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respectability of Pauli’s theory. But on our criteria, the successful predic
tion of some novel fact was needed. This too was provided by Pauli s 
theory. For Pauli’s theory had an interesting observable consequence: if it 
was right, the ^-spectra had to have a clear upper bound. This question 
was at the time undecided, but Ellis and Mott became interested1 and soon, 
Ellis’s student, Henderson, showed that the experiments supported Pauli s 
programme.2 Bohr was not impressed. He knew that if a major programme 
based on statistical conservation of energy ever got going, the growing belt 
of auxiliary hypotheses would take proper care of the most negative- 

looking evidence.
Indeed, in these years most leading physicists thought that m nuclear 

physics the laws of conservation of energy and momentum break down. 
The reason was stated clearly by Lise Meitner who admitted defeat only in 
1933: ‘All the attempts to uphold the validity of the law of conservation of 
energy also for single processes demanded a second process [m the beta- 
decay]. But no such process was found . .  .H: that is, the conservation pro
gramme for the nucleus showed an empirically degenerating problemshift. 
T h e r e  were several ingenious attempts to account for the continuous teta- 
emission spectrum without assuming a ‘thief particle’.5 These attempts 
were discussed with great interest,6 but they were abandoned because they

failed to establish a progressive shift.
At this point, Fermi entered on the scene. In 1933-4 ke reinterprete 

the beta-emission problem in the framework of the research programme 0 
the new quantum theory. Thus he initiated a small new research pro
gramme of the neutrino (which later grew into the programme of weak 
interactions). He calculated some first crude models.7 Although his theory 
did not yet predict any new fact, he made it clear that this was only a

matter of some further work. 1Cn j  n  u
Tw o years passed and Fermi’s promise was still not fulfilled. But the

new programme of quantum physics developed fast, at least as far as the
non-nuclear phenomena were concerned. Bohr became convinced that
some of the basic original ideas of the Bohr-Kramers-Slater programme
were now firmly embedded in the new quantum programme and that the

1 Ellis and M ott [ i933l-

3 Mott'[1933], p f 823. Heisenberg, in his celebrated [1932]. in which lie introduced the 
proton J u t ™  model of the nucleus, pointed out that ‘because of the breakdown of the 
conservation of energy in the beta-decay one cannot glve a unique definition of the binding 

energy of the electron within the neutron* (p. 164).

* Meitner [ i933l> P- *32-
s E f f  Thomson [1929] and Kudar [1929-30].
6 For a most interesting discussion cf. Rutherford, Chadwick and Ellis [ i93°]» PP- 335 

1 Fermi [1933] and CT934l*
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new programme solved the intrinsic theoretical problems of the old 
quantum programme without touching the conservation laws. Therefore 
Bohr followed Fermi’s work with, sympathy, and in 1936, in an unusual 
sequence of events, gave it, by our standards prematurely, public support.

In 1936 Shankland devised a new test of rival theories of photon scatter
ing. His results seemed to support the discarded Bohr-Kramers-Slater 
theory and undermine the reliability of experiments which, more than a 
decade earlier, refuted it.1 Shankland’s paper created a sensation. Those 
physicists who abhorred the new trend were quick to hail Shankland’s 
experiment. Dirac, for instance, immediately welcomed back the ‘refuted’ 
Bohr-Kramers-Slater programme, wrote a very sharp article against the 
‘so-called quantum electrodynamics5 and demanded ‘a profound altera
tion in current theoretical ideas, involving a departure from the conserva
tion laws [in order] to get a satisfactory relativistic quantum mechanics5.2 
In the article Dirac suggested again that beta-decay may well turn out to 
be a piece of crucial evidence against the conservation laws and made fun 
of the ‘new unobservable particle, the neutrino, specially postulated by 
some investigators in an attempt formally to preserve conservation of 
energy by assuming the unobservable particle to carry off the balance5.3 
Immediately afterwards Peierls joined the discussion. Peierls suggested that 
Shankland’s experiment may turn out to refute even the statistical conser
vation of energy. He added: ‘That, too, seems satisfactory, once detailed 
conservation has been abandoned.’4

In Bohr’s Copenhagen institute, Shankland’s experiments were immed
iately repeated and discarded. Jacobsen, a colleague of Bohr reported this 
in a letter to Nature. Jacobsen’s results were accompanied by a letter from 
Bohr himself, who firmly came out against the rebels, and in defence of 
Heisenberg’s new quantum programme. In particular, he came out in 
defence of the neutrino against Dirac: ‘It may be remarked that the 
grounds for serious doubts as regards the strict validity of the conserva
tion laws in the problem of the emission of /?-rays from atomic nuclei are 
now largely removed by the suggestive agreement between the rapidly 
increasing experimental evidence regarding /3-ray phenomena and the 
consequences of the neutrino hypotheses of Pauli so remarkably de
veloped in Fermi’s theory.’5

Fermi’s theory, in its first versions, had no striking empirical success. 
Indeed, even the available data, especially in the case of RaE, on which 
beta emission research then centred, sharply contradicted Fermi’s 1933-4 
theory. He wanted to deal with these in the second part of his paper which,

1 Shankland [1936]. 2 D irac [1936]. 3 D irac [1936].
4 Peierls [1936]. 5 Bohr [1936].
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however, was never published. Even if one construes Fermi’s 1933-4 
theory as a first version of a flexible programme, by 1936 one could not 
possibly detect any serious sign of a progressive shift.1 But Bohr wanted to 
put his authority behind Fermi’s daring application of Heisenberg’s new 
big programme to the nucleus; and since Shankland’s experiment and 
Dirac’s and Peierls’s attack brought the beta-decay into the focus of the 
criticism of the new big programme, he over-praised Fermi’s neutrino 
programme which promised to fill in a sensitive gap. No doubt, the later 
development spared Bohr from a dramatic humilation: the programmes 
based on conservation principles progressed, while no progress was made 
in the rival camp.2

The moral of this story is again that the status of an experiment as 
‘crucial’ depends on the status of the theoretical competition in which it is 
embedded. As the fortunes of the competing camps wax or wane, the 
interpretation and appraisal of the experiment may change.

Our scientific folklore however is impregnated with theories of instant 
rationality. The story which I described is falsified in most accounts and 
reconstructed in terms of some wrong theory of rationality. Even the very 
best popular expositions teem with such falsifications. Let me mention 
two examples.

In one paper we learn this about beta-decay: ‘When this situation was 
faced for the first time, the alternatives seemed grim. Physicists either had 
to accept a breakdown of the law of energy conservation, or they had to 
suppose the existence of a new and unseen particle. Such a particle, emitted 
along with the proton and the electron in the disintegration of the neutron, 
could save the central pillar of physics by carrying off the missing energy. 
This was in the early 1930s, when the introduction of a new particle was

1 Several physicists between 1933 and 1936 offered alternatives or proposed ad hoc 
changes of Fermi's theory; cf. e.g. Becke and Sitte [1933], Bethe and Peierls [1934]. Kono- 
pinski and Uhlenbeck [1934]. Wu and Moszkowski write in 1966 that 'the Fermi theory 
[i.e. programme] of 0-decay is now known to predict with remarkable accuracy both the 
relation between the rate of /S-decay and the energy of disintegration, and also the shape of 
jS-spectra’ . But they stress that ‘at the very beginning the Fermi theory unfortunately 
met an unfair test. Until the time when artificial radioactive nuclei could be copiously 
produced, RaE was the only candidate that beautifully fulfilled many experimental require
ments as a £ source for the investigation of its spectrum shape. How could we have known 
then that the jS spectrum of RaE would turn out to be only a very special case, one whose 
spectrum has, in fact, been understood only very recently. Its peculiar energy dependence 
defied what was expected of the simple Fermi theory of 0  decay and greatly slackened the 
pace of the theory’s [i.e. programme’s] initial progress’ (Wu and Moszkowski [1966], p. 6).

