caused Adorno
to despair We must produce and critically try out ideas about what
can and should be done now —and do 1t now
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To sum up with a phrase of Raymond Aron, I regard the writings
of the Frankfurt School as ‘oprum of the intellectuals’ ¢

NOTES

1 See Archiwes europeennes de socwologie 11, 1970, pp 252-62, or the
rewse}d version of this paper wn The Positwist Dispute m German
Sacrolo,

Max Horkheiner and Theodor W Adorno, Dulectzc of Enbghtenment;
Herder & Herder, New York, 1972

Karl Marx, Caprtal, volume II, 1872, “Nachwort

Max Horkheimer, Kritische Theorse, edited by A Schmudt, § Fisher,
Frankfurt, 1968, volume IL, pp 340f

Horkhemmer, Kritische Theorie, p 166

Raymond Aron, L'Opum des mtellectuels, Calmann-Leyy, Panis, 1955
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4

SCIENCE
PROBLEMS, AIMS,
RESPONSIBILITIES

I

The mtellectual history of man has its depressing as well as its
exlularating aspects For one may well look upon 1t as a history of
prejudice and dogma, tenactously held, and often combined with
intolerance and fanaticism One may even describe 1t as a history of
spells of religious or quasi-religious frenzy It should be remem-
bered, i this context, that most of our great destructive wars have
been religious or ideological wars — with the notable excepuon,
perhaps, of the wars of Genghis Khan, who seems to have been a
model of religious toleration

Yet even the sad and depressing picture of religious wars has its
brighter side It 1s an encouraging fact that countless men, from
ancient to modern times, have been ready to live and to die for therr
convictions, for ideas — ideas which they believed to be true

Man, we may say, appears to be not so much a rational animal as
an ideological animal

The history of science, even of modern science since the Renais-
sance, and especially since Francis Bacon, may be taken as an
lustration The movement inaugurated by Bacon was a rehgious or
semi-religious movement, and Bacon was the prophet of the
secularized religion of science He replaced the name ‘God’ by the
name ‘Nature’, but he left almost everything else unchanged
Theology, the science of God, was replaced by the science of Nature

Revised verston of an address to the Plenary Sesston of the 47th Annual Meeting of
the Federation of American Socieries for Experimental Biology, Atlant City, NJ, 17
April 1963, first published 1n Federation Proceedings, 22 1963 pp 961-72
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The laws of God were replaced by the laws of Nature God’s power
was replaced by the forces of Nature And at a later date, God’s
design and God’s judgments were replaced by natural selection
Theological determunism was replaced by scientfic determinism,
and the book of fate by the predictability of Nature In short, God’s
omnipotence and ommniscience were replaced by the omnipotence of
nature and by the virtual omniscience of natural science

It was also 1n this period that the phrase ‘dewus siwe natura’ — which
may perhaps be translated as ‘God, or what 1s the same, nature’ - was
almost casually used by the physicist and philosopher Spinoza

According to Bacon, nature, like God, was present n all things,
from the greatest to the least And 1t was the aim or the task of the
new science of nature to determine the nature of all things, or; as he
sometimes said, the essence of all things This was possible because
the Book of Nature was an open book All that was needed was to
approach the goddess Nature with a pure mind, free of prejudices,
and she would readily yield her secrets Give me a couple of years
free from other duties, Bacon somewhat unguardedly exclaimed 1n
2 moment of enthusiasm, and I shall complete the task - the task of
copying faithfully the whole Book of Nature, and of writing the new
science

Unfortunately, Bacon did not get the research grant for which he
was looking The great Foundations did not yet exist and as a
consequence, sad to say, the science of nature 1s still unfinished

Bacon’s naive and amateurish optumism was a source of encour-
agement and inspiration for the great scientific amateurs who
founded the Royal Society, modelling it after the central research
mstitution envisaged by Bacon in hus New Atlantis

Bacon was the prophet, the great ispirer of the new religion of
science, but he was not a scienust Yet the inspiration and the
mfluence of his new theology of nature were at least as great and as
lasting as those of his contemporary Galleo, who mght be
described as the true founder of modern experimental science More
especially, Bacon’s naive view concerning the essence of natural
science, and the distinction or demarcation drawn by hum between
the new natural science on the one hand and the old theology and
philosophy on the other, became the mamn dogma of the new religion
of science It 15 a dogma to which scientists as well as philosophers
have tenaciously adhered down to our own day And it 1s only mn
recent years that some scientists have become willing to lsten to
those who criticize this dogma
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The Baconian dogma I have in mind asserts the supreme merits of
observation and the viciousness of theorizing speculation I shall call
this dogma, briefly, by the name ‘observationism’

According to Bacon, the nature or essence of the method of the
new science of nature, the method which disunguishes and demar-
cates 1t from the old theology and from metaphysical philosophy,
can be explamed as follows

Man 1s smpanient He likes quick results So he jumps to con-
clusions

Thus 15 the old, the vicious, the speculative method Bacon called
1t ‘the method of anticipations of the mind” It 1s a false method, for
it leads to prejudices (The term “prejudice’ was comed by Bacon )

Bacon’s new method, which he recommends as the true way to
knowledge, and also as the way to power, 1s this We must purge our
runds of all prejudices, of all preconcerved ideas, of all theories ~ of
all those superstitions, or ‘idols’, which religion, philosophy, edu-
catton, or tradition may have imparted to us When we have thus
purged our minds of prejudices and 1mpurities, we may approach
nature And nature will not muslead us For it is not nature that
musleads us but only our own prejudices, the impurities of our own
munds If our minds are pure, we shall be able to read the Book of
Nature without distorting it we have only to open our eyes, to
observe things patiently, and to write down our observations
carefully, without musrepresenting or distorting them, and the nature
or essence of the thing observed will be revealed to us

This 1s Bacon’s method of observation and mduction To put it
a nutshell pure untainted observation 1s good, and pure observation
cannot err, speculation and theories are bad, and they are the source
of all error More especially, they make us musread the Book of
Nature ~ that 1s, misinterpret our observations

Bacon’s observationism and hus hostility to all forms of theoretical
thought were revolutionary, and were felt to be so They became the
battle cry of the new secularized religion of science, and its most
cherished dogma This dogma had an almost unbelievable influence
upon both the practice and the theory of science, and this influence
1s still strong 1n our own day

In order to show that this dogma did not express the general belief
of scientists contemporary with Bacon, I shall once agam briefly
contrast Bacon with Galileo

Bacon, the phidosopher of science, was, quite consistently, an
enemy of the Copernican hypothesis Don’t theorize, he said, but
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open your eyes and observe without prejudice, and you cannot
doubt that the Sun moves and that the Earth s at rest

Galileo, the great scienust and defender of the Copernican
‘System of the World’, paid homage to Arnstarchus and Copermicus
precisely because they were bold enough to produce speculative
theories which not only go beyond, but also contradict, all that we
believe ourselves to know from observation

I may perhaps quote a passage from Galileo’s Duslogue Concern-
ing the Two Chief World Systems*

I shall never be able to express strongly enough my admuration
for the greatness of mind of these men who concerved this
{heliocentric] hypothesis and held 1t to be true In violent
opposition to the evidence of their own senses and by sheer
force of mtellect, they preferred what reason told them to that
which sense experience plainly showed them I repeat, there
1s no limit to my astonishment when I reflect how Arstarchus
and Copernicus were able to let reason conquer sense, and 1n
defiance of sense make reason the nustress of their belief

Thus 1s Galileo’s testimony to the way n which bold and purely
speculative scientific theories may free us from our prejudices
Bacon, on the contrary, held that these new theories were speculative
prejudices, that theoretical thinking always creates prejudices, that
only its abandonment can help us to free ourselves from prejudices,
and that thought can never achieve thus

Before turning to criticize the Baconian dogma, and to replace 1t
by a very different view of experimental as well as theoretical
science, I wishtoadd a final remark about Bacon

Bacon, I suggest, was not a scientsst but a prophet He was a
prophet not only i the sense that he propagated the 1dea of an
experimental science, but also 1 the sense that he foresaw, and
wnspired, the industrial revolution He had the vision of a new age,
of an industrial age which would also be an age of science and of
technology Referring to the accidental discovery of gunpowder, and
of silk, he spoke of the possibility of a systematic scientific search for
other useful substances and materials, and of a new society in which,
through science, men would find salvation from misery and poverty
Thus the new religion of science held a new pronuse of heaven on
earth ~ of a better world which, with the help of new knowledge,
men would create for themselves Knowledge 1s power, Bacon said,
and thus idea, this dangerous 1dea, of man’s mastery over nature - of
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men like gods — has been one of the most influential of the 1deas
through which the religion of science has transformed our world

11

I shall now very briefly criticize Bacon’s anti-theoretical dogma and
hus view of science, and then turn to my own view of science —and
in particular of experimental science ~ which I propose to put in 1ts
place

1

The 1dea that we can purge our minds of prejudices at will and
so get 11id of all preconceived ideas or theores, prior to, and
preparatory to, scientific discovery, 1s nave and nustaken It 1s
mainly through scienufic discovery that we learn that certain of
our ideas — such as those of the flat earth or the moving sun —
are prejudices We discover the fact that one of the beliefs we
held was a prejudice only after the advance of science has led us
to discard 1t For there 1s no criterion by which we could
recognize prejudices 1n anticipation of this advance
The rule ‘Purge yourself of prejudice!” can therefore have only
the dangerous result that, after having made an attempt or two,
you may think that you have succeeded — with the result, of
course, that you will stick more tenaciously to your prejudices
and dogmas, especially to those of which you are unconscious
Moreover, Bacon’s rule was ‘purge your mind of all theories?
But a mund so purged would not only be a pure mind 1t would
be an empty mind
We always operate with theories; even though more often than
not we are unaware of them The importance of this fact should
never be played down Rather, we should try, in each case, to
formulate explicitly the theories we hold For this makes 1t
possible to look out for alternative theories, and to discrimnate
critically between one theory and another
There 1s no such thing as a ‘pure’ observation, that 1s to say, an
observation without a theoretical component All observation —
and especially all experimental observation —1s an mnterpretation
of facts in the hight of some theory or other

Thus last remark leads me to a crucial point — the pomnt which
Ishould be inclined to call “Bacon’s problem’ Itis this
Bacon was aware of the general tendency to interpret observed
facts in the light of theories, and he was keenly awake to the very
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real dangers of this tendency He saw that if we interpret the
observed facts m the light of preconcewved theories or ‘preju-
dices’, then we are liable to confirm, and to strengthen these
prejudices by our observations, whatever the actual facts may
be Thus prejudices make it impossible for us to learn from
expertence they form an impassable barrier to the advancement
of science through observauon and experiment

The point 13 so important that 1t should be illustrated by some
examples

What Bacon had in mind was something like this Let a man hold
some religious creed ~ say, the Zoroastrian or Manichaean heresy
which sees our world as an arena of conflict between a good and an
evil power Then all his observanions will only confirm his belief In
other words, he will never be able to correct 1t by experience, or to
learn from experience

There 1s a modern secular parallel to this theological example
Take a man who believes mn the theory that all history 1s a hustory of
class struggle, and that modern history 1s the history of the struggle
between virtuous proletarians and vile capitalists If he holds this
belief, then whatever he observes or experiences and whatever the
newspapers report or fail to report will be interpreted by him m
terms of this belief, and will therefore tend to remforce 1t

Or take a third example Psychoanalysts tend to speak of what
they call their ‘chinical observations’, and of the fact that these
observations invariably support the psychoanalytc theory These
climical observations are, however, always mterpreted they are
interpreted 1n accordance with established psychoanalytic theory
Thus raises the question Is 1t legitimate to claim that the observations
support the theory® Or to put 1t in another way Can we conceive
of any human behaviour that we could not mterpret in psycho-
analytic terms? If the answer to this question 1s ‘no’, then we can say,
prior to any observation, that every concervable observation will be
interpretable m the hight of psychoanalytic theory and that 1t wll,
thereby, appear to support 1t But if this can be said prior to any
observation, then this kind of support must not be described as
genuinely empirical or observational

Thus, I suppose, 1s the difficulty that Bacon felt The only escape
from 1t that he could devise was the impracticable proposal to purge
our minds of all theories, and adhere to ‘pure’ observation
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I

With this, I will now leave Bacon’s views 1n order to give you my
own view of the matter I will first propose a simple solution of
Bacon’s problem

My solution consists of two steps

Furst, every scientist who claims that his theory is supported by
experiment or observation should be prepared to ask himself the
following question Can I describe any possible results of observa-
uon or experiment which, if actually reached, would refute my
theory?

If not, then my theory 1s clearly not an empirical theory For if all
concetvable observations agree with my theory, then I cannot be
entitled to claim of any particular observation that 1t gives empirical
support to my theory

Or 1n short, only if I can say how my theory mught be refuted, or
falsified, can I claim that my theory has the character of an empirical
theory

This criterion of demarcation between empirical and non-
empirical theories I have also called the criterion of falsifiability or
the criterion of refutability It does not imply that irrefutable
theories are false Nor does it imply that they are meaningless But
1t does 1mply that, as long as we cannot describe what a possible
refutation of a certamn theory would be like, that theory may be
regarded as lying outside the field of empirical science

The criterion of refutability or falstfiabiity may also be called the
criterion of testabihity For testing a theory, like testing a prece of
machinery, means trying to fault 1t Thus a theory which we know
in advance cannot possibly be faulted or refuted 1s not testable 2

It should be made quite clear that there are many examples in the
hustory of science of theories which at some stage of the develop-
ment of science were not testable but which became testable at a later
stage An obvious example 1s atomic theory An example within
modern physical theory which would deserve a detailed discussion
1s the theory of the neutrino

When this theory was first proposed by Pauly, 1t was clearly not
testable It was even said, at one tume, that the neutrino 1s so defined
that the theory cannot be tested About thirty years later the theory
was not only found to be testable, but to pass its test with flying
colours This should be a warning to those who are inchned to say
that nontestable theories are meaningless (a view which has often but
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mustakenly been attributed to me) or that they have no ‘cogmuve
significance’

So much for the criterton of the empirical character of a theory It
does not completely solve Bacon’s problem Butit allows us to reject
many of those unjustfiable claims to observational support which
so worried Bacon

The criterion of refutability, or falsifiability, or testability, 1s only
the first step n the solution of Bacon’s problem As we have seen,
thus step 1s taken by asking a scientist who claims that hus theory 1s
supported by experiment or observation, ‘Is your theory refutable?
And what experiment or observatton would you accept as a
refutation?

If the answers to these questions are satisfactory, then, and only
then, can we proceed to take the second step in our solution to
Bacon’s problem It amounts to this

Observauions or experiments can be accepted as supporung a
theory (or a hypothesis, or a scientific assertion) only if these
observations or experiments are severe tests of the theory — or, n
other words, only if they result from serious attempts to refute the
theory, and especially from trying to find faults where these might
be expected in the hight of all our knowledge, ncluding our
knowledge of compeung theories

I behieve that this, in principle, solves Bacon’s problem

The solution amounts to thuis Agreement between theory and
observation should count for nothung unless the theory 1s testable,
and unless the agreement 1s found as the result of serious attempts
to test 1t But testing a theory means trying to find its weak spots
It means trying to refute 1t And a theory 1s testable only 1f 1t 15 (in
principle) refutable

v

Let us look at a few examples Psychoanalysis would become
refutable only if 1t denied that certain possible or concervable forms
of human behaviour do, 1n fact, oceur

Newton’s theory of gravity 1s highly testable, for example,
because 1ts theory of perturbances predicts certamn dewiations from
Kepler’s planetary orbits, and this prediction may be refuted
Emstemn’s theory of gravity 1s highly testable because 1t predicts
certam deviations from Newton’s planetary orbits, and this predic-
tton may be refuted It also predicts the curvature of Light rays and
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the retardation of atomic clocks i strong gravitational fields, and
again these predictions may be refuted

There 1s a difficulty with Darwinism While Lamarckism appears
to be not only refutable but actually refuted (because the kind of
acquired adaptations which Lamarck envisaged do not appear to be
hereditary), 1t 1s far from clear what we should consider a possible
refutation of the theory of natural selection If, more especially, we
accept that statistical defimition of fitness which defines fitness by
actual survival, then the theoty of the survival of the fittest becomes
tautological, and irrefutable

Darwin’s great achuevement was this, I believe He showed that
what appeared to be purposeful adaptation may be explamed by
some mechamism ~ such as, for example, the mechamsm of natural
selecuion This was a tremendous achievement But once 1t1s shown
that a mechanism of this kind 1s possible, we ought to try to
construct alternative mechamsms, and then try to find some crucial
experiments to decide between them, rather than foster the belief
that the Darwinian mechamsm s the only possible one

Or let us take as an example a theory more closely related to
experimental work the theory of synaptic transmussion The chem-
ical theory of transmussion (as agamst the competing electrical
theory) passed a severe test when acetylcholine was artificially
apphed to the contact region of the muscle fibre The fact that it
triggered the impulse like a firing nerve could be claimed 1n support
of the chemical theory >

The view here presented may be summed up by saying that the
decisive function of observation and expersment in science 1s
criticism  Observation and experiment cannot establish anything
conclusively, for there 1s always the possibility of a systemauc error
through systematic musinterpretation of some fact or other But
observation and experiment certamnly play an important part in the
critical discussion of scientific theories Essentially, they help us to
eliminate the weaker theories In this way they lend support, though
only for the ume being, to the surviving theory - that 15, to the
theory which has been severely tested but not refuted

Vv

The modern view of science — the view that scientific theories are
essentially hypothetical or conjectural, and that we can never be sure
that even the best established theory may not be overthrown and
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replaced by a better approximation — s, I believe, the result of the
Einsteinian revolution

For there never was a more successful theory, or a better tested
theory, than Newton’s theory of gravity It succeeded 1n explaining
both terrestrial and celestial mechamics It was most severely tested
1n both fields for centuries The great physicist and mathematician
Henr1 Poincare not only believed that it was true —this of course was
everybody’s belief — but that 1t was true by definition, and that 1t
would therefore remain the mvanable basis of physics to the end of
man’s search for truth And Poincare believed this in spite of the fact
that he actually anuicipated — or that he came very close to
anticipating — Einstein’s special theory of relauvity I mention this m
order to illustrate the tremendous authority of Newton’s theory
down to the very last

Now the question whether or not Emstewn’s theory of gravity 1s
an smprovement upon Newton’s, as most physicists thunk 1t 1s, may
be left open But the mere fact that there was now an alternative
theory which explained everything that Newton could explain and,
in addition, many more things, and which passed at least one of the
crucial tests which Newton’s theory seemed to fail, destroyed the
unique place held by Newton’s theory in 1ts field Newton’s theory
was thus reduced to the status of an excellent and successful
conjecture, a hypothesis competing with others, and one whose
acceptability was an open question Einstein’s theory thus destroyed
the authonty of Newton’s, and with it something of even greater
importance ~ authoritariamsm 1n science

Those of you who are my contemporaries may remember the days
when complete authority was claimed by the secular religion of
science Hypotheses were recognized as playing a role 1 science, but
their role was heuristic and transitory science itself was believed to
be a body of knowledge It did not consist of hypotheses, but of
proved theories — proved theories like that of Newton

It 15 interesting 1n this context that Max Planck tells the story that,
when he was an ambitious young man, a famous physicist tried to
discourage him from studymng physics with the remark that physics
was about to reach 1ts ultimate completion, and that there were no
longer any great discoveries to be made 1n thus field

This pertod of authoritarian science has passed, I suppose forever,
owmg to the Eimnstetan revolution* It s interesting in this
connection to note that Emnstein humself did not hold that hus general
theory was true — though he did believe that 1t was a better
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approximation to the truth than Newton’s, and that a still better
approximation, and of course also the true theory (if ever found),
would have to contamn, m their turn, general relatvity as an
approximation In other words, Emstem was clear from the very
first about the essentially conjectural character of his theories

As I have said earlier, 1t was part of the religion of science before
Emstein to claim authority for science Admuttedly, there were a few
heretics, notably the great American philosopher Charles S Peirce,
who said before Einstein that science shared the fallibility of all
human endeavours Yet Peirce’s fallibilism became influential manly
after the Eimsteiman revolution

VI

I have mentioned these hustorical facts merely because I wish to
stress that the change from the authoritarian theory of scientific
knowledge to an anti-authoritarian and crincal theory 1s quute
recent Thus also explains why the view that the method of science
1s essentially the method of cnitical discussion, and of a critical
examination of competing conjectures or hypotheses, 1s still felt by
many to be inappropriate to the experimental sciences — why so
many people still feel that what 1s based upon careful laboratory
work has more than merely hypothetical status

To combat this view, I may choose an example from chemstry If
you had asked an experimental chemust, before the discovery of
heavy water, what branch of chemistry was most secure - least likely
to be overthrown or corrected by new revolutionary discoveries — he
would almost certamnly have said, the chemustry of water In fact,
water was used in the definttion of one of the fundamental units of
physics, the gram, forming part of the centimetre-gram-second
system And hydrogen and oxygen were used as the theoretical and
practical basis in the determination of all atomic weights

All thus was completely upset by the unexpected discovery of
heavy water, from which we may learn the lesson that we can never
know which part of science will have to be revised next

Or take a still more recent example from physics the breakdown
of parity This was one of those cases in which 1t turned out after the
event that there had been many observations — photographs of
particle tracks — from which we mught have read off the result, but
that the observations had been either 1gnored or musinterpreted
Much the same thing had happened before when the positron was
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discovered, and before this when the neutron was discovered
Earlier stll, before the discovery of X-rays, 1t happened to William
Crookes himself, the mventor of the Crookes tube with the help of
which X-rays were subsequently discovered

VII

I may now perhaps sum up the first part of my talk by restating all
the controversial things I have been saying 1n a number of theses
which I shall try to put i as challenging a form as I can

1
2

3

All scientific knowledge 1s hypothetical or conjectural

The growth of knowledge, and especially of scientific knowl-
edge, consists 1n learning from our mustakes

What may be called the method of science consists m learning
from our mustakes systematically first, by taking nisks, by
daring to make mistakes — that 1s, by boldly proposing new
theories, and secondly, by searching systematically for the
mustakes we have made — that 1s, by the critical discussion and
the critical examination of our theories

Among the most important arguments which are used 1n this
critical discussion are arguments from experimental tests
Experiments are constantly guided by theory, by theoretical
hunches of which the experimenter 1s often not conscious, by
hypotheses concerming posstble sources of experimental errors,
and by hopes or comjectures about what will be a fruitful
experument (By theoretical hunches I mean guesses that exper-
iments of 4 certan kind will be theoretically fruitful )

What 1s called scientific objectivity consists solely in the critical
approach in the fact that if you are biased 1n favour of your pet
theory, some of your friends and colleagues (or faihng these,
some workers of the next generation) will be eager to criticize
your work — that 15 to say, to refute your pet theores if they
can

This fact should encourage you to try to refute your own
theories yourself — that 1s to say, it may impose some discipline
upon you

In spite of ths, 1t would be a mustake to think that scientists are
more ‘objective’ than other people It 1s not the objectivity or
detachment of the individual scientist but of science tself (what
may be called ‘the friendly-hostile cooperation of screntists’ —
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that 1s, thewr readiness for mutual criticism) which makes for
objectivity

There 1s even something ltke a methodological justification for
mndividual scienusts to be dogmatic and biased Since the
method of science 1s that of criucal discussion, 1t 15 of great
umportance that the theories crincized should be tenaciously
defended For only 1n this way can we learn their real power
And only of criticism meets resistance can we learn the full force
of a critical argument

The fundamental role played in science by theories or hypoth-
eses or conjectures makes 1t important to distinguish between
testable (or falsifiable) and non-testable (or non-falsifiable)
theories

Only a theory which asserts or implies that certain conceivable
events will not, 1n fact, happen 1s testable The test consists
trying to bring about, with all the means we can muster,
precisely these events which the theory tells us cannot occur
Thus, every testable theory may be said to forbid the occurrence
of certain events A theory speaks about empirical reality only
1 so far as 1t sets limuts to 1t

Every testable theory can thus be put into the form ‘such and
such cannot happen’ For example, the second law of thermo-
dynamics can be formulated as saying that a perpetual motion
machine of the second kind cannot exist

No theory can tell us anything about the empirical world unless
it 15 1 principle capable of clashing with the empirical world
And this means, precisely, thatit must be refutable

Testability has degrees a theory which asserts more, and thus
takes greater risks, 1s better testable than a theory which asserts
very hittle

Simularly, tests can be graded as being more or less severe
Qualitative tests, for example, are in general less severe than
quantitative tests And tests of more precise quantitative predic-
tions are more severe than tests of less precise predictions
Authoritarianism in science was linked with the idea of estab-
lishing, that 1s to say, of proving or verifying, its theories The
critical approach 1s inked with the 1dea of testing, that 1s to say,
of trying to refute, or to falsify, its conjectures
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VIII

I now turn to the second part of this talk, devoted to problems and
therr role i science

Science begins with observation, says Bacon, and this saying 1s an
mtegral part of the Baconian rehigion It 1s sull widely accepted, and
still repeated ad nanseam i the introduction to even some of the
best textbooks in the field of the physical and biologcal sciences

I propose to replace this Baconian formula by another one

Science, we may tentatively say, begins with theories, with
prejudices, superstitions, and myths Or rather, 1t begins when a
myth 1s challenged and breaks down — that 1s, when some of our
expectations are disappointed But this means that science begins
with problems, practical problems or theoretical problems

Before going on to develop my thesis here more fully, I may
perhaps say a few words about the term ‘expectation’, which I have
just used

In walking down steps 1t sometimes happens that we suddenly
discover that we expected another step (which was not there) or, on
the contrary, that we expected no other step (while in reahity there
was one) The unpleasant discovery that we were mistaken makes us
realize that we had certain unconscious expectations And 1t shows
us that there are thousands of such unconscious expectations A
similar example1s this f we sit and work 1 a room n which a clock
can be heard ticking, we may hear that the clock has suddenly
stopped This makes us conscious of the fact that we expected 1t to
go on ticking — even though we may not have been conscious of
hearing 1t

A study of amimal behaviour teaches us that animals simularly
adjust theiwr behaviour to impending events and become disturbed if
the expected event does not happen

We may say that an expectation, conscious or Unconscious,
corresponds, on the pre-scienuific level, to what we call, on the
scienttfic level, ‘a conjecture’ (about an impending event), or ‘a
theory’

In my views about the methods of science and especially about the
role of observation® I disagree with almost everybody except
Charles Darwin and Albert Emstem Emnsten, icidentally,
explamned his views on these martters concsely i his Herbert
Spencer Lecture, delivered 1n Oxford in 1933, and enutled Oz the
Methods of Theoretical Physics ® There he told his audience not to
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believe those scientists who say that their methods are inductive

Since, as I said, I disagree about these matters with almost
everybody, I cannot hope that I shall convince you and I shall not
try to do so All T shall attempt 1s to draw your attention to the fact
that there are some people who hold views on these matters differing
widely from the usual ones, and that men like Darwin and Einstein
are among them

My thess, as I have already indicated, 1s that we do not start from
observauons but always from problems from practical problems, or
from a theory which has run mto difficulties ~ that 1s to say, a theory
which has raised, and disappointed, certan expectations

Once we are faced with a problem, we proceed by two kinds of
attempt We attempt to guess, or to conjecture, a solution to our
problem And we attempt to criticize our usually somewhat feeble
solutions Sometimes a guess or a conjecture may withstand our
criticism and our experimental tests for quite some time But as 2
rule, we find that our conjectures can be refuted, or that they do not
solve our problem, or that they solve 1t only mn part And we find
that even the best solutions ~ those able to resist the most severe
criticism of the most brilliant and ingemous minds — soon give rise
to new difficulties, to new problems Thus we may say that our
knowledge grows as we proceed from old problems to new
problems by means of conjectures and refutations — by the refutation
of our theories or, more generally, of our expectations

I suppose that some of you will agree that we usually start from
problems But you may stll think that our problems must have been
the result of observation and experiment, since prior to recerving
impressions through our senses, our mind 1s a tabula rasa, an empty
slate, a blank — for there can be nothing 1n our mntellect which has not
entered 1t through our senses

But 1t 15 just this venerable idea that [ am combating I assert that
every amimal 1s born with many, usually unconscious, expectations
—1n other words with something closely corresponding to hypoth-
eses, and thus to hypothetical knowledge And I assert that we
always have, n thus sense, inborn knowledge to start from, even
though 1t may be quite unrehable This mborn knowledge, these
inborn expectations, will, if disappointed, create our first problems
And the ensuing growth of knowledge may therefore be described
as consisting throughout of corrections and modifications of pre-
vious knowledge — of previous expectations or hypotheses

Thus I am turning the tables on those who think that observation
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must precede expectations and problems And I even assert that
observation cannot, for logical reasons, be prior to all problems,
although, obviously, 1t will sometimes be prior to some problems —
for example to those that spring from an observation which has
disappointed some of our expectations or which has refuted some of
our theories

Now this fact — that observation cannot precede all problems ~
may be 1illustrated by a simple experiment which I wish to carry out,
by your leave, with yourselves as experimental subjects My
experiment is to ask you to observe, here and now I hope you are
all cooperating and observing! Yet I fear that some of you, mnstead
of observing, will feel a strong urge to ask “What do you want me
to observe?

If this 1s your response, then my experiment was successful For
what I am trying to dlustrate s that, m order to observe, we must
have 1 mind a definite question which we mught be able to decide
by observation Charles Darwin knew this when he wrote ‘How
odd it 1s that anyone should not see that all observation must be for
or agamst some view 7

1 cannot, as I said before, hope to convince you of the truth of my
thesis that observation comes after expectation or hypothesis But I
do hope that I have been able to show you that there may exist an
alternative to the venerable doctrine that knowledge — especially
scientific knowledge — starts from observation (The sull more
venerable doctrine that all knowledge starts from perception or
sensation or sense-data, which, of course, I also reject, 1s, inciden-
tally, at the root of the fact that ‘problems of perception’ are stall
widely considered to form a respectable part of philosophy or, more
precisely, of epistemology )

IX

Now let us look a little more closely at the way i which we get
acquainted with a problem

We start, I say, with a problem — a difficulty It 1s perhaps a
practical problem, or a theoretical problem Whatever it may be,
when we first encounter the problem we cannot, obviously, know
much about 1t At best, we have only a vague idea what our problem
really consists of How, then, can we produce an adequate solution?
Obviously, we cannot We must first get better acquainted with the
problem But how?
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My answer 1s very simple by producing a very inadequate
solution, and by crincizing this madequate solution Only i this
way can we come to understand the problem For to understand a
problem means to understand why it 1s not easily soluble — why the
more obvious solutions do not work We must therefore produce
these obvious solutions and try to find out why they will not do In
this way, we become acquainted with the problem And m this way
we may proceed from bad solutions to slightly better ones -
provided always that we have the ability to guess agam

A very trivial example of this method of attempting to solve a
problem by trial and the elimination of error 1s the task of dividing
a largish number — say 22376 — by another one —say 2784 Qur usual
method 1s to guess the first figure of the quotient — our guess may
be that 1t 15 7 — and to try out whether our guess was correct If our
guess was 7, we easily find that we were in error, and that we have
to replace 7 by 8 There are many less trivial mathematical problems
for which the standard method of solving them 1s to start with a
guess and subsequently to correct the error made ®

These examples should make 1t clear that the method of trial and
error-elimination 1s utterly different from the so-called (but 1n my
view nonexistent) ‘method of induction by repetition” Nevertheless,
the two have often been confused

In sunple mathematical problems the solution can always be
found after a small number of trials and errors, or even after only
one But this 1s not, of course, generally true of mathematical
problems (some of which are insoluble) And it 1s certamnly not true
of problems in the empirical sciences Yet 1t 1s generally true that the
best if not the only method of learning something about a problem
1s to try first to solve 1t by guessing and then to try to pipont the
mustakes we have made *

Thus, I think, 1s what 1s meant by *working on a problem’ And if
we have worked on a problem long enough, and mntensively enough,
we begin to know 1t, to understand 1t, 1 the sense that we know
what kind of solution does not do atall (because 1t simply musses the
point of the problem) and what kind of requirement would have to
be met by a serious atrempt at a solutton In other words, we begin
to see the ramifications of the problem, its sub-problems, and 1ts
connection with other problems

At this stage our tentative solutions may be submitted to the
criticism of others —to critical discussion, that 1s —~and perhaps even

be published
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Or if you are an experimentalist, you may now proceed to test
your solunon If it 1s the solution of a practical problem of
expenimentation, you will try it out 1n various experiments If it 1s
a comjecture, a hypothesis, you will test it with the help of
experunents

These experimental tests are, of course, again part of the process
of critically “working on a problem’ of getting to know 1t, of getting
acquainted and really familiar with it, and thus perhaps of improving
one’s chances of finding, some day, a satisfactory and luminating
solution

However this may be, the really important point I wish to make
1s this If the question 1s asked, “What1s 1t to understand a problem?’,
my answer 1s that there 1s only one way to learn to understand a
serious problem — whether 1t 1s now purely theoretical or a practical
problem of experimentation And thus 1s to try to solve1t, and to fail
Only if we find that some facile and obvious solution does not solve
our problem do we begin to understand 1t For a problem is a
difficulty Understanding 1t means experiencing this difficulty And
this can only be done by finding out that there i1s no easy and
obvious solution to 1t

Thus we become acquainted with a problem only when we have
many times tried i1 vamn to solve 1t And after a long series of failures
— of attempts yielding solutions which turn out to be unacceptable
~we may even become experts i this particular problem We shall
have become experts in the sense that, whenever somebody else
offers a new solution — for example, a new theory — 1t will be exther
one of those solutions which we have tned out 1 vain (so that we
shall be able to explam why 1t does not work) or 1t will be 2 new
solution In this case we may be able to find out quickly whether or
not 1t gets over at least those standard difficulties which we know so
well from our unsuccessful endeavours

My pount 1s that even if we persistently fail to solve our problem,
we shall have learned a great deal by having wrestled with 1t The
more we try, the more we shall learn about 1t - even if we fail every
time It 1s clear that, having become 1n this way utterly familiar with
a problem — that is, with 1ts difficulties — we may have a better chance
to solve it than somebody who does not even understand the
difficulties But it1s all a matter of chance i order to solve a difficult
problem one needs not only understanding but also luck

Thus, like science itself, which begins and ends with problems and
progresses through wrestling with them, the individual scienust
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should also begin and end with his problem and wrestle with 1t
Moreover, while wrestling with 1t, he will not merely learn to
understand the problem, but he will actually change 1t A change of
emphasis may make all the difference - not only to our under-
standing, but to the problem itself, to 1ts fertility and sigmficance,
and to the prospects of an interesting solution It 1s important for a
scientist to be awake to these changes and shifts, and not to make
them either unconsciously or surreptitiously For 1t often happens
that a reformulation of a problem can reveal to us almost the whole
of 1ts solution

X

My view of the significance of problems for the methodology or
theory of scientific knowledge may perhaps be summed up by the
following considerations

The theory of knowledge ~ and especially the theory of scientific
knowledge — 1s constantly faced with a near paradox which may be
brought home to us by the clash of the following two theses

Farst thesis Our knowledge 1s vast and impressive 'We know not
only innumerable details and facts of pracucal significance, but also
many theories and explanations which give us an astomshing
mtellectual insight into dead and living subjects, including ourselves,
and human societies

Second thesis Our ignorance 1s boundless and overwhelming
Every new bit of knowledge we acquire serves to open our eyes
turther to the vastness of our ignorance

Both of these theses are true, and their clash characterizes our
knowledge-situation The tension between our knowledge and our
ignorance 1s decisive for the growth of knowledge It inspires the
advance of knowledge, and 1t determunes 1ts ever-moving frontiers

The word ‘problem’ 1s only another name for this tension - or
rather, a name denoting various concrete mstances of 1t

As 1 suggested above, a problem arises, grows, and becomes
significant through our failures to solve it Or to put 1t another way,
the only way of getting to know a problem 1s to learn from our
mustakes

This applies to pre-scienufic knowledge and to scientfic knowl-
edge

My wview of the method of science 15, very sumply, that 1
systematizes the pre-scienufic method of learming from our mus-

100



4 SCIENCE PROBLEMS, AIMS, RESPONSIBILITIES

takes It does so by the device called critical discussion
My whole view of scientific method may be summed up by saying
that 1t consists of these three steps

1 We stumble over some problem

2 Wetry to solve it, for example by proposing some theory

3 We learn from our mustakes, especially from those brought
home to us by the critical discussion of our tentative solutions
— a discussion which tends to lead to new problems

Or 10 three words problems — theories — criticism
I believe that in these three words the whole procedure of rational
science may be summed up 1

XI

Having discussed problems and their growth at some length, I now
turn to theories Ishall discuss the question What 1s meant by saying
that we ‘understand’ a scientific theory?