2 It is very doubtful whether Fermi’s neutrino programme was progressive or degenerating 
even between 1936 and 1950; and after 1950 the verdict is still not crystal clear. But this I 
shall try to discuss in some other occasion. (Incidentally, Schrodinger stood up for the 
statistical interpretation of the conservation principles in spite of his crucial role in the 
development of new quantum physics; cf. his [1958]-)
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not the casual matter it is today. Nevertheless, after only the briefest 
vacillation, physicists chose the second alternative.’1 Of course, even the 
discussed alternatives were many more than two and the ‘vacillation’ was 
certainly not ‘the briefest’.

In a well-known textbook of philosophy of science we learn that (1) ‘the 
law (or principle) of the conservation of energy was seriously challenged by 
experiment® on beta-ray decay whose outcome could not be denied’ ; that 
(2) ‘nevertheless, the law was not abandoned, and the existence of a new 
kind of entity (called a “ neutrino” ) was assumed in order to bring the law 
into concordance with experimental data’ ; and that (3) ‘the rationale for 
this assumption is that the rejection of the conservation law would deprive 
a large part of our physical knowledge of its systematic coherence’.2 But all 
the three points are wrong. (1) is wrong because no law can be ‘seriously 
challenged’ by experiments only; (2) is wrong because new scientific hypo
theses are assumed not simply in order to patch up gaps between data and 
theory but in order to predict novel facts; and (3) is wrong because at the 
time it seemed that only the rejection of the conservation law would secure 
the ‘systematic coherence’ of our physical knowledge.

(d 4) Conclusion. The requirement of continuous growth.

There are no such things as crucial experiments, at least not if these are 
meant to be experiments which can instantly overthrow a research pro
gramme. In fact, when one research programme suffers defeat and is super
seded by another one, we may— with long hindsight— call an experiment 
crucial if it turns out to have provided a spectacular corroborating instance 
for the victorious programme and a failure for the defeated one (in the sense 
that it was never ‘explained progressively’— or, briefly, ‘explained’3— within 
the defeated programme). But scientists, of course, do not always judge heur
istic situations correctly. A rash scientist may claim that his experiment de
feated a programme, and parts of the scientific community may even, rashly, 
accept his claim. But if a scientist in the ‘defeated’ camp puts forward a 
few years later a scientific explanation of the allegedly ‘crucial experiment’ 
within (or consistent with) the allegedly defeated programme, the honorific 
title may be withdrawn and the ‘crucial experiment’ may turn from a defeat 
into a new victory for the programme.

Examples abound. There were many experiments in the eighteenth 
century which were, as a matter of historico-sociological fact, widely 
accepted as ‘crucial’ evidence against Galileo’s law of free fall, and Newton’s 
theory of gravitation. In the nineteenth century there were several ‘crucial

1 Treiman [1959]; my italics. 3 ^ agel [1961], pp. 65-6,
3 Cf. above) p. ug, footnote i,
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experiments’ based on measurements of light velocity which ‘disproved 
the corpuscular theory and which turned out later to be erroneous in the 
light of relativity theory. These ‘crucial experiments’ were later deleted 
from the justificationist textbooks as manifestations of shameful short
sightedness or even of envy. (Recently they reappeared in some new 
textbooks, this time to illustrate the inescapable irrationality of scientific 
fashions.) However, in those cases in which ostensibly ‘crucial experi
ments’ were indeed late)4 borne out by the defeat of the programme, 
historians charged those who resisted them with stupidity, jealousy, or 
unjustified adulation of the father of the research programme in question. 
(Fashionable ‘sociologists of knowledge’— or ‘psychologists of knowledge’—  
tend to explain positions in purely social or psychological terms when, as a 
matter of fact, they are determined by rationality principles. A typical 
example is the explanation of Einstein’s opposition to Bohr’s comple
mentarity principle on the ground that ‘in 1926 Einstein was forty-seven 
years old. Forty-seven may be the prime of life, but not for physicists’.1)

In the light of this paper, the utopian idea of instant rationality becomes 
a hallmark of most brands of epistemology. Justificationists wanted scien
tific theories to be proved even before they were published; probabilists 
hoped a machine could flash up instantly the value (degiee of confirma
tion) of a theory, given the evidence; naive falsificationists hoped that 
elimination at least was the instant result of the verdict of experiment.2 I 
hope I have shown that all these theories of instant rationality— and instant 
learning—fa il  The case studies of this section show that rationality works 
much slower than most people tend to think, and, even then, fallibly. 
Minerva’s owl flies at dusk. I also hope I have shown that the con
tinuity in science, the tenacity of some theories, the rationality of a certain

1 Bernstein [1961], p. 129. In order to appraise progressive and degenerating elements 
in rival problemshifts one must understand the ideas involved. But the sociology of know
ledge frequently serves as a successful cover for illiteracy: most sociologists of knowledge do 
not understand— or even care for— the ideas; they watch the socio-psychological patterns 
of behaviour. Popper used to tell a story about a ‘social psychologist’, Dr. X , studying 
scientists’ group behaviour. He went into a physics seminar to study the psychology of 
science. He observed the ‘emergence of a leader’ , the ‘rallying round effect’ in some and 
the ‘defence-reaction* in others, the correlation between age, sex and aggressive behaviour, 
etc. (Dr. X  claimed to have used some sophisticated small-sample techniques of modern 
statistics.) At the end of the enthusiastic account Popper asked Dr. X : ‘What was the 
problem the group was discussing?’ Dr. X  was surprised: ‘W hy do you ask? I did not listen 
to the words! Anyway, what has that to do with the psychology of knowledge?’