This question has been much discussed, and 1t has been suggested
that we should not speak at all about ‘understanding’ theories - that
the 1dea that we can understand a theory 1s out of date It has also
been suggested that those who, like myself, speak about ‘under-
standing” mean either the understanding of a crude mechanism, like
a clock, or else ‘understanding’ in the sense of being able to draw a
picture, or make a model, of the process 1n question And 1t 1s then
pownted out, and quite correctly, that modern physical theory no
longer confines 1self to clockwork mechanisms, or to picturable
processes From this 1t 1s concluded — wrongly, I believe — that the
whole 1dea of ‘understanding’ a theory 1s out of date And thus
conclusion 15 widely accepted, not only by physicists but also by
some biologists

I do not think that the conclusion is correct And I do not see any
reason why understanding a theory should be any more out of date
than understanding a problem a process which I have described
without appealing to models or pictures which may be intuited or
visualized

Understanding a theory, I suggest, means understanding 1t as an
attempt to solve a certain problem Thus 1s an important proposition,
and one which too few people understand

What 1s the pomnt of, say, Newton’s theory? It 1s an attempt to
solve the problem of explaming Kepler’s and Galileo’s laws Without
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understanding the problem situation which gave rise to the theory,
the theory 1s pontless — that 1s, 1t cannot be understood

Or take as an example Bohr’s theory (1913) of the hydrogen atom
Thus theory was describing a model, and was therefore mtwitive and
visualizable Yet 1t was also very perplexing Not because of any
mtuitive difficulty, but because it assumed, contrary to Maxwell’s
and Lorentz’s theory and to well-known experimental effects, that
a periodically moving electron, a moving electric charge, need not
always create a disturbance of the electromagnetic field, and so need
not always send out electromagnetic waves This difficulty 15 a
logical one — a clash with other theories And no one can be said to
understand Bohr’s theory who does not understand this difficuley
and the reasons why Bohr boldly accepted 1t, thus departing 1n a
revolutionary way from earlier and well-established theories

But the only way to understand Bohr’s reasons 1s to understand
hus problem — the problem of combining Rutherford’s atom model
with a theory of emussion and absorption of light, and thus with
Emstemn’s photon theory, and with the discreteness of atomic
spectra The understanding of Bohr’s theory does not lie
visualizing it intwitively but in gaining familiarity with the problems
1t tries to solve, and m the appreciation of both the explanatory
power of the solution and the fact that the new difficulty which 1t
creates constitutes an entirely new problem of great ferulity

The question whether or not a theory or a conjecture 1s more or
less satisfactory or, if you like, pruma facie acceptable as a solution
of the problem which it sets out to solve 1s largely a question of
purely deductive logic It i1s a matter of getting acquainted with the
logical conclusions which may be drawn from the theory, and of
judging whether or not these conclusions (a) yield the desired
solution and (b) yield undesirable by-products — for example some
msoluble paradox, some absurdity

XII

It may be appropriate at this stage to say something about the
acceptance of theories — much discussed by philosophers of science
as the question of ‘verification’

To begin with, I wish to make 1t quite clear that I regard the
question of the acceptance of a theory or conjecture as one whose
importance 1s much over-rated (quite apart from the fact that I don’t
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believe in the verification or venfiability of theories, but this I shall
not discuss here) '

Consider just one example Enstein proposed his theory of
general relativity, he defended 1t patiently agamst violent criticism,
he suggested that 1t was an important advance, and that 1t should be
accepted as an improvement on Newton’s theory — but he never
accepted 1t himself in that sense of ‘accepted’ which almost all
philosophers of science regard as important What I mean 1s thus
Philosophers of science speak as if there were a body of knowledge,
called science, which consists, in the main, of accepted theories But
this seems to me utterly mustaken, and a residue of the dreams of
authoritarian science prevailing i the days when people thought
that we were just on the verge of completing the task of science, a
thing that Bacon believed in 1600, and that some competent
physicists still believed 1n 1900, as Max Planck has told us

It seems to me that most philosophers of science use the term
‘accepted’ or ‘acceptable’ as a substitute for *believed 1n’ or ‘worthy
of being believed 1n” There may be a lot of theories m science which
are true and therefore worthy of being believed 1n But according to
my view of the matter, this worthiness 1s no concern of science For
science does not attempt posittvely to justify or to establish this
worthiness On the contrary, 1t 1s mainly concerned with criticizing
it It regards, or should regard, the overthrow of even 1ts most
admirable and beautiful theories as a triumph, an advance For we
cannot overthrow a good theory without learming an immense
amount from 1t and from 1ts fallure As always, we learn from our
mistakes

The overthrow of a theory always creates new problems But even
if a new theory is not yet overthrown, 1t will, as we have seen from
the example of Bohr’s theory, create new problems And the quality,
the fertility, and the depth of the new problems which a theory
creates are the best measures of its intrinsic scientific interest

To sum up, the quesuon of the acceptance of theories should, I
propose, be demoted to the status of a minor problem For science
may be regarded as a growing system of problems, rather than as a
system of beliefs And for a system of problems, the tentauve
acceptance of a theory or a conjecture means hardly more than that
1t 1s considered worthy of further criticism
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XII1

I have not said anything about induction so far, and I should not
have said anything were I notafraid to disappoint some of those who
came to hear a philosopher on scientific method — and thus on
mduction

So I must say now that I do not believe there 1s such a thing as an
mnductrve method or an mductive procedure — unless indeed you
decide to use the name ‘mduction’ for that method of critical
discussion and of attempted refutations which I have described
here

I never quarrel about words, and I have of course no serious
objection if you wish to call the method of crical discussion
‘mduction’ Butif you do, then you should be aware of the fact that
it 15 very different from anything that has ever been called ‘induc-
tion’ in the past For induction was always supposed to establish a
theory, or a generalization, while the method of criuical discussion
does not establish anything Its verdict 1s always and invariably ‘not
proven’ The best that 1t can do — and this 1t does rarely ~ 15 to come
out with the verdict that a certan theory appears to be the best
available (that 1s to say, the best so far submitted to exammation and
discussion), that 1t appears to solve much of the problem 1t was
designed to solve, and that 1t has survived the severest tests that we
were able to devise But this does not, of course, establish the theory
as true (that 1s to say, as corresponding to the facts, or as an adequate
description of reality) — although we may say that what such a
positive verdict amounts to 1s that, m the light of our ecritical
discussion, the theory appears to be the best approximation to the
truth so far attaned 2

In fact, the idea of ‘better approximation to the truth’ 1s at once
the main standard of our critscal discussion and an aim we hope to
attamn as a result of that discussion Among our other standards 1s the
explanatory power of a theory, and 1ts simplicity **

In the past, the term ‘induction’” has been used mainly n two
senses The first 1s repentive mduction (or induction by enumer-
atton) This consists of often repeated observations and experiments,
which are supposed to serve as premuses 1n an argument establishing
some generalization or theory The invalidity of this kind of
argument 1s obvious no amount of observation of white swans
establishes that all swans are whate (or that the probability of finding
a non-white swan 1s small) In the same way, no amount of observed
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spectra of hydrogen atoms on earth establishes that all hydrogen
atoms emit spectra of the same kind Theoretical considerations,
however, may suggest the latter generalization, and further theor-
etical considerations may suggest that we should modify it by
mtroducing Doppler shifts and Emnsteinian gravitational red-shufts

Thus repetitrve induction is out it cannot establish anything

The second main sense in which the term “induction” has been
used 1n the past 1s elimmauve induction — induction by the method
of elimnating or refuting false theories This may look at first sight
very much like the method of critical discussion that I am advocat-
ing But in fact 1t 1s very different For Bacon and Mill and other
exponents of this method of eliminative induction beheved that by
eliminating all false theories we can finally establish the true theory
In other words, they were unaware of the fact that the number of
competing theories 1s always infinite ~ even though there are asa rule
at any particular moment only a finite number of theories before us
for consideration I say ‘as a rule’, for sometimes an mfinite number
1s before us For example, 1t was suggested that we should modify
Newton’s 1nverse square law of attraction, replacing the square by
a power differing shghtly from the number 2 This proposal
amounted to the suggestion that we should consider an infinite
aumber of slightly different corrections to Newton’s law

The fact that there 1s always an infinity of logically possible
solutions to every problem 15 a decisive fact for the phulosophy of
science It 1s one of those things that makes science such a thrilling
adventure For it renders mefficient all merely routine methods It
means that scienusts must use mmagmation and bold 1deas, though
always tempered by severe criticism and severe tests

It also shows, mncidentally, the mistake of those who think that the
aim of science 1s merely to establish correlations between observed
events, or observations {or, worse, sense data’} What we aim at m
science 1s much more We aim at discovering new worlds behind the
world of ordinary experience such as, perhaps, a mucroscopic or
submicroscopic world - gravitational, chemucal, electrical, and
nuclear forces, some of them, perhaps, reducible to others, and
others not It 1s the discovery of these new worlds, of these new
undreamt-of possibilities, which adds so much to the liberating
power of science Correlation coefficients are not interesting if they
merely correlate our observations They are mnteresting only if they
help us to learn more about these worlds

105



THE MYTH OF THE FRAMEWORK
XIV

Let me conclude this part of my talk with a practical proposal

There 1s a tradition still alive m the writing of scientific papers
which I have dubbed “the inductive style’ 1 am sure you all know 1t,
and some of you may sull pracuse it A very well-known form of it
15 to write a paper by first describing the experimental arrangements,
then the observations, possibly a curve which may link them up, and
perhaps concluding (1n small print) with a hypothesis This inductive
or Baconian style has a long and glorious history great and world-
shaking papers have been written 1n this style - for example, S
Alexander Flemung’s paper reporting his first observatons of
penicillin

But we all know that Fleming did not merely observe effects he
knew many things beforehand He knew about Ehrlich’s hopes, and
the possibility of anubiotic substances had been discussed by
brologists for years And Lady Fleming has told us i a paper which,
I believe, 1s not yet published, how greatly her late husband was
mterested 1n these questions, and 1n the medical possibilities of such
substances

Thus Fleming was not a passive observer of an accident So far as
1t was an accident, 1t was one that happened to a well-prepared mind
— a mund aware of the possible significance and deswrability of
‘accidents’ of this kind But an mnocent reader of Flemung’s paper
would hardly suspect 1t And this 1s the result of the traditional
mnductive style which, i its turn, comes of a mustaken view of
scientific objectivity

Now the practical proposal I wish to make 1s this We should, as
a matter of course, give the widest freedom to scientists to write
papers as they think fit But we could nevertheless encourage a new
style, a style totally different from the wraditional one

A paper written 1n this new style might be in the following form

It would start with a brief but clear statement of the problem
siuation as 1t stood before the research was started, and with a brief
survey of the position reached so far in the discussion It would then
proceed to state briefly any hunch or conjecture related to the
problem which may have motvated the research, and say which
hypotheses the research hoped to test Next 1t would outlme the
expertmental arrangements, adding, if possible, reasons for choosing
them, and the results And 1t would conclude with 2 summary which
would state whether any tests had been successful, whether the
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problem situation had changed in the opmion of the author, and
s0, 1 what way Thus part would also contain new hypotheses, if any,
and perhaps some comment on how they could be tested

Papers have been written 1n this style, some of them upen my
suggestion They were not all kindly recerved by the editors But I
believe that in the present situation of science i which hugh
specialization 1s about to create an even higher Tower of Babel, the
replacement of the mductive style by something like this new critical
style 15 one of the few ways m which mutual interest and mutual
contacts between the various fields of research can be preserved, or
rather recreated And I hope that the interest of the intelligent
layman may also be rekindled m this way

All this, of course, 1s merely a proposal open to discussion But
these matters ought to be discussed For there does not seem to have
been much discussion of questions like this for a long time — perhaps
not even since Bacon, almost 400 years ago

XV

I now come to the brief concluding part of my talk, entutled
‘Responsibilities’

Anybody who says anything today about the human or social
responsibilities of scientists 1s expected, I am afraid, to say some-
thing about the bomb So let me get the bomb out of the way first,
for what I really wish to discuss has nothing to do with it

Far be 1t from me to belittle the danger of nuclear warfare The
danger 1s terrible, as we all know, and the prospects of avoiding this
kind of warfare are not as good as one could wish Thus being so, we
should try to make the best of a very unpleasant situation It seems
very likely that we shall have to live for a long time under the
shadow of the bomb, and the only thing most of us can do, as far as
I am able to see, 1s to accept the situation

One of the things which we should avoid as far as possible 1s to
become hysterical about 1t, and to proclaim loudly that this danger
15 the responsibility of us all

There 1s very good reason for saying that road accidents are the
responsibility of us all, because we are all users of roads, and we are
all liable to make mustakes at times, as drivers or as pedestrians But
with the possible exception of a very small number of political or
mulitary leaders, we cannot do anything sensible about the danger of
nuclear warfare
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In saying this T am taking a line which 1s rather the opposite of that
which many worthy and well-informed people are taking There has
appeared, for example, quite recently a leading article in that
interesting periodical, The Bulletin of the Atomic Scientists, which
first developed a philosophical argument against fatalism and
determinism, and went on to conclude that we are all responsible for
what 1s gomg to happen ~ that the situation 1s 2 most urgent and
desperate one, and that we should all do something about 1t as
quickly as possible

The author did not say what we should do I suppose he thought
that everybody should do his best according to his or her particular
situation

I think this author was wrong I do not think 1t would be helpful
if mullions of citizens began to feel that they just had to do something
about the bomb, and that they would be 1rresponsible, and fail
therr duty as citizens, if they did not do something to prevent
nuclear warfare It seems to me possible even that an outbreak of this
kind of feeling (which I personally would be inchined to describe as
hysterical) might well add to the danger of nuclear attack

A fact of life that we had better face 15 that sometimes we are
mvolved m situations about which we should be ready to do
whatever can be done, but about which we happen to be unable to
do anything

I do not wish to be dogmatc, and any practical suggestron or
proposal should be most carefully discussed Thus holds, of course,
for the proposal called ‘unilateral disarmament” Yet even though I
have always been a great admurer of Bertrand Russell as a philos-
opher, I feel that such proposals as unilateral disarmament have
nothing whatever to recommend them It seems strange to me that
the propagators of unilateral disarmament never consider the
possibality that if they were more successful in their propaganda, so
that our determination to resist were seriously weakened, they
might easily precipitate a nuclear attack After all, there can be hittle
doubt that the 18 years of uneasy nuclear peace enjoyed by us were
very largely due to our readiness to fight In other words, practical
experience has shown that nuclear armament, dangerous as 1t 15, may
postpone the outbreak of nuclear warfare — perhaps for a sufficiently
long time to lead to controlled disarmament On the other hand,
Hiroshima and Nagasaki have shown that if only one side m a
conflict possesses atom bombs, 1t may well decide to use them m
order to bring the conflict to an end (and to a speedy end, if possible,
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before the other side decides to build up - or to rebuild — an atomic
arsenal)

Without having even the slightest inclination towards fatalism, I
feel, like the famous ‘man in the street’, that those who cannot do
anything about this danger should recogmze this fact and learn to
Live with the danger as well as they can

But I do think that, quite apart from the bomb, there are many
sides to the present uneasy situation about which we can do
something, and about which scienusts, more espectally, can do
much, 1n purely peaceful ways

Both our society and that of the Russians have a common
background - the secularized religion of science I mean the
Bacoman belief which grew during the Enlightenment that man may,
through knowledge, liberate himself — that he may free his mind
from prejudice and parochialism

Like every great idea, this 1dea of self-emancipation through
knowledge has, as we now know, 1ts obvious dangers Yetitisavery
great 1dea At any rate, we have embraced 1t And though we can
refine it, and develop it, we certamnly cannot repudiate 1t now
without condemning a large part of humanity to death by star-
vation

Marxisma calls itself a scrence Tt1s nota science, as T have tried to
show elsewhere ' Yet 1n calling itself a science, 1t pays homage to
science and to the idea of self~emancipation through knowledge
Much of 1ts seductive power 1s connected with this fact

At any rate Marxism, even though 1t has produced a ruthless
dictatorship and an arrogant contempt for freedom and for individ-
ual human beings, 1s committed, like ourselves, to the idea of self-
emancipation through knowledge — through the growth of science

Thus there 1s a field of peaceful compeution here, and one m
which we can hardly fall, if we enter 1t whole-heartedly The most
important task for scientists 1n this competition 1s, of course, to do
good work in their own particular fields The second task 1s to shun
the danger of narrow specialization a scientist who does not take a
burning interest 1 other fields of science excludes himself from
participation 1n that self-liberation through knowledge which 1s the
cultural task of science A third task 1s to help others to understand
his field and his work, and this 1s not easy It means reducing
scientific jargon to the minimum — that jargon 1n which many of us
take pride, almost as if 1t were a coat of arms or an Oxford accent
Pride of this kind 15 understandable Butitis a mistake It should be
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our pride to teach ourselves as well as we can always to speak as
sumply and clearly and unpretentiously as possible, and to avoid like
the plague the suggestion that we are 1n the possession of knowledge
which 15 too deep to be clearly and simply expressed

This, T believe, 1s one of the greatest and most urgent social
responsibilizes of scientists It may be the greatest For thus task s
closely linked with the survival of an open society and of democ-
racy

An open society (that 15, a society based on the 1dea of not merely
tolerating dissenting opinions but respecting them) and a democracy
(that 15, a form of government devoted to the protection of an open
society) cannot flourish if science becomes the exclusive possession
of a closed set of specialists

I belteve that the habit of always stating as clearly as possible our
problem, as well as the present state of the discussion of the problem,
would do much to help towards the important task of making
science — that 15 to say, scientific 1deas — better and more widely
understood

NOTES

1 'The quotation 1s taken from The Third Day’ The translation s my
own Cp Sullman Drake’s translation, Dialogue Concerning the Two
Chief World Systems, Unwersity of Calfornia Press, Berkeley and Los
Angeles, 1953, pp 3271

2 See my Logic of Scientific Discovery and chapter 1 of my Congectures
and Refutations

3 See, for example, ] C Eccles, The Physiology of Nerve Cells, Johns
Hopkns University Press, Balumore and Oxtord, 1957, pp 1824

4 When writing this I ought to have remembered the strange period from
about 1929 or 1930 to 1932 or 1933, now easily forgotten, when the
same feeling as described by Planck emerged agamn; though only for a
short ume, among some leading physicists It1s described by C P Snow
in The Search where a Cambridge physicist whom he describes as ‘one
of the greatest mathematical physicists” and as Newton s successor’ 1s
made to say ‘Ina sense, physics and chemustry are finished sciences’
{(Pengun ediion, London, 1965, p 162 See also p 88 for suggesuons
about the identity of the physicist ) A somewhat sumilar attitude may be
discerned in R A Millikan’s Time, Matter and Values, University of
North Carolina Press, Chapel Hill, 1932, p 46 The ‘finished science” of
those days was the electrical theory of matter, that 15, the theory
of protons and electrons the structure of matter was to be explained by
electrical forces (and even gravitaton mught well in the end be reduced
to electricity) This theory of matter; which completely dominated the
first third of the century, has slowly and almost silently disappeared ~
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certainly without causing anything like a violent, or even 4 conscious,
revolution (It should be remembered, m this context; that at that time
quantum mechanics was the theory of electrons and of their behaviour
mn electrical fields, especially m the electrostatic fields of posiively
charged nucler )

What follows here, up to and including the first three paragraphs of
section 1X, 1s taken over, with very little change, from my Herbert
Spencer Lecture of 1961 When I'was giving the present lecture, I did not
ntend to publish the Spencer Lecture But I have now published 1t as
chaprer 7 of my Obrective Knowledge

Albert Bunstemn, On the Methods of Theoretical Physics, Clarendon
Press, Oxford, 1933 (Also 1n Albert Einstein, The World as I See I,
translated by Alan Harrts, Watts, London, 1940 )

More Letters of Charles Darwmn, edited by Francis Darwin and A.C
Seward, Appleton, New York, 1903, volume I, p 195 Darwin’s
comment ends with the words (which T admut weaken‘tt as a support of
my thesis) if 1t 1s to be of any service!”

Cp for example the so-called “Iransportation Problem of Linear
Programming See S Vayda, An Introduction to Linear Programming
and the Theory of Games, Methuen, London, 1960

Cp G Polya, How to Solve It, Princeton University Press, Princeton,
NJ, 1948

The criticism by which we try to discover the weak spots of our theories
leads to new problems And by the distance between our ongmal
problems and these new problems we can gauge the progress made Cp
my Conjectures and Refutations, p 313

See my Logic of Scientific Discovery and my Conjectures and Refuta-
tromns

I may perhaps note, in this context, that the much suspected term “truth
i the sense of “correspondence to the facts” has been rehabilitated (and
shown to be mnocuous) by Alfred Tarsky, and that, using Tarske’s
theories, 1 have tried to do the same service to the terms better
approximation to the truth’.and of course ‘less good approximation to
dge truth’ (See chapter 10 and the addenda of my Conjectures and
Refutations )

The explanatory power of a theory 15 discussed 10 my Logic of Saentific
Discovery, as are some relevant meanings of the term ‘simplicity as
applied to theories More recently I have found 1t enlightemng to
interpret the simplicity of a theory as something that must be related to
the problems which the theory 1s supposed to solve

See my Open Soctety and my Poverty of Historicism
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PHILOSOPHY AND
PHYSICS

The influence on theoretical and
experimental physics of some
metaphysical speculations on the
structure of matter

The following remarks are intended as an dlustration of the
mmportant thesis that science 1s capable of solving philosophical
problems and that modern science, at any rate, has something
important to say to the philosopher about some of the classical
problems of philosophy —~ especially about the old problem of
matter I mtend to discuss certamn aspects of the problem of matter
since Descartes And I intend to point out the mteresting fact that
some of these problems were solved, in collaboration, by speculative
philosophers, such as Descartes, Leibniz, and Kant, who all helped
by proposing important though tentative solutions and thus pre-
pared the way for the work of experimental scientsts and theorists
of physics such as Faraday, Maxwell, Emnstemn, de Broglie, and
Schrodinger

The history of the problem of matter has been sketched before,
notably by Maxwell ! But though Maxwell gives an outline of the
history of the relevant philosophical and physical 1deas, he does not
give the history of the problem situation, and of how 1t changed
under the impact of the attempted solutions It 1s this lacuna thar I
am now trying to fill ?

Descartes based the whole of his physics upon an essentialist® or

Revised version 'of 2 paper first published in Atei del X1 Congresso Intesndazionale
di Filosofia Venezia 1958, volume 2, Flovence; 1960, pp 367-74 This paper was
wiitten as a critical response to the report delivered to the same Congress by my oid
friend Philipp Frank, successor to Enstem s chaw of theoretical physics 1 Prague,
and aleading member of the Vienna Curele of logieal positivists
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Aristotelian definition of body or matter a body 1s, 1 1ts essence or
substance, extended, and matter 1s, 1n 1t essence or substance,
extension (Thus matter 1s extended substance, as opposed to mind
which, as thinking or experiencing substance, 15 1n essence wtensity )
Since body or matter 15 identical with extension, all extension, all
space, 1s body or matter the world s full, there 1s no vord This 1s
Parmenides’ theory, as Descartes understood it But while Parme-
nides concluded that there can be no motion m a full world,
Descartes accepted a suggestion from Plato’s Tumaens according to
which motion 1s possible in a full world, as it 1s 1n a bucket of water
things may move 1n a full world like tea-leaves in a teacup *

In this Cartesian world, all causation 1s action by contact 1t 1s
push In a plenum, an extended body can move only by pushing
other bodies All physical change must be explicable in terms of
mechanisms that work like cogwheels 1n clocks, or hike vortices the
various moving parts pushing one another along Push 1s the
principle of mechanical explanation, of causation There can be no
action at a distance (Newton himself sometimes felt that action at 2
distance was absurd, and at other times that it was supernatural }

This Cartesian system of speculative mechames was criticized by
Leibniz on purely speculative grounds Leibmiz accepted the funda-
mental Cartesian equation, body=extension But while Descartes
believed that his equation was irreducible, self-evident, ‘clear and
distinet’, and that 1t entailed the principle of action by push, Leibniz
questioned all this if a body pushes another body along instead of
penetrating 1t, then thus can only be because they both resist
penetration So this resistance must be essentizl to matter (or to
bodies) — for 1t enables matter or body to fill space, and thus be
extended in the Cartesian sense

According to Letbmiz, we must explamn this resistance as due to
forces a body has ‘a force and an inclination, as it were, to retamn its
state, and  resist the cause of change’ ® There are forces that resist
interpenetration repelling or repulsive forces Thus body, or matter,
in Letbniz’s theory, 1s space filled by repulsive forces

This 1s a programme for a theory that explaims both the Cartesian
essential property of body — that is extension — and the Cartesian
principle of causation by push

Since body or matter or physical extension 1s to be explained as
due to forces filing space, Leibmiz’s theory 1s a theory of the
structure of matter, like atormism But Leibniz rejected the theory of
atoms (which he had believed in when he was very young) For
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atoms, at this time, were nothing but very small bodies, very small
bits of matter, very small extensions So the problem of their
extension and impenetrability was precisely the same for atoms as
for larger bodies extended atoms could not help to explamn
extension, the most fundamental of all the properties of matter

In what sense, however, can a part of space be said to be ‘Alled’ by
repulsive forces® Leibmiz conceives these forces as emanating from
unextended points and thus as located (‘located’ only 1 the sense
that they emanated from them) 1n unextended points, the monads
they are central forces whose centres are these unextended points
(Being an intensity attached to a pomnt, a force may be compared, say,
to the slope {or ‘inclination’) of a curve at a pount, that 1, to a
‘differential’ forces cannot be said to be ‘extended’ any more than
differentials, though their intensities may of course be measurable
and expressible by numbers, and bemng unextended intensities,
forces cannot be ‘material’ 1 the Cartesian sense) Thus an extended
prece of space —a body 1n the geometrical sense (a volume ntegral)
— may be said to be “filled’ by these forces in the sense in which 1t
is “filled’ by the geometrical points or ‘monads” that fall within st

For Leibmz, as for Descartes, there can be no void — empty space
would be space free of repulsive forces, and since 1t would not resist
occupation, 1t would at once be occupied by matter One nmught
describe this theory of the diplomat Leibnuz as a pohitical theory of
matter bodies, like sovereign states, have borders or limits which
must be defended by repulsive forces, and a physical vacuum, like 2
political power vacuum, cannot exist because 1t would at once be
occupied by the surrounding bodies (or states) Thus we mught say
that there 15 a general pressure 1n the world resulting from the action
of the repulsive forces, and that even where there 15 no movement
there must be a dynamic equilibrium due to the equality of the forces
present While Descartes could not explam an equilibrium except as
mere absence of movement, Leibruz can explam an equilibriom —
and also the absence of movement —as dynamically maintained by
equal and opposite forces (whose intensity may be very great)

So much for the doctrine of pomt-atomism (or of monads) which
grew out of Letbmz’s eriticism of the Cartesian theory of matter His
doctrine 1s clearly metaphysical And it gives nise to a metaphysical
research programme that of explaining the (Cartesian) extension of
bodies with the help of a theory of forces

This programme was carried out i detail by Boscovitch (who was
anticipated by Kant) ® The contributions of Kant and Boscovitch
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will perhaps be better appreciated if 1 first say a few words about
atomism mn its relation to Newton’s dynamics

The no-vacuum theory of the Eleatic-Platonic school and of
Descartes and Leibniz has one great difficulty — the problem of the
compressibility and elasticity of bodies Yet Democritus’ theory of
‘atoms and the void’ (this was the password of atomism) had been
designed, very largely, to meet precisely this difficulty The void
between atoms, the porosity of matter, was to explain the possibility
of compressing and expanding 1t But Newton’s (and Leibnuiz’s)
dynamics created a new and grave difficulty for the atomistic theory
of elasticity Atoms were small bits of matter, and if compressibility
and elasticity were to be explained by the movement of atoms m the
void, atoms could not, in their turn, be compressible or elastic They
had to be absolutely incompressible, absolutely hard, absolutely
mnelastie (This 15 how Newton conceived of them ) On the other
hand, there could be no push, no action by contact, between melastic
bodies according to any dynamic theory which ~ like that of Newton
or Leibniz — explained forces as proportional to accelerations (in a
finite unit of ume) For a push given by an absolutely melastic body
to another such body would have to be mstantaneons (and of finite
magnitude m the instant), and an mstantaneous finite acceleration
would be an mfimite acceleratton (in the unit of ume), mvolving
mfinutely large forces 7

Thus only an elastic push can be explamed by finite forces And
this means that we have to assume that all push 15 elasuc Now if we
wish to explain elastic push within a theory of melastic atoms, we
have to gwe up action by contact altogether In its place we have to
put short-distance repulsive forces between atoms, or, as 1t mught be
called, action at short distance, or action in the vicinity the atoms
must repel each other with forces which rapidly mncrease with
decreasing distance {and which would become infimite when the
distance became zero)

In this way we are compelled, by the internal logic of the dynamic
theory of matter, to admut central repulsive forces into mechanics
But if we admut these, then one of the two fundamental assumptions
of atorsm — the assumption that atoms are small extended bodies
~ becomes redundant And since we have to replace the atoms by
Letbnizian centres of repulsive forces, we mught just as well replace
them by Leibmizian unextended pomnts we can idenufy the
atoms with Leibmzian monads which are nothing but repulsive
forces It seems, however, that we must retain the other fundamental
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assumption of atomusm the void Since the repulsive forces tend
towards infinity of the distance between the atoms or monads tends
to zero, 1t 15 clear that there have to be finute distances between
monads matter consists of a void 1n which there are discrete centres
of force

The steps here described were taken by Kant and by Boscovitch
They may be said to give a synthesss of the ideas of Letbniz, of
Democritus, and of Newton The theory, like that of Leibniz, 15 2
theory of the structure of matter, and thus a theory of maiter
Extended matter 13 here explammed, and by something that 1s not
matter by unextended entities such as forces and monads, the
unextended points from which the forces emanate The Cartesian
extension of matter, more especially, 1s explamed by this theory in a
highly satisfactory way Indeed, the theory does more 1t 15 a
dynamac theory of extension which explamns not only equibibrium
extension — the extension of a body when all the forces, attractive
and repulsive, are in equilibrium — but also extension changing under
external pressure, or impact, or push &

There 1s another development, almost equally important, of the
Cartestan theory of matter and of Leibmz’s programme of a
dynamic explanation of matter while the Kant-Boscovitch theory
anticipates 1n rough outline the modern theory of extended matter
as composed of elementary particles invested with repulsive and
attractive forces, this second development 1s the direct forerunner of
the Faraday-Maxwell theory of fields

The decisive step 1 this development 1s to be found in Kant’s
Metaphysical Foundations of Natural Science 1n which he repudiates®
thedoctrine that matter s discontinuous, which he had himself upheld
in hus Monadology He now replaces this doctrine by that of the
dynamic continmity of matter His argument may be putas follows

The presence of {extended) matter 1 a certamn region of space 1s
a phenomenon consisting of the presence of repulsive forces n that
region, forces capable of stopping penetration {or forces which are
at least equal to the attractive forces plus the pressure at that place)
It 1s, accordingly, absurd to assume that matter consists of monads
from which repulsive forces radiate For matter would be present at
places where these monads are not present, but where the forces
emanating from them are strong enough to stop other matter
Moreover, 1t would be present for the same reason at any pomt
between any two monads belonging to (and allegedly consttuting)
the prece of matter in question
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Now whatever the merits of this argument may be,' there 1s at
any rate great merit mn the proposal to try out {(and perhaps make
more specific) the vague 1dea of a continuous (and elastic) something
~ of an enuity consisting 1n the presence of forces For thus 1s simply
the 1dea of a continuous field of forces n the guise of the idea of
continuous matter It seems to me an interesting fact that this second
dynamuc explanation of (Cartesian) extended matter and of elasticity
was mathematically developed by Poisson and Cauchy, and that the
mathematical form of Faraday’s idea of a field of forces, due to
Maxwell, might be described as a development of Cauchy’s form of
Kant’s continuity theory

Thus the theory of Boscovitch and the two theories of Kant may
be described as the two most smportant attempts to carry further
Leibniz’s programme for a dynamuc theory that explamns Cartesian
extended matter They may be described as the yoint ancestors of all
modern theories of the structure of matter, the theories of Faraday
and Maxwell, of Einstein, de Broglie and Schrodinger, and also of the
‘dualism of matter and field” (This dualism, of seen m thus light, 1s
perhaps not so deep as it may appear to those who, in thinkmg of
matter, cannot get away from a crude Cartestan and non-dynanucal
model ) It may be mentioned that another important influence
dertving from the Cartesian tradition — and from the Kantian
tradition via Helmholtz — was the idea of explaiming atoms as
vortices of the ether — an 1dea that led to Lord Kelvin’s and to J ]
Thomson’s models of the atom Its experimental refutation by
Rutherford marks the beginming of what may be described as
modern atomic theory

One of the most iteresting aspects of the development which I
have sketched is its purely speculative character, together with the
fact that these metaphysical speculations proved susceptible to
criticism  that they could be critically discussed This discussion was
wnspired by the wish to understand the world, and by the hope, the
conviction, that the human intellect could at least make the attempt
to understand 1t, and could perhaps get somewhere And an
experimental refutation of a speculative solution to one of its
problems led to 1ts turning into nuclear science

Positivism, from Berkeley to Mach, was always opposed to these
speculations And 1t 1s most interesting to see that Mach sull upheld
the view that there could be no physical theory of matter (which for
him was nothing but a metaphysical ‘substance’ and as such
redundant if not meaningless) at a ume (after 1905) when the
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metaphysical theory of the atomic structure of matter had turned
mto a testable physical theory as a result of Einstein’s theory of
Brownian motion It 1s perhaps somewhat wromcal, and certamnly
more interesting, that these views of Mach’s reached the peak of
their influence when the atomic theory was no longer seriously
doubted by anybody, and that 1t 1s stll most influential among the
leaders of atomic physics, especially Bohr, Heisenberg, and Pauli