2 O f course, naive falsificationists may take some time to reach the ‘verdict of experiment’ : 
the experiment has to be repeated and critically considered. But once the discussion ends 
up in an agreement among the experts, and thus a basic statement becomes accepted , 
and it has been decided which specific theory was hit by it, the naive falsificationist will 
have little patience with those who still ‘prevaricate’ .
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amount of dogmatism, can only be explained if we construe science as a 
battleground of research programmes rather than of isolated theories. One 
can understand very little of the growth of science when our paradigm of a 
chunk of scientific knowledge is an isolated theory like ‘All swans are 
white , standing aloof, without being embedded in a major research pro
gramme. My account implies a new criterion of demarcation between ‘mature 
science’, coasting of research programmes, and ‘immature science\ consisti?ig 
of a mere patched up pattern of trial and error * For instance, we may have a 
conjecture, have it refuted and then rescued by an auxiliary hypothesis 
which is not ad hoc in the senses which we had earlier discussed. It may 
predict novel facts some of which may even be corroborated.2 Yet one may 
achieve such ‘progress’ with a patched up, arbitrary series of disconnected 
theories. Good scientists will not find such makeshift progress satisfactory; 
they may even reject it as not genuinely scientific. They will call such 
auxiliary hypotheses merely ‘formal’, ‘arbitrary’, ‘empirical5, ‘semi- 
empirical5, or even lad hoc\3 

Mature science consists of research programmes in which not only novel 
facts but, in an important sense, also novel auxiliary theories, are a?iticipated; 
mature science— unlike pedestrian trial-and-error— has *heuristic p o w e r Let 
us remember that in the positive heuristic of a powerful programme there 
is, right at the start, a general outline of how to build the protective belts: 
this heuristic power generates the autonomy of theoretical science.4

This requiretnent of continuous growth is my rational reconstruction of the 
widely acknowledged requirement of ‘unity5 or ‘beauty’ of science. It high
lights the weakness of two— apparently very different— types of theorizing. 
First, it shows up the weakness of programmes which, like Marxism or 
Freudism, are, no doubt, ‘unified’, which give a major sketch of the sort of 
auxiliary theories they are going to use in absorbing anomalies, but which

1 The elaboration of this demarcation in the two following paragraphs was improved 
in tiie press, following invaluable discussions with Paul Meehl in Minneapolis in 1969.

2 Earlier I distinguished, following Popper, two criteria of adhocttess. I called ad hocx
theories which had no excess content over their predecessors (or competitors) that is, 
which did not predict any novel facts; I called ad hoc2 theories which predicted novel 
facts but completely failed: none of their excess content got corroborated (cf. above, p. 124, 
footnote 3, and p. 135, footnote 1). ’

* Planck’s radiation formula— given in his [1900a]— is a good example: cf. above, p. 167, 
footnote 2. W e may call such hypotheses which are not ad hocu not ad hoc2, but still un
satisfactory in the sense specified in the text, ad hoc3. These three— unfailingly pejorative—  
usages of ad hoc may provide a satisfactory entry in the Oxford English Dictionary.

It is intriguing to note that ‘empirical’ and ‘formal’ are both used as synonyms for our 
ad hoca.

Meehl, in his brilliant [1967], reports that in contemporary psychology— especially in 
social psychology— many alleged ‘research programmes’ in fact consist of chains of such 
ad hoc, stratagems. * Cf. above, p. 1 3 7 ,
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unfailingly devise their actual auxiliary theories in the wake of facts with
out, at the same time, anticipating others. (What novel fact has Marxism 
predicted since, say, 1917?) Secondly, it hits patched-up, unimaginative 
series of pedestrian ‘empirical’ adjustments which are so frequent, for inst
ance, in modern social psychology. Such adjustments may, with the help of 
so-called ‘statistical techniques’, make some ‘novel’ predictions and may 
even conjure up some irrelevant grains of truth in them. But this theorizing 
has no unifying idea, no heuristic power, no continuity. They do not add 
up to a genuine research programme and are, on the whole, worthless.1

My account of scientific rationality, although based on Popper’s, leads 
away from some of his general ideas. I endorse to some extent both Le 
Roy’s conventionalism with regard to theories and Popper’s convention
alism with regard to basic propositions. In this view scientists (and as I 
have shown, mathematicians too2) are not irrational when they tend to 
ignore counterexamples or as they prefer to call them, ‘recalcitrant’ or 
‘residual’ instances, and follow the sequence of problems as prescribed by 
the positive heuristic of their programme, and elaborate— and apply—  
their theories regardless.3 Contrary to Popper’s falsificationist moral
ity, scientists frequently and rationally claim ‘that the experimental 
results are not reliable, or that the discrepancies which are asserted to exist 
between the experimental results and the theory are only apparent and

1 After reading Meehl [1967] and Lykken [1968] one wonders whether the function of 
statistical techniques in the social sciences is not primarily to provide a machinery for 
producing phoney corroborations and thereby a semblance of 'scientific progress1 where, 
in fact, there is nothing but an increase in pseudo-intellectual garbage. Meehl writes that 
‘in the physical sciences, the usual result of an improvement in experimental design, 
instrumentation, or numerical mass of data, is to increase the difficulty of the “ observa
tional hurdle”  which the physical theory of interest must successfully surmount; whereas, 
in psychology and some of the allied behaviour sciences, the usual effect of such improve
ment in experimental precision is to provide an easier hurdle for the theory to surmount’. 
Or, as Lykken put it: ‘Statistical significance [in psychology] is perhaps the least important 
attribute of a good experiment; it is never a sufficient condition for claiming that a theory 
has been usefully corroborated, that a meaningful empirical fact has been established, or 
that an experimental report ought to be published.’ It seems to me that most theorizing 
condemned by Meehl and Lykken may be ad hocy Thus the methodology of research 
programmes might help us in devising laws for stemming this intellectual pollution 
which may destroy our cultural environment even earlier than industrial and traffic pollu
tion destroys our physical environment. '  Cf. my [1963-4].

3 Thus the methodological asymmetry between universal and singular statements vanishes. 
We may adopt either by convention: in the ‘hard core’ we decide to ‘accept’ universal, 
in the ‘empirical basis’ singular, statements. The logical asymmetry between universal 
and singular statements is fatal only for the dogmatic inductivist who wants to learn only 
from hard experience and logic. The conventionalist can, of course, ‘accept’ this logical 
asymmetry: he does not have to be (although he may be) also an inductivist. He ‘accepts’ 
some universal statements, but not because he claims to deduce (or induce) them from 
singular ones.
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that they will disappear with the advance of our understanding’.1 When 
doing so, they may not be ‘adopting the very reverse of that critical attitude 
w hich. . .  is the proper one for the scientist’.2 Indeed, Popper is right in 
stressing that ‘the dogmatic attitude of sticking to a theory as long as 
possible is of considerable significance. Without it we could never find out 
what is in a theory— we should give the theory up before we had a real 
opportunity of finding out its strength; and in consequence no theory 
would ever be able to play its role of bringing order into the world, of 
preparing us for future events, of drawing our attention to events we should 
otherwise never observe’.3 Thus the ‘dogmatism’ of ‘normal science’ does 
not prevent growth as long as we combine it with the Popperian recogni
tion that there is good, progressive normal science and that there is bad, 
degenerating normal science, and as long as we retain the determination to 
eliminate, under certain objectively defined conditions, some research pro
grammes.

The dogmatic attitude in science— which would explain its stable 
periods— was described by Kuhn as a prime feature of ‘normal science’.4 
But Kuhn’s conceptual framework for dealing with continuity in science is 
socio-psychological: mine is normative. I look at continuity in science 
through ‘Popperian spectacles’. Where Kuhn sees ‘paradigms’, I also 
see rational ‘research programmes’.

4. T H E P O P P E R I A N  VERSUS THE K U H N I A N  RESEARCH P R OG RA M ME

Let us now sum up the Kuhn-Popper controversy.
We have shown that Kuhn is right in objecting to naive falsificationism, 

and also in stressing the continuity of scientific growth, the tenacity of some 
scientific theories. But Kuhn is wrong in thinking that by discarding naive 
falsificationism he has discarded thereby all brands of falsificationism. 
Kuhn objects to the entire Popperian research programme, and he excludes 
any possibility of a rational reconstruction of the growth of science. In a

1 Popper [1934], section 9. 2 Ibid.
3 Popper [1940], first footnote. We find a similar remark in his [1963], p. 49. But these

remarks are in prima facie contradiction with some of his remarks in [1934] (quoted above, 
p. h i ) ,  and therefore may only be interpreted as signs of a growing awareness by Popper 
of an undigested anomaly in his own research programme.

4 Indeed, my demarcation criterion between mature and immature science can be 
interpreted as a Popperian absorption of Kuhn’s idea o f ‘normality’ as a hallmark of [mature] 
science; and it also improved on our earlier argument against regarding such highly falsi- 
fiable statements as scientific. (Cf. above, p. 102.)

Incidentally, this demarcation between mature and immature science appears already 
in my [1961] and [1963-4], where I called the former ‘deductive guessing’ and the latter 
‘naive trial and error’. (See e.g. [1963-4], section 7(c); ‘Deductive guessing versus naive 
guessing.’)
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succint comparison of Hume, Carnap and Popper, Watkins points out that 
the growth of science is inductive and irrational according to Hume, induc
tive and rational according to Carnap, non-inductive and rational accord
ing to Popper.1 But Watkins’s comparison can be extended by adding that 
it is non-inductive and irrational according to Kuhn. In Kuhn's view there 
can be no logic, but only psychology of discovery.3 For instance, in Kuhn’s 
conception, anomalies, inconsistencies always abound in science, but in 
‘normal’ periods the dominant paradigm secures a pattern of growth which 
is eventually overthrown by a ‘crisis’. There is no particular rational cause 
for the appearance of a Kuhnian ‘crisis’. ‘Crisis’ is a psychological concept; 
it is a contagious panic. Then a new ‘paradigm’ emerges, incommensurable 
with its predecessor. There are no rational standards for their comparison. 
Each paradigm contains its own standards. The crisis sweeps away not only 
the old theories and rules but also the standards which made us respect 
them. The new paradigm brings a totally new rationality. There are no 
super-paradigmatic standards. The change is a bandwagon effect. Thus 
in Kuhn's view scientific revolution is irrational, a matter for mob psychology.

The reduction of philosophy of science to psychology of science did not 
start with Kuhn. An earlier wave of ‘psychologism’ followed the break
down of justificationism. For many, justificationism represented the only 
possible form of rationality: the end of justificationism meant the end of 
rationality. The collapse of the thesis that scientific theories are provable, 
that the progress of science is cumulative, made justificationists panic. If 
‘to discover is to prove’, but nothing is provable, then there can be no 
discoveries, only discovery-claims. Thus disappointed justificationists— ex- 
justificationists— thought that the elaboration of rational standards was a 
hopeless enterprise and that all one can do is to study— and imitate— the 
Scientific Mind, as it is exemplified in famous scientists. After the collapse 
of Newtonian physics, Popper elaborated new, non-justificationist critical 
standards. Now some of those who had already learned of the collapse of 
justificationist rationality now learned, mostly by hearsay, of Popper’s 
colourful slogans which suggested naive falsificationism. Finding them 
untenable, they identified the collapse of naive falsificationism with the end 
of rationality itself. The elaboration of rational standards was again regarded 
as a hopeless enterprise; the best one can do is to study, they thought once 
again, the Scientific Mind.3 Critical philosophy was to be replaced by what 
Polanyi called a ‘post-criticaP philosophy. But the Kuhnian research

1 Watkins [1968], p. 281.
e Kuhn [1965]. But this position is already implicit in his [1962],
a Incidentally, just as some earlier ex-justificationists led the wave of sceptical irrational

ism, so now some ex-falsificationists lead the nezo wave of sceptical irrationalism and 
anarchism. This is best exemplified in Feyerabend [1970].
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programme contains a new feature: we have to study not the mind of the 
individual scientist but the mind of the Scientific Community. Individual 
psychology is now replaced by social psychology; imitation of the great 
scientists by submission to the collective wisdom of the community.

But Kuhn overlooked Popper’s sophisticated falsificationism and the 
research programme he initiated. Popper replaced the central problem of 
classical rationality, the old problem of foundations, with the new problem of 
fallible-critical growth, and started to elaborate objective standards of this 
growth. In this paper I have tried to develop his programme a step further. 
I think this small development is sufficient to escape Kuhn’s strictures.1

The reconstruction of scientific progress as proliferation of rival research 
programmes and progressive and degenerative problemshifts gives a 
picture of the scientific enterprise which is in many ways different from the 
picture provided by its reconstruction as a succession of bold theories and 
their dramatic overthrows. Its main aspects were developed from Popper’s 
ideas and, in particular, from his ban on ‘conventionalist1, that is, content- 
decreasing, stratagems. The main difference from Popper’s original ver
sion is, I think, that in my conception criticism does not— and must not—  
kill as fast as Popper imagined. Purely negative, destructive criticism, like 
*refutation’ or demonstration of an inconsistency does not eliminate a pro
gramme. Criticism of a programme is a long and often frustrating process and 
one must treat budding programmes leniently? One may, of course, show up 
the degeneration of a research programme, but it is only constructive 
criticism which, with the help of rival research programmes, can achieve 
real successes; and dramatic spectacular results become visible only with 
hindsight and rational reconstruction.

Kuhn certainly showed that the psychology of science can reveal impor
tant and, indeed, sad truths. But the psychology of science is not autono
mous; for the— rationally reconstructed—growth of science takes place

1 Indeed, as I had already mentioned, my concept of a ‘research programme1 may be con
strued as an objective, ‘ third world' reconstruction of Kuhn's socio-psychological concept of 
p a ra d ig m thus the Kuhnian ‘Gestalt-switch’ can be performed without removing one’s 
Popperian spectacles.

(I have not dealt with Kuhn’s and Feyerabend’s claim that theories cannot be eliminated 
on any objective grounds because of the ‘incommensurability’ o f rival theories. Incom
mensurable theories are neither inconsistent with each other, nor comparable for content. 
But we can make them, by a dictionary, inconsistent and their content comparable. I f  we 
want to eliminate a programme, we need some methodological determination. This deter
mination Is the heart of methodological falsificationism; for instance, no result of statistical 
sampling is ever inconsistent with a statistical theory unless we make them inconsistent 
with the help of Popperian rejection rules, cf. above, p. 109.)