Yet the wonderful theories of these great physicists are the result
of attempts to understand the structure of the physical world, and
to criticize the outcome of these attempts Thus their theories may
well be contrasted with what they, and other positivists, try to tell
us today that we cannot, 1 principle, hope ever to understand
anything about the structure of matter, that the theory of matter
must forever remain the private affair of the expert, the specialist —
a mystery shrouded in technicalities, 1n mathematical techmiques,
and 1n ‘semantics’, that science 1s nothing but an instrument, void of
any philosophical or theoretical interest, and only of ‘technological’
or ‘pragmatic’ or ‘operational’ significance I do not believe a word
of this ‘post-rationalist” teaching Nothing could be more impressive
than the progress made 1n our attempts — and especially the attempts
of these great physicists — to understand the physical world No
doubt, we shall modify and even discard our theories many times
But 1t seems that we have at last found a way towards the
understanding of the physical world

NOTES

1 See Maxwell’s masterly article Atom in the ninth ediion of the
Encyclepedia Bratannica

2 For many years | have been 1 the habit of grving an outline of the story
(which begins with Hesiod) in my lectures

3 I have cniticized (Aristotelan) essentialism and also the essential theory
of definitions 1n my books The Open Society and JFts Enemies and The
Poverty of Historicism, see the Indices, under ‘essence and ‘essential-
s’

4 Descartes, Principra Philosophiae, Elzevir, Amsterdam, 1644, part 1,
pomnt 33f By asserting the mfinite drvisibility of matter, Descartes
prepared the way for Leibmz s non-extended monads (Monad=pomt
A pomt 1s unextended and rherefore immaterial § In II, 36 Descartes
asserts the conservation of the quantity of motion (guantitas motis)
God Himself ‘who in the beginning created matter together with
motion and rest, conserves i its totality as much of motson and rest as
he onigimally putinto it Note that this quantity of motion” 1s neuther
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our ‘momentum’, which has a definite direction and which 1s indeed
conserved, nor our ‘angular momentum but, rather, mass times the
{non-vectorial} amennt of veloawty which; as Letbniz showed (Mathe-
matische Schriften, edited by C1 Gerhardr, Werdmann, Berhin and
Halle, 184963, volume VI, pp 117ff ); 15 not conserved (On the other
hand, force —which Leibmz thought was conserved —1s not conserved
erther, not even vis vwa (mv*/2), that s, kinetic energy The factis that
both Descartes and Letbmiz had an mtuwitive idea of the conservanon
laws, and though Leibniz came nearer to the truth than Descartes,
nerther got very near)

Letbniz, Philosopbische Schriften, edied by C1 Gerharde, Werdmann,
Berhn, 1875-90, volume II, p 170, lmes 27f JWN Watkins has
developed this argument 1n some detail, showing that for these 1deas
Leibniz was essentially dependent on Hobbes, whose rerm  conatns’
{translated 1nto English by “endeavour’) Letbniz adopted, and which he
wenufied with force See JWN Watkins, Hobbes’s System of Ideas,
Hutchinson, London, 1965, pp 122-32, 2nd edivion, 1973, pp 85-94
Boscovitch’s Philosophiae Naturalis Theoria Redacta ad Unicam Legem
Virtum 1 Natura Existentium was first published 1n 1758 1n Vienna (the
second, moproved, edition was translated by M Cluld as Theory of
Natural Philosophy and published m London m 1922), Kant's Mer-
aphysicae cum geometnia nctae usus v philosophia natwral, cuns
specmen I continet Monadolograrm phystcam (veferved to in English as
“Monadology’y wm 1756 m Komgsberg Thirty years later Kant re-
pudiated part of his Monadology 1n his Metaphysische Anfangsgrunde
der Naturwissenschaft, pubhshed 1in Ruga in 1786 (translated by James
W Ellmgron as Metaphysical Foundations of Natural Science, Bobbs-
Merrill, Indianapolis, 1970) Though the essential 1dea of Boscovitch’s
monadology 15 to be found 1 Kant (see Kant, proposiion V for the
finite number of discrere monads present m fimte bodies, and prop-
osition X for the central forces which are attractive over long distances
and repulsive over short distances, and for Kant’s explanauon of
extension), Kant’s work 15 rather sketchy as compared with Bosco-
vitch’s (Added 1973 ) Restrictions on the size of this paper when 1t was
originally presented prevented me from discussing Faraday Whle
Boscovitch developed the Newtoman research programme which
treated physical events as due to central forces (acting, however, at
fintely small distances — from one point to the next, as 1t were}, 1t was
Faraday’s revolutionary mnovation that he broke with the dogma of
central forces Although Maxwell, with his models, still hoped, like
Ampere, 1o reduce non-central forces to central forces, hus theory m
effect also broke with that dogma It thereby achieved a generalizanon
which, 1 suggest, inaugurated modern held theory, and so led to special
and general relatvity

The argument 15 clearly stated by Kant in his Metaphysical Foundations
of Natural Science, “General Observation on Mechanics’, pp 115-17
See also hus Monadology, proposition XIII, and his Newuer Lebrbegriff
der Bewegung wnd Rube’, 1758 {the secton on the Primciple of
Contmuty) Sumlar arguments may be found m Lebniz (see his
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Mathematische Schriften, volume 1L, p 145), who says that 1t seems that
only elasucity ‘makes bodies rebound’ The best statement of the
argument1s to be found mn the work of Boscovitch

It 15 important to realize that Boscovitch’s forces are not to be idenufied
with Newromian forces they are not equal to acceleranon muluplied by
mass, but equal to acceleration multiplied by a pure number (the
number of monads) This powmnt has been clarified by LL Whyte (in a
very interestng note 1o Nature, 179, 1957, pp 284f ) Whyte stresses the
‘kinematic’ aspects of Boscovitch’s theory (as opposed to1ts “dynamucal’
aspects, 1n the sense of Newton’s dynamics) It seems to me that
Whyte's reply to Maxwell 1s correct I may perhaps express this by
saying that Boscovitch not only gives a theory of extension and gravity
but also of Newtoritan inertial mass On the other hand, although
Boscovitch’s forces are, as Whyte nightly stresses, from a formal or
dimensional point of view accelerations, they are, from a physical and a
metaphysical pomt of view, forces, very much like Newton’s they are
dispositions, egisting 1n their own right, they are the camses that
determine accelerations Kant, on the other hand, thinks 1n purely
Newtoman terms, and attributes mertia to his monads, see hus Mona-
dology, proposition X1

See the second chapter, theorem 4, especially the first paragraph of note
1, and note 2 Kant’s repudiation 15 the result of that doctrme which he
calls (inthe Crutzgue of Pure Reason) hus ‘transcendental idealism” he
rejects the monadology as a doctrme of the spatial structure of things n
themselves (This way of speaking would be for hum a muxture of
spheres ~ somethimng hike a *category mustake”)

Like all such proofs Kant’s proof 1s mvalid; even in the form here given,
which 1s an attempt to improve a httle on Kant’s own version Kant
dlicitly dentifies ‘moving’, 1n the sense of a moving (repelling) force,
and ‘movable’, cp the penultimate paragraph of his note 1 to theorem
4 The ambigusty 1s bad, but 1t brings out the fact that he wishes to
identify the presence of a moving force with that of movable matter The
logical situation 1s, in brief, as follows In this post-critical work, Kant’s
transcendental 1dealism 1s used to remove — by a wvahd argument,
meidentally — his onginal objectsons to the doctnine of conunuous
matter But he now thinks, mistakenly, that he can prove continuty -
by an argument which, though mvahd, is interesting and important
because 1t compelled hum to push his dynamics to 1ts very limzts (and far
beyond those limits which he anticipated m his definiions)

Niels Bohr, Werner Hesenberg, and Wolfgang Pauli were all alive when
this was written
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THE MORAL
RESPONSIBILITY OF
THE SCIENTIST

The topic I am going to discuss was not of my choosing, but was
suggested by the organizers of this conference I say this because I
do not think that I can make any significant contribution to the
solution of the grave problems involved I nevertheless accepted the
mvitation to speak about it because I believe that m ths respect we
are all more or less in the same boat I take 1t that our topic, ‘the
moral responsibility of the scientist’, 1s 2 kind of euphemusm for the
1ssue of nuclear and biological warfare But I shall try to approach
our topic with some wider 1ssues in mind

One may say that the problem has lately become more general,
due to the fact that lately all science, and indeed all learning, has
tended to become potentially applicable Formerly, the pure scientist
or the pure scholar had only one responsibility beyond those which
everyone else has — that 1s, to search for truth He had to further the
growth of his subject as well as he could For all I know, Maxwell
had little reason to worry about the possible applications of his
equations And perhaps even Hertz did not worry about Hertzian
waves This happy situation belongs to the past Today not only all
pure science may become applied science, but even all pure
scholarship

In applied science the problem of moral responsibility 1s a very
old one, and like many other problems, 1t was first posed by the

This paper 15 a revised version of a brief address read, on 3 September 1968, to a
special session, Science and Ethics The Moral Responsibility of the Scientist’, at the
International Congress of Philosophy, held i Vienna A version of this paper was
published 1 Enconnter mn March, 1969,.and a revised version 1 the Bulletin of Peace
Praposals, Oslo, 1971 The paper has been further revised for the present publication

I am greatly indebted to my friend Ernst Gombrich for s help m the preparation
of the original address
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Greeks I have in mund the Hippocratic Oath,' a marvellous
document even though some of 1ts main 1deas may be i need of
renewed scrutiny I myself took an oath which no doubt historically
derives from the Hippocratic Oath when I graduated from the
University of Vienna One of the most mnteresting points about the
Hippocratic Oath 1s that 1t was not a graduation oath but an oath to
be taken by the apprentice to the medical profession Essentially, 1t
was taken at the beginnung of the student’s first 1mutiation into
applied science

The Oath consisted in the main of three parts First, the apprentice
undertook to recognize his deep personal obligation to his teacher
By implication, this obligation 1s considered to be mutual Secondly,
the apprentice promused to carry on the tradition of hus art, and to
preserve its high standards, domunated by the 1dea of the sanctity of
life, and to hand on these standards to his own students Thurdly, he
promused that to whatever house he would go, he would enter 1t
only 1 order to help the suffering, and that he would preserve
silence about whatever may become known to lum 1n the course of
hus practice

I have stressed the fact that the Hippocratic Oath 15 an appren-
tice’s oath because 1 many discussions of our topic the situation of
the apprentice, that is of the student, 1s not sufficiently considered
However, prospective students are worried about the moral respon-
sibility which they will have to carry once they become creative
scientists, and I feel 1t may be of considerable help if they have an
opportumty to discuss these ssues at the beginning of their studies
Ethical discussions, unfortunately, tend to become somewhat
abstract, and I suggest that we take the opportumty to make the
1ssues more concrete My proposal would be that we try to hammer
out a modern form of an undertaking analogous to the Hippocratic
QOath, 1n cooperation with our students

It 15 obvious that no such formula should be wmposed upon the
students If they object, they would thereby show a most welcome
interest and they should be asked to offer an alternative approach or
give reasons for objecting The main purpose would be to draw their
attention to the significance of the issues and so to keep the
discussions gomng

May I perhaps give an indication of the sort of thing that I have
m mund as a possible starting-point for discussion

I should propose that the order of the Hippocratic Oath be
inverted, according to the significance of the various points Thus
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my own ponts 1, 2, and 3 below would roughly correspond to the
parts 2, 1, and 3 of the Hippocratuc Oath as summarized above |
would also suggest that the main issues of the Oath mught be
generalized, somewhat along the following lines

1 Professional Responsibility The first duty of every serious
student 1s to further the growth of knowledge by participating 1 the
search for truth - or i the search for better approximations to the
truth Of coutse, every student 1s fallible, as are even the greatest
masters everybody 1s bound to make mistakes — even the greatest
thinkers Although this fact should encourage us not to take our
nustakes over-seriously, we must resist the temptation to look upon
our mistakes leniently the establishment of high standards by which
to judge our work, and the duty to constantly raise these standards
by hard work, are both ndispensable At the same time, we must
constantly remund ourselves (especially in connection with the
application of science) of the finitude and fallibility of our knowl-
edge, and of the infinity of our ignorance

2 The Student He belongs to a tradition and to a communmty, and
he owes respect to all who have contributed, or are contributing, to
the search for truth He also owes loyalty to all his teachers who
freely and generously share theirr knowledge and enthusiasm with
him At the same time, he has a duty to be criical towards others,
including his teachers and colleagues, and especially towards hum-
self And most important, he has the duty to beware of intellectual
arrogance, and to tty not to succumb to intellectual fashions

3 The Overriding Loyalty This he owes neither to hus teacher nor
to hus colleagues, but to mankind — just as the physician owes hus
overriding loyalty to huis patients The student must constantly be
aware of the fact that every kind of study may produce results which
may affect the lives of many people, and he must constantly try to
foresee, and guard against, any possible danger, or possible misuse of
his results, even if he does not wish to have his results applied

This 15 a very tentative restatement of the Hippocratic Oath, at
best a proposal for renewed discussion, and I must stress that all this
1s merely peripheral to our topic But I have started with this
practical proposal because I believe both in traditions and 1n the
need for their continuous critical revision One of the few things we
can do about our main 1ssue 1s to try to keep alive, in all scientists,
the consciousness of their responsibility

In this context, one point should be mentioned, a pomnt which I
think may be connected with the present [1968] crisis of the
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universities 1t 1sthis More and more techmicians are needed, and as
a consequence, more and more Ph D students are trained only as
technicians Often they are tramed only in measuring techniques
And they are not even told what more fundamental problems are to
be solved by the measurements they are doing for their doctor’s
thesis I regard thus situation as inexcusable and irresponsible 1 see
mn 1t 2 kind of breach of the Hippocratic Oath on the side of the
academuc teacher For his task 1s to mmtiate the student mto a
tradition, and to explain to him the new great problems which arise
through the growth of knowledge and which n thetr turn nspire
and motivate all further growth

1 know, of course, that even the beautiful tradmion of the
Hippocratic Oath can be misused, and that 1t has been misused or
misunderstood by mterpreting 1t as establishing a special ethical
obligation towards one’s professional colleagues It has, i other
words, been interpreted as a kind of guild morality It1s precisely the
serious discussion of issues like the gulf between ethics and etiguerte
(‘professional ethics’) which, I hope, may lead us to a much needed
advance 1n our moral awareness My hopes are modest I do not
think that by such discussions any of the great problems with which
we are faced can be solved But discussions centring on a revision of
the Hippocratic Oath may lead to reflection on such fundamental
moral problems as the priority of the alleviation of suffering

Many years ago I proposed that the agenda for public policy
should consist, in the first place, of finding ways and means of
avoiding suffering, so far as 1t 1s avordable Contrasung this with the
utilitarian principle of maximizing happiness, I proposed that, in the
main, happiness should be, and that 1t can only be, left to private
mittative, while the alleviation of avoidable suffering 1s 2 problem of
public policy I also indicated that at least some utilitarians, when
speaking of the maximization of happiness, may have had 1n mind
the minimization of misery

Of course, I never suggested that the mimimization of suffering
should be made the highest moral principle In fact I do not believe
in the existence of such a thing as a single highest universally valid
moral principle On the contrary, I suggested that in matters of
public policy we have to constantly reconsider our prionities, and
that in drawing up a list of priorities avoidable suffering rather than
happiness should be our main guide Perhaps not forever there may
come a time when the alleviation of avoidable suffering will be less
important than it 1s today
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Today the avoidance of war 15, I should say by general consent, the
overriding problem of public policy There 1s no doubt i my mind
that we all, whether as scientists, scholars, citizens, or mere human
beings, should do everything we can to help to end war It s part of
this effort that we must try to make clear to everybody what war
means, not only 1n terms of death and destruction, but also 1n terms
of moral degradation In this context it should be stated very clearly
that one of the most disturbing aspects of recent events 1s the cult of
violence We all know that one of the most horrible aspects of our
entertamment 1ndustry 1s the constant propaganda for wviolence,
from allegedly harmless Westerns and crime stories to displays of
cruelty pure and simple It 1s tragic to see that this propaganda has
had 1ts effects even on genuine artists and scientists, and unfortu-
nately also on our students (as the cult of revolutionary violence
shows)

It 15, however, my conviction that neither the First nor the Second
World War, nor the present tragedy of Vietnam, can be explained in
terms of human aggressiveness At least today the main danger of
war comes from the need to resist aggression, and from the fear of
aggression These, combmed with muddleheadedness and lack
of mntellectual flexibility, and perhaps megalomania, tend to become
the main sources of danger in the presence of the tremendous means
of destruction which are at our disposal

Only the problem of avoiding tyranny, the danger of losing our
freedom (a loss which, 1n 1ts turn, would ultimately lead to war), can
compete 1n urgency with the problem of avoiding war - a compe-
tition which sometimes may make our decisions difficule

Some people have thought that 1t 1s therefore the moral obligation
of the scienust to withdraw from all military work, and to propagate
disarmament at any price, including unilateral disarmament I think
that the situation 1s by no means as sumple as that We cannot shut
our eyes to the fact that atomic war has so far been prevented by the
danger of mutual destruction So far, the deterrent has been
successful n deterring This 1s why I do not believe that we should
support unilateral disarmament The fact that Japan did not have
atomic arms did not prevent us from using them 1 do not think that
this happened because we are morally inferior to our competitors 1n
the armament race The question whether we should have ever
dropped the bomb on Japan 1s a very difficult one The scientists
who were 1n favour of 1its use were, I am sure, highly responsible
people Where I think they were wrong 1s that they did not nsist
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that the bomb should, m spite of the greater risk mnvolved, be
dropped on a purely miltary target, such as a concentratuon of
warships — if 1t were to be dropped at all (Such concentrations did
exist at the time ) However, we should realize that decisions like
these are frightful It is all too easy to talk about such matters, but
terrible to be mvolved, and to have to make up one’s mind as to
which decision would ultimately lead to a lesser amount of suffering
Nor must we forget that the politicians who were responsible for the
ultimate decision were acting as trustees for those who elected them
This may be 2 reason for you or me not to become 2 politician, but
it should not be a reason for you or me to ghbly pass judgment on
them

One cannot back out altogether of the general mvolvement which
1s part of human life everythmng has to be done to avoid a war and,
if there 15 a war, to bring 1t to an end This does not mean that there
cannot be something like a just or defensive war There 1s a world of
difference between aggression and defence, even though it may not
always be easy to decide who is the aggressor Who believes that
Switzerland or Sweden would nowadays wage an aggressive war?
Who can believe for 2 moment that 1t was Serbia who attacked
Austria 1 July 1914, or that 1t was Finland who attacked Russia on
30 November 1939, rather than the other way round? Or that
Czechoslovakia has been threatening Russia?

A scientst who feels that his country 1s threatened by an attack
cannot be blamed for working to defend his countty However, even
a just war may get utterly out of hand, and 1t seems to me unhkely
that there can be, or that there has ever been, a war without war
erimes-on both sides Thus, once a war has started, the scientst, like
any other citizen, 1s caught 1n a terrible moral dfficulty, and nobody
can give him advice or shoulder his responsibility

One point can be made clear It was the politicians and the Jaw
officers of the various Allied countries who staged the Nuremberg
Trials which established the status of war crimes and thereby
recognized that the conscience of every human being 1s the ultimate
court of appeal with respect to the question whether a certam
command 15, or 1§ not, to be resisted It 1s mmpossible, without
contradicting themselves, for these same politicians and law officers
now to assert that 1t 1s the duty of the citizen — and of the screntist
—not to ask the reason why and to obey any command The freedom
for which we must be prepared to fight 1s precisely the freedom to
resist 2 command which we feel 1t would be criminal to obey It s,
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I believe, the inescapable duty of every loyal poltician m a
democracy to understand the terrible situation m which a scientist
may find lumself, and to champion the rights of the conscientious
objector, whether he 15 2 scientist or a soldier

The trouble with the present legislation concerning conscientious
objectors m the United States ss that a man has to declare that he
objects on conscientious grounds to zff wars in order to plead
conscientious objection But there are people who would feel 1t their
duty to fight for the United States, provided they can see that the
war 1s waged for the defence of the United States, but who feel that
they cannot conscienuously fight 1 Vietnam Clearly such moral
scruples should be respected as much as any that fall under the
present defimition of conscientious objection Here, as always, I
believe 1n the critical discussion of the 1ssue mvolved, rather than
facile slogans from esther side

I discuss these very grave tssues not because I believe in my ability
to solve them or to say anything very new about them, but maly
because I feel that they should not be dodged I am convinced,
however, that the moral responsibility of the scientist1s not confined
to hus responsibility 1n connection with war or armament

The late Dr Robert Oppenheimer 1s reputed to have said “We
scientists have been on the brink of presumptuousness m these
years We have known sin * But this, agamn, 1s not a recent issue
When Bacon tried to make science attractive by saying that
knowledge 1s power, he too was on the brink of presumptuousness
Not that he had much knowledge or much power, but he wanted
knowledge because he wanted power ~ or at least he gave the
impression that he did so

I do not intend to philosophize about the wickedness of power 1n
general, although my experience corroborates Lord Acton’s saying
that power tends to corrupt and that absolute power corrupts
absolutely As far as science 1s concerned, there 1s no doubt
whatsoever in my mind that to look upon 1t as a means for increasing
one’s power 1s a sin aganst the Holy Ghost The best antudote
agamst this temptation 1s the awareness of how little we know and
that the best of those httle additions to our knowledge which we
have achieved have shown their significance precisely by the fact that
they opened up a whole new continent of our ignorance

The social scientist has a particular responsibility here, because his
studies more often than not concern the use and misuse of power
pure and simple I feel that one of the moral obligations of the social
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scientist which ought to be recognized 1s that, if he discovers tools
of power, especially tools which may one day endanger freedom, he
should not only warn the people of the dangers but devote himself
to the discovery of effective counter-measures I am confident that
i fact most scientists, at least most creative scientists, value
independent and critical thinking very highly Most of them hate the
very 1dea of a society manipulated by the technologists and by mass-
communication Most of them would agree that the dangers mherent
1n these technologies are comparable to those of totalitariamism Yet
although we built the atom bomb 1n order to combat totalitarianism,
few of us regard it as our business to think of means to combat the
dangers of mass-manipulation And yet, there 1s no doubt 11 my
mind that much should and could be done 1n this direction, without
censorship or any simular restriction of freedom

It could be questioned whether there 1s such a thing as a
responsibility of the scientist which differs from that of any other
atizen or any other human bemng I think the answer 1s that
everybody has a special responsibility 1n the field i which he has
either special power or special knowledge Thus, 11 the mam, only
scientists can gauge the implications of their discoveries The
layman, and thus the politician, does not know enough Thus holds
for such things as new chemicals for increasing the output of farming
products as much as for new armaments Just as, 1n former times,
noblesse oblige, so now, as Professor Mercier has put 1t, sagesse
oblige 1t i1s the potential access to knowledge which creates the
obligation Only scientists can foresee the dangers, for example, of
population 1ncrease, or of the increases in the consumption of oil
products, or the dangers inherent 1n atomic waste, and thus even
atoms for peace But do they know enough about 1t?> Are they
conscious of their responsibilities? Some of them are, but 1t seems to
me that often they are not Some, perhaps, aie too busy Others,
perhaps, are too thoughtless Somehow or other, the umntended
repercussions of our heedless general technological advance seem to
be nobody’s business The possibilities of applications seem to be
mntoxicating Though many people have questioned whether techno-
logical advance always makes us happter, few people make 1t their
business to find out how much avoidable suffering 1s the unavoid-
able, though unintended, consequence of technological advance

The problem of the unintended consequences of our actions,
consequences which are not only unintended but often very difficult
to foresee, 1s the fundamental problem of the social scientist
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6 THEMORAL RESPONSIBILITY OF THE SCIENTIST

Since the natural scientist has become nextricably involved in the
application of science he, too, should consider 1t one of lus special
responsibilities to foresee as far as possible the umintended con-
sequences of his work and to draw attention, from the very
beginning, to those which we should strive to avoid

NOTE

1 See Hippocrates, with an English translation by WH S Jones, volume I,
Loeb Classical Library, Willlam Hememann, London/G P Putnam’s
Sons, New York, 1923, pp 299-301
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7

A PLURALIST
APPROACH TO THE
PHILOSOPHY OF
HISTORY

I

What may be called the philosophy of history persistently turns
round three big questions

1 Isthere a plot to history, and if so, what 15 1t?

2 What 1s the use of history?

3 How are we to write history, or what 1s the method of history?
(This also imcludes the ‘problem of historical knowledge’)

Answers to these three questions have been given, implicitly and
exphicitly, from the Bible and Homer down to our own day And the
answers have changed astorushingly little

The oldest answer to our first question, given 1n the Bible and m
Homer, 1s theistic There 25 2 plot to history But it 15 only dimly
discernible, because 1t results from the will of God, or of the gods
And though it 1s perhaps not completely unfathomable, 1t 1s not easy
to fathom At any rate, there 1s something secret ludden behind the
surface of events It has to do with reward and pumishment, with a
kind of divine balance of justice - though only by the most
discerning can justice be seen to be done

This balance, which if upset swings back like a pendulum, plays
its part 1n Herodotus, who sees the eastward movement of the
people 1n the Trojan War as an explanation of the subsequent swing

Based on a lecture delivered in Oxford on 3 Wovember 1967 First published 1n Roads
to Freedom Essays e Honour of Friedrich A von Hayek, edited by Erich Stresssler,
Gottfried Haberler, Friedrich A Lutz and Friez Machlup, Routledge & Kegan Paul
London 1969 This paper has been revised in the hight of suggestions by Kims
Collins Morris Cranston and Jeremy Shearmur
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back of the Persian Wars with their westward movement Twenty-
three centuries later we find precisely the same theory 1n Tolstoy’s
War and Peace Napoleon’s movement to the East mto Russia 1s
reciprocated by a movement of the Russian people to the West

Admuttedly, neither Herodotus nor Tolstoy offers what at first
sight looks like a theistic theory But the theistic background — a
more or less suppressed theory of a divine balance of justice — 15
unmustakable Thus, after all, 1s 1n keeping with the whole structure
of European thought, which 1s fundamentally theological 1n origin,
tenaciously clinging to its theological ground plan, despite anti-
religious movements, despite the French revolution, and despite the
rise of science For the naturalistic revolution replaced the name
‘God” with the name ‘Nature’, but left almost everything else
unchanged ! Later, Hegel and Marx replaced the goddess Nature, 1n
her turn, by the goddess History So we get laws of History —
powers, forces, tendencies, designs, and plans of History — and the
omnipotence and omniscience of historical determinism Sinners
aganst God are replaced by ‘criminals who vanly resist the march
of History” And we learn that not God but History will be our
yudge 2

Tt was the theory that there 1s a plot 1n history, whether theistic or
anti-thesstic, that I called by the name ‘historicism’ My use of thus
term has been severely criticized by some people Yet their criticisms
seem to me without force, for they depend on the mistaken theory
that names or terms matter In fact the name ‘historicism’ 1s no more
than a label that I mtroduced as a conventent way of talking about
various connected theortes that I was explaining and discussing And
I said as much when I mntroduced it (and, incidentally, I also
explicitly pownted out that I was not discussing the doctrine of
historical relativism, which I referred to as ‘historism’) 3

My criticzsm of historicist theories has also been attacked for
being out of date There are no historicists left, 1t has been said So
why attack them?

Now 1t 1s quite true, especially more recently, that there have been
few people who openly defend hustoricism Even Marxists, and even
followers of Professor Toynbee, have become 1n this respect less
vocal, if not subdued Nevertheless, I still feel as 1f 1 were almost
drowning 1n a historicist flood For we are constantly told that we
are living 1n an atomuc age, and 1in the space age — 1n the age of
televiston, and 1n the age of mass communication We are also
constantly told about the age of specialization i which we live and,
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at the same ume, about the age of abstract revolutionary art — which,
incidentally, seems hardly to have changed since 1920 when prac-
tically all of 1ts variations were exhibited 10 the Bauhaus in Weimar
It was then a revolutionary movement of protest against stagnation
and conformuty But ever since 1t has stagnated, and it 1s sull
conforming to the pattern of a revolutionary movement of protest
aganst stagnation and conformity

I think that all this talk of movements and tendencies, ages and
periods (and their ‘spirits’) signals the acceptance — tacit or otherwise
~ of theories that are clearly historicist in character for example,
theories of 1ntrinsic historical progress or regress * This comes out
especially clearly when such ideas are used as if they were arguments
for the acceptability of the thing i question (for example supersonic
arrcraft)

For the historicist, the ‘Spirt of the Age” 1s an entity that explains
largely, or at least partly, the actions and the sayings of the men living
in that age This approach seems to me quite mustaken But this does
not mean that there 1s no problem here The spirit of the age must
be demoted from an explanation to a social phenomenon that we
have to explain It 1s to be explaned by the existence of overruling
problems and problem situations, and by the interaction of individ-
uals and their plans and aims - that 1s to say, 1n terms of situational
logic ®

I am, however, alive to the dangers of stagnauion, including the
danger of letting my own 1deas stagnate And I will therefore not say
anything further here against historicism

On the contrary, I will ask here whether there 1s not, perhaps, 2
grain of truth m historicism, or more precisely in the historicist idea
of a plot in history In other words, I propose to take a fresh look,
though only 2 very brief one, at my first question — Is there a plot
to hustory? (or at least to human history) — and even to answer 1t by
saying that, by and large, the answer seems to be ‘yes’ (Though I
wish to make it quute clear that I do not thereby weaken my criticism
of historicism 1 sull regard historicism as badly mustaken )

For since the mvention of critical discussion and of writing, there
has taken place something that may be described as the growth of
knowledge Knowledge, and 1its growth, have had a greater and
greater influence on men’s hives, both directly and by way of
technological applications It 1s, I suppose, only within the last two
hundred years that the influence of the growth of scientfic
knowledge has become very obvious But if we look back from our
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present vantage point, we can say, I think, not only that 1t 1s 1 our
knowledge that we differ most clearly from other animals, but that
the growth of knowledge — and of scientific knowledge — forms
something like a plot of history We can, T suggest, see the growth of
our knowledge as a continuation of animal evolution (although by
entirely new means) And thus, when we consider 1t from a
biological point of view, we can see the growth of our knowledge
not only as the main plot of human history, but perhaps also of the
evolution of life

Thus way of looking at our history 1s both obvious and extremely
one-sided For four hundred years ago the growth of scientific
knowledge was not a historical fact but rather a dream ~ the dream
of a highly dubious prophet, Francis Bacon And Bacon’s dream,
after becomung a kind of programme for research, became, 1n its
turn, a typical mtellectual fashion Nevertheless, I do thunk that,
from our present standpoint, my suggestion 1s a reasonable one But
we should not, of course, forget that just as the survival of a specses
up to a certain pomt does not entitle us to say anything about 1ts
futare survival, we cannot —~ and should not try to — denve
predictions about the future from thus ‘plot’ of human istory

Perhaps I overstated my case in saying that this way of looking at
things 1s obvious For not only do most professional historians
ignore 1t, but they also seem to take very little mterest 1n the history
of science As I remarked m my Open Society, the history of science
1s completely ignored 1in the first six volumes of Arnold Toynbee’s
huge Study of History And n another well-known book, first
published 1 1938, by another very famous lustorian, the following
strange remark can be found  the study of the material world had
been revolutionized by Galileo’s assertion that the world revolved
round the sun’

When I read this remark I was surprised For after all, thus
particular revolution had originated, as everybody knows, with
Copernicus, a full century before I thought, for a moment, that the
word ‘assertton’ might here mean reassertion But the next sentence
and some other passages showed me that this historian really had
mistaken Galileo for Copernicus (or the other way round) For the
next sentence begins with the unambiguous words “Before Galileo’s
discovery’ — words which refer back to the remark ‘Galileo’s
assertion that the earth revolved round the sun’ And examples could
be multplhed of histonians’ unfamibiarity with even the crudest
outlme of the history of science
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Incidentally, almost all creative scientists know a great deal about
the history of their problems, and therefore about history They
have to you cannot really understand a scientific theory without
understanding its history

It 15 to be hoped that historians will, in thewr turn, soon discover
that they have to know something about science and 1ts history For
one cannot really understand any recent hustory, least of all political
or diplomatic history, without understanding something about
saience In this they could learn from Churchill, 1n whose The
Second World War an adequate treatment of the development of
radar can be found

ButIdo not regard it as my present task to complain further about
the much-discussed gulf between the ‘two cultures’ Let me,
therefore, return to our first question, to the question of the plot of
history

I suggest that man has created a new kind of product or artefact
that promises 1n time to work changes 1n our corner of the world as
great as those worked by our predecessors, the oxygen-producing
plants, or the island-building corals These new products, which are
so decidedly of our own making, are our myths, our ideas, and
especially our scientific theories our theories about the world we
live 1n Indeed we may look upon these myths, these ideas, and
theortes as some of the most characteristic products of human
activity Like tools, they are organs evolving outside our skins They
are exosomatic artefacts Thus we may count among these character-
1stic products of man especially what 1s called “human knowledge’,
where we take the word ‘knowledge’ in the objective or impersonal
sense mn which 1t may be said to be contained 1n a book, or stored
in a library, or incorporated in a university curriculum

When speaking here of human knowledge, I shall usually have thus
objective sense of the word ‘knowledge’ 1n mind Thus allows us to
think of knowledge produced by men as analogous to the honey
produced by bees The honey 1s made by bees, stored by bees, and
consumed by bees And the individual bee that consumes honey will
not, mn general, consume only the honey it has produced 1tself
Honey 15 also consumed by the drones, who have not produced any
atall

The same holds true, wath shght variations, for theory-producing
men We, too, are not only producers but consumers of theories
And we have to consume other people’s theories, and sometimes
perhaps our own, if we are to produce more
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Thus the growth of human knowledge continues the evolution of
other organisms But because 1t 1s almost enurely exosomatic, and
transmitted by tradition, it is something new, and characteristic of
human history

I have tried to give a very brief and somewhat sweeping answer to
our first question, and this answer may appear to be a monistic
rather than a pluralistic one 1t may seem as if I were saying that the
growth of knowledge, more particularly the history of science, 15 the
heart of all hustory

But thus 1s not my intention Admuttedly, the hfe of all men 1s by
now deeply affected by science But the life of all men has also been
deeply affected by religion (or religions) And the history of religion
1s at least as important as the hustory of science Science itself 1s
closely linked with religious myths I am even inclined to say that
there would have been no European sctence without Hesiod’s
Theogony ® What 1s more, while everybody 15 affected by the growth
of knowledge, comparatvely few people contribute to 1t Religious
beliefs, on the other hand, are shared and acuvely participated m by
many people — as are some of the new religious movements and cults
of the living gods of the cinema, the television, and the gramophone
disc Stars and starlets were gods for the Greeks and for the
Polynesians And stars and starlets have agamn become gods for
Europeans as well as Americans

There are also the histories of literature and of the visual arts, and,
of course, of political and mulitary power, of legal mstitutions and of
economuc change, to say nothung of their interrelationships

All this, T suggest, pomts to a kind of hustorical pluralism there s
a plurality of cultural problems, of interests, and, perhaps most
important, of individual characters and personal fates

To conclude this section; I would hke to make one additional
remark For you may well wonder how what I have said above
relates to the criticisms that I have often given of the doctrine that
the course of hustory s predictable, or that history has an mtrinsic
meaning

Earhier 1 said that I do not believe that what 1 say here
compromises those criticisms But then, what am I doing, and what
s my view?