2 The reluctance of economists and other social scientists to accept Popper’s methodology 
may have been partly due to the destructive effect of naive falsificationism on budding 
research programmes.
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essentially in the world of ideas, in Plato’s and Popper s third world , in the 
world of articulated knowledge which is independent of knowing sub
jects.1 Popper's research programme aims at a description of this objective 
scientific growth.2 Kuhn’s research programme seems to aim at a description 
of change in the (‘normal’) scientific mind (whether individual or com
munal).3 But the mirror-image of the third world in the mind of the indi
vidual— even in the mind of the ‘normal’— scientists is usually a caricature 
of the original; and to describe this caricature without relating it to the 
third-world original might well result in a caricature of a caricature. One 
cannot understand the history of science without taking into account the 
interaction of the three worlds.

l 8 o  IMRE L AKATOS

A P P E N D I X

P O P P E R ,  F A L S I F I C A T I O N I S M  AND THE ‘ D U H E M - Q U I N E  T H E S I S ’

Popper began as a dogmatic falsificationist in the 1920s; but he soon 
realized the untenability of this position and published nothing before he 
invented methodological falsificationism. This was an entirely new idea in 
the philosophy of science and it clearly originates with Popper, who put it 
forward as a solution to the difficulties of dogmatic falsificationism. In
deed, the conflict between the theses that science is both critical and

1 T he first world is the material world, the second is the world of consciousness, the 
third is the world of propositions, truth, standards: the world of objective knowledge. The 
modern lociclassicion this subjectare Popper [1968a] and Popper [19686]; also, cf. Toulm m ’s 
impressive programme set out in his [1967]* It should be mentioned here that many pas
sages of Popper [1934] and even of [1963] sound like descriptions of a psychological contrast 
between the Critical Mind and the Inductivist Mind. But Popper’s psychologists terms 
can be, to a large extent, reinterpreted in third-world terms. Cf. Musgrave [1971].

2 In fact, Popper’s research programme extends beyond science. T h e concepts of ‘pro
gressive’ and ‘degenerating’ problemshifts, the idea of proliferation of theories can be 
generalized to any sort of rational discussion and thus serve as tools for a general theory o f

criticism; cf. my [1970]*
a Actual state of minds, beliefs, etc*, belong to the second world; states of the normal 

mind belong to a limbo between the second and third. The study of actual scientific minds 
belongs to psychology, the study of the ‘normal’ (or ‘healthy’ etc.) mind belongs to & psycholo
gists philosophy of science. There are tzvo kinds of psychologistic philosophies of science. 
According to one kind there can be no philosophy of science: only a psychology of individual 
scientists. According to the other kind there is a psychology of the ‘scientific’, ‘ideal’ or 
‘normal’ mind: this turns philosophy of science into a psychology of this ideal mind and, 
in addition, offers a psychotherapy for turning one’s mind into an ideal one. I discuss 
this second kind of psychologism in detail in my [1970]- Kuhn does not seem to have noticed 
this distinction.



fallible is one of the central problems in Popperian philosophy. While 
Popper offered a coherent formulation and criticism of dogmatic falsi
ficationism, he never made a sharp distinction between naive and sophis
ticated falsificationism. In an earlier paper,1 1 distinguished three Poppers: 
Popper0, Popperx and Popper3. Popper0 is the dogmatic falsificationist who 
never published a word: he was invented— and ‘criticized’— first by Ayer 
and thej^by many others.2 This paper will, I hope, finally kill this ghost. 
Popper! is the naive falsificationist, Popper2 the sophisticated falsifica
tionist. The real Popper developed from dogmatic to a naive version of 
methodological falsificationism in the twenties; he arrived at the ‘acceptance 
rules of sophisticated falsificationism in the fifties. The transition was marked 
by his adding to the original requirement of testability the ‘second’ re
quirement of ‘independent testability’,3 and then the ‘third’ requirement 
that some of these independent tests should result in corroborations.4 But 
the real Popper never abandoned his earlier (naive) falsification rules. He 
has demanded, until this day, that ‘criteria of refutation have to be laid 
down beforehand: it must be agreed, which observable situations, if 
actually observed, mean that the theory is refuted’.5 He still construes 
falsification as the result of a duel between theory and observation, with

out another, better theory necessarily being involved. The real Popper has 
never explained in detail the appeal procedure by which some ‘accepted 
basic statements’ may be eliminated. Thus the real Popper consists of 
Popper1 together with some elements of Popper2.

The idea of a demarcation between progressive and degenerating 
problemshifts, as discussed in this paper, is based on Popper’s work:

1 Cf. my £19686].

2 A yer seems to have been the first to attribute dogmatic falsificationism to Popper 
(Ayer also invented the myth that according to Popper ‘definite confutability’ was a criterion 
not only of the empirical but also of the meaningful character of a proposition: cf. his

r 5 2 ’ chafrter r ’ P* 38 of the second edition.) Even today, many philosophers (cf. Juhos 
Lr966] or Nagel [1967]) criticize the strawman Popper0, Medawar, in his [1967], called 
dogmatic falsificationism ‘one of the strongest ideas’ in Popper’s methodology. Nagel 
reviewing Medawar’s book, criticized Medawar for ‘endorsing’ what he too believes to be 
Popper s claims’ (Nagel [1967], p. 70). Nagel’s criticism convinced Medawar that ‘the 

act o f falsification is not immune to human error’ (Medawar [1969], p. 54). But Medawar 
and Nagel misread Popper: his Logik der Forschmig is the strongest ever criticism o f dog
matic falsificationism.

One may take a charitable view of Medawar’s mistake: for brilliant scientists whose 
speculative talent was thwarted under the tyranny of an inductivist logic of discovery 
falsificationism, even in its dogmatic form, was bound to have a tremendous liberating 
effect. (Besides Medawar, another Nobel Prize winner, Eccles, learned from Popper to 
replace his original caution by bold falsifiable speculation: cf. his [1964] pp 274-5 )

3 Popper [1957].
4 Popper [1963], pp. 242 ff.
6 Popper [1963], p. 38, footnote 3.
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indeed this demarcation is almost identical with his celebrated demarca
tion criterion between science and metaphysics.1

Popper originally had only the theoretical aspect of problemshifts in 
mind, which is hinted at in section 20 of his [1934] an<̂  developed in his 
[I957]*2 He added a discussion of the empirical aspect of problemshifts 
only later, in his [19633.3 However, Popper’s ban on ‘conventionalist 
stratagems’ is in some respects too strong, in others too weak. It is too 
strong, for, according to Popper, a new version of a progressive programme 
never adopts a content-decreasing stratagem to absorb an anomaly, it 
never says things like ‘all bodies are Newtonian except for seventeen 
anomalous ones’ . But since unexplained anomalies always abound, I allow 
such formulations; an explanation is a step forward (that is, ‘scientific’) if it 
explains at least some previous anomalies which were not explained ‘scien
tifically’ by its predecessor. As long as anomalies are regarded as genuine 
(though not necessarily urgent) problems, it does not matter much whether 
we dramatize them as ‘refutations’ 01* de-dramatize them as ‘exceptions’ : 
the difference then is only a linguistic one. (This degree of tolerance of 
ad hoc stratagems allows us to progress even on inconsistent foundations. 
Problemshifts may then be progressive in spite of inconsistencies.4) How
ever, Popper’s ban on content-decreasing stratagems is also too weak', it 
cannot deal, for instance, with the ‘tacking paradox’,5 and does not ban 
ad hoc3 stratagems.0 These can be eliminated only by the requirement that 
the auxiliary hypotheses should be formed in accordance with the positive 
heuristic of a genuine research programme. This new requirement brings us 
to the problem of continuity in scimce.

1 I f  the reader is in doubt about the authenticity of my reformulation of Popper’s demarca
tion criterion, he should re-read the relevant parts of Popper [1934] with Musgrave [196S] 
as a guide. Musgrave wrote his [1968] against Bartley who, in his [1968], mistakenly 
attributed to Popper the demarcation criterion of naive falsificationism, as formulated 
above, p. 109.