I am here doing something that I would ke to think 15 to be
found 1n my work quite generally when I have presented arguments
against some view, I then see if there was not, perhaps, something of
value wluch can be saved from the original position, whether a
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correctrve should not perhaps be added to my crincism? (Thus
approach might well be described as ‘dialectical’ )

Indeed, even m my Poverty of Historicism, m which my criticism
of various historicist theses was first presented, I explicitly raised the
question of whether there was not something, after all, 1n the
historteist demand “for a sociology which plays the role of a
theoretical hustory, or a theory of historical development’ ® And I
there suggested that situational and institutional analysis (sup-
plemented by the construction of models of political situations and
social movements), on the one hand, and principles of hustorical
mterpretation, on the other, may serve to fill the gap created by the
criticism of historicism

Thus, what I have said above may be seen as aa attempt, of 2
shightly different sort, to see whether we can — granted my criticisms
of historicism — make anything of the historicist 1dea that there 1s an
mtrinsic plot in hustory

I have suggested that one ¢4 say that the story of the growth of
different kinds of human knowledge — and before 1t, of the evolution
of ammals and human life - 1s a plot that we can discover i history
But in saying thus, I wish also to emphasize the improbability and
fragility of these (progressive) developments Not only was 1t nghly
umprobable that things should have happened as they did, it also
would have been all too easy for these developments to come to an
end

In this way I think that we can see, again, how the ‘meaning’ of
hstory 1s something that we choose For while this ‘plot’ ~ or,
view of the different kinds of knowledge, these ‘plots’ - are
something given to us as a result of choices made by our forefathers,
115 clearly up to us to make of them what we will We can take them
up, and foster them, or we can turn our backs on them Certainly,
no goddess of History will save us from the consequences of our
own actions And the fact that there may be weak biological
tendencies in the direction of our plot s of little importance

I need hardly add that if I suggest that we should foster this plot,
I do so not on the grounds that it 15 good or desirable becanse 1t 1s
there, but because thus plot, and with 1t the motf of emancipation
through knowledge, seem to me worth choosing and making our
own
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II

Iwillnowproceed to our second question Whatss theuse of hustory?

In an excellent paper enutled ‘Philosophy of History before
Historicism’,? Professor George H Nadel traces the history of the
answers to this question Foremost among these answers 1s what he
calls the Exemplar Theory of History the theory that history 1s of
educational value, especially for the pohucal education of the
statesman or general

“The Greeks are strong on precepts, the Romans are stronger on
examples, which 1s a far greater thing’, Nadel quotes from Quinul-
1an Polybius, meidentally, agrees, but turns 1t round he alludes to
Plato’s demand that philosophers should become kings and kings
philosophers, and he demands that not only should men of acton
become historians, but also historians men of action, for otherwise
they will not know what they are writing about

Under Stoic mnfluence, history was regarded as a means of moral
education ~ of education 1 nightecusness

This 1s a tradition that 1s still strong with Lord Acton, and s
mfluence can be clearly felt 1 Sir Isaiah Berlin’s famous lecture
Historical Inevitabiity and, 1 suppose, also 1n my Open Socety
Some of its strongest and wisest recent expressions may be found
the work of Ernst Badian on Roman and Hellenstic hustory

Professor Nadel gives an outline of related theories History, says
Diodorus Siculus, restores the untversal unity of mankind, a unity
broken up by time and space It thus ensures a kind of immortahty
and preserves the example of good men and good deeds

Yet the exemplar theory declined Hegel demied that statesmen
actually learned from historical examples Professor Nadel quotes
from Hegel’s Phiosophy of History,'® a passage that may be
translated

It may be allowed that examples of virtue elevate the soul and
are applicable 1n the moral instrucuon of children for impress-
g excellence upon theirr minds But the destintes of people
and states  do not belong to this field Rulers, statesmen,
nations, are wont to be emphatcally reminded of the teaching
that experience offers mn history But what experience and
history teach 1s this — that peoples and governments never
learned anything from history, or acted on principles deduced
fromt 1!
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But the exemplar theory, while still powerful with Lord Acton, had
actually been superseded before Acton by Acton’s teacher, Leopold
von Ranke (though Acton was by far closer to Dollinger than he was
to Ranke) It was replaced, as Professor Nadel ponts out, by sheer
professionalism the view that history exists for 1ts own sake = which
really means that 1t exssts for the sake of the lustorians Nadel quotes
the famous statement of Ranke’s which 1s traditionally regarded as
the manifesto of this position 2

To history have been attributed the hugh offices of judging the
past and instructing the present for the sake of the future
These high offices are beyond the aspirations of the present
essay 1t merely wants to show what actually happened

This 1 brief 1s the story as Nadel tells it But we need not give 1n to
this approach of Ranke’s any more than did Lord Acton Again, I
propose a pluralisuc approach History, I assert, can be mterestng
1 1tself But it 15 interesting to the extent to which 1t tries to solve
wnteresting historical problems And some of these may be interestung
because of our moral mnterests Examples of such problems are How
did the two world wars break out® Were they avoidable?

The answers to these questions are certainly of great importance
for the politician Pace Hegel, a politician cannot be qualified for the
Foreign Office unless he knows some of the hustorical facts and
some of the historical conjectures concerning the Second World War
How guilty were “The Appeasers’> What was the purpose of the
Stalin purges? How was the decision to drop the two atom bombs
on Japan arrived at?*?

These are matters that ought to interest us all, even if we do not
aspire to a post in the Foreign Office these are mtrinsically
mteresting hustorical problems, and of special 1nterest if we want to
understand the world m which we live

But understanding the world we live in and ourselves 1s not
everything We also want to understand Plato, or Galileo, or
Theodosius And a good historian will add new fuel to this curiosity
He will make us wish to understand people, and situations, that we

did not know about before

111

With the word “understand’ I now come to the third and, I think,
most interesting question the question of the method of history, and
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especially the question of lustorical understanding

For the last hundred years this question has been discussed very
largely m terms of the difference in method between the natural
sciences on the one hand, and the historical or humanstic sciences
on the other And there 1s an almost unanimous opimon that there
1s a big gulf between the two There have been great quarrels about
the details of this gulf There are the famous German theorists,
Windelband, Rickert, and Dilthey There are the English theorists,
foremost among them Collingwood There 1s Professor Trevor-
Roper, who objects to the mtrinsic professionalism, and thus to the
mfluence, of the natural scientist, and defends the view that history
1s for the layman And there 1s Sir Isaiah Berlin, who warns us not
‘to underestimate the differences between the methods of natural
science and those of history or common sense’” ™

I agree with Berhin’s remark that the methods of history are those
of ‘common sense’, and I always did agree with this view I agree
with Professor Trevor-Roper that nothing can be worse m history
than a narrow professionalism, and I always did agree with this view
Iagree with Collingwood and with Dilthey and with Hayek that we
must try to understand hustorical events And I agree that there s an
urgent need for the philosopher of history to analyse, to explain, and
mdeed to understand historical understanding

But my thesis has been for many years all those bistorians and
philosaphers of bistory who insist on the gulf between history and the
natural sciences have a radically mustaken idea of the natural
sczences 'They are not to be blamed for this 1t 1s an 1dea fostered by
the natural scientists themselves (and by positivist philosophers of
science), and therefore, understandably enough, almost universally
accepted It has been greatly reinforced by the spectacular results of
applied science No wonder that so many philosophers and hus-
torans accept it

It 1s, of couirse, undemable that science has become the basts of
technology But what I regard as the true view of science 1s expressed
on the jacket of a book by the great physicist and Nobel Laureate
Sir George Thomson, one of the discoverers of the wave nature of
the electron ** Thomson’s book 1s called The Inspiration of Science
- mark the title! ~ and the statement on the jacket beging with the
words ‘Science 15 an art’ And 1t goes on to speak of the ‘mtrinsic
beauty and wonder’ of ‘the 1deas of modern physics” Other great
scienusts have spoken 1n the same humamst vein, but few students
of the humanities have taken them seriously There are even some
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who go further, and believe, as I do, that the traditional profession-
abist view of natural science 1s utterly mustaken But with two
exceptions, 1 have so far falled to convince any historian, or
philosopher of history, that his intustive idea of science 15 mistaken
and that science 1s much more like history than hustorians think The
two exceptions are Professor Gombrich and Professor Hayek

Professor Hayek, more especially, has for many years written
against the emulation of the patural sciences by social scientists,
mncluding historians He called the tendency to ape the methods of
the natural sciences ‘scientism’ Now I have been just as opposed to
these scientistic tendencies as he And I oppose them as much in the
natural sciences as in the social sciences For as I pointed out, more
than twenty years ago, these ‘scientistic’ tendencies are m fact
attempts to emulate what most people mustakenly believe to be the
methods of the natural sciences, rather than the act#al methods of
the natural sciences This view — that social scientists and philos-
ophers of history have tried to imitate what they, quite mistakenly,
believed to be the methods of natural science — has been most
generously endorsed by Hayek in the preface to his book Stadzes in
Philosophy, Politics, and Economics *©

But almost everyone else seems to be quite sure that the
differences between the methodologies of history and of the natural
sctences are vast For, we are assured, it 15 well known that i the
natural sciences we start from observation and proceed by induction
to theory And 1s 1t not obvious that n history we proceed very
differently?

Yes, I agree that we proceed very differently But we do so 1n the
natural sciences as well

In both we start from myths ~ from traditional prejudices, beset
with error — and from these we proceed by criticism by the critical
elimination of errors In both the role of evidence 1s, i the main, to
correct our mistakes, our prejudices, our tentative theorses — that 1s,
to play a part in the critical discussion, in the eliminauion of error
By correcting our mistakes, we raise new problems And in order to
solve these problems, we invent conjectures, that 1s, tentative
theories, which we submit to critical discussion, directed towards
the elimination of error

The whole process can be represented by a simplified schema
which I may call the tetradic schema

P, —»TT—-CD-P,
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This schema 1s to be understood as follows Assume that we start
from some problem P, —1t may be either a practical, or a theoretical,
or a historical problem We then proceed to formulate a tentative
solution to the problem a conjectural or hypothetical solution - a
tentative theory, TT This 1s then submutted to crtzcal discussions,
CD, 1 the light of evidence, 1f available As a result, new problems,
P, arise

It should be said at once that this schema oversimplifies things
For there will be, 1n general, more than one problem to start with,
and a multiplicity of conjectures will be offered as tentative solutions
to every problem There are also likely to be many different
criticisms raised — especially if we test our conjectures by confront-
mg them with observational evidence or with historical documen-
tation One could sum this up by saying that the schema should
properly be fan-shaped 1t should fan out towards the right 7

One other pont s worth immediate comment Since the schema
1s, as 1t were, self-propelling, starting with a problem and returning
to a problem (although, of course P; and P, are not identical), 1t
might well be said that we could start anywhere that we wanted to
that we could start just as well from tentative theories or from
eritical discussions as from problems And the following argument
could be put forward in favour of this view problems arise, n
general, agamst a background of knowledge — they presuppose a
background of myths, of (tentative) theortes or historical traditions
They also presuppose that these myths, theories and traditions are
not accepted uncritically, but that some difficulties inherent i them
have been noticed Thus problems may be said to presuppose both
tentative theories and criical discussion On the other hand,
Herodotus begins with a problem, and a modern historian like Lord
Acton tells us to study problems instead of periods — that 1, to start
our study from a problem

In fact, a case could be made out for each of the members of the
triad B, T7, or CD as the starung pomnt of science or of history But
although there 15, from a logical pomt of view, little or nothing to
choose between one or the other as a starting poin, I prefer to say
that we start from problems

Furst of all, m saying that we begin with a problem and end with
another problem, we pount to one very important lesson the lesson
that the more our knowledge grows, the more we realize how
litle we know This Socratic lesson 1s as true m the natural
sciences as 1t 1s 1n history to become educated 1s to get an mnkling
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of the immensity of our ignorance

At the same time, 1f we let our tetradic schema start with P, 1t
allows us to say that it 1s the distance — often the great distance —
between P, and P, that may serve as 2 measure of our progress i
knowledge the distance between the problem from which we
started and the problem with which we are now faced

A third reason in favour of the choice of P as our startung point
is that we are often led to our researches by some practical problem
that 1mpressed uself upon us whether we wanted 1t or not Thus
modern econonuc theory might be said to have recerved much
stumulus®® from the currency crisis under Willlam and Mary, from
the distress at home, from William’s urgent need for money (which
reached 1ts peak n 1696), and from the critical arguments —
support of the proposed stabilization of the currency, and aganst the
counter-proposal of the Secretary of the Treasury to devalue the
currency by 25 per cent - that were supplied by John Locke (and by
Isaac Newton) and used by Montague in Parliament '° As so often,
the problem from which the theory first sprang was a practical one
So were at least some of the famous problems of Archimedes But
as soon as a solution 1s offered, criticism takes over, and criticism 15
the engine of the growth of knowledge, as indicated by our tetradic
schema

It 1s of the utmost importance to realize that a bad problem and
an erroneous conjecture are very much better than none At the same
time we must realize that this 13 so because we criucize our
conjectures from the point of view of their adequacy — that 1s to say,
their truth, their significance, and their relevance That we con-
stantly have thewr truth and their relevance m mund 1s perfectly
compatible with the fact that many conjectures that may appear to
us to be true at one stage may be discovered at a later stage to be
erroneous New documents may force us to rewnterpret old docu-
ments Or they may raise new problems And i the light of a new
problem an mscriprion that previously appeared sigruficant may
assume a completely unexpected significance

Thas solves a famous, but, I think, not very deep methodological
problem ~ the problem of historical relativism Admuttedly, our
conjectures are relative to our problems, and our problems are
relative to the state of our knowledge And admuttedly, there may be
much m the momentary state of our knowledge that 1s erroneous
Yet this does not mean that truth 1s relative It means only that the
elimination of errors and the approach towards the truth are hard
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work There 1s no criterion of truth But there 1s something like a
criterion of error clashes arising within our knowledge or between
our knowledge and the facts indicate that something 1s wrong In
this way knowledge can grow through the critical elimmation of
error This 1s how we can get nearer to the truth *°

You will see that I can fully agree with Professor Trevor-Roper
who, 1n hus challenging and controversial naugural lecture, pleads
that we should keep the flow of ideas running from all tributaries,
as he calls them, and especially from lay tributaries 2

I myself believe that the historical contributions of both
Sombart and Keynes are erroneous I do not believe 1n the
‘spirit of capitalism’, nor do I believe that profit-inflation
caused the expansion of sixteenth-century Europe and that we
had Shakespeare when we could afford him But what of that?
These great tributaries which we have ignored have caused
tremendous historical developments in other countries, and if
we exclude them, we impoverish our own studies They may
be erroneous, but the mere correction of error involves firsta
new study, and then a new interest which that error has
created In humane studies there are times when a new error 1s
more life-giving than an old truth, a fertile error than a sterile
accuracy

I agree with Professor Trevor-Roper, except on one pomnt his
apparent belief?? that what he says holds only for the humane
studies, and not for the natural sciences Admuttedly, specialists are
needed in both the sciences and the humane studies But spectal-
ization and the professionalist attitude of superiority and exclusive-
ness towards the outsider or layman must lead to the drymng up of
both humanist and scientific studies

Professor Elton mn his book, The Practice of History, defends
professionalism But does 1t need defence? Did Ranke not win this
battle a hundred years ago? It seems to me, rather, that it has become
necessary now to remind the great professionalists, and specialists,
whether 1n history, in science, or 1n medicine, that they too are hable
to make mustakes — that 1s, professional mustakes It 1s regarded as
wrong and even humiliatng to make mustakes But who has not
made them? The historian may think that a great physicist makes no
mistakes 1n his subject But were he to study the history of physics
he would soon find that even the greatest physicists have made
mustakes Einstemn worked from 1905 to 1915 on the problem of
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gravitation before he arrived at a theory that could replace New-
ton’s, spending almost the whole of the last three of these ten years
onwhat he described as a completely mistaken track And even after
he had found s field equations, he was told by Kretschmann in
1917 that what he had proposed as an essennial argument was
mastaken Einstein at once admutted the mustake But what he then
satd 1 order to replace his argument (he hinted that Newton’s
equations could only with considerable difficulty be put mn a
covariant form) was again mistaken, as has been shown since

Nobody 1s exempt from making mustakes The great thung 1s to
learn from them And this is done by criticism, and by the discovery
of new problems brought forth by criucism

I think that this 1s mplicitly admitted m Elton’s book He
distinguishes between historical analysis ~ the analysis of historical
problems — and hustorical narrative Yet he argues agamnst Lord
Acton’s excellent advice to young historians, given 1n his maugural
lecture of 1895,% that they should “study problems mn preference to
pertods’

Lord Acton’s views on method, like Collingwood’s or Professor
Trevor-Roper’s, can, I think, be shown to be essentially 1n agreement
with those I am defending here Elton, however, seems to dishike
them But a close reading of what he says shows that in the end he
seems to agree with Lord Acton Let me quote Elton

To study problems not periods was Lord Acton’s much-
quoted mjunction, and those who cite him approvingly fail to
note that 1t 1s now some seventy years since he uttered those
gnomic words, and that 1n actual fact he proved incapable of
studying either problems or periods to a practical conclusion
The historian, working m the records and meeting one
unresolved problem after another, quite naturally persuades
himself that the real work consists i tackling these dark
entities

— that 1s, the problems ‘But that does not mean that one should pin
a special medal on analys:s’,*® Elton adds — which means, apparently,
that one should not be specially concerned with problem solving So
far, it will be seen, no argument has been brought forward against
Acton except that his words are ‘gnomic’ and seventy-two years
old % Yet Elton’s next two sentences are in fact an admission that
Acton 1s right The first reads ‘Since history 1s the record of events,
and of problems, proceeding through time, narrative must be not
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only legitimate but also urgently called for’ In this sentence
‘problems proceeding through time’® are appealed to This will
hardly do as an argument against Acton’s stress on problems, for
Acton never said that you should not follow your problems through
tume The next sentence of Elton’s 1s even clearer ‘Once agam, the
only pomnt which determines the choice 1s the historian’s purpose,
the questions he 1s asking *® 1 entirely agree The guestions the
historian 1s asking are decisive But ‘the questions the historian s
asking’ 15 merely a synonym for the term ‘historical problem’ And
so we are back at Lord Acton’s emphasis on problems

In fact, 1t seems that our work can start only from problems And
this holds true not only for what Elton calls “analysis® but just as
much for what he calls ‘narrative’

It may perhaps be useful to pomnt out here that Leopold von
Ranke’s famous professionalist revolution of history had 1n it more
than a streak of what Hayek has called ‘scientism’ The alleged
method of the professional scientist s start from observations,
observe, and go on observing The alleged method of the pro-
fessional histortan 1s start from documents, read documents, and go
on reading documents

These alleged methods are exactly analogous, and both are
precepts which cannot be carried out they are logically impossible
You cannot start from observation you have to know first what to
observe That 1s, you have to start from a problem ?? Moreover, there
1s no such thing as an uninterpreted observation All observations
are mterpreted m the light of theories Exactly the same holds for
documents Is my tramn ticket to London a historical document? Yes
and no If I am accused of murder, the ticket may possibly serve to
support an aliby, and so become an important historical document
(as m Dorothy Sayers’ Five Red Herrings) Nevertheless, I should
not adwvise 2 historian to start his work by collecting used railway
tickets

A historical document, like a scientific observation, 1s a document
only relative to a historical problem And like an observation, it has
to be mterpreted Thus is one of the reasons why people may be blind
to the significance of a document, and destroy 1t Or why they may
destroy (as Elton complains) the order of some documents and, with
1t, one of the clues to their mterpretation

So far I have tried to produce a few arguments to show that there 1s
more m common between the actual method of science and the
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actual method of history than most historians realize The simularity
extends even to the scientistic nusinterpretations of the two
methods, as my last remarks show

But 1s there not a fundamental difference one connected with the
problem of understanding history?

I will outline very briefly Collingwood’s theory of sympathetic
understanding or, as 1t may be called, empathy, which we find i hus
posthumously published book The Idea of History Collingwood’s
theory may be stated 1n brief as follows historical knowledge, or
historical understanding, consists m the re-enactment by the bis-
torian of past experzence Let me quote a passage from Collingwood,
a passage with which 1 agree to a considerable extent

Suppose [a hustorian] 1s reading the Theodosian Code, and has
before him a certain edict of an emperor Merely reading the
words and bemng able to translate them does not amount to
knowing their historical significance In order to do that he
must envisage the situation with which the emperor was trymng
to deal, and he must envisage 1t as that emperor envisaged 1t
Then he must see for himself, just as if the emperor’s situation
were his own, how such a situation mught be dealt with, he
must see the possible alternatives, and the reasons for choosing
one rather than another, and thus he must go through the
process which the emperor went through in deciding on this
particular course Thus he 1s re-enacting 1n his own mind the
experience of the emperor, and only 1 so far as he does this has
he any historical knowledge, as distinct from a merely phi-
lological knowledge, of the meaning of the edict

Or agan, suppose he 1s reading a passage of an ancient
philosopher Once more, he must know the language m a
philological sense and be able to construe, but by doing that he
has not yet understood the passage as an historian of philos-
ophy must understand 1t In order to do that, he must see what
the philosophical problem was, of which hus author is here
stating hus solution He must think that problem out for
himself, see what possible solutions of 1t mught be offered, and
see why thus particular philosopher chose that solution instead
of another This means re-thinking for humself the thought of
his author and nothing short of that will make him the
historian of that author’s philosophy *°

What Collingwood here describes I have tried to describe 1 The
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Poverty of Historiasm, and i The Open Society, and m other works,
under the name of situational logic ot sitnational analysis > What we
have to do, I suggested, was to reconstruct the problem sitwation in
whuch the acting person finds himself, and to show how and why hus
action constituted a solution of the problem as he saw 1t

Yet I have mentioned above that I agree with Collingwood’s
passage only to a considerable extent Why not entirely?

There s a difference between Collingwood’s theory and mine It
seems a small difference, but 1t has far-reaching consequences

The difference 15 this Collingwood makes 1t clear that the
essential thing m understanding hustory 1s not so much the analysis
of the situation as the historian’s mental process of re-enactment
The analysis of the situation serves only as an mdispensable aid for
this re-enactment *? I, on the other hand, suggest that the psycho-
logical process of re-enactment 1s messential, though I admut that 1t
can greatly help the historian, by providing a kind of mtuitive check
of the success of his situational analysis What 1s essenuial, I suggest,
1s not the re-enactment but the situational analysis the historan’s
attempt to analyse and describe the situation 1s nothing else than hus
historical conjecture, hus historical theory And the question - “What
were the important or operative elements in the situation® — is the
central problem that the historian tries to solve To the extent that
he solves 1t, he has understood the historical situation and the piece
of hustory that he tries to recapture

What he has to do gua historian 1s not to re-enact what has
happened, but to give objective arguments in support of his
situational analysis He may well be able to do so, while the
re-enactment may or may not work For the act may be in many
ways beyond lum It may be an act of cruelty or an act of heroism,
which he may be unable to re-enact Or it may be an achievement
in art, or literature, or science, or philosophy, that exceeds his
abilities Yet all this does not prevent hum from making interesting
historical discoveries — from finding new solutions to old historical
problems, or even from finding new historical problems

The main significance of the difference between Collingwood’s
re-enactment method and my method of situational analysss 1s that
Collingwood’s 1s a subjectrvist method, while the method I advocate
1s objectivist ** It would seem that f we follow Collingwood,
systematic rational criticsm of competing solutions to historical
problems becomes wmpossible For we can rationally criticize only
conjectures or theories that have not become part of ourselves, but
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can be put outside ourselves, and may thus be mnspected by
everybody, especially by those who hold different theories The
objectivist method of situational analysis, on the other hand, permuts
the crutzcal discussion of our tentative solutions — of our attempts to
reconstruct the situation And to this extent it 1s, indeed, much
nearer to the actual method of the natural sciences

Let me take a very sumple example It 1s well known that Galileo
was unwilling to accept the lunar theory of the udes, and that he
made tremendous efforts trying to explain the udes by a non-lunar
theory Itis also known that Galileo did not reciprocate the friendly
advances of Kepler These two facts create two problems And they
may give rise to the following explanatory historical conjecture
Galileo was opposed to astrology — to the theory that the positions
of the planets, including the moon, have an influence upon terrestrial
events Documents show that the lunar theory of the tides was
indeed part of astrological lore And the fact that Kepler was a
professional astrologer was, of course, known to Galileo

Now a rereading of Galileo’s Dizlogne Concerning the Two Chief
World Systems with this conjecture in mind led me to the following
passage (the last one 1n which Kepler 1s mentioned), which seems to
corroborate the conjecture **

Thus everything that has been previously conjectured by
others [concerning the explanation of the udes] seems to me
completely mvahid But among all the great men who have
philosophized about this remarkable effect, I am more aston-
ished at Kepler than at any other Despite his open and acute
mund, and though he has at Jus fingertips the motions
attributed to the earth, he nevertheless lent his ear and his
assent to the moon’s dommation over the waters, to occult
properties, and to such puerilities

It so happens that when I had previously read this passage, I did not
understand the full weight of the reference to ‘occult properties” 1t
was only after I had been troubled by these two problems, and had
produced my conjecture, that [ understood this passage fully

It 15 clear that this little bit of very simple historical problem
solving operates with what I call situational logic or situational
analysis This method of analysis helps us to explain two of Galileo’s
attitudes — one towards a scienttfic problem, one towards a person
~ by way of a conjectural reconstruction of the problem situation,
as he may have seen 1t Yet this reconstruction 1s not a real

148



7 THE PHILOSOPHY OF HISTORY

re-enactment m Collingwood’s sense It 1s not a re-enactment of
Galileo’s thoughts and actions that 1s of interest here Neither 1s 1t
a remvention of Galileo’s theory of the tides (an act of which I am
quite mncapable) Nor 1s it a re-enactment of his failure to reply to
some of Kepler’s letters (although failing to reply to a letter or even
to two letters 1s a thing of which T am perfectly capable)

Now Galileo’s failure to reply to Kepler 1s clearly one of those
things simply not worth re-enacting 1n itself 1t 15 too trivial an action
(or; rather, maction) But as a symptom, and in connection with
another historical problem, 1t may be interesting And 1t 1s so from
the point of view of our situational diagnosis

I therefore claim for situational analysis that 1t 1s a better theory
of historical understanding than Collingwood’s re-enactment the-
ory Itisless ngid Itis not confined, as 1s Collingwood’s theory, to
the re-enactment of conscious thought processes, but makes allow-
ance for the reconstruction of problem situations that were incom-
pletely understood by the agent Furthermore, 1t makes room for the
reconstruction and analysis of situations that arise as the unintended
and unforeseen consequences of our actions — a very tmportant point
indeed And 1t allows us to gve full weight, 1 our situational
analysis, not only to individuals but also to mnstitutions In other
words, it 1s wider, or, as I may say, far more pluralistic than even that
of Collingwood who, by his strong emphasis on problems, ap-
proached history m a far more pluralistic spirit than any of his
predecessors For Collingwood, the re-enactment of any thought
may become a problem For situational logic, the reconstruction of
any sttuation, including the reconstruction of the one that brought
about another, may become a problem Moreover, situational logic
1s as much concerned with the situation as experienced by the actng
subject as with the objective situation as 1t actually was, and thus
with the objective errors of the acting subject

This brings me to the most important difference between my
approach and Collingwood’s For Collingwood, as for almost all
philosophers, knowledge consists, essentially, in iving experiences of
the knowing subject And ths, of course, holds for historical
knowledge For me, knowledge consists essentally of exosomatic
artefacts, or products, or mstitutions*® (It 1s their exosomatic
character that makes them rationally criticizable ) There s knowledge
without a knowing subject — that knowledge, for example, which 1s
stored 1 our libraries Thus there can be growth of knowledge
without any growth of awareness i the knower The growth of
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knowledge can even form the main plot of our history And yet there
may be no corresponding increase in exther our subjective knowledge
orour abilities There may even be no change in our interests Human
knowledge may grow outside of human bemngs

Thus 1t 15 possible to differentiate between the evolution of man
(1n the singular), that 1s, of mankind and 1ts exosomatic knowledge,
and the history of different individual men (1n the plural) And there
1s no doubt n my mund that the main value and the mamn
characteristic of the subject that we call history; indeed of all
humanistic subjects, 1s that it 1s wide enough to nterest itself not
only in the evolution of the human race and 1ts mstitutions, but in
the stores of individual men (in the plural) and their struggles with
their insututions, with their evolving environment, and with the
problems posed by the evolution of man and his knowledge

Thus history 1s pluralistic It deals not only with man but with
men Above all 1t allows us to rase the problem how much or how
little the growth of knowledge, the history of art, and the evolution
of man has affected men This problem, I suggest, 1s one of the
greatest problems of history

NOTES

1 Cp the opening section of my ‘Science Problems, Aims, Responsibih-
ues , chapter 4 of the present volume

2 The last paragraph closely follows p 346 of my Compectures and
Refutations

3 Cp my Poverty of Historicism, pp 3t and 17, my Open Society, volume
1L, pp 208 and 255-6, and the mteresting-discussion i Alan Donagan’s
paper ‘Popper s Examinauon of Histonicism’, in The Philosophy of Karl
Popper, Eﬁit@d by PA Schilpp, i The Library of Living Philosophers,
The Open Court Publishing Co , La Salle, Ithnoss, 1974, pp 905-24

4 Fora discussion of historicist theortes in the arts, and the undesirable
consequences to which they have led, see my ‘Intellectual Auto-
biography , ‘especially sections 13 and 14, and Ernst Gembrich, “The
Logic of Vamty Fair’, both in The Philosophy of Karl Popper, edited by
PA Schipp My ‘Intellectual Autobiography’ 15 now independently
published under the'title Unended Quest

5 See Gombrich s paper cited 1 note 4, and my reply on pp 117480 of
the same book

6 Cp my discussion in chapter 2 above

7 An example of this may be found n the development of my ideas
regarthing the so-called ‘empirical basts’ of knowledge Contrary to the
commonsensical idea that our perceptions are grven to'us by the world,
I have stressed, as a corrective, the role of our active participation
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Making comes before matching  But thus 1s 1tself m need of a further
corrective For if taken systematically, 1t would lead to 1dealism, with
reahity as our construction So I then introduce the corrective 1dea that
we get into contact with reality through an empirical refutanon, much
as-does a man when he huts a brick wall
See my Poverty of Historicism, especially the first paragraph of
section 31
George H Nadel, ‘Philosophy of History before Historicism’, The
Critrcal Approach to Science and Philosophy, edited by Marto Bunge,
The Free Press, Glencoe, Ilhinois, 1964, pp 445-70
Cp Nadel,p 469, note 2
G WF Hegel, The Philosophy of History, cp Sibree s translation, 1956,
6
Leopold von Ranke, Geschichte der Romamschen und Germanischen
Volker, (1824), 3rd editron 1885, p v (my translation)
See also chapter 6 of the present volume
Isatah Berlin, Historical Inevtability; Auguste Comte Memorial Trust
Lecture, Oxford University Press, London, 1954, see p 11, footnote
George Thomson, The Inspuwration of Scrience; Oxford University Press,
London, 1961
FA von Hayek, Studies in Philosophy, Politics, and Economucs, Rout-
ledge & Kegan Paul, London, 1967, p v (The reader may be reminded
that the present essay was first published as a contrnibution to a Hayek
Festschrift, and that the lecture on which 1t was based was gwven
1967 )
Cp my Objective Knowledge, pp 243 and 287
The following comment 1n the Preface of W Letwin’s The Ongins of
Saienisfic Economacs, Methuen & Co, 1963, p 1x, 15 most interesting 10
this connection “They [the inventors of economme theortes at the end of
the seventeenth century] created scientific theories, yet they generally
did not do so deliberately, nor did they do it even for the sake of
knowledge, but rather their scientific accomplishments were a
by-product of thewr efforts to convince others to-accede to certain
economic pohcies To show how these practical; and often mercenary;
objectives led certain men to build-a new science, the first social science,
1s my chief purpose ’
This example 15 based on the account in Macaulay s History of England,
chapter XXI For a more recent discussion of the currency crisis and the
various economuc theortes that were put forward in the course of the
controversy, see W Letwin, The Origins of Secientific Economics,
pp 64-75 and 166-71, and J K Hotsefield, British Monetary Experr-
ments 1650-1710,G Bell & Sons, London; 1960, pp 23-70 (According
to Horsefield, Newton s memorandum on the currency crisis was in
favour of devaluation)
Only the relattvity of truth 1s contested here Relevance 1s relauve, but
this does not give rise to a problem of historical relativity There can be
no real clash between different claims to relevance thisis just one of the
reasons for a pluralist approach to the philosophy of history
Hugh R Trevor-Roper, History Professional and Lay, Clarendon Press,
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Oxford, 1957, pp 21f

See, forexample,p 13 *  the view which I wish to express springs from
the conviction that history 1s 2 humane study and that the study of the
humanities requires a different method from the study of the sciences’
Peter Havas, Four-Dimensional Formulations of Newtonian Mechan-
ics and Their Relation to the Special and the General Theory of
Relativity’, Review of Modern Physics, 36, 1964, pp. 938-65

Lord Acton, Inangural Lecture on the Study of History, London, 1895
Cp his Lectures on Modern History, 1906, or Essays n the Liberal
Interpretation of History, edited by WH McNedll, University of
Chucago Press, Chicago and London, 1967, pp 350f

Cp GR Elion, The Practice of History, Sydney University Press,
Sydney, 1967,p 127

It can hardly be said to be a criticism that Acton did not succeed m
carrying his somewhat optimistic plans to a “practical conclusion’
Elton, pp 127f

Elton,p 128

Thus was seen clearly by Ranke’s contemporary, Gustav Droysen In lus
lectures on historical method he says ‘For research does not proceed by
random discoveries, 1t seeks something It must know what 1t 1s looking
for if 1t 1s to find anything at all > Johann Gustav Droysen, Histortk
Vorlesungen uber Enzyklopadie und Methodologie der Geschichte,
edited by Rudolf Hubner, 1936, p 35 (I owe this reference to Kims
Collins )

R G Collingwood, The Idea of History, Oxford University Press,
London, 1946, p 283

See my Poverty of Historicism, pp 149, my Open Socety, volume II,
pp 97 and 265, chapter 4 of my Objective Knowledge, and chapter 8 of
the present volume

Since this paper was first published in Roads to Freedom, Margit Hurup
Nielsen has drawn my attention to the fact that fmy interpretation of
Collingwood 1s perhaps controversial, in that it seems now to be widely
accepted that Collingwood, when talking of re-enactment, was talking
of areconstruction, by the histonian, of something close to what IT'would
call the objective thought contents of the historical agent, as distinct
from a re-experiencing of lus feelings If this interpretation 1s correct,
then Collingwood’s views are closer to mine than I had supposed But
there ‘are ‘nevertheless smportant points at 1ssue between us, some of
whichare brought out in my text following note 34

More precisely, my theory 1s an objectvist theory of subjective
understandimg Thus I share with the ‘subjectivist’ approach an emaphasis
on the situation as understood by the agent, and reject attempts to
explain human action 1n “‘objective’ terms where ‘objective’ ‘means
‘behaviourist’ or ‘physicalist’ For this objectivist theory of under-
standing, see chapter 4 of my Objectrve Knowledge

Gableo Galiley, Duilogue Concerning the Two Chief World Systems,
translated by Stullman Drake, University of California Press; Berkeley
and Los Angeles, 1967,p 462 (Cp my Objective Knowledge,p 173 )
Sice this lecture was first published I have discussed this idea 1 much
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more detall See particularly chapters 3, 4, and 8 of my Objective
Knowledge, sections 38f of my Unended Quest, sections 20-6 of my
rephes m The Philosophy of Karl Popper, and chapter P2 of The Self and
Its Bf’gm What I have here called exosomatic artefacts I now usually call
World 3
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MODELS, INSTRUMENTS,
AND TRUTH

The status of the rationality principle in
the social sciences

When I received the invitation to present to you my views on the
methodology of the social sciences, I felt very honoured indeed But
I also felt a little uneasy, for the following reasons My views on the
methodology of the social sciences are the result of my admuration
for economic theory I began to develop them, some twenty-five
years ago, by trying to generalize the method of theoretical
economics | You will understand my fear that you may, as econ-
omists, find my views trovial — if not altogether out of date

It was ths fear which made me decide to devote about one-third
of this lecture to my views on the methodology of science i general,
one third (sections 2 to 7) to problems peculiar to the methods of
social science, and the remainder (sections 8 to 11) to an attack upon
the instrumentahist philosophy of science - that sull fashionable
phiosophical theory of pragmatism which tells us that our theories
are nothing but mstruments To this I shall oppose my own view
according to which theortes are steps in our search for truth — or to
be both more explicit and more modest, 1 our search for better and

Based on a lecture delivered 1n the Department of Economics, Harvard Umiversity,
on 26 February 1963 The lecture was rewised after 1f was delivered and two new
sections (12 and 13) were added 10 1963 and 1964 Axn extract of this paper has been
published 1 French, under the utle La rationalite et le statutr du prinvipe de
rationalite n Les fondements philosophignes des systemes economigues Textes de
Jacgues Rueff et essars vediges en som honnews, edived by EM Claassen, Payor, Pars,
1967, pp 142-50 The paper has been left unchenged apart from certamn minor
corrections, the addition of the notes; and a few other addmons as mdicated 1n the
notes
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better solutions of deeper and deeper problems (where ‘better and
better’ means, as we shall see, ‘nearer and nearer to the truth’) 2

1 Problems, theories, and criticisim

The views on the methods of the social sciences that I am going to
sketch are briefly these The methods appropriate to the social
sciences are totally different from the methods of the natural
sciences as they are usnally described by textbooks, by tradition, and
by the majority of natural and social scientists But this is so merely
because all these textbooks and these traditions and these scientists
are totally mistaken about the methods of the natural sciences Once
we get a proper understanding of the methods of the natural
sciences, we can see that there 1s a great deal in common between
them and the methods of the social sciences

The man misunderstanding about the natural sciences lies in the
belief that science — or the scientist — starts from observation and the
collection of data or facts or measurements, and thence proceeds to
connect or correlate these, and so to arrive — somehow — at
generalizations and theories

I remember an occasion when I was chairman of a meeting 1n
which a disungwshed scientist presented this view Science, he said,
was just measuring, and correlating results In the discussion that
followed, I suggested that we should ask for a grant for a project of
measuring the length, wadth, thuckness, and weight of the books 1n
the Brinsh Museum — i order to study possible correlanons
between these measurements I predicted that we should be able to
find strong posiuve correlations between the product of the first
three measures and the fourth

Why 1s this project absurd?® Because 1t 1s uninteresting Because 1t
starts from the collecuon of data rather than from a scientfic
problem And because there 15 no reason to think that 1t will throw
light on the more pressing scientific problems of the day

The work of the scientist does not start with the collection of data,
but with the sensitive selection of a promusing problem — a problem
that 1s significant within the current problem situation, which m 1ts
turn 1s entirely dominated by our theories

It 15 my view that the methods of the natural as well as the social
sciences can be best understood if we admit that scence always
begins and ends with problems The progress of science les,
essentially, in the evolution of 1ts problems And 1t can be gauged by
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the mcreasing refinement, wealth, ferulity, and depth of its prob-
lems

Scientific problems are preceded, of course, by pre-scientific
problems, and especially by practical problems Even the amoeba,
we may safely assume, has problems For every organism has built-
m expectations And problems arise, most characteristically, when
some of these expectations are disappointed

You may ask how 1t 1s possible for us to begin with problems, and
how there can possibly be any problems in the absence of all prior
knowledge — for example, 1n the form of expectations This question
1s very much to the pomt And my answer 1s that we never start
afresh, from nothing, so to speak, with a completely mnnocent mind
The growth of knowledge always consists m correcting earlier
knowledge Historically, science begins with pre-scientific knowl-
edge, with pre-scientific myths and pre-scientific expectations And
these, 1n turn, have no ‘beginnings” They ‘begin’ when life begins
And even at the beginning of Iife there are problems — problems of
survival Thus no first knowledge was ever engraved on an innocent
mund, or on a tabula rasa, or an empty slate There 15 simply no new
knowledge without some kind of earlier knowledge, some kind of
expectation, upon which 1t 1s a modification And such modifica-
tions occur especially when earlier knowledge runs nto trouble —for
example, when an expectation s disappointed, when 1t gives rise to
aproblem

Thus we can look upon any particular stem of knowledge, and
especially upon any scientific theory, as a tentatve solution to some
problem or other, and as giving rise to new problems And the
ferulity and depth of our theories may well be measured by the
fertility and depth of the new problems to which they give rise

As I have admutted that every problem arises out of some kind of
knowledge, and therefore presupposes knowledge, you may ask
whether my remark that science begins and ends with problems
could not be replaced by the remark that science begins and ends
with knowledge My answer 1s, “Yes — provided you mean (as I do)
by knowledge something like problematic or hypothetical or tenta-
tive knowledge rather than unproblematic or settled knowledge’
Settled knowledge does not grow I have often sard myself that
science begins and ends with theories But I used the term ‘theory’
in a very wide sense, i a sense 1 which it includes myths and all
kinds of expectations and guesses I never use it in the sense of a
settled or proved or established theory, for I do not think that such
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a theory exists A theory always remains hypothetical, or con-
jectural Italways remasns guesswork And there 1s no theory whuch
1s not beset with problems

Yet I think that the remark that science begins and ends with
problems 15 perhaps a little more mformative than the remark that
science begins and ends with theories

To see this let us consider for a moment what 1t means to
understand a theory

Understanding a theory means, I suggest, understanding it as an
attempt to solve a certain problem Thus 1s an 1mportant proposition,
and one which too few people understand The problem which a
theory 1s mntended to solve may be either a practical problem (such
as finding a cure for, or a preventative against, poliomyelitis or
inflation) or a theoretical problem ~ that 1s, 2 problem of explanation
(such as explaming how poliomyeliss 1s transmutted, or how
inflation comes about)

What 1s the pomnt of, say, Newton’s theory? It 15 an attempt to
solve the problem of derwing, and, to that extent, of explaining
Kepler’s laws and Galileo’s laws (I shall not go here mnto the
question of why Newton himself did not regard his theory as
explanatory) Without understanding the problem situation which
gave rise to the theory, the theory 1s pomntless ~ that 1s, 1t cannot be
properly understood Stmularly, without understanding the prob-
lems raised by depression and unemployment for neo-classical
economics, Keynes” theory must appear pointless, and cannot be
fully understood It can only be understood as an attempt to solve
these problems You see from this that at least from the pomnt of view
of understanding science — that 1s, understanding its theories —
problems are prior to theories This 1s one of the reasons why I
believe that in saying that sczence begins and ends with problems 1 am
giving you a simple formula of considerable power and applica-
bility

Of course, we must now ask What 1s 1t to understand 2 problem?
If a young scientist is supposed to begin with a problem, how can
he ever be in the position to understand 1t* How, therefore, can he
ever begin with a problem?

My answer 1s that there really 1s only one way of learning to
understand a problem which we do not yet understand — and thatis
to try to solve 1t and to fail

This may sound paradoxical For how can we try to solve a
problem which we do not even understand?
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The answer to this question 1s that if we do not understand the
problem, we shall certamly — or almost certainly — not solve 1t But
the certamnty of failure need not prevent us from trying

Take as an example a practical problem, such as learning to ride a
bicycle or to play the violin With the exception perhaps of a few
gentuses, all those who do not yet understand the problem of riding
a bicycle are likely to fail at their first attempts to solve it And so
are those who do not yet understand the problem of playing the
violin But after a few failures they may begin to appreciate where
the difficulty Lies they will begin to understand the problem For a
problem 1s nothung but a difficulty And to understand a problem s
nothing but being aware of what this particular difficulty 1s like

Practical problems may give rise to theoretical problems For
example, the practical problem of riding a bicycle may give rise to
the theoretical problem of explaining how and why the rider keeps
his balance And the pracucal problem of playing a musical
instrument, or of making one, may give rise to the development of
the theory of acoustics Now n every such theory, new problems
will arise agamn and agamn These may be perhaps internal difficulties
of the theory, such as explanations which we find for some reason
unsatisfactory, or clashes between the theory and the facts The
theory evolves as a result of our attempts to solve these problems

One can say that most theoretical problems arise from cases 1n
which the theory has let us down, so that some kind of repair of the
theory 1s needed But this 1s precisely the reason why we do not, in
general, “understand’ the new problem at first our theory (that 1s,
the old theory, the one of which we know something) 1s msufficient,
and we do not know what 1s wrong with it But we can learn to
understand the problem better and better by trying to adjust or
repair our theory, or to replace 1t by another one Clearly, these
attempts are not likely to succeed as long as we do not “understand’
the problem before us But my thesis 1s that by criticizing our own
attempts — our falures — we learn more and more about our
problem we learn where its difficulties ie As with practical and
pre-scientific problems, we learn from our mistakes, from our
failures, by something like a feedback method

My view of the method of science s, very sumply, that 1t
systematizes the pre-scientific method of learning from our mus-
takes It does so by the device called critical discussion

My whole view of scientific method may be summed up by saying
that it consists of these four steps

158



8§ MODELS, INSTRUMENTS, AND TRUTH

1 We select some problem — perhaps by stumbling over 1t
We try to solve 1t by proposing a theory as a tentative solution

3 Through the critical discussion of our theories our knowledge
grows by the elimination of some of our errors, and in this way
we learn to understand our problems, and our theories, and the
need for new solutions

4 The critical discussion of even our best theories always reveals
new problems

Or to put these four steps mnto four words problems — theorzes -
criticisms — new problems

Of these four all-important categories the one which 1s most
characteristic of sczence 1s that of error-elimination through crticism
For what we vaguely call the objectvity of science, and the
rationality of science, are merely aspects of the critical discussion of
scientific theories

To see this, 1t 15 important to be clear about the aims of the critical
discussion of a scientific theory Criticism of a scientfic theory 1s
always an attempt to find (and to eliminate) a mustake, a flaw, or an
error withwn the theory It 1s, as I have indicated, the negative
feedback by which we control the construction of our theories It
tries to show erther that the theory has unacceptable consequences,
or that 1t does not solve the problem 1t sets out to solve, or that 1t
merely shufts the problem, raising difficulues worse than it sur-
mounts, or that 1t 1s inferior to some of the competing theories — that
1t 1, for example, weaker, or more complex

Thus 1s the aim of scientific criticism It 1s important to note what
scientific criticism does not try to show It does not try to show that
the theory in question has not been proved or demonstrated
Simularly, 1t does not try to show that the theory in question has not
been established or justified — because no theory can be established
or yustified Incidentally, it does not try to show that the theory 1n
question has a high probability (in the sense of the probability
calculus) — becanse no theory has a bigh probability (1n the sense of
the probability calculus)

Accordingly, scientists, in their critical discussions, do not attack the
arguments which might be used to establish, or even to support, the
theory under examunation They attack the theory itself, gua
solution of the problem 1t tries to solve They examine and challenge
1ts consequences, its explanatory power, its consistency, and
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1ts compatibility with other theories

What we call scientific obectrvaty 1s nothing else than the fact that no
scientific theory 1s accepted as a dogma, and that all theories are
tentative and are open all the time to severe criticism — to a rational
critical discussion anming at the elimiation of errors

As 1o the rationality of science, thus 1s simply the ranonality of
critical discussion Indeed there 1s nothing, I think, which can better
explain the somewhat abstract idea of rationality than the example
of a well-conducted critical discussion And a critical discussion 1s
well-conducted if 1t 1s entirely devoted to one aim to find a flaw in
the claim that a certain theory presents a solution to a certain
problem The scienusts participaung m the critical discussion
constantly try to refute the theory, or at least its claim that 1t can
solve 1ts problem

It 15 most important to see that a critical discussion always deals
with more than one theory at a time For in trying to assess the
merits or demerits even of one theory, 1t always must try to judge
whether the theory 1n question 1s an advance whether 1t explains
things which we have been unable to explain so far — that 15 to say,
with the help of older theories But of course there 1s often (1n fact,
always) more than one new theory competing at a time, 1n which
case the critical discussion tries to assess their comparative merits
and dements Older theories, however, always play an important
part 1 the critical discussion, especially those theories which form
part of the ‘background knowledge’ of the discussion — theories
which, for the time being, are not criticized, but are used as the
framework within which the discussion takes place Any single one
of these background theories may however be challenged at any tume
(though not too many at the same time}, and thus move nto the
foreground of the discussion Though there 1s always a background,
any particular part of the background may at any ume lose s
background character

Thus critical discussion 1s essentially a comparison of the merits
and demerits of two or more theories (usually more than two) The
merits discussed are, mainly, the explanatory power of the theories
(discussed at some length 1n my Logic of Scientific Discovery) — the
way in which they are able to solve our problems of explaming
things, the way in which the theories cohere with certamn other
highly valued theories, their power to shed new lght on old
problems and to suggest new problems The chief demerit 1s
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inconsistency, mncluding mconsistency with the results of exper-
iments that a competing theory can explan

It will be seen from this that critical discussion will often be
undecided, and that there do not exist very defimte criteria for
tentative acceptability that the fronuer of science 1s very fluid

Thus the result of a scientific discussion 1s very often mconclusive,
not only 1n the sense that we cannot conclusively verify (or even
falsify) any of the theories under discussion — this should by now be
obvious ~ but also 1n the sense that we cannot say that one of our
theories seems to have definite advantages overits competitors If we
are lucky, however, we may sometimes come to the conclusion that
one of the theortes has greater ments and lesser demernits than the
others (In this case some people say that the theory 1s ‘accepted’ —
of course, only for the ume being )

From this analysis of the process of the critical discussion of
theories 1t should be clear that the discussion never considers the
question whether a theory 1s ‘justfied’ n the sense that we are
justified 1n accepting 1t as rruwe At best, the criucal discussion
justifies the claim that the theory mn question 1s the best available, o,
1n other words, that 1t comes nearest to the truth

Thus although we can judge theories only ‘relatvely’ in the sense
that we compare them with each other (and not with the truth,
which we do not kaow), this does not mean that we are relatreists
(1n the sense of the famous phrase that ‘truth 1s relauve’) On the
contrary, in comparing them, we try to find the one which we judge
comes nearsst 1o the {unknown) truth So the idea of truth (of an
‘absolute’ truth) plays a most important part 1n our discussion It 1s
our mamn regulative idea Though we can never justify the clamm to
have reached truth, we can often give some very good reasons, or
justification, why one theory should be judged to be nearer to 1t than
another

What I have said so far 1s meant to apply equally to the natural and
to the social sciences At this stage I will add only one remark which
could have some bearing on the question of the differences - or the
alleged differences — between them

One of the most telling and important forms of criticism — that 1s,
of the critical discussion of theories — 15 the appeal to observation,
experiment, and measurement If we can show that the consequences
of a theory do not agree with certamn facts (or with certan
observations or measurements), then we have a strong argument
aganst 1t We may even kill it, especially if we can show that the
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falsifying experiment can be explained by some competing theory
But observations, experiments, and measurements are of interest
only in the context of the critscal discussion of some theory They are
neither starting ponts of science, nor data

Nevertheless, observations, experiments, and measurements can,
by refuting some accepted theory, create a new problem, and thus
start a new line of development And a falsifying experiment is one
of the charactenstic ways i which new problems arise i the
empirical sciences But there are other characterisuc ways Internal
difficulues, for example, may be detected within a theory Or we
may have dealt with various problems quite successfully, solving
each of them by a different theory, only to find that some of these
theories are not mutually compatible While some people may
accept thus situation, others may see an important problem here -
the problem of finding a reconciliation or, preferably, of finding a
new and more comprehensive theory

But before proceeding to discuss the question of the peculiarities
of the social sciences, I wish to repeat that the only? function which
my theory of method assigns to observations, experiments, and
measurements 1s the modest although important one of assisting
criucism — that 15, assisting 1 the discovery of our mustakes

With thus, I conclude my very general remarks on what I believe
to be the critical methods common to both the natural and the social
sciences, and [ now proceed to some points which will help to bring
out some of the peculiarities of the methods of the social sciences

2 Models and situations

In this second part of my lecture, I shall try to explain some of the
symularities between the natural and the social sciences and also some
of the dissimilarities

Let me begin by distinguishing between two kinds of problems of
explanation or prediction

1 The first kind 1s that of explamning or predicting one or a
smallish number of singular events An example from the
natural sciences would be, “When will the next lunar echipse (or,
say, the next two or three lunar eclipses) occur® (An example
from the social sciences would be, “When will there be the next
nise m the rate of unemployment in the Midlands, or in Western
Ontario?)
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2 The second kind 1s that of explaining or predicting a certamn knd
or type of event An example from the natural sciences would be,
“Why do lunar eclipses occur agan and again, and only when
there 1s a full moon® (An example from the social sciences
would be, “Why 1s there a seasonal increase and decrease of
unemployment in the building industry®’)

The difference between these two kinds of problems is that the
first can be solved withous constructing a model, while the second 1s
most eastly solved by means of constructing a model

In order to solve a problem of the first type within the framework
of, say, Newton’s theory of perturbations, no more 1s needed than
certain universal laws (in our case Newton’s laws of motion) and
some of the relevant initial conditions Imitial conditions are, in our
case, the masses, velocities, positions, and diameters of the three
bodies - sun, earth, and moon — at a certain instant of ume (together
with the information that only one of these three — the sun ~ emuts
light}

In order to consider a problem of the second type, we may
construct an actual mechanical model, or refer to a perspective
drawing For our limited purpose, the model may be very rough
indeed It may consist of a fixed lamp, representing the sun, a little
wooden earth rotating in a circle round the sun (an ellipse may be
too subtle for our rough model), and a ittle moon rotating i a circle
round the earth One thing would be essential, however the planes
of the two movements must be so mclined towards each other that
we obtaimn lunar eclipses sometimes, but not at every full moon

I call this a ‘rough’ model because 1t does not pretend to represent
erther the actual situation or the actual Newtoman mechamsm It
allows nexther for the elliptic shapes of the orbits nor for ther
perturbations And it may obtain 1ts motion perhaps from a human
hand or from a wound-up spring or perhaps from 2 little electric
motor, rather than from Newton’s laws of motion And yet 1t may
serve 1ts purpose very well, since 1t solves the problem of explanation
which has been posed

A criucal discussion of our rough model must give rise, however,
to a new problem, ‘How are the earth and the moon propelled in the
real world” And with this, we come agan to Newton’s laws of
motion There 15 no need, however, to mtroduce minal conditions
wmto our solution As far as problems of the second kind are
concerned (the explanation of types of events), iutial conditions may
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be completely replaced by the construction of a model this, one
mught say, mcorporates typical mitial conditions

So we arrive at the following result

While explanations or predictions of the first kind — that 1s,
explanations or predicuons of singular events — operate with
umversal laws and imuial conditions, explanations and predictions of
the second kind - that 1s, those which explain and predict typical
events — operate with models, which represent something like
typical iunial conditions But the latter also need universal laws if we
wish to make the model move, or work, or, as we may say, if we wish
to ‘amimate’ the model ~ that 1s, if we wish to represent the way n
which the various elements of the model may act upon each other

That these ‘amumating’ laws cannot be dispensed with may be seen
if we consider Le Sage’s attempt to incorporate the force of
attraction into the model of the solar system Le Sage (and before
him Newton) envisaged that ‘space’ 1s full of fast particles moving 1n
all directions (think of what we nowadays call ‘cosmic radiation’)
and that the impact of these particles drives the heavy masses
towards each other, since each of these masses works hike an
umbrella i a hailstorm, parnally protecting the other masses from
the hail This 1s an attempt to derive Newton’s inverse square law
(which otherwise we should have to class as an ‘animating’ law) from
an extension of the model But even here we need animating laws
We must assume, for example, something hike a law according to
which at least a proportion of the cosmic paruicles are absorbed
rather than reflected The same holds true for other attempts to
reduce animating laws to structural properties of the model Such
attempts may be highly successful, but they can never reduce a/l the
‘amimating’ laws to ‘models’ or ‘structures’

Yet the opposite 15 not the case It 1s mteresting to see that all
specific questions answerable by Newtonian theory may m principle
be answered without the construction of a model of the solar system,
sumply by using the universal laws of motion plus mnitial conditions
But as a matter of historical fact, models played an all-important role
i the development of most theories It will suffice to remuind you
that Prolemy, Copernicus, and Kepler were all makers of models,
and that Newton’s theory arose partly as an attempt to solve the
problem of explaining how Kepler’s model was ‘animated’ — how 1ts
elements mnteracted, and how 1ts moving mechamism worked In our
own century, Ruthetford’s and Bohr’s atom models came many
years before quantum mechanics, which provided the (probabilistic)
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theory of what may be called their “anmmation’

Thus a model consists of certain elements placed 1n a typical
relationship to each other, plus certain universal laws of interaction
~the ‘animating’ laws

It seems that, as a rule, we first operate with models, and that the
models, together with a rudimentary working mechanism, may solve
a number of problems of the second kind - that 1s, explamn some
typical events

We also see that even 1n the physical sciences a model need not
be a mechanical model Kepler certamly speculated about the
mechanism of his model of the solar system But while he regarded
the model — that 15, 1ts elements, and their movements —as fairly well
established, he regarded its mode of operation or ammation as
highly hypotheucal, if not as practically unknown And we must not
forget that, although we speak of ‘Newtonian mechanics’, Newton
himself and his contemporaries looked on action at a distance as
something non-mechanical

Models, as here understood, may be called “theories’, or be said to
incorporate theortes, since they are attempts to solve problems —
problems of explanation But the opposite 1s far from true Not all
theories are models Models represent typical mitial conditions
rather than universal laws And they therefore need to be sup-
plemented by ‘animating’ universal laws of interaction - by theortes
which are not models 1n the sense here indicated

All this may be illustrated, for example, by the well-known
models of molecules constructed especially by organic chemusts The
models of molecules which represent arrangements of atoms may
contain sticks representing the chemical bonds But they do not
represent the laws (or resonance) which are the amimating laws
whereby, we conjecture, the molecules are held together These laws
may, 1n their turn, be represented by models But somewhere the
model type of theory ends, and the purely abstract animating laws
come m which govern the interaction of the various parts or
structures that constitute the ‘model’

So much for models 1n the natural sciences

Now what about the social sciences? I wish to propose the thesss
that what I have said about the significance of models 1n the natural
sciences also holds for models m the social sciences In fact, models
are even more important here because the Newtonian method of
explaining and predicting singular events by umversal laws and
mitial conditions 1s hardly ever applicable in the theoretical social
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sciences They operate almost always by the method of construcung
typical situations or conditions — that 1s, by the method of construc-
ung models (This 1s connected with the fact that in the socal
sciences there 15, in Hayek’s terminology, less “explanation n detail’
and more ‘explanation in principle’ than in the physical sciences )

But the role or function of models 1n the theoreuical social sciences
can perhaps be better understood if we look at them from another
point of view

The fundamental problem of both the theoretical and the his-
torical social sciences 1s to explamn and understand events m terms of
human actions and social situations The key term here 1s “social
situation”

The description of a concrete historical social situation 13 what
corresponds in the social sciences to a statement of mitial conditions
in the natural sciences And the ‘models” of the theoreucal social
sciences are essentially descriptions or reconstructions of typical
social situations

In my wview, the idea of a socal situation 1s the fundamental
category of the methodology of the social sciences I should even be
inchined to say that almost every problem of explanation in the social
sciences requires an analysis of a social situation

3 An example of situational analysis

Let me explain, with the help of an example, what I call the
‘situattonal analysis of a social situation” or the ‘Jogic of a social
situation’ or, more briefly, ‘situational logic’

One of my standard examples 15 a pedestrian, let us call hum
Richard, who wants to catch a tram and 1s 13 2 hurey to cross a road
crowded with moving and parked motor cars and other traffic Let
us assume that what we wish to explain are Richard’s somewhat
erratic movements m making his way across the road

What are the obvious situational elements to which we shall have
to refer? There are first the various parked motor cars — physical
bodies, obstacles, which set certain physical limits to Richard’s
movements Then there are moving cars and moving people They
set suntlar limits to Richard’s possible movements, provided we
assume that among his many aims there 1s the aim of avoiding a
collision

But there are further elements in the situation which are equally
relevant to the explanation of Richard’s movements the rule of the
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road, police regulations, traffic signals, zebra crossings, and other
such social wmstiutions Some of these social institutions, such as
traffic signals or zebra crossings, are hinked with, or incorporated 1,
physical bodies Others, such as a signalling police constable, are
incorporated m human bodies But others, such as the rule of the
road, are of a more abstract nature ~ yet Richard may experience
them exactly as if they were obstacles, either physical bodies such as
cars or physical laws (which are ‘prohibitions™) such as the law of
conservation of momentum pertaining to moving cars In fact, I
propose to use the name ‘social mstitution’ for all those things which
set hmuts or create obstacles to our movements and actions almost
as if they were physical bodies or obstacles Social institutions are
expertenced by us as almost hiterally formung part of the furniture of
our habitat

But if we wish to explain Richard’s movements, then we have to
do more than locate the various physical and social obstacles in
physical and social space Indeed, in order that a thing may become
an obstacle to Richard’s movements, we must first attnbute to
Ruchard certain amms — the aim, say, of crossing the road in a hurry
Next, we must attribute to him certain elements of knowledge or
information — that knowledge, for example, of social msututions
which enables him to interpret traffic ights or the signalling of the
police constable (Thus language 15 a social mstituuon, and so are
markets, prices, contracts, and courts of justice )

Now some social scientists would say that we are operaung with
psychological assumptions when we attribute to Richard such things
as this information or these aims But I do not think that 1s so A
psychologist may even question whether Richard really ‘had mn
mund’ anything like an ‘aim’ of crossing the road or whether, rather,
his only “aim’ in a psychological sense, was to avord missing his train,
and whether he was not entirely absorbed by this one idea
Subsidiary aims, such as crossing the road, or putting one foot
before the other, or keeping his balance while walking, or holding on
to his attache case, may all be non-existent, psychologically speak-
ing, even though we may by logical analysis recognize them as
mtermediate aims whuch, under the given conditions, are pre-
requusites for achieving the ultimate aim of catching the tramn

However this may be, I propose to treat both Richard’s aims and
Richard’s knowledge not as psychological facts, to be ascertained by
psychological methods, but as elements of the objective social
sutuatton And I propose to treat his actual psychological aim of
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catching a tram as urelevant for solving our particular problem,
which only requires that his aim — hus ‘situational aim’ — was to cross
the road as quickly as was compatible with safety Similarly, we shall
not be mnterested in Richard’s knowledge 1n general — his familiarity
with Verds’s operas, say, or with certain Sanskrit texts —even though
a psychological enquiry could have brought out how great a part
Verd: and Sanskrit play m hus thoughts, how at the very moment of
his crossing the road he may have hummed a passage from Verds, or
considered the adequacy of a translation of a passage from the
Atharva-veda We shall be concerned only with wformation or
knowledge (such as his knowledge of the rule of the road) which 15
relevant to the situation ®

Thus the situational analysis will comprise some physical things
and some of their properties and states, some social mstitutions and
some of their properties, some aums, and some elements of knowl-
edge Given this analysis of the soctal situation, we may be able to
explain, or to predict, Richard’s movements as he crosses the street

Clearly, what we have here 1s a model, a typical case rather than
a singular case Even though our problem may change, and we may
some day be interested 1 explaming a singular event (say, how and
why Richard was held up by the traffic on a certamn day so that he
did not catch his tran, and therefore missed a great performance of
Verdy’s Otzello, or an mteresting meeting of the Buddhist society),
our method of situational analysis always turns Richard mto
‘anybody’ who may share the relevant situation, and reduces his
personal hiving aims and hus personal knowledge to elements of a
typical situational model, capable of ‘explaining mn principle’ (to use
Hayek’s term) a vast class of structurally similar events

My thesis 1s that only 1 this way can we explain, and understand,
a social event (only 1 this way because we never have sufficient laws
and imitial conditions at our disposal to explain 1t with their help) 7

Now o situational analysis presents us with 2 model, the question
arises what corresponds here to Newton’s universal laws of motion
which, as we have said, animate the model of the solar system? Or
1 other words, how 1s the model of a social situation animated?

4 Psychologism

The usual mistake here 1s to assume that 1n the case of human society,
the ammation of a social model has to be provided by the human
amma or psyche, and that here, therefore, we have to replace
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Newton’s laws of motion erther by the laws of human psychology
m general, or perhaps by the laws of indwidual psychology
pertatning to the mndividual characters who are mvolved as actors n
our situation

But this 1s a mustake, for several reasons Furst of all, we have
already replaced Richard’s concrete, conscious or unconscious,
psychological experiences by some abstract and typical situational
elements, such as those we dubbed ‘aims’ and ‘knowledge’ Sec-
ondly, 1t 1s the central point of situational analysis that we need, 1n
order to ‘animate’ it, no more than the assumption that the various
persons or agents involved act adeguately, or appropriately — that1s
to say, 1n accordance with the situation We must remember, of
course, that the situation, as I use this term, already contams all the
relevant aims and all the available relevant knowledge, especially of
the various possible means for realizing these aims

Thus there 1s only one animating law mvolved — the principle of
acting appropriately to the situation, which 1s clearly an almost
empty principle It 15 known in the literature under the name
‘rationality principle’, a name which has led to countless mus-
understandings

If you look upon this so-called rationality principle from the
point of view which I have here adopted, then you will find that 1t
has little or nothing to do with the empinical or psychological
assertion that man always, or m the main, or in most cases, acts
rationally Rather, 1t turns out to be an aspect of, or a consequence
of, the methodological postulate that we should pack or cram our
whole theoretical effort, our whole explanatory theory, mnto an
analysis of the sitwation — mnto the model

If we adopt this methodological postulate, then the animating law
will, as a consequence, become a kind of zero-principle ® For the
principle may be stated as follows once we have constructed our
model of the situation, we assume no more than that the actors act
within the terms of the model, or that they “work out” what was
imphcit 1n the situation Ths, meidentally, 15 what the term ‘situ-
attonal logie” 1s meant to allude to

The adoption of the rationality principle can therefore be regar-
ded as a by-product of a methodological postulate It does not play
the role of an empirical explanatory theory, of a testable hypothesis
For n this field, the empirical explanatory theories or hypotheses
are, rather, our various models, our various situational analyses Itis
these which may be empirically more or less adequate — which may
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be discussed and crinicized, and whose adequacy may sometimes
even be tested, thereby enabling us, if they fail the test, to learn from
our mustakes

Tests of a model, 1t has to be admutted, are not easily obtamable
and are usually not very clear-cut But this difficulty arises even n
the physical sciences It 1s connected, of course, with the fact that
models are always and necessarily somewhat rough and schematic
over-simplifications Thewr roughness entails a comparatively low
degree of testability For 1t will be difficult to decide whether a
discrepancy 1s due to the unavoidable roughness, or to a mustake 1n
the model Nevertheless, we can somenimes decide, by testing, which
of two competing models 1s the better And 1n the social sciences,
tests of a situational analysis can sometimes be provided by
hsstorical research

5 Further examples

I have treated the example of Richard trymng to cross the road n
some detatl, because I believe that 1t contans almost all the relevant
elements of situational analysis as used i economucs, 1 social
anthropology, in the sociology of power politics, and 1n social or
political hustory

To take a familiar example, the most important part of classical
economic theory 1s the theory of perfect competition It may be
developed as the situational logic of an 1dealized or over-simplified
social situation — the situation of people acung within the msu-
tutional framework of a perfectly free market in which buyers and
sellers are equally informed of the physical qualities of the goods
which are bought and sold Simularly, the pure theory of monopoly
or of duopoly 1s nothing but the situational logic of certain idealized
soctal situations

Analogous remarks may be made, for example, about social
anthropology Social anthropology tries (or should try) to describe
the mstitutional and traditional framework as well as the problems
of a society 1n such a way that the typical actions of 1ts members
become rationally understandable as appropriate It also tries to
explain, mn part, the instututional framework stself, and 1ts changes, as
the result (as a rule, the unmtended result) of actions taken 1n certain
historical situations, such as, for example, the clash of two cultures
(That much of the astomishing development of ancient Greece 15
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nfluenced by culture clash may be seen, for example, from the
scanty fragments that remain of the work of Hecataeus of Abdera %)

6 Problem situations

What I have said so far 15 a brief outhne of the methodology of the
explanatory social sciences, especially economuc theory and social
anthropology But 1t applies especially to hustorical explanatons,
which always operate with a rational reconstruction of a situation *°

Perhaps the best field for this methodology 1s the history of
saience Here the situation of the agent — the creative scientist — 1s
the problem situatuon which he finds m hus scienufic field, though he
may, of course, reframe 1t by looking at 1t 1n a new way One may
generalize this and say that whenever we wish to explan or
understand bistory, we have to look at it as a history of problem
situations

7 Instruments and truth the falsity of social theorzes

I now turn to the last part of my lecture '* In this, I mtend first to
develop certamn arguments which favour pragmatism, but afterwards
I will explain why I do not agree with pragmatism, and that I regard
theories as steps towards the truth

You will remember my assertion that the rationality principle
does not play the role of an empirical or psychological proposition,
and, more especially, that it 1 not treated 1n the social sciences as
subject to any kind of test Tests, when available, are used to test a
particular model, a particular situational analysis — but not the
general method of situational analysis, and not, for this reason, the
rationality principle to uphold this 1s part of the method (The
general method 1s not testable, though it 1s arguable The maimn
argument 1n favour of 1t 1s that 1t appears to give rise to better
testable explanatory hypotheses - that 1s, conjectural situational
models ~ than other methods *?) Thus, if a test mdicates that a
certain model 1s less adequate than another one, then, since both
operate with the rauonality principle, we have no occasion to
discard this principle

This remark explamns, I think, why the rationality principle has
frequently been declared to be 2 prior: And indeed, what else could
1t be1f 1t 1s not empirical?