“ In his [1934], Popper was primarily concerned with a ban on surreptitious ad hoc adjust
ments. Popper (Popper!) demands that the design of a potentially negative crucial experi
ment must be presented together with the theory, and then the verdict of the experimental 
jury humbly accepted. It follows that conventionalist stratagems, which after the verdict 
give a retrospective twist to the original theory in order to escape the verdict, are eo ipso 
ruled out. But if  we admit the refutation and then reformulate the theory with the help of 
an ad hoc stratagem, we may admit it as a ‘new’ theory; and if it is testable, then Popper* 
accepts it for new criticism: ‘Whenever we find that a system has been rescued by a con
ventionalist stratagem, we shall test it afresh, and reject it, as circumstances may require’ 
(Popper [1934], section 20).

3 For details, cf. my [1968a], especially pp. 388-90.
4 Cf. above, pp. 142 ff. This tolerance is rarely, if ever, found in textbooks of scientific

method.
6 Cf. above, p. 131.
6 Cf. above, p. 1751 footnote 3.



The problem of continuity in science was raised by Popper and his 
followers long ago. When I proposed my theory of growth based on the 
idea of competing research programmes, I again followed, and tried to 
improve, Popperian tradition. Popper himself, in his [1934], had already 
stressed the heuristic importance of ‘influential metaphysics’,1 and was 
regarded by some members of the Vienna Circle as a champion of dan
gerous metaphysics.2 When his interest in the role of metaphysics revived 
in the 1950s, he wrote a most interesting ‘Metaphysical Epilogue’ about 
‘metaphysical research programmes’ to his Postscript: After Twenty Years 
— in galleys since 1957.3 But Popper associated tenacity not with method
ological irrefutability but rather with syntactical irrefutability. By ‘meta
physics’ he meant syntactically specifiable statements like ‘all-some’ state
ments and purely existential statements. No basic statements could conflict 
with them because of their logical form. For instance, ‘for all metals there 
is a solvent’ would, in this sense, be ‘metaphysical’, while Newton’s theory 
of gravitation, taken in isolation, would not be.4 Popper, in the 1950s, also 
raised the problem of how to criticize metaphysical theories and suggested

3 Cf. e.g. his [1934], end of section 4; also cf. his [1968c], p. 93. One should remember 
that such importance was denied to metaphysics by Comte and Duhem. The people who 
did most to reverse the anti-metaphysical tide in the philosophy and the historiography of 
science were Burtt, Popper and Koyr6.

* Carnap and Hempel were trying, in their reviews of the book, to defend Popper against 
this charge (cf. Carnap [1935] and Hempel [1937]). Hempel wrote: ‘ [Popper] stresses 
strongly certain features of his approach which are common with the approach of some
what metaphysically oriented thinkers. It is to be hoped that this valuable work will not be 
misinterpreted as if it meant to allow for a new, perhaps even logically defensible, meta
physics.’

3 A  passage of this Postscript is here worth quoting: ‘Atomism is an . . . excellent example 
of a non-testable metaphysical theory whose influence upon science exceeded that of many 
testable theories . . . The latest and greatest so far was the programme of Faraday, Maxwell, 
Einstein, de Broglie, and Schrodinger, o f conceiving the world . . .  in terms of continuous 
fields . . .  Each of these metaphysical theories functioned, long before it became testable, 
as a programme for science. It indicated the direction in which satisfactory explanatory 
theories of science may be found, and it made possible something like an appraisal of the 
depth of a theory. In biology, the theory of evolution, the theory of the cell, and the theory of 
bacterial infection, have all played similar parts, at least for a time. In psychology, sensualism, 
atomism (that is, the theory that all experiences are composed of last elements, such as, 
for example, sense data) and psycho-analysis should be mentioned as metaphysical research 
programmes . ,  . Even purely existential assertions have sometimes proved suggestive and 
even fruitful in the history of science even if  they never became part of it. Indeed, few 
metaphysical theories exerted a greater influence upon the development of science than 
the purely metaphysical one: “ There exists a substance which can turn base metals into 
gold (that is, a philosopher’s stone)” , although it is non-falsifiable, was never verified, and 
is now believed by nobody.’

4 Cf. especially Popper [1934], section 66. In the 1959 edition he added a clarifying 
footnote (footnote *2) in order to stress that in metaphysical “ all-some’ statements the 
existential quantifier must be interpreted as ‘unbounded’ ; but, of course, he had made this 
absolutely clear already in section 15 of the original text.
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solutions.1 Agassi and Watkins published several interesting papers on the 
role of this sort of ‘metaphysics’ in science, which all connected ‘meta
physics’ with the continuity of scientific progress.2 My treatment differs 
from theirs first because I go much further than they in blurring the de
marcation between [Popper’s] ‘science’ and [Popper’s] ‘metaphysics’ : I do 
not even use the term ‘metaphysical’ any more. I  only talk about scientific 
research programmes whose hard core is irrefutable, not because of syn
tactical but because of methodological reasons which have nothing to do 
with logical form. Secondly, separating sharply the descriptive problem of 
the psychologico-historical role of metaphysics from the normative problem 
of how to distinguish progressive from degenerating research programmes, 
I elaborate the latter problem further than they had done.

Finally, I should like to discuss the ''Duhem-Quine thesis', and its relation 
to falsificationism.3

According to the ‘Duhem-Quine thesis’, given sufficient imagination, 
any theory (whether consisting of one proposition orAof ajinite conjunc
tion of many) can be permanently saved from ‘refutation’ by some suitable 
adjustment in the background knowledge in which it is embedded. As 
Quine put it : ‘Any statement can be held true come what may, if we make 
drastic enough adjustments elsewhere in the system. . .  Conversely, by 
the same token, no statement is immune to revision.’4 Moreover, the 
‘system’ is nothing less than ‘the whole of science’. ‘A  recalcitrant ex
perience can be accommodated by any of various alternative reevaluations 
in various alternative quarters of the total system [including the possibility 
of reevaluating the recalcitrant experience itself].’5

This thesis has two very different interpretations. In its weak interpre
tation it only asserts the impossibility of a direct experimental hit on a 
narrowly specified theoretical target and the logical possibility of shaping 
science in indefinitely many different ways. The weak interpretation hits 
only dogmatic, not methodological, falsificationism: it only denies the 
possibility of a disproof of any separate component of a theoretical system.

In its strong interpretation the Duhem-Quine thesis excludes any 
rational selection rule among the alternatives; this version is inconsistent 
with all forms of methodological falsificationism. The two interpretations 
have not been clearly separated, although the difference is methodologi
cally vital. Duhem seems to have held only the weak interpretation: for

1 Cf. especially his [1963], pp. 198-9 (first published in 1958).
~ Cf. Watkins (1957] and [1958] and Agassi [1962] and [1964].
3 This concluding part of the Appendix was added in print.
4 Quine [1953], chapter ii. 0 Ibid. T he clause in the square brackets is mine.



him the selection is a matter of ‘sagacity’ : we must always make the right 
choices in order to get nearer to ‘natural classification’.1 On the other hand, 
Quine, in the tradition of the American pragmatism of James and Lewis, 
seems to hold a position very near to the strong interpretation.2

Let us now have a closer look at the weak Duhem-Quine thesis. Let us 
take a ‘recalcitrant experience’ expressed in an ‘observation statement’ O' 
which is inconsistent with a conjunction of theoretical (and ‘observational’) 
statements hlf h2 . . .  kn, I l7 I 2 . . . /„, where //,■ are theories and the
corresponding initial conditions. In the ‘deductive model’, /zx . . . hn, 
/ j . . . In logically imply O ; but O' is observed which implies not-O. Let 
us also assume that the premisses are independent and are all necessary for 
deducing O.