This pomnt 1s of considerable imterest Those who say that the
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rationality principle 1s # priors mean, of course, that it 15 4 prior:
valid, or a prior: true But 1t seems to me quite clear that they must
be wrong For the ranonality principle seems to me clearly false —
even m 1ts weakest zero'® formulation, which may be put like this
‘Agents always act 1n a manner appropriate to the situation in which
they find themselves *

I think one can see very easily that this 1s not so One has only to
observe flustered drivers trying to get out of a traffic jam, or
desperately trying to park therr cars when there s hardly any
parking space to be found, or none at all, 1n order to see that we do
not always act i accordance with the rationality principle (In thus
hoping against hope, we do not act rationally, even though we act n
accordance with a psychological mechanism whose evolution 1s
rationally understandable **) Moreover, there are, obviously, vast
personal differences, not only in knowledge and skill — these are part
of the situation — but also 1 assessmng or understanding a situation
And this means that some people will act appropriately and others
not

But a principle that 1s not universally true 1s false Thus the
rationality principle 1s false I think there 1s no way out of this
Consequently, we must deny that 1t1s a prior: valid

Now if the rationality principle 1s false, then an explanation which
consists of the conjuncuion of this principle and a model must also
be false, even if the particular model 1n question 1s true

But can the model be true? Can any model be true? I do not think
so Any model, whether in physics or 1n the social sciences, must be
an over-simplification It must omit much, and it must over-
emphasize much

Take a Newtonian model of the solar system Even if we assume
that Newton’s laws of motion are true, the model would not be true
Though 1t contamns a number of planets — n the form, mcidentally,
of mass-points, which they are not — it contamns neither the
meteorites nor the cosmic dust It contains neither the pressure of
the hight of the sun nor that of cosmic radiation It does not even
contam the magnetic properties of the planets, or the electrical fields
which result 1n therr neighbourhood from the movement of these
magnets And — perhaps most important — 1t does not contan
anything representing the action of the distant masses upon the
bodies of the solar system It 15, ke all models, a vast over-
stmphfication

I think we have to admut that most successful scientific theories
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are lucky over-simplificattons But although this does not necess-
arily impugn the veracity of universal laws, 1t seems to be quute
unavoidable mn the construction of models, both m the natural and
in the social sciences, that they over-simplify the facts, and thus do
ot represent the facts truly

Now if the rationality principle, which 1n the social sciences plays
a role somewhat analogous to the universal laws of the natural
sciences, 1s false, and if 1n addition the situational models are also
false, then both the constituent elements of social theory are false If
we wish nevertheless to uphold the method of situational analysis as
the proper method of the social sciences, as I certainly do, and 1f we
wish to uphold the view that science searches for truth, are we not
in a hopelessly difficult position?®

8 Instrumentalism

There 15 2 group of philosophers who may (somewhat preciprtately)
be pleased about what I have been saying the pragmausts or
mstrumentalists For 1t1s thesr creed that we should net, or.cannoet,
aim at ‘pure’ knowledge ~ or at truth ~ with our scientific theories
that scientific theories are nothing but mstruments ~ mstruments,
that 1s, for prediction or practical application — and that we decerve
ourselves if we think that theories may afford us either explanations
or an understanding of what actually happens mn the world

Thus the mstrumentalists muight well rejosce, for all that I have said
seems to support their view And they may even point out that the
ddficultes which T have mentioned are an old story, and that at least
since Niels Bohr, instrumentalism has been almost vniversally
accepted by physicists

Now I have to admut that, owing to the authority of Niels Bohr,
instrumentabism has become very fashionable among physicists But
the st of those who resisted the lure of this fashion includes
Einstemn, de Brogle, and Schrodinger Thus gives me the courage to
confess that I too am an anti-instrumentalist (or, as I may perhaps
say, a realist) In fact I have elsewhere combated the creed of
mstrumentalism at some length,' though I have so far criticized
mstrumentalism only as a philosophy of the physical sciences

What do we anti~nstrumentalists assert? We admut, of course, that
a scientific theory may be applied to all sorts of pracucal problems,
either at once, when first invented, or at a later date And we
therefore have no objection to the assertion that all scienuific theories
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are mstruments — either actual or potential mstruments But we
assert that they are not merely mstruments For we assert that we
may learn from science something about the structure of our world
that scienufic theories can offer genuinely satsfying explanations
that can be understood and so add to our understanding of the
world And we assert — this 1s the crucially important pomt — that
science aims at truth, or at getting nearer to the truth, however
difficult 1t may be to approach truth, even with very moderate
success

The 1ssue can be put 1n a nutshell are scientific theories nothing
but mstruments, or should they, as I suggest, be regarded as attempts
to find the truth about our world, or at least as attempts to get nearer
to the truth?

But, you may ask, 1s 1t permussible to speak so glhbly about the
truth? And even if 1t 15, 1s 1t permissible to speak so glbly about
approachmg truth or getting nearer to the truth? Are not all these
words simply without meaning?

These are important objections Let me first deal with the
question of the meaningfulness of the word ‘cruth’

9 Truth

It 1s strange that so many people should believe that there 1s no
answer to Pilate’s question “What 1s truth? For, after all, i
thousands of courts of justice thousands of witnesses are admon-
1shed every day to speak the truth And most of them seem to know
very well what 1s expected from them

In fact, there 1s an old answer to the question “When 1s an
assertion, or a proposition, or a statement, or a theory, or a belief
true® The answer 1s An assertion 1s tyue if it corresponds to, or agrees
with, the facts

But what does 1t mean to say that an assertion or a theory
corresponds to the facts? Thus question, too, has been sausfactorily
answered — by the mathematician and logician Alfred Tarsk:

I cannot, of course, give a full account of Tarski’s theory here !¢
Suffice 1t to say that it 1s a theory which 1s 1n complete accord with
the common-sense view that the statements ‘snow 1s white’ and
‘grass 1s green’ are true, while the statements ‘snow 1s green’ and
‘grass 1s red’ are false

Tarskr’s theory shows that we are fully enutled to use, without
any qualms, the words ‘true’ and ‘false’ 1n their ordinary senses It
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also shows that there cannot be, m any language comparable in 1ts
wealth of expresstons to our ordmary European languages, a general
criterion of truth —that1s to say, a general method by which we could
decide, of any given proposition, whether or not 1t 1s true

Thus we are not, as a rule, able to decide of a statement or a theory
whether 1t 1s true Ascertamming truth may be a very difficult
business, and often a practically impossible one But the meaningful-
ness of the term ‘truth’ 1s affected by this no more than the
meaningfulness of the term ‘father” 1s affected by any difficulty n
ascertaiming fatherhood

If we eliminate from language ambiguous terms like ‘yesterday’,
a term which today means something different from what 1t will
mean tomorrow, and if we take some further similar precautions,
then 1t follows from Tarsks’s theory that every statement 1n thus
purified language will be either true or false, with no third
possibility Moreover, we can have an operation of negation mn our
language such that if a proposition is not true, then its negation 1s
true

This shows that of all propositions one half will be true and the
other half false So we can be sure that there will be lots of true
propositions, even though we may have great trouble in finding out
which they are

10 Approaching truth

I now turn to the second question — whether we can meaningfully
speak about approaching truth, or getting nearer to the truth, or,
more precisely, whether 1t can be meaningful to say of a theory that
1t 1s a better approximation to the truth than another theory

I worked on this question for a considerable time before I could
produce an answer But with the help of Tarski’s concept of truth,
and a few other purely logical concepts (especially the concept of
logical content, also due to Tarsk), I think that I have been able to
give a purely logical definition of the relation ‘4 1s a better
approximation to the truth than &°, or ‘z 1s more similar to the truth
than &’ This definstion (which may be found 1n my Comjectures and
Refutations') 1s, like most definttions, of hittle significance 1n 1tself
What 1s significant is that it establishes one thing that the much
suspected phrase ‘2 1s a better approximation to the truth than &° 1s
certainly not meaningless

There are many examples in physics of competing theories which
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form a sequence of theories such that the later ones appear to be
better and better approximations to the (unknown) truth

For example, Copernicus” model appears to be a better approx-
imation to the truth than Ptolemy’s, Kepler’s a better approximation
than Copernicus’, Newton’s theory a better approximation still, and
Einstemn’s better again

It 1s very interesting 1n this connection to note that Emstemn did
not present his theory of gravitation as a true theory On the
contrary, he argued that 1t could not be true, and he spent more than
thirty years of hus life trying to improve his own theory Butin spite
of all this, he always believed that 1t was a better approximation to
the truth than Newton’s theory and other theories (such as Milne’s)

11 Reply to mstrumentalism

I shall now conclude my lecture with a reply to mstrumentalism 1
will be very brief, and I will confine myself to the problem raised by
the known falsity of social theories

I think that T am now m a position to answer those 1nstrumen-
talists who earlier i this lecture may have welcomed my description
of the methods of the social sciences as 2 confirmation of thewr
philosophy of science

My answer 15 this if my view of the social sciences and their
methods s correct, then, admuttedly, no explanatory theory 1 the
social sciences can be expected to be true Nevertheless, this need not
trouble an anti-instrumentalist For he may be able to show that
those methods may be very good methods, in the sense that they
make 1t possible for us to discuss critically which of the competing
theores, or models, is a better approximation to the truth

Thus, I suggest, 1s the situation n the social sciences In seeking
pure knowledge our aum 1s, quite simply, to understand - to answer
how-questions and why-questions (but not pseudo-questions of the
‘what 18 7" form) These are questions which are answered by
giving an explanation Thus all problems of pure knowledge are
theoretical problems they are problems of explanation

A problem of this kind may well have orignated i a practical one
For example, a practical problem such as “What can be done to
combat poverty?” has led to the purely theoretical problem “Why are
people poor?” and from there to the theory of wages and prices, and
so on — 1n other words, to pure economic theory, which of course
constantly creates 1ts own new theoretical problems In the develop-
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ment of the theory, the problems dealt with — and especially the
unsolved problems — multply, and they become differentiated, as
they always do when our knowledge grows

12 Rationality and the status of the rationality prnciple’®

My views on the rationality principle have been closely questioned
I have been asked whether there 1s not some confusion in what I say
about the status of the ‘principle of acting adequately to the
situation’ (that is, of my own version of the ‘rationality principle’)
1 was told, quite nightly, that I should make up my mind whether I
want 1t to be a methodological principle, or an empirical conjecture
If 1t were a methodological principle, it would be clear why 1t could
not be empirically tested and why 1t could not be empirically false
(but only part of a successful or unsuccessful methodology) If 1t
were an empirical conjecture, it would become part of the various
social theories — the ‘animating part” of every social model But then
it would have to be part of some empirical theory, and would have
to be tested along wath the rest of that theory, and rejected if found
wanting

Thus second case 1s the one that corresponds better to my own
view of the status of the rationality principle I regard the principle
of adequacy of action (that 1s, the rationality principle) as an integral
part of every, or nearly every, testable social theory

Now if a theory 1s tested, and found faulty, then we have always
to decide which of its various constituent parts we shall make
accountable for its fallure My thesis 1s that 1t 1s sound method-
ological policy to decide not to make the rationality principle, but the
rest of the theory ~ that 1s, the model — accountable

In this way 1t may appear that 1n our search for better theories we
treat the rationality principle as if it were a logical or a metaphysical
principle exempt from refutation as unfalsifiable, or as 2 priorz valid
But this appearance 1s misleading There are, as I have indicated,
good reasons to believe that the rationality principle, even in my
mummum formulation, 1s actually false, though a good approxi-
mation to truth Thus 1t cannot be said that I treat it as 2 priors vahd

I hold, however, that 1t 1s good policy, a good methodological
device, to refrain from blaming the rationality principle for the
breakdown of our theory For we learn more f we blame our
situational model The policy of upholding the principle can thus be
regarded as part of our methodology
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The main argument 1 favour of this policy 1s that our model 1s far
more interesting and informative, and far better testable, than the
principle of the adequacy of our actions We do not learn much m
learning that this 1s not strictly true we know this already
Moreover, 1n spite of being false, 1t 1s as a rule sufficiently near to the
truth if we can refute our theory empirically, then its breakdown
will, as a rule, be pretty drastic, and though the falsity of the
rationality principle may be a contributing factor, the main respons:-
bility will normally attach to the model Also, the attempt to replace
the rationality principle by another one seems to lead to complete
arbitrariness m our model-building And lastly, we must not forget
that we can test a theory only as a whole, and that the test consists
m finding the better of two competing theortes which may have
much m common, and that most of them have the principle of
adequacy 1n common

13 “Irrational’ actions

But suppose that we are interested in a certain action not as an
approximation to, but as a deviation from, the action prescribed by
the logic of the situation as I have so far discussed it Suppose that
our problem 1s to understand the actions of a person who acts
inappropriately to his situation °

Churchill said 1n The World Crisis® that wars are not won but
only lost — that, m effect, they are competitions m incompetence
Does not this remark provide us with a kind of model for typical
social and historical situations « model not ammated by the
rationality principle of the adequacy of our actions, but by a principle
of madequacy?

The answer1s that Churchill’s dictum means that most war leaders
are inadequate to thetr task, rather than that their actions cannot be
understood (in good approximation, at least) as adequate for the
situation as they see it

In order to understand their (more or less madequate) actions, we
have therefore to reconstruct a wider view of the situation than their
own This must be done in such a way that we can see how and why
the situation as they saw 1t (with their limited experience, theiwr
himited or overblown aims, thewr limited or overexcited imagination)
led them to act as they did — that 1s to say, adequately for their
madequate view of the situational structure Churchull humself uses
this method of interpretation wath great success, for example 1n lus

178



§ MODELS,INSTRUMENTS, AND TRUTH

careful analysis of the fallure of the Auchinleck-Ritchie team (in
volume IV of The Second World War) #*

It 1s interesting to me that we employ the rationality principle to the
limit of what 1s possible whenever we try to understand the action
of a madman We try to explain a madman’s actions, as far as
possible, by his aims (which may be monomaniacal) and by the
‘information’ on which he acts — that 1s to say, by his convictions
(which may be obsesstons, that 1s, false theortes so tenaciously held
that they become practically incorrigible) In so explaming the
actions of a madman we explain them in terms of our wider
knowledge of a problem sitwation which comprises his own,
narrower, view of his problem situation And understanding his
actions means seeing their adequacy according to his view — hus
madly mistaken view — of the problem situation

We may in this way even try to explamn how he arrived at hs
madly mustaken view how certain experiences shattered his origi-
nally sane view of the world and led him to adopt another — the most
rational view he could develop in accordance wath the information
at his disposal — and how he had to make this new view mcorrigible,
precisely because 1t would break down at once under the pressure of
refuting instances, which would leave him (so far as he could see)
stranded without any mterpretation of his world — a situation to be
avoided at all costs, from a rational powmnt of view, since 1t would
make all rational acuon impossible

Freud has often been described as the discoverer of human
wrrationality But this 1s a2 musinterpretation, and a very superficial
one to boot Freud’s theory of the typcal origin of a neurosis falls
entirely mto our schema of explanations incorporating both a
situational mode] and the rationality principle For he explams a
neurosts as an attitude adopted 1n early childhood because 1t was the
best available way out of a situation which the child was unable to
understand and cope with Thus the adoption of the neurosis
becomes a rational act of the child — as rational, say, as the act of a
man who, jumping back when confronted by the danger of being
run over by a car, collides with a bicyclist It is rational in the sense
that the child chose what appeared to hum the immediate, or the
obvious, or perhaps the lesser evil — the less intolerable of two
possibilities

I shall say no more here about Freud’s method of therapy than
that 1t 1s even more rationalistic than his method of diagnosis or
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explanation (for 1t 1s based on the assumption that once a2 man
fully understands what befell him as a child, his neurosis will pass
away)

But  we thus explain everything 1n terms of the rationaliry
principle, does 1t not become tautological? By no means For a
tautology 1s obviously true, whilst we make use of the rationality
principle merely as a good approximation to the truth, recognizing
that 1t 15 not true

But if this 15 so, what becomes of the distinction between
rattonahty and wrrationality? Between mental health and mental
disease?

This 1s an imporrtant questiont The mam distincuon, | suggest, 1s
that a healthy person’s beliefs are not incorrigible 2 healthy person
shows a certain readiness to correct his beliefs He may do so only
reluctantly, yet he 1s nevertheless ready to correct his views under
the pressure of events, of the opmions held by others, and of critical
arguments

If this 1s so then we can say that the mentality of the man with
definitely fixed views, the ‘commutted” man, 1s akin to that of the
madman It may be that all lus fixed opinions are ‘adequate’ 1n the
sense that they happen to comncide with the best opimion available at
the ttime But m so far as he 1s commutted, he 1s not rational he will
resist any change, any correction And since he cannot be i the
possession of the precise truth (nobody 1s) he will resist rational
correction of even wildly mustaken beliefs And he will resist even of
their correction 1s widely accepted during his lifetime

Thus when those who prase commitment and irrational faith
describe themselves as wrratuonalists (or post-rationalists) I agree
with them They are wrationalisis, even if they are capable of
reasomung For they take pride m rendering themselves mcapable of
breaking out of their shell 1n making themselves prisoners of thewr
mamias They make themselves spiritually unfree, by an action
whose adoption we may explain (following the psychiatrists) as one
that is rationally understandable understandable, for example, as an
action which they commut owing to fear - fear of being compelled,
by criticism, to surrender a view which they dare not give up since
they make 1t (or believe they make 1t) the basis of their whole hife
(‘Free commitment’ and fanatictsm — which, we know, can border on
madness —are thus related in the most dangerous manner )
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To sum up we should distinguish between rationality as a personal
attitude (which, in principle, all sane men are capable of sharing) and
the rationality principle

Rationality as a personal attitude 1s the attitude of readiness to
correct one’s beliefs In its intellectually most highly developed form
1t 1s the readiness to discuss one’s beliefs critically, and to correct
them 1n the light of critical discussions with other people

The ‘rationality principle’, on the other hand, has nothing to do
with the assumption that men are rational 1n this sense — that they
always adopt a rational atutude It 15, rather, a mimmum principle
(since 1t assumes no more than the adequacy of our actions to our
problem situations s we see them) which animates almost all our
explanatory situational models, and which, although we know that
it 1s not true, we have some reason to regard as a good approximation
to the truth Its adoption reduces considerably the arbitrariness of
our models, an arbitrariness which becomes capricious indeed if we
try to do without this principle

NOTES

1 I-was particularly impressed by Hayek’s formulatron that economics 1
the ‘logic of choice” (Cp, for example, F A von Hayek, “Economics and
Knowledge” (1936) reprinted in Indwidnalism and Economic Order,
Routledge & Kegan Paul and the University of Chicago Press, Chicago,
1948, see p. 35) This led me to my formulation of the logic of the
situation’ (ep: my Poverty of Historiaism; p 149) This seemed to me to
embrace, for example, the logic of choice and the logic of historieal
problem situanions (The ongin of this idea may explain why I rarely
stressed the fact that I did not look at the logic of the sitnation as a
determmstic theory Ihad mm mind the logic of situational choices )

2 Sections 12 and 13, added after the original lecture (see note 19), contain
a furthér discussion of the rationality principle

3 Here the word ‘only’ 1s mtended to stress my opposition to that
empmicist tradwton which looks upon science as beng based on
observations and experiments Of course, this passage needs to be
amplified — for example, by a discussion of corroboration Cp appendix

9 of my Logic of Scientzfic Discovery and chapter 10 of my Compectures
and Refutations

4 See Degrees of Explanation’, in FA von Hayek, Stadtes i Philosophy,
Polities and Economics, Routledge 8& Kegan Paul, London, 1967,
pp 3-21

5 Physical laws (say, that of conservation of energy) ‘prolubit the
occurrence of certain things (say, the construction of a perpetual motion
machine) Cp my Logic of Suentific Discovery, p 69.and my Poverty of
Historasm, p 61
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6 It seems to me that we clanfy the nature of social theory i, as 15

LB

suggested in the text, we de-psychologize the aums, mformation, and
knowledge of theactorsin typical socalsituations (Wote that this snot
a conicesston to behaviounism )

Consider; for example, the old controversy in economucs about profit
maximization According to the theory of profit maximization, the
businessman maxumizes lus (monetary) profits by a policy of marginal
cost pricing In a paper by RL Hall and C] Hitch (*Price Theory and
Busmess Bebaviour’, Oxford Economic Papers, 2, 1939, pp 12-45),
however, this theory was criticized on the basis of empirnical evidence,
obtained by means of questionnawres, about the way 1 which business-
men decided therr pricing policy Tt has been suggested that this emdence
shows the theory of profit mazimization to be false Thus led defenders
of the theory to suggest that 1t was not meant to describe the actual
behaviour of businessmen, but that it was only a tool, or an mstrument,
for prediction Thus both groups seem to have been in agreement 1n
assumung that the profit maxamzation theory psychologized the aims
and the information of the agents (businessmen) m the typical soctal
situation considered

Agamst all thus, I suggest that the method of situational logic 15 not
concerned with what the agent’s actual thoughts were when performing
the acuion (compare the case of Richard’s crossing the street) In
consequence, evidence from questionnaires about psychological mo-
tivation 1s not necessarily relevant to the testing of a theory about
situattonal logic

As to the status of the profit maxumzation model (from the point of
view here discussed), not only could one admut 1ts falsity as a model of
businessmen s psychological motwation without being forced mto
instrumentalism, but even if 1t 1s false as a theory of businessmen’s
behaviour, it may be still valued as an approximation to the truth

I should not object to alternauve siruational models 1 which, say,
businessmen’s behaviour 1s explainied in tevms of an aim to increase the
standing of their firm or even their own position withm 1t In such a
model, the maximization of profits mught enter, not as an aim, butas the
result of a kind of sttuational constramt (Cp Adam Smuth, The Wealth
of Nations, book I, chapter X1, part 1 ©  good management, can
never be unwversally established but m consequence of that free and
untversal compeution which forces everybody to have recourse tost for
the sake of self-defence’ The alics are mune 1 owe this reference to
Jeremy Shearmur ) It 1s doubtful whether the difference between such a
model and the view that takes the maximization of profits as an aim 18
worth bothering-about, though this-will, of course, depend on what we
warnit 1o explain on what we regard as our problem
The materal in parentheses was added i 1974
Cpthmg Poverty of Historscsm, pp 141F, for 2 discussion of the “zero
method’

Cp H Duels and W Kranz, Die Fragmente der Vorsokraitker, 6th
edition, Weidmannsche Verlagsbuchhandlung, Berhn-Grunewald,
19512, volume II, pp 240-4
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8 MODELS, INSTRUMENTS, AND TRUTH

See my ‘On the Theory of the Objective Mind’, chapter 4 1 my
Objective Knowledge, especially secions 9-12 Cp, particularly, the
discussion of R G Collingwood n section 12
That 15, of the onginal fecture
The sentence 1n parentheses was added 1n 1974 The problem of the
status of the rationality principles more fully discussed insection 12
Cp the reference given in note 8
The sentence 1n parentheses was added i 1974
See my Comectures and Refutations, chapter 3
Thave discussed 1t m my Conjectures and Refutations —see, for example;
pp 223-7 —and m my Objective Knowledge — see especially pp 308-18
and chapter 9
See my Compectures and Refutatsons, chapter 10 and addendum 3 (and
also my Objective Knowledge, chapters 2 and 9) For cnincism of my
definition, see Dawnid Muller, *The Truth-likeness of Truthlikeness’,
Analysis, 33, 1972, pp 50-5 See also, in The Britzsh Jowrnal for the
Philosopby of Science, 25, 1974 David Miller, ‘Popper’s Qualitative
Theory of Venisimilitude’, pp 166~77, Dawad Miller, ‘On the Compar-
1son of False Theories by their Bases’, pp 178-88, and Pavel Tichy, ‘On
Popper’s Definitions of Verssimiliude’, pp 155-60
Thus section, and the final one (which formed part of 1t) were-added after
the lecture, on the basis of the discussion following the lecture
In the earlier part of the lecture, I was concerned with the ranonahty
principle considered as the view that people act appropriately to the
objective situation 1 ‘which they find themselves (including thewr
knowledge and skills) In what follows, I am concerned with the view
that people act in a manner appropriate to the situation as they see 1t

It seems to me now that there are at least three senses of ‘ranonality’
{and, accordingly;, of the ‘rationality principle’), all objecuve, yet
differing with regard to the objectivity of the situanon in which the
agent 18 acung (1) The siunairon as 1t actually was — the objective
sitnatton which the historian tries to reconstruct Part of this objective
sicuation s (2) The sitnation as the agent actually saw 1t But 1 suggest
that there 15 a third sense mtermediate berween (1) and (2) (3) The
situation as the agent could (within the objective situation) bave seen i,
and perhaps ought to have seen 1t It 1s clear that there will be three
senses of the ‘ratsonality principle’ corresponding to these three senses
of the sitwation’ It 15 further tgear that the difference between (1) and
the two other versions of the rationality prinesple will play a part 1 our
understanding of action, especially m the historian’s attempt to explam
failure, and that the difference between (2) and (3) will play a smular
part (2) and (3), 1t should be stressed, form 1n their turn part of (a more
or less elaborate analysis of) the objective situation (1) Moreover, of
there s a clash between (2) and (3), then we may well say that the agent
did not act rationally (Such a clash would, I think, be described by
psychoanalysts as a failure of the reahty principle ) (3) may well include
an appreciation of the difficulties 1n seemg certamn aspects of the
situation as they were

With regard to the paper, I could be said, using these formulations, to
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have worked with (1) and (3) 1n the earher sections, and with (2) 1 the
final sections I mught add that, m my view, we someumes act 1n a
manner not adequate to the situation s any of the senses (1}, (2), 0r (3)
- ather words, that the ranonality principle 15:not umversally true as
a deseription of our ways of acung

Winston Churchill, The World Crists, Thornton Busterworth, London,
1923-31

Winston Churchull, The Second World War, volume IV The Hinge of
Fate, Cassell & Co , London, 1951 See chapter 26
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EPISTEMOLOGY AND
INDUSTRIALIZATION

Francis Bacon looked forward to an alteration in the form of
production and to the effective control of nature by man, as a
result of a change 1 the ways of thinking

Karl Marx

I

In a famous and highly dramatic passage of his chief work, Plato
demands that philosophers should be kings and, vice versa, that
kings — or autocratic rulers — should be fully trained phiosophers !
Plato’s proposal that philosophers should be kings has pleased many
philosophers, and some of them have taken 1t quite seriously
Personally I do not find 1t an attractive proposal Quite apart from
the fact that I am against any form of autocracy or dictatorshup,
including the dictatorship of the wisest and best, philosophers do
not seem to me particularly well susted for the job Take for example
the case of Thomas Masaryk, the creator; first president and, one
mught say, the phiosopher-king of the Czechoslovak Republic
Masaryk was not only a fully trained philosopher, but also a born

A lecture delivered 1 German on 13 June 1959, at the School of Economucs, the
Unwversity of St Gallen, Switzerland, i a sertes of lectures enutled Europe
Inheritance and Future Tasks ; on the topic The Influence of Philosophy ipon some
Fundamental Turning Pomts n the History of Europe First published, with
revistons n Ordo, 30, (Festschryft for FA von Hayek), Gustav Fischer Verlag
Stuttgart and New York, 1979 Jeremy Shearmur has provided the references m the
notes The motto 1s taken from Karl Marx, Capiial volume I chapter 13, section 2
(the footnote on pp 413 of the Everyman s Library edition, | M Dent & Sons Lid ,
London E P Dutton & Co Inc, New York, 1930 and subsequent impressions. Cp
Lawrence & Wishart, London/Progress Publishers, Moscow edinon, 1963 and
subsequent mmpressions, footnote 2 onp 368)
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statesman and a great and admurable man And his creauion, the
Czechoslovak Republic, was an unparalleled political achievement
Yet the dissolution of the Old Austrian Empire was also partly
Masaryk’s work And this proved a disaster for Europe and the
world For the instability that followed this dissolution was largely
responsible for the rise of Nazism and finally even for the downfall
of Masaryk’s own Czechoslovak Republic And 1t 1s significant that
Masaryk’s doctrine that ‘Austria-Hungary, this antinational ~ state,
must be dismembered™ (to use his own words) was derved from a
mistaken philosopbical doctrine from the philosophical principle of
the National State® But this principle, the principle of political
nationalism, 1s not only an unfortunate and even a muschievous
cotnception, 1t 1s also one that 1s actually impossible to realize This
1s because Nations — 1n the sense of those who advocate this principle
~ do not exist they are theoretical constructs, and the theories in
which they are constructed are wholly 1nadequate, and completely
mapplicable to Europe For the political theory of nationalism rests
on the assumption that there are ethnic groups which at the same
tme are also linguistic groups, and which happen also to imhabit
geographucally unified and coherent regions with natural boundaries
that are defensible from a mulitary pont of view — groups which are
united by a common language, a common territory, a common
huistory, a common culture, and 2 common fate The boundaries of
the regions mnhabited by these groups should, according to the
theory of the Nation State, form boundaries of the new national
states

It was this theory which underlay the Masaryk-Wilson principle
of the ‘Self-determination of Nations’, and m 1ts name the mult:-
lingual state of Austria was destroyed

But no such regions exist — at least not 1 Europe nor, mdeed,
anywhere 1n the Old World * There are few geographical regions in
which only one native language 1s spoken almost every region has
1ts lingwistic or ‘racial’ munority Even Masaryk’s own newly created
national state contained, 1n spite of 1ts small size, several linguistic
munorities > And the principle of the National State played a decisive
role 1 1ts destruction 1t was this principle which allowed Hitler to
appear 1n the role of a liberator, and which confused the West

It 1s important to my present theme that the 1dea of nationalism
1s a philosophical idea Tt sprang from the theory of sovereignty ~ the
theory that power 1n the state must be undivided ~and from the 1dea
of a superhuman ruler who rules by the grace of God Rousseau’s
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replacement of the king by the people only inverted the view he
made of the people a nation ~ a superhuman nation by the grace of
God Thus the theory of poliical nationalism originated m a
philosophical mversion of the theory of absolute monarchy The
history of this development seems to me characteristic of the nise of
many philosophical ideas, and 1t suggests to my mind the lesson that
philosophical 1deas should be treated with a certain reserve It also
may teach us that there are fundamental 1deas, such as the idea of
political liberty, of the protection of hinguistic and religious mn-
oritses, and of democracy, which remain fundamental and true even
when defended by untenable philosophical theories

The fact that an admurable man and a great statesman like Masaryk
was led by certain philosophical 1deas to commut so grave a blunder
~ that he accepted a philosophical theory which was not only
untenable but, under existing conditions, almost bound to destroy
his work as a statesman — all ths, I believe, amounts to a strong
argument against Plato’s demand that philosophers should rule But
one could also adduce another and entirely different argument
aganst Plato one could also say that Plato’s demand 1s superfluous,
because the philosophers are ruling anyway — not officially, 1t 1s true,
but all the more so n actual fact For I want to advance the thesis
that the world 1s ruled by ideas ideas both good and bad It 1s,
therefore, ruled by those who produce those ideas ~ that 1s, by the
philosophers, though rarely by professional philosophers

The thesss that 1t 1s the philosophers who actually are the rulers 1s,
of course, not new Heinrich Heine expressed 1t as follows 1 1838 ©

Mark this, ye proud men of acuon Ye are nothing but
unconscious mstruments of the men of thought who, often in
humblest seclusion, have appointed you to your favourite task
Maximilien Robespierre was merely the hand of Jean Jacques
Rousseau

And Friedrich von Hayek, i his great work of liberal poliical
philosophy, The Constitution of Liberty, has emphasized the rel-
evance of this 1dea for us today, and 1ts importance n the liberal
tradition ”

Countless examples illustrate the political power of philosophical
wdeas Marxism 18 a philosophy Marx himself proudly quoted 2
review which described his theory as expounded m Caputal, quite
correctly, as the last of the great post-Kantian philosophical sys-
tems ® His serzure of power, thirty-four years after his death, in the
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person of Lenm, 1s an almost exact repetition of the seizure of power
by Rousseau, sixteen years after his death, m the person of
Robespierre

Orthodox Marxism, of course, dentes the thesis of the political
power of ideas 1t sees in tdeas manly the mnevitable consequences of
technical and industrial developments What changes first, Marx
teaches, 1s the techmque of production Depending on ths, the class-
structure of society will change, followed by the prevalent ideas
And finally, when the whole substructure has changed, the system of
political power will also change ® But this theory — which contradicts
our thesis of the power of philosophical ideas —1s refuted by history
Consider, for example, the history of Russia since 1917 What came
there first was the seizure of power — that 1s, what according to
Marx’s theory should have come last Next came Lemin’s great idea
the 1dea that socialism 1s the dictatorship of the proletariat plus
electrification '° And last came electrification, industriahzation, and
the enforced change of the so-called economic ‘substructure’ Thus
change was thus imposed from above, by a new mstrument of
power, the new class dictatorshap

Later I shall endeavour to show that the first industrial revolution
— the English Industrial Revolution — was also mspired by philo-
sophical 1deas

A totally different example of the seizure of political power by a
philosophy — a seizure of power by purely democratic means — has
been brought to my attention by Hayek The English philosopher
and economust, John Stuart Mudl, wrote m lus Autobiography,
published shortly after lus death 1n 1873, that 1n the years around
1830 hus circle (the so-called Philosophical Radicals) had adopted the
following programme they wanted to achieve an improvement in
human society by ‘securing full employment at high wages to the
whole labourmg population’ ! Seventy-two years after his death
John Stuart Mull seized political power 1 England And no political
party would dare today to challenge his programme

11

The political power of philosophical 1deas - and often enough of
harmful or immature or downright silly philosophical ideas ~ 15 a
fact that nught well depress and even terrify us And indeed, 1t would
be quite true to say that almost all our wars are ideological wars
religious wars or ideological-religious persecutions
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But we must not be too pessimustic Fortunately there are also
good, humane, and wise philosophical ideas And they, too, are
powerful There 1s, first of all, the 1dea of religious tolerance and of
respecuing optmions which differ from our own And there are the
philosophical 1deas of justice and liberty Countless men have
sacrificed their lives for them And if we mention ideological wars
we must not forget such crusades of peace as the Nansen Aid of the
International Red Cross in Geneva which saved more than a million
citizens of the Soviet Union from death by famune 1n the years 1921
and 1922 And we must not forget that the :dea of Peace on Earth
1s a philosophical as well as a religious idea, and that 1t was a
philosopher, Immanuel Kant, who first formulated the idea of a
World Federation of a League of Nations

The 1dea of peace 1s a good example of our thesis of the political
power of ideas Obsessed as we are by the memory of two world
wars and by the threat of a third, we all are inclined to overlook
something important — the fact that since 1918 all Europe has
acknowledged the 1dea of peace as fundamental Even Mussolin1 and
Hitler, whose 1deology was openly aggressive, were forced, by the
prevailing public opiion, to pose as friends of peace, and to blame
others for the wars which they began The fact that they had to make
this concession to public opinion shows how strong was the will to
make peace One must not underrate the moral victory won 1n 1918
by the 1dea of peace It has not, 1t 1s true, brought us peace Yet 1t has
created the will to make peace ~a will which 1s a moral prerequisite
forit

This victory of the 1dea of peace can be regarded as a belated
victory of Erasmus of Rotterdam, almost four hundred years after
his death To see clearly how badly Christian Europe stood 1n need
of the teachings of the Christian humanist Erasmus, we should
remember the attack made upon Erasmus by that great musician,
poet, and fighter against the devil, Martin Luther

Luther fought Erasmus because he saw that the 1dea of peace was
linked with the 1dea of tolerance “If T did not see these upheavals
[Luther speaks of war and bloodshed] I should say that the word of
God was not in the world But now, when I do see them, my heart
rejorces  * “The wish to quieten these upheavals is nothing less than
the wish to abandon the word of God and to suppress 1t’, Luther
wrote And to Erasmus’ appeal for peace and understanding he
replied “Stop lamenting, stop trying to cure [the ills of the world]!
This war 1s the war of our Lord God He started 1t, He sustans 1t,
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and 1t will never cease until all the enemues of his word have become
dung under our feet *** We should remember here that Erasmus and
his friends were not lacking m personal courage Sir Thomas More
and John Fisher, both friends of Erasmus and hike himself champions
of tolerance, died, not primarily as martyrs of Roman Catholicism,
but rather, T believe, as martyrs of the idea of humamsm, as
opponents of barbarism, of arbitrary rule, and of violence If today
we look upon Christanity as a force for peace and tolerance, we
testify to the spiritual victory of Erasmus