In this case we may restore consistency by altering any of the sentences 
in our deductive model. For instance, let hx be: ‘whenever a thread is loaded 
with a weight exceeding that which characterizes the tensile strength of the 
thread, then it will break’ ; let h2 be: ‘the weight characteristic for this 
thread is 1 lb.’ ; let //3 be: ‘the weight put on this thread was 2 lbs'. Let, 
finally, h0 be: ‘an iron weight of 2 lbs was put on the thread located in the 
space-time position P  and it did not break’. One may solve the problem 
in many ways. To give a few examples: (1) We reject 7̂ ; we replace the 
expression ‘is loaded with a weight’ by ‘is pulled by a force’ ; we introduce 
a new initial condition: there was a hidden magnet (or hitherto unknown 
force) located in the laboratory ceiling. (2) We reject /z2; we propose that 
the tensile strength does depend on how moist threads are; the tensile 
strength of the actual thread, since it got moist, was 2 lbs. (3) We reject 
h3; the weight was only 1 lb; the scales went wrong. (4) We reject h0; the 
thread did not break; it was only observed to break, but the professor who 
proposed hx & h2 & h3 was a well-known bourgeois liberal and his revolu
tionary laboratory assistants consistently saw his hypotheses refuted when 
in fact they were confirmed. (5) We reject h3; the thread was not a ‘thread’, 
but a ‘superthread’, and ‘superthreads’ never break.3 We could go on

1 An experiment, for Duhem, can never alone condemn an isolated theory (such as the 
hard core of a research programme): for such ‘condemnation’ we also need ‘common sense’, 
‘sagacity’, and, indeed, good metaphysical instinct which leads us towards (or to) ‘a certain 
supremely eminent order’ . (See the end of the Appendix of the second edition of his [1906].)

2 Quine speaks of statements having ‘varying distances from a sensory periphery’, 
and thus more or less exposed to change. But both the sensory periphery and the metric 
are hard to define. According to Quine ‘the considerations which guide [man] in warping his 
scientific heritage to fit his continuing sensory peripheries are, where rational, pragmatic’ 
(Quine [1953]). But ‘pragmatism’ for Quine, as for James or LeRoy, is only psychological 
comfort; and I find it irrational to call this ‘rational’.

3 For such ‘concept-narrowing defences’ and ‘concept-stretching refutations’ , cf. 
my [1963-64].
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indefinitely. Indeed, there are infinitely many possibilities of how to 
replace— given sufficient imagination— any of the premisses (in the de
ductive model) by invoking a change in some distant part of our total know
ledge (outside the deductive model) and thereby restore consistency.

Can we formulate this trivial observation by saying that (each test is a 
challenge to the whole of our knowledge'? I do not see any reason why not. 
The resistance of some falsificationists to this ‘holistic dogma of the 
“ global”  character of all tests’1 is due only to a semantic conflation of two 
different notions of ‘test’ (or ‘challenge’) which a recalcitrant experimental 
result presents to our knowledge.

The Popperian interpretation of a 'test* (or ‘challenge’) is that the result 
(O) contradicts (‘challenges’) a finite, well-specified conjunction of prem
isses (T): O & T  cannot be true. But no protagonist of the Duhem-Quine 
argument would deny this point.

The Quinean interpretation of ''test' (or ‘challenge’) is that the replacement 
of O Sc T  may invoke some change also outside O and T. The successor 
to O & T  may be inconsistent with some H  in some distant part of know
ledge. But no Popperian would deny this point.

The conflation of the two notions of testing led to some misunderstand
ings and logical blunders. Some people felt intuitively that the modus 
tollens from refutation may ‘hit5 very distant premisses in our total know
ledge and therefore were trapped in the idea that the 1 ceteris paribus clause’ 
is a premiss which is joined confunctively with the obvious premisses. But 
this ‘hit’ is achieved not by modus tollens but as a result of our subsequent 
replacement of our original deductive model.2

Thus ‘Quine’s weak thesis’ trivially holds. But ‘Quine’s strong thesis’ 
will be strenuously opposed, both by the naive and the sophisticated 
falsificationist.

The naive falsificationist insists that if we have an inconsistent set of 
scientific statements, we first must select from among them (i) a theory 
under test (to serve as a nut); then we must select (2) an accepted basic 
statement (to serve as a hammer) and the rest will be uncontested back
ground knowledge (to provide an anvil). And in order to put teeth into 
this position, we must offer a method of ‘hardening’ the ‘hammer’ and the 
‘anvil’ in order to enable us to crack the ‘nut’, and thus perform a ‘negative

1 Popper [1963], chapter io , section xvi.
2 The locus classicus of this confusion is Canfield’s and Lehrer’s wrongheaded criticism

of Popper in their [1961]; Stegmuller followed them into the logical morass ([1966], p. 7).
Coffa contributed to the clarification of the issue ([1968]).

Unfortunately, my own phraseology in this paper in places suggests that the ‘ceteris 
paribus clause’ is an independent premiss in the theory under test. My attention was drawn 
to this easily repairable defect by Colin Howson.
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crucial experiment’. But naive ‘guessing’ of this division is too arbitrary, 
it does not give us any serious hardening. (Grunbaum, on the other hand, 
swallowing his falsificationist pride, stoops down to accept help from the 
inductivist Salmon. He now applies Salmon’s Reichenbachian theory of 
probability of hypotheses in order to show that, at least in some sense, the 
‘hammer’ and the ‘anvil’ have high posterior probabilities and therefore are 
‘hard’ enough for being used as a nutcracker.1)

The sophisticated falsificationist allows any part of the body of science to 
be replaced but only on the condition that it is replaced in a ‘progressive’ 
way, so that the replacement successfully anticipates novel facts. In his 
rational reconstruction of falsification ‘negative crucial experiments’ play 
no role. He sees nothing wrong with a group of brilliant scientists con
spiring to pack everything they can into their favourite research programme 
(‘conceptual framework’, if you wish) with a sacred hard core. As long as 
their genius— and luck— enables them to expand their programme ‘pro
gressively, while sticking to its hard core, they are allowed to do it. And if a 
genius comes determined to replace (‘progressively’) a most uncontested 
and corroborated theory which he happens to dislike on philosophical, 
aesthetic or personal grounds, good luck to him. If two teams, pursuing 
rival research programmes, compete, the one with more creative talent is 
likely to succeed— unless God punishes them with an extreme lack of 
empirical success. The direction of science is determined primarily by 
human creative imagination and not by the universe of facts which sur
rounds us. Creative imagination is likely to find corroborating novel evi
dence even for the most ‘absurd’ programme, if the search has sufficient 
drive.2 This look-out for new confirming evidence is perfectly permissible. 
Scientists dream up phantasies and then pursue a highly selective hunt for 
new facts which fit these phantasies. This process may be described as

1 Grunbaum [1969]. He previously took a position which was one of radical dogmatic 
falsificationism and claimed that we can ascertain the falsity of scientific hypotheses 
(e.g. Grunbaum [19596] and [1960]). His concrete case studies were thought-provoking 
for the philosopher and challenging for the physicist. But after criticisms from Feyerabend 
(cf. his [1959]), Laudan (cf. his [1965]), and others, he had to modify his position: such 
falsification cannot always be ‘ascertained irrevocably’ : ‘A t least in some cases, we can 
ascertain the falsity of a component hypothesis to all scientific intents and purposes, 
although we cannot falsify it beyond any and all possibility of subsequent rehabilitation.’