I11

All T have said so far was meant to suggest to you an attitude towards
philosophy which might perhaps be formulated like this Just as
there are good and evil religions — religions that encourage the good
or the evil 1n man — so there are good and evil philosophical 1deas,
and true and false philosophical theories We must therefore neither
revere nor revile religion as such, or philosophy as such Rather, we
must evaluate religious and philosophical 1deas with critical and
selective minds The ternifying power of 1deas burdens all of us with
grave responsibiliies We must not accept or refuse them unthink-
ingly We must judge them critically

The atutude I have just formulated may appear to many as
obvious But 1t 1s not by any means generally accepted, or even
generally understood It 1s 1 origin, rather, a specifically European
or Western atutude — the attitude of critical rationalism It 1s the
attitude of the critical and rational tradition of European philos-
ophy

Of course, critical thinkers have existed outside Europe But
nowhere else, to my knowledge, has there existed a critical or
rationahist tradition And from the critical or rationahst tradition 1n
Europe there grew, eventually, European science

But even before it gave rise to modern science, critical rationalism
created European philosophy Or more precisely, European philos-
ophy 15 just as old as European critical rationalism For both were
founded by Thales and Anaximander of Miletus

Naturally, uncritical and even anti-critical countercurrents — both
rattonalist and anti-ravonalist — kept formng within European
philosophy itself And nowadays'? the anu-rationalist philosophy of
‘existentialism’ 1s enjoying a great vogue

Existentialism maintains, quite correctly, that 1 matters of real
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importance nothing can be proved, and that therefore one ts always
faced with the necessity of making decisions — fundamental de-
aswons But hardly anybody, not even the most uncritical and naive
rationalist, would contest the assertion that nothing of importance
can be proved, and that all that can be proved consists, at most, of
mathematical and logical truisms

It 1s, therefore, perfectly correct to state that we have to make free
decistons all the time - a fact that, for mstance, Immanuel Kant, the
critical rationalist and the last great philosopher of the Enhght-
enment, saw very clearly But of course this statement tells us
nothing about what our fundamental decision will turn out to be
whether we will decide for or against rauonalism, whether, that 1s,
we will decide with Erasmus and Socrates 1n favour of listening to
rational arguments — making our further decisions depend on critical
and careful consideration of such arguments, and on self-critical
reflection — or whether we leap headlong into the magic circle of an
irrationalist existentsalism, or rather, into the magic whulpool of
anti-rationalist ‘commitments’

However that may be, European philosophy made a fundamental
decision, fundamental for 1self and for Europe, when twenty-four
centuries ago 1t decided in favour of critical rationalism and self-
criticisin And indeed, without this self-critical tradition the current
fashions of philosophical ant-rationalism could not possibly have
arisen 1t 1s just one of the traditions of critical rationalism that 1t
never ceases to criticize itself

iv

What I have said thus far bears heavily upon my mamn subject Yet
1t 1s only an mtroduction For the task of outlming the influence of
European philosophy on the history of Europe in one short hour
confronted me with some difficult and fairly fundamental decisions
I decided to limut myself to three closely connected problems I want
to discuss the little-known role which a highly immature philo-
sophical theory has played 1n the rise of the three most distinctive
and characteristic forces 1n European hustory The three forces T have
i mind are the following

1 our mdustrial covilization,
2 out science, and 1ts influence, and
3 ouridea of mdividual freedom
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Thus industriahsm, science, and the idea of freedom are my three
chief subjects It 1s fairly obvious that they are characterstically
European subjects, provided we permut ourselves to treat American
cwvilization as an offshoot of European civilization How they link
up with philosophy 1s perhaps less obvious

It 1s my basic proposition that they are connected 1n an interesting
way with a lughly characteristic European theory of knowledge or
epistemology with that theory which Plato described 1n his famous
simile of the cave mn which he depicted the world of phenomena as
a world of shadows — shadows cast by a real world hidden behind
the world of phenomena Admuttedly Plato’s belief 1 a world we
can never learn to know could perhaps be called ‘epustermological
pessimasm’  And 1t has spread far beyond Europe But Plato
supplemented 1t, quite 1n the spirit of the old Ionian critical and
rationalist traditton, with an unequalled epistemological optimism
And dus epistemological optuimism has remained part of our
Western civilization It 1s the optimustic theory that science, that 1s,
real knowledge about the hidden real world, though certanly very
difficult, 1s nevertheless attamnable, at least for some of us Man,
according to Plato, can discover the reality hidden behind the world
of phenomena, and he can discover it by the power of hus own
critical reason, without the aid of divine revelation

Thus 1s the almost unbelievable optimism of Greek rationalism *°
of the rauonalism of the Renaissance — of European rationalism
Homer, though perhaps with a shght touch of irony, stll appealed
to the authority of the Muses They are his sources, the divine
fountainheads of lhus knowledge Similarly the Jews and, in the
Middle Ages, the Arabs and the Christuans of Europe, appealed to
the authority of divine revelation as the source of their knowledge
But the Ionian philosophers, beginning perhaps with Thales, argued
They appealed to critzcal argument and thus to reason they thought
of reason as capable of unveiling the secrets of a ludden reality Ths
1s what I call ‘epistemological optimism® I believe that this opu-
mustic attitude existed almost exclusively in Europe n the two or
three centurtes of Greek rationalism and 1n the three or four
centuries of 1ts European and American renaissance

Corresponding to my three mam subjects, mdustrialism, science,
and freedom, I can now formulate my three chief theses Summed up
in one sentence they read

Europe’s mdustrialism, its scence, and its politscal idea of freedom,
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that s to say, every one of those characteristic and fundamental
aspects of European cwilization that I have lsted, 1s a product of
what I bave called ‘epistemological optumasm’ ¢

I shall now try to substantiate this thesis for each of my three chief
subjects

v

When we seek to understand the distinctive character of European
or Western civilization, one feature leaps to the mind European
civilization 1s an industrial crvihization It 1s based upon industrial-
1zation on the grand scale It uses engines, sources of energy which
are non-muscular In this, European and American civalization differ
fundamentally from all the other great civilizations which are or
were mainly agrarian and whose ndustry depended on manual
labour

I think there 1s no other feature that disunguishes our civilization
so clearly from all the others ~ except perhaps European science
Literature, art, religion, philosophy, and even the rudiments of
natural science play their part i all other civilizations, for instance
in those of India and China But heavy industry on a grand scale
seems to be unique as a form of production and indeed as a way of
life We find 1t only in Europe and 1n those parts of the world which
have taken 1t over from Europe

Like mdustrialism, the growth of science 1s a characteristic feature
of Europe And since they have developed almost sumultaneously,
the question arises whether industry 1s a product of the development
of science or whether (as Marxism would have 1t) science 1s a product
of industrialization

I believe that neither of these interpretations 1s true, and that both
science and mdustry are products of that philosophy which I have
called ‘epistemological optimism’

It 1s a fact that ever since the Renaissance the development of
industry and the development of science have been closely linked and
have closely interacted Each 1s indebted to the other But if we ask
how this mteraction came about, my answer 1s this It was bound to
take place right from the outset, for it stemmed from a new
philosophical or religious 1dea—a peculiar new variant of the Platoruc
1dea that the philosophers, that 1s, those who know, should also be
those who wield the power The peculiar new variant of that theory 1s
expressed in the dictum that krnowledge 1s power— power over nature
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It 1s my thesis that both the industrial and the scientific development
which took place since the Renaissance are realizations of this
philosophucal 1dea — the idea of the mastery of man over nature

The 1dea of mastery over nature 1s, I suggest, the Renaissance
version of epistemological optimism We find it 1n the Neo-Platonsst
Leonardo, and i a somewhat claptrap form we find 1t 1n Bacon
Bacon was not, I believe, a great philosopher But he was a visionary,
and he 1s most 1mportant as the prophet of a new mdustrial and
scientific society He founded a new secularized religion and so
became the creator of the mdustrial and scientsfic revolution 7

VI

Before gomg mto details I would like to explan briefly my own
opinion about this particular version of epistemological optimism 8

I am myself a rationalist, and an epistemological optimist YetIam
no friend of that mighty rationalist religion of which Bacon 1s the
founder My objection to this religion 1s purely philosoplucal And
I should like to emphasize that 1t has nothing whatever to do with
the present hangover — the mtellectual anti-chmax of the nuclear
bomb*? (or with other undesirable unintended consequences of the
growth of scientfic knowledge and technology) My objection to
the religion of mastery over nature, to the idea that knowledge 1s
power, 1s, quite simply, that knowledge 1s something far better than
power Bacon’s formula ‘knowledge 1s power’ (‘nam et ipsa scientia
potestas est’) was an attempt to advertise knowledge It takes 1t for
granted that power 1s always something good, and 1t promuses that
you will be repaid 1n terms of power if you make the unpleasant
effort needed to attain knowledge YetI believe that Lord Acton was
right when he said ‘Power tends to corrupt, and absolute power
corrupts absolutely ?° Of course, I do not deny that power can be
tamed, that 1t may someumes be used for very good thungs ~ for
instance, 1 the hands of a good physician But I am afraid that even
physicians not mfrequently succumb to the temptation to make
their patients feel their power

Kant once commented strikingly on the saying that truthfulness,
and honesty, 1s the best policy Thus, he said, was open to doubt But
he added that he did not doubt that truthfulness was better than any
policy®* My remark that knowledge 1s better than all power 1s
merely a variant of this remark of Kant’s To the scientist only truth
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matters, not power It 1s the politician who cares about power

The 1dea of mastery over nature 1s 1n 1tself perhaps neutral Whent
1s a case of helping our fellow men, whenitisa case of medical progress
orof the fight against starvation and nusery, then of course I welcome
the power we owe to our knowledge about nature But the 1dea of
mastery over nature often contains, I fear, another element—the will to
power as such, the will to dominate And to the idea of domunation I
cannot take kindly Itisblasphemy, sacrilege, hubris Menare notgods
and they ought to know 1t We shall never donunate nature The
mountaineer 1s to be piied who sees 1n mountains nothing but
adversaries he has to conquer — who does not know the feeling of
gratitude, and the feeling of his own insignificance n the face of nature
Poweralways s temptation, even power or mastery over nature What
the Sherpa Tenzing felt on the peak of Chomo Lungma - that 1s,
Mount Everest ~ was better ‘I am grateful, Chomo Lungma’, he
said 2

But let us return to Bacon From arational or critical point of view
Bacon was not a great philosopher of science His writngs are
sketchy and pretentious, contradictory, shallow, and immature And
his famous and influential theory of mduction, so far as he developed
it (for most of 1t remamed a mete project, and has remained so ever
since), bears no relation to the real procedure of science (It was the
great chemist Justus Liebig who pointed this out most forcefully #)
Bacon never understood the theoretical approach of Copernicus, or
of Gilbert, or of his contemporaries Galileo and Kepler ** Nor did
he understand the significance of mathematical 1deas for science Yet
hardly any philosopher of modern times can compete with Bacon’s
influence Even today many scientsts still regard him as their
spiritual father

VII

This leads us to a question which I call the historical problem of
Bacon how can we explamn the immense influence of this logically
and rationally quite unimportant philosopher?

I have already briefly hinted at my solution of this problem In
spite of everything I have said, Bacon s the spinitual father of
modern science Not because of his philosophy of science and his
theory of induction, but because he became the founder and prophet
of a rationalist church — a kind of anu-church This church was
founded not on a rock but on the vision and the promise of a
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scientfic and 1ndustrial society ~ a society based on man’s mastery
over nature Bacon’s promuse 1s the promise of self-hberation of
mankmd through knowledge *

In his Utopia, The New Atlantis, Bacon depicted such a society
The governing body of that society was a technocratic mnsutute of
research which he called ‘Salomon’s House” It 1s mnteresting to note
that Bacon’s New Atlantis not only anticipated certain not too
pleasant aspects of modern ‘Big Science’, but goes beyond them mn
1ts uninhibited dreams of the power, glory, and wealth that the great
scientst may attain Consider Bacon’s description of the more than
papal pomp of one of the ‘Fathers of Salomon’s House’ — that 1s to
say, one of the Directors of Research *

The day bemng come, he made his entry He was a man of
muddle stature and age, comely of person, and had an aspect as
if he pitied men He was clothed 1n a robe of fine black cloth,
with wide sleeves and a cape  He had gloves that were  set
with stone, and shoes of peach-coloured velvet  He was
carried m a rich chariot without wheels, litter~wise, with two
horses at esther end, richly trapped i blue velvet embroidered,
and two footmen on each side in the hike attire The chariot was
all of cedar, gilt, and adorned with crystal, save that the fore-
end had pannels of sapphures, set in borders of gold, and the
hinder-end the hike of emeralds of the Peru colour There was
also a sun of gold, radiant, upon the top, n the mudst, and on
the top before, a small cherub of gold, with wings displayed
The chariot was covered with cloth of gold nssued upon blue
He had before hum fifty attendants, young men all, in white
sattin loose coats to the mud-leg, and stockings of white sk,
and shoes of blue velvet, and hats of blue velvet, with fine
plumes of divers colours, set round like hat-bands Next
before the chariot went two men, bare-headed, m linen
garments down to the foot, girt, and shoes of blue velvet, who
carried the one a crosier, the other a pastoral staff like a sheep-
hook, neither of them of metal, but the crosier of balm-wood,
the pastoral staff of cedar Horsemen he had none, neither
before nor behund hus chariot as 1t seemeth, to avord all tumult
and trouble Behind s chariot went all the officers and
principals of the Companies of the City He sat alone, upon
cushions of a kind of excellent plush, blue and under hus foot
curious carpets of silk of divers colours, like the Persian, but
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far finer He held up his bare hand as he went, as blessing the
people, but in silence

But a less questionable passage from Bacon’s Novum Organum may
here be of interest

Also our hopes are raised by the fact that some of the
experiments made litherto are of such a kind that nobody
before had an 1dea of such things, rather, they would have been
contemptuously set aside as impossibilities

If prior to the discovery of firearms somebody would have
described their effects, and would have said that an mvention
had been made by the means of which even the biggest walls
and forufications could be shaken and knocked down from a
great distance, people mught have, quite reasonably, deliberated
about the various ways of utiizing the power of the existing
machines and contraptions, and how one mught strengthen
them with more weights and more wheels, or mcrease the
number of knocks and blows, but nobody would have dreamt
of a fiery blast which suddenly and violently expands and
blows up, one would, on the contrary, have discarded such a
thing entirely, because nobody had ever seen an example of it

Bacon then goes on to discuss 1 a simular vein the discovery of silk
and of the marmer’s compass — and he continues

Thus there 1s much hope that Nature stdl holds many an
excellent and useful thing in her lap that has no resemblance or
parallel to what has been discovered hitherto, but, on the
contrary, lies far away from all the paths of imagination, and
from all that has been found so far No doubt 1t wall come to
light 1n the circuitous course of the centuries, just as has
happened with earlier inventions, but with the aid of the
method which 1s here treated of these things will be found far
more surely and more quickly, and indeed, they mught be
accounted for and anticipated at once

This passage from the Novum Organum 1s characteristic of Bacon’s
promuse Follow my new way, my new method, and you shall
quickly attam knowledge and power Indeed, Bacon believed that an
Encyclopedia contaiung a description of all important phenomena
of the Universe could be completed soon he believed that, given two
or three years, he could read through the whole book of Nature and
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bring the task of the new science to its completion

There 15 no need to say that Bacon was mistaken —not only about
the magmtude of the task, but about his new method The method
he was proposing had nothing whatever to do with that of the new
science of Gilbert, of Galileo, or of Kepler, or with the later
discoveries of Boyle and of Newton

Yet Bacon’s promuse of a scientific future, splendid and close at
hand, had an immense influence on both English science and the
English industrial revolution — the industrial revolution which
spread first to Europe and later to America and, mndeed, all over the
world, and which has truly changed the world into a Bacontan
Utopia

As 15 well known, the Royal Society and later the British
Association for the Advancement of Science (and stll later the
American Association) were deliberate attempts to give effect to the
Baconian 1dea of cooperative and organized research And 1t may be
of interest here to quote a passage from the second charter of the
Royal Society, of 1663, which 1s sull 1 force It says that the
researches of the Members are to promote ‘by the authority of
experiments the sciences of natural things and of useful arts [that 1,
industrial technologyl, to the glory of God the Creator, and the
advantage of the human race’ ?® The conclusion of this passage 1s
taken almost lhiterally from Bacon’s The Advancement of Learn-
g

Thus this pragmatc-technological attitude was combined from
the outset with humanitarian aims the increase of general welfare
and the fight agamst want and poverty The English and European
industrial revolution was a philosophical and religious revolution,
with Bacon as 1ts prophet It was inspired by the idea of accelerating,
through knowledge and research, the hitherto far too slow advance
of technology It was the idea of a materal self-liberation through
knowledge

VI

But here one could raise an umportant objection Was not the idea of
applied knowledge, the 1dea that knowledge 1s power, already an
mfluence m the Middle Ages? Was there not astrology that served
the desire for power, and alchemy, the seaich for the Philosopher’s
Stone?

The objection 1s important and can help us to bring out more
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clearly the mfluence of epistemological optimism For that pecular
optimusm was lacking in the medieval alchenmusts and astrologers
They searched for a secret which, they believed, had once been
known in antiquity but had later been forgotten They looked for
the key to wisdom 1n old parchments

And yet, they may have been right 1n hunting for lost treasures of
wisdom What they were seeking so eagerly may well have been,
unknown to themselves, the greatness of ancient Rome and the
Augustan Peace, or perhaps the greatness and the boldness of the
critical and rationalist philosophy of the pre-Socratic phulosophers

However this may be, Bacon (and the Renaissance) felt differently
on this point Admuttedly Bacon was an alchemust and a ‘magus” who
believed in “natural magic’ But he also believed —and this1s decisive
~that he himself had found a key to new wisdom It s this new self-
confidence that distinguishes Bacon’s optuimism ~ the confidence,
completely unwarranted in hus case, that he himself had the power
to unveil the mysteries of nature without having to be itiated 1nto
the secret wisdom of the ancients This power 1s independent of
divine revelation, and independent of the disclosure of mysteries 1n
the secret writings of ancient sages Thus, Bacon’s promise may be
said to encourage enterprise and self-confidence It encourages men
to rely on themselves in the search for knowledge, and so to become
independent of divine revelation and of ancient traditions

IX

Bacon himself (and with him many other Renaissance sages)
belonged to two worlds he belonged to the old world of mysticism
and word magic combined with the authoritarian faith 1n some lost
secret, the (Neo-Platonic®®) Wisdom of the Ancients*' At the same
ume he belonged to the new world of an anti-authoritarian
confidence i our own power of adding to our wisdom and thereby
of further increasmng our power This made Bacon’s propheuc
message apt to grow 1nto a new religion, and ultimately 1nto the new
message of the Enlightenment Thus new message of the European
Enlightenment mught perhaps be summed up 1n the somewhat
equivocal formula God helps those who help themselves — a formula
which has sometimes been taken quute seriously as a statement of the
responsibility imposed by God on us, and sometimes as 2 manifesto
of the self-emancipation and the self-reliance of a secular, fatherless
soctety *
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Christianity, perhaps more than any other religion, had always
taught its believers to look forward to a Iife to come, to sacrifice the
present for the sake of the future Thus 1t laid the foundation of an
attitude towards life that mught be called the European ‘“futurity
neurosts’ It 1s a way of living at all times more in the future than in
the present, of being obsessed with plans for the future, schemes for
the future, imnvestments 1n a better life to come My conjecture 1s that
epistemological optimism with its peculiar 1dea of self-reliance — that
God helps those who help themselves — secularized Christianuty,
and turned its futunity neurosis into the idea of self-liberation
through the acquisition of new knowledge and through partici-
pation 11 the new knowledge to come — the new growth of
knowledge — and at the same tume into the related but subtly
different 1dea of self-liberation through the acqusition of new
power, and of new wealth

Thus we may say that the Baconian Utopia, like most Utopaas,
was an attempt to bring heaven down to earth And so far as
promused an mncrease of power and of wealth through self-help and
self-liberation through new knowledge, 1t 1s perhaps the one Utopia
that has (so far) kept its promuse Indeed 1t has kept 1t to an almost
unbelievable extent *?

X

I may perhaps now remund you of my programme, which was to
outline the decisive part played by philosophical 1deas, and more
precisely by epistemological optimism, in the development of three
characteristic forces of European hustory

1 ourindustrial civilizaton,
2 our science, and its mfluence, and
3 ourideaof mdividual freedom

I will now leave the first of those three points — not because I have
exhausted it (1t 1s a subject I could not exhaust in one lecture), but
simply because I have to pass on to my second point, the evolution
of modern science

As I have pointed out before, the evolution of science and ot
industry and technology have interacted, and have enriched each
other I now only want to stress that this interaction shows 2
significant asymmetry While modern industrial development has
become unthinkable without modern science, the opposite 1s not the
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case science 1s largely autonomous No doubt the needs of industry
have been a stumulus to 1ts development, and any stmulus s
welcome and useful But what the scientist wants more than
anything else 1s to know And though he 1s grateful to anyone who
gives him interesting problems to tackle, and the means to tackle
them, what he wants 1s knowledge, and to add to our knowledge

XI

The science of the Renaissance may be regarded as the direct
conunuation of the Greek cosmology of the lonmans and the
Pythagoreans, the Platonists and the Aristotehans, the Atomusts and
the Geometers The method of Galileo and of Kepler 1s the critical,
the rational, the hypothetical method of these forerunners of
theirs > Hypotheses are invented and criticized Under the mnfluence
of criticism they are modified When the modifications become
unsatisfactory, they are discarded, and new hypotheses are
advanced One typical example 1s the Ptolemaic geocentric cos-
mology with its modifications and auxiliary hypotheses, the epi-
cycles When they became too cumbrous, Copernicus rediscovered
the heliocentr.c cosmology of Anstarchus The heliocentric hypoth-
esis, too, led to grave difficulies But they were triumphantly
resolved by Kepler and Newton Thus the method of science
conssts of boldly advancing tentative hypotheses and of submutting
them to critical tests Since Emnstemn we know that 1t can never lead
to certamnty For whether Newton or Emnstemn 1s right, we have
learned from Emsten at least one thing that Newton’s theory, too,
1s only 2 hypothesss, a conjecture, and perhaps a false one, 1n spite
of 1ts meredible success 1 predicting with the greatest precision
almost all astronomuical phenomena within our solar system, and
even beyond

Thus we have learned from Emstein that science offers us only
hypotheses or conjectures rather than certain knowledge But the
modest programme of searching for hypotheses would probably not
have mspired scientists 1t mught have never started the enterprise of
science What people hoped for, and sought, was knowledge ~
certain mdubitable knowledge Yet while searching for certamn
knowledge, scientists stumbled, as it were, upon the hypothetical,
the conjectural, the critical method For knowledge, whether certain
or not, had to stand up to criicism If 1t farled to do so, 1t had to be
discarded And so 1t came about that scientists got used to trying out

201



THEMYTH OF THE FRAMEWORK

new conjectures, and to using their imagination to the utmost while
submutting themselves to the discipline of rational criticism

Although nowadays we have given up the idea of absolutely
certain knowledge, we have not by any means given up the 1dea of
the search for truth On the contrary, when we say that our
knowledge 1s not certamn, we only mean that we can never be sure
whether our conjectures are true When we find that a hypothesis 1s
not true, or at least that 1t does not appear to be a better
approximation to the truth than its competitors, then we may
discard 1t Hypotheses are never vertfiable, but they can be falsified
They can be criticized, and tested

It 15 the search for true theories that inspires thus eritical method
Without the regulative idea of truth, criticism would be pointless

The experimental methods of Gilbert, Galileo, Torricelli, and
Boyle are methods for testing theories if a theory fails to satisfy an
experiment, it 1s falsified and has to be modified or supplanted by
another one — by a theory, that 1s, which lends 1tself better, or at least
equally well, to testing

So much for the method of science It 1s critical, argumentative,
and almost sceptical

XII

But the great masters of this method were not aware of the fact that
this was their method They believed 1n the possibility of reaching
absolute certamnty in knowledge A radical version of epistemo-
logical optimism 1nspired them (as 1t mspired Bacon) It led them
from success to success Nevertheless it was uncritical, and logically
untenable

We can describe this radical and uncritical epistemological opti-
pusm of the Renaissance as the belief that truth s mansyfest Truth
may be hard to find But once the truth stands revealed before us, 1t
1s impossible for us not to recognize 1t as truth We cannot possibly
mistake 1t Thus nature 1s an open book O, as Descartes put 1t, God
does not deceve us

This theory 1s closely related to Plato’s theory of anamnesis — to
the theory that before our birth we knew the ludden reality, and that
we recognize it again once we happen to catch sight of 1t, or perhaps
even 1ts faint shadow

The 1dea that truth 1s manifest 1s 2 phulosophical 1dea (or perhaps
even a religious idea) of the greatest historical importance It s an
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optimistic 1dea, a beautiful and hopeful dream, a truly sublime 1dea
And I willingly admut that there may be a gram of truth n 1t But
certainly not more than a gramn For the 1dea 1s mistaken Again and
again, even with quite sumple things, we hold the truth i our hands
and do not recognize 1t And sull more often we are convinced of
having recognized the mamfest truth while 1 fact we are entangled
in errors

The radical epistemological optimusts — Plato, Bacon, Descartes,
and others ~ were of course aware of the fact that we sometmes
mustake error for truth And i order to save the doctrine of manifest
truth they were forced to explamn the occurrence of error

Plato’s theory of error was that our birth 1s a kind of epistemo-
logical fall from grace when we are born we forget the best part of
our knowledge, which 1s our direct acquaintance with truth
Simularly, Bacon (and Descartes) declared that error is to be
explamned by our personal shortcomings We err because we stub-
bornly cling to our prejudices mstead of opening our physical or
mental eyes to the mamfest truth We are epistemological sinners
hardhearted sinners who refuse to percetve the truth even when 1t 1s
manifest before our eyes Bacon’s method, therefore, consists
cleansing our munds of prejudices It 1s the unbiased mind, the pure
mund, the mind cleansed of prejudice, that cannot fail to recognize
the truth

With this theory I have reached a final formulanon of radical
epistemological optmusm The theory 15 of great importance It
became the cornerstone of modern science It made the scienust a
priest of truth, and the worship of truth a sort of divine service

I beheve that this respect for truth 1s indeed one of the most
important and most precious traits of European civilization, and that
it 18 rooted nowhere more firmly and deeply than 1n science Itis a
priceless treasure we find in the treasure-house of science, a treasure
which, I believe, far surpasses her technological utihity

Yet Bacon’s theory of error 1s, in spite of 1ts desirable con-
sequences, untenable Small wonder, therefore, that it has also led to
undesirable consequences I shall discuss some of these con-
sequences 1n connection with my third and last pomnt to whichTam
now coming — my analysis of the importance of epistemological
optimism for the development of freedom, of European liberalism

203



THE MYTH OF THE FRAMEWORK
XI1I1I

In discussing my second pont I have tried to show mn what way
epistemological optimism 1s responsible for the development of
modern science At the same time I have tried to discuss epistemo-
logical optimism and to evaluate and criticize this pecuhar philos-
ophy

All this we have to keep i1 mind when we now turn to glance at
the development of modern hiberalism And since I am going to say
something critical about 1t, T'want first of all to state quite clearly and
unmstakably that my sympathies are all for 1t Indeed, while T am
well aware of 1ts many imperfections, I do think ~with E M Forster
and Pablo Casals — that democracy 1s the best and noblest form of
social life that has so far arisen in the history of mankind I am not
a prophet, and I cannot deny the possibility that one day 1t will be
destroyed But whether or not 1t will in fact survive, we should work
forits survival

Now I think that the mamspring that keeps democratic societies
gomng 1s the peculiar philosophy that I have just sketched the belief
1 the sanctity of truth, together with the over-optumistic belief that
truth 1s manufest, even though 1t can be temporarily obscured by
prejudices

This peculiar philosophy 1s, of course, much older than Bacon It
played a large part in almost all religious wars ~ each side regarding
the other as bemighted, as refusing to see the obvious truth, and
perhaps even as possessed by the devil

X1V

Epistemological over-optimism has two very different philosophies
opposed to 1t a pessumism which despairs of the possibility of
knowledge, and a critical opumism which realizes that 1t 1s human
to err and that fanaticism 1s usually the attempt to shout down the
voices of one’s own doubts Up to the twentieth century critical
optimusts were rare Socrates, Erasmus, John Locke, Immanuel
Kant, and John Stuart Mill were among the greatest of them

The development of liberalism from the Reformation to our own
ttime took place almost enurely under the sway of an uncrinical,
epistemological over-optimism the theory of manifest truth Ths
theory led liberalism along two roads The first led straight from the
Reformation to the demand for freedom of religious worship The
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second led through some disappomtments 1n the theory of manifest
truth to the theory that there exists a conspiracy aganst truth For,
1t was argued, if so many do not see the mamfest truth ~ that truth
which 1s so clearly visible — 1t must be on account of false prejudices
cunmungly and systematically implanted into young impressionable
minds s0 as to blind them to truth The conspirators agamst truth
were, of course, the priests of the competng churches 1n the minds
of the Protestants the Catholic Chureh, and vice versa

Though based upon the mustaken doctrine of manifest truth, this
second road led, nevertheless, to the valid and mvaluable demand for
freedom of thought, and to the demand for 2 universal and secular
primary education — on the ground that those who are freed from the
darkness of illiteracy and religious tutelage cannot fail to see the
manifest truth

And 1t led finally to the demand for umversal suffrage For if truth
1s manifest, then people cannot err And since they can recognize the
truth, they can also recognize what is good and just

I believe that this development was good and just ~ despite the
epistemological over-optimism, which 1s the main weakness of 1its
theoretical basis But it was the weakness of this theoretical basis that
led to the terrible religious wars of the sixteenth and seventeenth
centuries, and to the horrors of violent revolutions and c1vil wars
Here in the West, all this has finally led us to the Socratic msight that
to err 1s human We are not fanatics any longer Most of us are only
roo willing to recogmze our own shortcomings and mustakes Thus
msight, belatedly as 1t came to us, 1s a blessing Like all blessings,
though, 1t 1s a mixed blessing, for it tends to undermine our
confidence 1n our way of life, especially those of us who have learned
thus lesson well

I have come to the end of my historical sketch, and 1n conclusion I
wish to add only one further remark the Socratic-Erasnuc msight
that we may be 1n error should certainly prevent us from waging a
war of aggression But our consciousness of our shortcomings and
mistakes must not deter us from fighting in defence of freedom

NOTES

1 Plato, Republic, 473 c~¢ In my Open Society, chapter 8, pp 151f, 1
translated the passage as follows

Unless, 1n thesr aities; philosophers are vested with the mught of
205



10
1

THE MYTH OF THEFRAMEWORK

kings, or those now called kings and oligarchs become genuine and
fully -quahfied philosophers, and unless these two; political might
and philosophy, are fused (while the many who nowadays follow
their natural iclination for one of these two are suppressed by
force), unless this happens, my dear Glaucon, there can be no rest,
and the evil will not cease to be rampant 1n the cities — nor, I believe,
1n the race of men

See T Masaryk, The New Europe (The Slav Standpomst), printed by
Eyre and Spottiswoode, London, 1918, for private circulation, p 68

It mught, perhaps, be mentioned that Masaryk’s nationalism was
moderate and humane ‘T have never been a Chauvinist, I have not even
been a nationalist ~ (Masaryk, p 45) Nevertheless, healsosaid ~ we
advocate the principle of nationality ’ (Masaryk, p 52) and demanded
the dismemberment of Austria-Hungary into national states (See also
note53 to chapter 12 of my Open Society ) For a mostnteresting though
different appraisal of Masaryk’s views, see A van den Beld, Humanity
The Political and Social Philosophy of Thomas G Masaryk; Mouton,
The Hague, 1975

Iéeland may be 4n exception Cp my Conjectires and Refutations,
p 368

A JP Taylor claims that ‘Czechoslovakia contained seven [national-
1ties]” — that 18, ‘Czechs, Slovaks, ‘Germans, Magyars, Little Russians,
Poles, Jews’ See The Hapsburg Monarchy, (1948), Peregrine Books
edition, 1964, p 274

Hemnrich Heine, Zur Geschichte der Relsgion und Philosophie n
Deuntschland, 18334, book 111 (see p 150 of Wolfgang Harich’s edition,
Insel Verlag, Frankfurt, 1966) The passage was quoted in my Open
Socety, volume I, p 109

Hayek has long stressed this point which, he says, has ‘long formed a
fundamental part of the liberal creed’ See his Constitution of Liberty,
Routledge & Kegan Paul, London, 1960, pp 112f, the quotation in his
textfrom J S Mill, and in lus footnote 14 on p 445 from Lord Keynes
Marx does so 1n the ‘“Author’s Preface to the Second German Edition
of Capital, dated London, 24 January 1873, see p 871 of the Everyman
edition of Caputal, volume 1, p 27 of the Lawrence & Wishart edition,
volume I

Thus brief account 1s based on the analysis-of Marx’s theory that I give
in my Open Soctety, chapters 13-21 See especially chapter 15, pp 108f,
footnote 13 onp 326, and the references given there to Marx’s Preface
to his A Contribution to the Critigne of Polutical Economy and hus The
Poverty of Philosophy

Cp my Open Society, volume I, pp 83 and 108

See John Stuart Mill, Autobiography, chapter 4, first edition, 1873,
p 105, Houghton Mifflin/Oxford University Press edition, edited by J
Sullinger, 1969, 1971, p 64 It seems that Mill believed at the time that
the only means of realizing his programme was by the voluntary
adoption of birth control by the labouring classes” (The quotation m
the text continues through a voluntary restriction of the increase of

206



12

13

14

15

16

17

9 EPISTEMOLOGY AND INDUSTRIALIZATION

thewr numbers’ ) There 15 no reason to thunk that he gave up lus support
for birth control But in his Autobiography, chapter 7 (1st edition,
p 231, Stllinger edition, p 138) he indicates (possibly under the
influence of his wife note the sudden ‘we’ mstead of I’ on the page
referred to) that a necessary additional means was a changed atutude
towards private property, and the adoption of a form of socialism

The quotations are from Martin Luther’s De servo arbitrio (The
Bondage of the Will), 1525, a book written 1in reply to Erasmus De
hibero arbitrio (A Diatribe or Discourse Concerning Free Chouce), 1524
The translations are ‘my -own See De servo arbitrio 1n D Martin
Luther’s Werke, Kritische Gesamtansgabe (Wemarer Ausgabe), 18
Band, Hermann Bohlans Nachfolger, Weimar, 1908, p 626 Cp Luther’s
Works, volume 33, Career of the Reformer III, Fortress Press, Phl-
adelphia, 1972, pp 52-3, or Martin Luther, Ausgewahlte Werke, edited
by HH Borcherdt and G Merz, Erganzungsrethe, erster Band, 1954,
p 35

Ths passage was written m 1959

Decisions ( making up our minds’) are unavoidable, even 1n science
What sctentists do all the time 1s to decide, 1n the light of argument But
we should distinguish between critical and ‘tentative decisions and
dogmatic decisions or commutments It 1s the latter type of decision
which has given nise to ‘decisiomsm’

It will be clear from the context that I am using the term rationalism
1 its wide sense, and not in the narrow sense 1 which 1t 1s used 1n
opposition to empiricism’

For a discussion of epistemological optimism, see On the Sources of
Knm;/fledge and of Ignorance’ in my Conjectures and Refutations,
pp 5