2 A  typical such example is Newton’s principle of gravitational attraction according 
to which bodies attract each other instantly from immense distances. Huyghens described 
this idea as ‘absurd’, Leibnitz as ‘occult’, and the best scientists of the age ‘wondered how 
[Newton] could have given himself all the trouble of making such a number of investiga
tions and difficult calculations that had no other foundation than this very principle5 
(cf. Koyr6 [1965], pp. 117-18). I had argued earlier that it is not so that theoretical progress 
is the merit of the theoretician but empirical success is merely a matter of luck. If the theore
tician is more imaginative, it is likelier that his theoretical programme will achieve at least 
some empirical success. Cf. my [1968*7], pp. 387-90.
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‘science creating its own universe’ (as long as one remembers that ‘creating’ 
here is used in a provocative-idiosyncratic sense). A  brilliant school of 
scholars (backed by a rich society to finance a few well-planned tests) might 
succeed in pushing any fantastic programme ahead, or, alternatively, if so 
inclined, in overthrowing any arbitrarily chosen pillar of ‘established 
knowledge’.

The dogmatic falsificationist will throw up his hands in horror at this 
approach. He will see the spectre of Bellarmino’s instrumentalism arising 
from the rubble under which Newtonian success of ‘proven science’ had 
buried it. He will accuse the sophisticated falsificationist of building arbi
trary Procrustean pigeon hole systems and forcing the facts into them. He 
may even brand it as a revival of the unholy irrationalist alliance of James’s 
crude pragmatism and of Bergson’s voluntarism, triumphantly vanquished 
by Russell and Stebbing.1 But our sophisticated falsificationism combines 
‘instrumentalism> (or ‘conventionalism’) with a strong empiricist require
ment, which neither medieval ‘saviours of phenomena’ like Bellarmino, nor 
pragmatists like Quine and Bergsonians like Le Roy, had appreciated: the 
Leibnitz-Whewell-Popper requirement that the— well planned— building 
of pigeon holes must proceed much faster than the recording offacts which are 
to be housed in them. As long as this requirement is met, it does not matter 
whether we stress the ‘instrumental1 aspect of imaginative research pro
grammes for finding novel facts and for making trustworthy predictions, 
or whether we stress the putative growing Popperian ‘verisimilitude’ (that 
is, the estimated difference between the truth-content and falsity-content) 
of their successive versions.2 Sophisticated falsificationism thus combines 
the best elements of voluntarism, pragmatism and of the realist theories of 
empirical growth.

The sophisticated falsificationist sides neither with Galileo nor with 
Cardinal Bellarmino. He does not side with Galileo, for he claims that our 
basic theories may all be equally absurd and unverisimilar for the divine 
mind; and he does not side with Bellarmino, unless the Cardinal were to 
agree that scientific theories may yet lead, in the long run, to ever more true 
and ever fewer false consequences and, in this strictly technical sense, may 
have increasing ‘verisimilitude’.3

1 Cf. Russell [1914], Russell [1946] and Stebbing [1914]. Russell, a justificationist, 
despised conventionalism: ‘As will has gone up in the scale, knowledge has gone down. 
This is the most notable change that has come over the temper of philosophy in our age. 
It was prepared by Rousseau and K a n t. . ( [ 1 9 4 6 ] ,  p. 787). Popper, of course, got some 
of his inspiration from Kant and Bergson. (Cf. his [1934], sections 2 and 4.)

2 Cf. Popper [1963], chapter 10.

3 Verisimilitude’ has two distinct meanings which must not be conflated. First, it may be 
used to mean intuitive truthlikeness of the theory; in this sense, in my view, all scientific 
theories created by the human mind are equally unverisimilar and ‘occult*. Secondly, it
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may be used to mean the set-theoretical difference between the true and false consequences 
of a theory which we can never know but certainly may guess. It was Popper who used 
‘verisimilitude’ as a precise technical term to denote this difference ([1963], chapter 10). 
But his claim that this explication corresponds closely to the original meaning is mistaken 
and misleading. In the original prepopperian usage ‘verisimilitude’ could mean either 
intuitive truthlikeness or a naive proto-version of Popper’s empirical truthlikeness. Popper 
gives interesting quotations for the latter ([1963], pp. 399 ff.) but none for the former. 
But Bellarmino might have agreed that Copernican theory had high ‘verisimilitude1 in 
Popper’s technical sense but not that it had verisimilitude in the first, intuitive sense. 
Most ‘instrumentalists’ are ‘realists’ in the sense that they agree that the (Popperian] 
‘verisimilitude’ of scientific theories is likely to be growing; but they are not ‘realists’ in the 
sense that they would agree that, for instance, the Einsteinian field approach is intuitively 
closer to the Blueprint of the Universe than the Newtonian action at a distance. The ‘aim 
of science' may then be increasing Popperia?i ‘verisimilitude', but does not have to be also in
creasing classical verisimilitude. T he latter, as Popper himself said, is, unlike the former, 
a ‘dangerously vague and metaphysical’ idea ([1963], p. 231).

Popper’s ‘empirical verisimilitude’ in a sense rehabilitates the idea of cumulative growth 
in science. But the driving force of cumulative growth in ‘empirical verisimilitude’ is revo
lutionary conflict in ‘intuitive verisimilitude’.

When Popper was writing his ‘Truth, rationality and the growth of knowledge’ , I had 
an uneasy feeling about his identification of the two concepts of verisimilitude. Indeed, it 
was I who asked him: ‘Can we really speak about better correspondence? Are there such 
things as degrees of truth? Is it not dangerously misleading to talk as if Tarskian truth were 
located somewhere in a kind o f metrical or at least topological space so that we can sensibly 
say of two theories— say an earlier theory tx and a later theory u, that U has superseded 
tu or progressed beyond tu by approaching more closely to the truth than t-J' (Popper 
[1963], p. 232). Popper rejected my vague misgivings. He felt— rightly— that he was 
proposing a very important new idea. But he was mistaken in believing that his new, 
technical conception of ‘verisimilitude’ completely absorbed the problems centred on the 
old intuitive ‘verisimilitude’. Kuhn says: ‘T o say, for example, of a field theory that it 
“ approaches more closely to the truth” than an older matter-and-force theory should 
mean, unless words are being oddly used, that the ultimate constituents of nature are more like 
fields than like matter and force’ (this volume, below, p. 265; my italics). Indeed, Kuhn 
is right, except that words arc normally ‘oddly used’. I hope that this note may contribute 
to the clarification of the problem involved.
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