Opnly quute recently; and many years after I first arrived at my not too
favourable opinion of Bacon’s philosophy as well as at the view that he
was the prophet of the industrial revolution, I came across the admirable
and highly original book by Benjamun Farrington, Francis Bacon,
Philosopber of Industrial Science, (Schuman, New York, 1949, Coller,
New York, 1961, Lawrence & Wishart, London, 1951) Though
Farrington treats Bacon from a philosophical point of view very
different from my own, our results concerning Bacon’s influence on the
industrial revolution are strikingly sumilar Indeed, Farrington quotes
{on p 136 of the 1961 American edition) the passage from Marx’s
Capital which T have now adopted as a motto for this chapter In that
passage Marx says ©  Francis Bacon looked forward to an alteration in
the form of production and to the effective control of nature by man,
as a result of a change w the ways of thinkmg (italics mine) I certainly
agree with what Marx says here, though my interpretation hardly fits
Marx’s own view of the relation between ‘the mode of production of
material life’ and ‘the general character of the social, political and
mtellectual processes of hfe For Marx says in his ‘Preface to A
Contribution to the Critigue of Political Economy (cp Lawrence &
Wishart edition, 1971, pp 20-1, Karl Marx, Selected Writings mn
Sociology and Social Philosophy, edited by TB Bottomore and
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M Rubel, Pengum edition, 1963, p 67), The mode of production of
material life determines the general character of the social, political and
intellectual ‘processes of fe Its not the consciousness of men that
determunes their existence but, on the contrary thewr social existence
determunes thewr consciousness’ This can bardly be squared with
mnterpreting Bacon .as one of those who helped to bring about the
mdustral revolution ‘asa result of a changen tie ways of thinking’

Cp my ‘Science Problems, Amns, Responsibilines’, chapter 4 .of the
present volume

In the onginal lecture I mentioned at this point that my cntical attitude
towards Bacon predated the creanon of nuclear weapons (I cnucized
Bacon 1 1934), and that I remained 2 great admirer of Albert Einstem
and Niels Bohr even though thewr theories fathered the atom bemb
Lord Acton, Letter to Mandell Cresghton, 5 April 1887 Cp Lord
Acton, Essayson Freedom and Power, edited by Gertrude Himmelfarb,
Meridian Books, Thames & Hudson, London, 1956, p 335

I referred to this 1n my Open Socety, volume 1, p 139 See Immanuel
Kant, On Eternal Peace, Appendix, in Kanis gesammelte. Schriften,
edited by konighch prenssischen Akaderue der Wissenschaften, VIII,
Gruyter, Berhin and Leipzig, 1923, p. 370 Cp Kant’s Politrcal Writings,
edited by H Reiss, Cambndge Umversity Press, Cambndge, 1971,
p 116 ‘It s true, alas, that the saymng “Honesty 15 the best policy”
embodies a theory which 1s frequently contradicted by pracuce Yetthe
equally theoretical proposition “Honesty s better than any policy”
mnhnitely transcends all objections, -and 15 indeed an indispensable
condition of any policy whatever’

Tenzing Norgay, Man of Everest (as told to James Ramsey Ullman),
George Harrap & Co Ltd, London, 1955, p 271

See Justus von Liebig, Ueber Francs Bacon von Verslam und die
Methode der Naturforschung, Mumch, 1863, English translation, ‘Lord
Bacon as Natural Phulosopher’ Tand 11, Macmullan’s Magazine, 8, 1863,
pp 23749, 25767

Kepler 15 not mentioned at all by Bacon See Elhis’ Preface to the
Descriptio Glob: Intellectuals,in The Works of Francs Bacon, edited by
James Spedding, Robert Lesle Elhs, and Douglas Denon Heath,
Longman & Co., London, 1862-75, volume III, pp 723-6, on Coperni-
cus, see 1L, p 229 and V, p 517 {also IV, p 373}, on Galileo, see 11,
p 596 (Bacon on Galileo’s theory of the tides) and, for example, V,
pp 541-2, on Galbert, see I, pp 292-3 and V, p: 202 (also V, pp 454,
493, 515 and 537)

Cp gy ‘Emancipation Through Knowledge’ in my 7n Search of a Better
Wor

Francis Bacon, New Atlantis, in The Works of Francis Bacon, volume
11, pp 1144

The quotations are from Novum Organum, 109th Aphonism Cp The
Works of Francis Bacon, volume 1, pp 207f The translation 1s my own
Cp James Spedding’stranslation in The Works of Francs Bacon, volume
IV, pp 99f

Cp, for example, Sir Henry Lyons, The Royal Society 1660~1940,
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Cambrnidge University Press, Cambridge, 1944, Appendix I ‘Second
Charter 22 Apnl 1663’ The quotation tn my text ss from p 329 of this
Appendix
See The Works of Francis Bacon, volume Il p 294  for the glory of
the Creator and the rehef of man’s estate® Cp also Rawley’s
mntroduction “To the Reader’ to New Atlantis (published 1n 1627) ©  a
college instituted for the mterpretng of nature and the producing of
great and marvellous works for the benefit of men * (The Works of
Franess Bacon, volame 1L, p 127 )
1 should perhaps have said, rather, Hermencism See, notably, P Ross,
Francis Bacon From Magic to Scaence, Routledge & Kegan Paul,
London, 1968 (first published in Itahan i 1957), Francs Yates,
Grordano Bruno and the Hermetic Tradstion, Routledge & Kegan Paul,
London, 1964, Francis Yates, “The Hermetic Tradition 1 Renaissance
Science’, in Art, Science and History w the Renassance, edited by C$
Singleton, Baltmore, 1967 For a recent discussion see DK Probst,
Franess Bacon and the Transformation of the Hermetic Traditton mto
the Ratwonalist Church, D Sc thesis, Universite Libre de Bruxelles,
Faculte des Sciences, Service de Chimue Physique I, 1972
Cp De Saprentia Veterum, i The Works of Francis Bacon, volume VI,
pp 619-86 {translation, pp 689-764) and De Prinapns Atque Origin-
tbus Secyndum Fabulas Cupidins et Coele 1 The Works of Francis
Bacon, volume III, pp 79-118 (translation, volume V, pp 461-500),
which interpreted 2 number of classical myths as cosmological alle-
ories
%’hxs term 1s a reference to the 1dea that our western societies do not, by
their structure, satisfy a need for a father-figure I discussed these
problems, brefly, i1 my (unpublished) William James Lectures
delivered 1 Harvard 1n 1950 (Cp my Conjectures and Refutations,
375)
?offer this view as an alternative histortcal conjecture to the theories of
Max Weber and R H Tawney about the relation between ‘Religion’ and
‘the Ruse of Capitaism’ (see Max Weber, The Protestant Ethic and the
Spiret of Caputalism, G Allen & Unwin, London, 1930, and RH
Tawney, Refigion and the Rise of Capitalism, Holland Memorial
Lectures, 1922, first published 1926) The tme at my disposal did not
allow me to elaborate my conjecture — and even less to compare 1t
cntically wathits competitors
Lest I be musunderstood, my comments pertain not so much to
scientists as individuals as to the scientific traditton ~ the friendly-
hostile cooperation of scientists — which 1tself emerged from the very
developments we are discussing Cp my Objective Knowledge, chapter
4, section 9
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The Myth of the Framework was concerved in the mid-1970s
Several versions of eleven different essays were brought together, a
working copy was made, typescripts were sent to reviewers,
criticisms were solicited and received, revisions made, permussions
requested — and then, the mounting pressure of other commitments
forced Sir Karl to put the manuscript in hus drawer It sat there in
typescript until 1986, when the Hoover Institution on War, Revol-
ution and Peace acquired Popper’s papers and created The Karl
Popper Archives at their library 1n Stanford University

The volume published here differs somewhat from what was
planned in the mud-1970s The greatest difference 1s the omission of
‘Emancipation Through Knowledge” and “The Logic of the Social
Sciences’, both of which have only recently appeared i Popper’s In
Search of A Better World A third essay, “The Frankfurt School’, now
forms an addendum to ‘Reason or Revolution?, and ‘Philosophy
and Physics’, not originally included, has now been added

I have learned a great deal in editing this book from the work that
Sir Karl has devoted to the essays that are published here, and, n
particular, from the revisions that he has made to them There are
typically several versions of each of these essays n the archives, and
typically several copies of each version Each of these copues,
moreover, typically has its own set of comments and corrections
Since few of them are dated, I at first found it difficult to determine
which was mtended as the latest version But as time went on, 1t
became clear that Sir Karl’s revisions were always made in an effort
to simplify hius expression, so as to make his 1deas more accessible to
his readers Sir Karl encouraged me to continue 1n the same vein, and
to sumplify hus expression whenever it was possible to do so wathout
altering hus thought I have not indicated the revisions that I have
made 1n the body of the text, so as not to distract the reader’s
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attention And since Sir Karl has approved them as his own, I see no
reason to indicate them here
I'want to thank Sir Karl for trusting me with his work, and for the
many stimulating conversations we have had concerning 1t
The Myth of the Framework 1s the first volume to be published
from The Karl Popper Archives It 1s intended as the first of many
I want to acknowledge with grautude the work that WW Bartley,
111 and Stanford University’s Hoover Institution on War, Revolu-
tion and Peace have devoted to the creation of these archives
In March of 1992 the Ianus Foundation began financial support of
my work 1n the Popper Archives Since then, 1t has supplied me with
a mucrofilm copy of the archives and with the equipment necessary
to use 1t More important, it has also made possible an extensive
transatlantic telephone tutorial with Sir Karl, as well as visits wath
him 1n the final stages of the preparation of this book I want to
thank the Scientific Director of the Ianus Foundation, Werner
Baumgartner, for his vision of a Popper tree, and, most of all, for hus
friendship And I want to thank the President of the Ianus
Foundation, Jum Baer, who made sure that I had the best possible
equipment for the job T also want to thank Elisabeth Erdman-Visser
(who first suggested to Sir Karl that I edit his work), Ursula Lindner
and Melitta Mew (each of whom provided necessary moral support),
Yvonne Damuan (for her unflagging help 1n checking references),
Richard Stoneman (Senior Editor at Routledge), Sue Bilton (who
guded the book through its publication with Routledge), and
Victoria Peters (who helped her to do it) In January of 1994, the
Soros Foundation and the Central European University assumed the
financial support of my project I want to thank George Soros, both
for hus interest in my work, and for lus commitment to Sir Karl’s
vision of the world as an open society As I mentioned earlier, this
volume was first planned for publication in the mud-1970s Jeremy
Shearmur worked on 1t then, and brought 1t 2 good way along the
path toward pubhicanion I owe a great debt of gratitude to him, since
his work has undoubtedly made mune easier Thanks are also due to
Larry Briskman, Bryan Magee, and David Miller ~ each of whom
made helpful comments on that original version of the text Finally,
I want to thank Kira Victorova, my wife and colleague, who helped
in the proofreading, and in the preparation of the indexes of this
book, and who has made my life while working on 1t a joy
M A Notturno
Chucago, 1994
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the ether 117

atomism 15, 18, 56, 88, 113-18, 164,
201

authoritariamsm 57, 91-2, 94, 103

authority/ies 1%, x, 57, 72, 91-2, 173,
192, appeal to1x, %,57,72,173;
appeals to authority should be
neither excused nor defended x,
scientific 91-2

autocracy 185

background knowledge 141, 160

barbarism 190

Bauhaus 132

behaviour/s 3-6, 234, 63, 87, 89,
95, exploratory 6, 24, repertoire
of 3,6,23-4

behaviourism 20, 24-5, 151, 182

bias 7,25, 934, experimenter 25,
not necessartly an obstacle in
science 7, 94

Bible 130

Big Science 14, 23,72, 196

biology 4, 23, 26-7, 95, 101

burth control, Mill s support of
206-7

body/ies 113~14, 119,167, as
extension 113-14

Browman motion 1011, 118

capitalism 46, 87, 143, 209

causation, as push 113, 115-16

certamnty 201-2

chemistry 90, 92, 110, 165, of water
92

Christiaruty 189-90, 192, 200
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crvilization/s 29, 38, 191-3, 200,
203, industrial 191, 193, 200,
result of culture clash 38,
western 29, 1923, 203

clanity 70-1, 79

class struggle 53, 87

commitment asirrationality 180

competition 7, 16, 27, 37, 54-5, 38,
60, 69, 86, 89-93, 102, 105, 109,
147, 1601, 170, 182, among
theories 7, 16,27, 37, 54, 55, 58,
60, 86, 89-92, 102, 105, 147, 160,
161, 170, 175, 178, basis of
objectivity 69, 93 (see alse
discussion/s, critical}

confrontation/s of different
cultures 3840, 43,513, 61,
170-1

conyecture/s see theories

conventions 37, 39-40, 45-6, 59,
612, and arbitrarmess 45, 62,
and laws 45-6, and nature 37,
3940, 61, truth not subject
to 39

converston 51,57

corroboration 181

cosmology/ies 20,40-1, 43, 201, as
the basis of science 43, see also
astronomy

creativity 6, 9,52, 71

critical argument/s xu, xum, 934,
142, 180, 1912, attrude 51, 68,
70-1, 934, 103, discussion xum,
8, 13, 34-7, 401, 434, 46, 48,
51, 54-6, 5860, 69-70, 92-4, 98,
101, 104-5, 132, 140, 148,
158-63, 181, method/s 7, 30,
40-3, 58,179, 2012, optimism
204, rationalism xu; 190-2; 194,
tradition 38, 42, 61,70, 72, 190-2

criticism xu, 7-8, 1516, 29, 34,
40-3, 51-2, 54, 58-61, 68-70, 74,
80, 83, 86, 90, 92, 94, 96, 98, 103,
111, 117-18, 135-6, 140-2, 144,
147,159-62, 180, 190-1, 2012,
mvention of 40-3, nustaken
method vs correct method 60,
mutual 34, 94, rational xi1, 68-70,
147, 202, self= 15=16, 191,

transcendence through 51-2,
58-61

cultore/s 37-40, 43, 51-3, 61, 1701,
clash 38-40, 43, 51-3, 61, 1701,
gulf between different 37-8, and
nationalism 186, value of culture
clash 51

Darwnmsm 7-9, 17, 19, 25, 29, 68,
90, social 17,29

decision/s 191, 207, eritical ws
tentative 207, necessity of
making 191, 207

decoding 24, 26

defimtion/s 59, 91

demarcation 29, 834, 88

democracy 40, 110, 127, 187, 204

deternumsm 11, 83, 108, 131, 181,
historical 131, macro-physical
11, scientific 83, theological 83

dualectic 70, 79, 136

dictatorship 185, 188, of the
proletariat 188

disagreement/s 347, desirability of
37, growth of knowledge
depends upon x, 346

discovery/ies 2-3; 5-7,9, 12-13, 86,
92, 105~6, 128, 151, accrdental vs
systematic 85, 106, 151

discussion/s 8, 13, 33-8, 401,434,
46,48, 51, 54-60,69-70, 924,
98,101, 104-6, 116, 117, 122,
132, 140, 148, 158-63, 181,
arpong scientists 55, 106,
common ground of 33, critical
{rational) xum, 8, 13, 34-7, 401,
434, 46, 48, 51, 56, 58-60,
69-70, 924, 98, 101, 1045, 132,
140, 148, 158-63, 181, critical
discussion s always possible 54,
ethical 122, fruntful 347, 54,
567, incoriclusive 38, method of
43, 60, pessinusin concerning
33-6, 47,55

divine revelation 192, 199

dogmatism 1417, 57, 59-60, 82-6,
94

dualism of matter and field 117

duty/ies xim, 123, 126-7, of
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mntellectuals 69, optunism as a
=, of politicians 127, of
students 123

ecological miche/s 2, 4, 6,234

economics 13, 142, 151,154, 157,
170~1, 176,181-2

education 84, 205

elasticaty 115, 117,120

slectricity 18, 30-1,188

empiricism 72, 75, 181, 207

Enlightenment 79, 109, 191, 199

environment 3-6, 9, 70, social 70

environmental challenge/s 34,
niche/s 2, 4, 6, 234

epistemological optimism 192-4,
199-200, 202-5, 207

epistemology see knowledge,
theory/ies

equiibrium 114, 116

error 1%, X, 3-5, 7, 9-10, 12, 26, 43,
48, 58, 68, 70, 84, 90, 93, 98, 107,
123, 140, 142-4, 149, 158-60,
162, 170, 203, 205, criteria of 143,
elirmnation of 26, 68, 70, 93, 140,
142-3, 159-60, learming from xu,
xu1, 68,93, 98~101, 144, 158, 170,
theories of 203, trial and 3-5, 7,
9-10, 26, 58,68, 98

essence 17, 824, 113

essentralism 17, 112-13

ethics xu, %11, 30, 70, 124, cratical
rationalism as xu, xu1, vs
etiquette 124

evaluation/s 17, 68,71, 74, 190

evolution 1-2, 811, 14, 23-5, 58,
68, 1336, 150, 200, creative 25,
Darwiman 9, 68 (see
Darwinism), of industry and
technology 200, of scientific
problems 1-2, 11,200

existentialism 51, 190-1

expectation/s 25, 27, 37, 50, 95-7,
156

experience/s 85, 87, 105, 149, 169,
178

experument/s 8,25, 87-90, 93, 96-7,
99, 102, 104, 106, 161-2, 181,
crucsal 90, see also science,

experimental

expert/s 1z, x, 57, 72, 91-2, 99, 173,
authonty 1z, %, 57,72, 91-2, 173,
as prisoners of therr
specializations 1x

explanation 7, 31, 40-3, 61, 1578,
162-6, 168, 171, 173, 176,
179-81, as a function of language
40, of kinds of events vs
explanation of singular events
1623

extension 113-14, 116-17, 119-20,
dynamic theory of 116

faith xuy, 7, 57, 180, and critical
rattonalism xm

fallibilism 1x, 48, 60, 92, 205,
confused with relatrvism 48

falsthability 7, 29, 88-90, 94, 177

falstfication 934,967, 103-5,
1612, 178, as inconclusive 161

fanaticism 82, 180, 204

fatalism 108

fidersm 51

feld/s 116~17, 119, 144

fitness survival defimution 90

forces 11317, 119-20, 131,
attractive 116, 119, hustorical
131, as wntensities attached to
points 114, as proportional to
accelerations 115, repulsive
113-16, 119

frameworks 8, 27, 338, 43-4, 46-8,
52-61, 71, 75, 86~7, 90, 97, 145,
160, 170, 180, class of 43, closed
46, 53, commensurability of
378,54, 569, 61, commitment
1o 55, conceptual 48, cultural 47,
mtellectual 35, myth of the
(incommensurability of
frameworks) 336, 38, 44-7, 49,
52, 54~7, 59-60, not necessary
for scrence 56, and observation 8,
27,53, 58, 75, 86-7, 90, 97, 145,
as prisons 52--3, 61, 180, and
ratronal discussion 33-5, 47,
568, and truth 33, 37, 60, see
also theoryfies

Frankfurt school 66-7, 76, 78, 801
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freedom 1z, 6, 24, 40, 46, 53, 80, 106,
109, 123, 125-6, 128, 180, 191-2,
200, 204-5, from mtellectual
fashions 1x, 123, indmadual 191,
200, poliical 1x, of thought 205,
value of 24

Preudian/s 53, method/s of therapy,
diagnosis, and explanation
17980

fature xiy, 78, 80, 133, 200, as-open
K111

futunity neurosis 200

gene structure 3—6, 8~11, 24, 26,
58-9, 68, replication of 10-11, 26

general relativity 201, 53, 57, 912,
103, 119

genetic adaptation 2-3,5-6, 9, 23,
code 5,9, 26, mheritance of
acquired characterstics 8, 25

geocentric theory 54, 85,176, 201

Gestalt psychology 5, 24

God 47,82-3, 130-1,.189; 198-200,
202

gods 38, 40-1, 85-6, 130, 135, 195,
men are not 85-6, 195

gravitation 27, 31,89-91,110, 120,
144, 176, theory of 89-91, 176

growth of knowledge %, 34-6, 72,
93, 96, 100, 123-4,132-3, 135~6,
142,149-50, 156, 159, 194, 200

guess/es se¢ theory/ies

heat 56; 63, fluidum theory of 63

Hegelians 66, 70, 78-9

hehocentric theory 14, 54, 84-5,
176,201

hermeticism 209

Hippoeratic Oath 1224

histericism xuy, 30, 79, 131-2,
135-7, 150

historiography 36

historism 131

hustory 12, 15, 17, 21, 48, 54, 56, 63,
74, 80,82, 87-8, 130-52, 1701,
191, exemplar theory of 1378,
mtellectual 82, laws of 131,
meanmg of 130, 136, method of
130, 138-140, 145-6, 151,

philosophy of 130, 151, of
philosophy 48, plot 1n 130,
1324, 136, 150, pluralist
approach to 135, 138, 149-51,
political 134; powerof 131,
prediction m 133, 135, the
problem of understanding 134,
1467, 149, 171, professionalism
0 13840, 143, 145, progresses
from problems to problems 144,
of religron 135, of scrence 12, 15,
17,21, 54, 56, 82, 88, 133-5, 171,
theistic theory of 130-1, writing
130

Honesty 194, 208, ntellectual 30

humamsm 17, 79-80, 190, 198

hypothesis/es see theory/ses

idealism 151, German 79,
transcendental 120

rdeals 82, 84, 86, philosophical 134,
186-90, 193, 200, 202

deological revolution/s 2, 6-22,29,
war/s 82, 188-9

sdeology/ies 13, 16-22, 29-30, 46,
51,55, 189, and frameworks 55,
total 55

ignorance 4,23, 74, 100, 123,127,
142

itlusions 24

imagination 7, 14, 105, 178, 202,
creative 7, lack of 14

mutation 3, 70

imprinting 6

incommensurability 33-6, 38, 44-7,
49, 52, 54-7, 59-60

mduction 9, 84, 104-5, 140, 195, see
alse methods, inductive

industrial revolution 85, 188, 194,
198, 200, 207, 208

industrialism 192-3, 200

mfinite regress 412, 59-60

imvial conditions 28, 163-6, 168

mtiative 24

Inqusition 14

msight 5,24

institutions 46, 135, 149-50,
167

mstruction 3-11, 26, from withm
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the structure 3, 5, 8, 10, from
without the structure 3, 8-9, vs
selection 2,7, 10

mstrumentalism 118, 154, 1734,
176,182

intellectual fashions ix, x, xu, 16,
18, 20,22, 30,57, 701, 79, 123,
133, 173, freedom from 1x, 123

intellectuals 69, 81, duty of 69

intensity 11314, nund as 113

intolerance 14, 16, 42, 82, religious
14, 42

mtuition 5, 13

Ioman school, of cosmologists
40-3,201

wrrationalism xi, 33, 66, 191

sreationality 22; 179-80, vs
rationality 180

judgement/s of God 83

justice 46, 189, divine balance of
130-1

yustification 60, 159, 161

knowledge 1x-x; 4, 346, 39-40;
47-8, 61,72, 74, 84-5, 89, 91,93,
96, 100, 103, 105, 109, 1234,
127-8,130-50, 156, 159, 1679,
172--3,176~7, 179, 182, 193202,
background 141, 160, as certamn
2012, emancipation through 61,
85, 105, 109, 136, 196, 198200,
exosomatic 149-50, fallible 1x—x,
39, 48, 123, 201, 205, growth of
%, 34,72, 93, 96, 100, 1234,
132-3, 1356, 142, 149-50, 156,
159, 194, 200, growth of
knowledge as continuation of
ammal evolition 133, 135-6,
growth of knowledge depends
upon disagreement %, 346 (see
also competition, among
theores), historical 130-50,
mborn 96, objective 134,
orthodoxy as the death of x, 34,
as power §4-5, 127, 1934,
196-8, pre~scienufic 100, 156,
sctentific knowledge as one of
the greatest achievements of

human rationality %, sociolog
of 47-8, 69,72, 74, spemahzec?,
13-, 72, 128, subjective 150,
without a knowing subject
149-50, see also science, theories

Lamarckism 7-9, 25, 90

language 6~7, 40, 45, 48-53, 58-9,
61,63, 68-74,79, 110, 167, 175,
186, argumentative and
descriptive 68, of bees 58, clear
and simple 69, 734, 110,
explanatory function of 40, Hops
49-50, metalanguage vs object
language 51~2, and nationalism
186, obscure and difficult 70, 74,
79, 109

laws 13, 28, 45-7, 83, 89, 101, 119,
131, 157, 164-5, 167-9, 173, 177,
181, amimating 164--5, 1689,
177, conservation 119,
conventional 45-6, God’s 83, of
history 131, Kepler’s 13, 89,101,
157, of nature 28, 83, physical
181, untversal 28,163-5, 173

League of Nations 189

liberalism 187, 2034, 206

liberty 187, 189

hterature 135, 147, 193

logic 38, 102, 132, 147-9, 166,
169-70, 177-8, 181-2, of choice
181, situational 132, 147-9, 166,
169~70, 1778, 181-2, see also
mduction, method/s, inductive

magc 199

madness 179-80

making vs matching 9, 151

man 13, 24, 82, 134, as ideological
animal 82, as producer and
consumer of theories 134, as the
only thing in the universe that
iries to-understand 1t 1x

Manichaeism §7

manifest truth 202-5

Marxism 46, 52, 79-80, 109, 187-8,
193, and closed frameworks 46,
52

Marxists 46, 53, 66, 789, 131
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mastery over nature 85, 185, 193-6,
199, 207

mathernatics 5, 13, 40, 71, 98,
formalism of 71, rise of Greek 40

matter 18-19, 28, 30-1, 56, 110,
112~20; Descartes’s theory
112~14, 11619, dualism of field
and 117, Kant/Boscovitch s
theory 116-17, Letbniz’s
‘political’” theory of 114, problem
of 112,114

meaning behaviounst theory 63

measurement 161-2

metalanguage 51-2

metaphysics 30, 75, 112, 114,
117-18,177

method/s 3=5, 7-10, 21, 26, 28, 30,
40-3, 48, 58, 60, 68, 75, 84, 92-6,
98, 100-2, 104, 130, 132, 13840,
143, 145-9, 1512, 154-5, 158,
162-3, 166, 169-71, 173, 175,
178~82, 195, 197-8, 2013, of
anticipations of the mind 84,
203, of constructing models
1012, 163,166, 173, critical 7,
30,58, 179, 2012, of critical
discussion 43, of determuning
truth 48, 143,175,
epistemological 21, fallibility of
our 60, Freud’s 179-80, of
history 130, 13840, 145-6, 151,
wmductive 7-9, 84, 96, 98, 104,
195, 197-8, of interpretation 178,
wmvention of critical 40-3,
nustaken vs correct method of
criticism 60, of natural science
84, 139-40, 148, 154, objectvist
vs subjectivist method/s of
hustory 147-9, 151, of
observation 84, 145, 155,
operational 21, random 3, of
science 28, 30, 42, 75, 92-5,
100-1, 104, 145, 152, 154, 158,
2012, of situanional logic 132,
147-9, 166, 169-70, 177-8,
181-2, of social science 140,
154-5, 166,171, 176, speculative
84 (see also theores, speculative),
theory of 68, 162, of trial and

error 35,7, 9-10, 26, 58, 68,
98

mistakes see errors

models 1012, 163-6, 168-73,
176~9, 181-2, method of
constructing 1012, 163, 166,
173, see also theories

modermism 30

modesty x1

molecular biology 4, 23, 26

monads 114-16, 118-20

monarchy 187

monsm, historical 135

moral responsibility 74, 107-10,
121-8, of the scientist 10710,
121-3, 125-9, of the socal
scientist 127-8, of the student
122-3

motion 113, 118, 163-4, 168-9, 172,
181

mutations 3, 5,9, 23, 68, genetic
46,9, 25

mysticism 199

myth 7,33-6,38,40-7, 49, 52, 547,
5960, 95, 134-5, 140-1, 156,
209, as cosmological allegory
209, explanatory 7,403, 95, of
the framework 336, 38, 44-7,
49, 52, 54-7, 59-60

nationalism 186-7, 206

National Socialist Party xus, 186

nations 1867

natural science see science, natural,
methods, of natural science

natural selection 1, 3-5, 89, 24, 83,
90

nature 28, 37, 3940, 61, 82-5, 130,
185, 193-7, 199, 207, book of
83=4, 197, laws of 28, 83,
mastery over 85, 185, 193-6, 199,
207; power of 83, predictabilicy
of 83, theology of 82-3, vs
convention 37, 39-40, 61

neurosis Freud’s theory 17980,
futunty 200

normal science 55, 57, 71-2, 76, 105

novelty, emérgence of 4,6

nuclear warfare 107-9
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objectvity 6, 8, 13, 22, 53, 69-70,
934, 106, 160, see also
discussion/s, critical

object language 512

observation 8-9, 27, 29, 53, 58, 63,
75, 84-90, 92, 95-7, 104-6, 140,
145, 155, 161, 181, expersmental
86, methods of 84, 145, 155, as
theory-impregnated 8, 27, 53, 58,
75, 86-7, 90,97, 145

occult properties 148

ontological relativity 50-1

open society xu~xu, 110

operationalism see positivism

option vs truth 39, 61-2

optimism xu, 44-6, 192-4, 199-200,
202-5, 207, critical 204, as a duty
x1, epistemological 1924,
199-200, 202-5, 207,
over-optiusm concerning the
powers of reason 446, 2045

orthodoxy, as the death of
knowledge x, 34

peace xui, 189-90, 199

perception 24, 150, Gestalt 24

pessimism 45, 79, 192, 204,
concerning discussions 45,
epistemological 192, 204

philosopher king/s 137, 185, 187,
193, 206

philosopher’s stone 198

philosophical idea/s 134, 186-90,
193, 200, 202, the power of
187-90

philosophy ix, 38-9, 43, 48,52, 62,
71, 84,103, 112,130, 139, 147,
151, 154,176, 190-1, 193, 206,
Gestalt 24, hustory of 48, of
history 130, 151, rediscovery of
Greek 43, rise of Greek 38-9, of
science 52, 103, 139, 154, 176 (see
also theones, mistaken theories
of science and ratonality), social
71 (see also sociology)

physicalism 151

physics 13, 20, 22, 26-7, 313, 88,
91-3, 95, 101~3, 110, 112-13,
115, 118, 143, 1645, 172-3, 175,

atomic 88,92-3, 102,118, 164

piecemeal reform 68

pluralism, historscal 135, 138,
149-51

poetry 40, rise of Greek 38

population explosion 80

positivism 20, 67-8, 74-6, 11718,
139

poverty 13, 85, 176, 198

power/s 16,40, 44, 83-5, 1278,
131, 135, 159-60, 170, 187-90,
193-200, corrupts 127, 194,
explanatory 16, 15960, God’s
83, good and evil 194, of hustory
131, knowledge as 84-5; 127,
1934, 196--8, of nature 83, of
philosophical 1deas 18790,
political 170, 187-9, of reason 44,
unknown 40

pragmatism 118,154, 171,173

prediction/s 89, 94, 133, 162~5,
1689, 173,182, hustorical 133, of
kands of events vs predictions of
singular events 1624, 168-9

prejudice 8, 51, 53, 82-7, 95, 109,
140, 2035, see also bias

probability 27-8, 159, 164,
propensity theory 28

problem/s 1, 3-6, 13, 35, 38-9, 44,
56, 63, 72, 74, 86, 88-9, 95-103,
11012, 124,132, 138, 140-2,
144-5, 147-51, 154-60, 162-3,
168, 170-1, 173, 176-7,179, 181,
195, Bacon s 86, 88-9, of Bacon’s
influence 195, evolution of
97-100, of matter 112, of
philosophy 112, practical 95, 97,
99,141-2,156-8, 173, 176,
pracucal problems as paramount
mscience 56, 141, 144, 155, prior
to theories 97, 101-2, 111, 145,
157, the role of problems 1n
science ', 4, 95, 124, 140, the role
of problems 1n translation 63,
situation 31, 38, 1012, 106-7,
112,132, 147-9, 155, 157, 171,
179, 181, theoretical 3, 95, 97, 99,
141, 158, 176, understanding
problenis 35, 44, 98-102, 157~9,
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see also solutions

professionalism tn science 13940,
143

progress 1-2, 4, 7, 9-14, 16,18,
22-3,28,55, 111, 142, 195,
criteria of 2, 4,12, 18, 28,
obstaclesto 1, 7, 1314, 22-3,
theories of historical 132

proof 13, 60, 104-5, 191,
impossibility of 104-5, 191,
mathematical 13

propaganda 46, 125

propensities 28

prophet 29, 82--3, 85, role of 29

psychoanalysts 29, 53, 87, 89, 183, as
4 closed framework 53

psychologism 147, 167-9, 182

psychology 5, 20, 24-5, 151, 1679,
182, behaviourist 20, 24-5, 151,
182, Gestalt 5, 24

public pohiey 124-5

publication explosion 14

push 113, 115-16

Pythagoreans 201

quantum mechanics 4, 11, 14-15,
18-19, 21-2, 26-7, 57, 63, 111,
164, Copenhagen Interpretation
of22,57,63

rationahsmxu, 17, 38, 42, 190-2,
194, 199, 207, anti~ 190-1 (see
irrattopalism), critical xu, 1902,
194, critical rationalism as moral
articles of faith xu, eritical
rationahsm of pre-Socratics 199,
Greek 42,192, nise of western
38

rationahist tradition 38, 42, 61, 70,
72,190-2

rationality 1x-x, xu, 1213, 18, 20,
22,728,306, 40,101, 160, 170-1,
177, 179-81, 183, criteria of 20,
28, demigration of 1%, objective
senses of 183, of science 12, 28,
101, 160, vs irratronality 180

rationahty principle 169, 171-3,
177-84, as a priori vs empirical
171-2, 1778

reality 40,5962, 94, 104, 151, 183,
192, alleged construction 151,
empirtcal 94, 104, principle 183,
vs appearance 59, 62, 192, vs
opimion 40, 61

reason x, xui, 40, 44, 47, 85, 96, 192,
fallible x, power of 44, tasks of
40

Red Cross 189

reductionism 27

Reformation 204

refutability see falsifiability

regulativedeal 7, 48, 70, 142, 164,
194, 202

remforcement positive and negative
24

relatrvism 334, 45, 47-8, 55, 60,
131,142, 151, 161, as confused
with fallibthsm 48, cultural 45-6,
Hegel 547, historical 45, 131,
142, 151, and tolerance 45

relativity 4, 12-13, 20-1, 30~1, 50~1,
53,57,91-2, 103, 119, general
20-1, 53, 57, 91-2, 103, 119,
ontological 50-1, special 20,
30-1,91,119

religion 16~17, 56, 826, 91-2, 95,
109,135,190, 193-5, 199, 209,
good and evil 190, history of
135, of science 826, 91-2, 95,
109, 194-5, 199

religious belief 87, 1ntolerance 14,
42, tolerance 82, 189, wars 82,
188, 204-5

Renassance 193-4, 201-2

responsibility 74, 107--10, 121-9,
professional 1234, of the
sctentist 107-10; 1213, 125-9; of
the social scientist 127-8, of the
student 1223

revelation, drvine 192, 199

revolution/s 2, 6-23, 28-9, 31,41,
55, 57-9, 65, 68-70, 74, 76, 80,
84-5,91~2, 111, 131, 133, 188,
194, 198, 200, 205, 2078,
Arerican 80, French 80, 131,
deologieal 2, 6-22, 29, industral
85, 188, 194,198, 200, 207-8,
scientific 2, 12, 1622, 28-9, 31,
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41,55, 57-9, 689, 84, 91-2, 111,
133,194
revolutionaries 74
Roman Catholicism 190, 205
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