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A SURVEY OF SOME
FUNDAMENTAL PROBLEMS

A scientist, whether theorist or experimenter, puts forward staements,
or sysiems of statements, and tests them step by step. n the field of the
empirical sciences, more particularly, he constructs hypotheses, or sys-
tems of theories, and tests them against experience by observation and
experiment,

I suggest that it is the task of the logic of scientific discovery, or the
logic of knowledge, to give a logical analysis of this procedure; that is,
to analyse the method of the empirical sciences.

But what are these ‘methods of the empirical sciences’? And what do
we call ‘empirical science’?

1 THE PROBLEM OF INDUCTION

According to a widely accepted view-—-to be opposed in this book ~-
the empirical sciences can be characterized by the fact that they use
‘inductive methods”, as they are called. According 1o this view, the logic of
scientific discovery would be identical with induetive logic, ie with
the logical analysis of these inductive methods.

1t s usual 10 call an wference “inductive’ 1f 1t passes from smgulor
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saments {sometimes also called “particular’ staterents), such as
accounis of the results of observations or experiments, o universl
statements, such as hypotheses or theories.

Now i is far from obvious, from a logical point of view, that we are
pstitied inanfeering aniversal statements from singular ones, no mat-
tor how mumerous; for any conclusion drawn in this way may abways
Wt out to be false: no matter how many instances of white swans we
may have abserved, this does not justify the conchision that dl swans
are white,

The question whether inductive inferences are justified, or under
wlhiat conditions, is known as the problem of induction.

The problem of induction may  also be formulated as the
guestion of the validity or the truth of universal statements which
are hased on experience, such as the hypotheses and theoretical
watenis of the vopirical sciences. For many people believe that the
tuth of these universal staternents is ‘known by experience’; yet it is
clear that an account of an experience-—of an observation or the
result of an experiment-—can in the first place be only a mwmm&,&.
satement and not a universal one. Accordingly, people who say of a
iiversal statement that we know its truth from experience usually
mean that the truth of this universal statement can somehow be
recduced 1o the trath of singular ones, and that these singular ones are
knewn by expericnce to be true; which amounts to saying that the
universal statement is based on inductive inference. Thus to ask
whether there are natural laws known o be true appears to be only
avother way of asking whether inductive inferences are logically
justibied

Yot if we want to find a way of justifying inductive inferences, we
must fst of all try to establish a principle of induction. A principte of
induction would be a statement with the help of which we could put
mductive inferences into a logically acceptable form. In the eyes i.
the upholders of mductive logic, a principle of rﬁmﬂmcn.wm of
suprenie importance for scientific method: ‘.., this principle’, says
Keichenbach, "determines the truth of sciendific theories. To eliminate
it from science would mean nothing less than to deprive science of
ihe power 1o decide the truth or falsity of its theories. Without it,
Ciearly, science would no longer have the right to distinguish its
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theories from the fanciful and arbitrary creations of the poet's
ind. !

Now this principle of induction cannot be & purely logical truth like
a tautology or an analytic statement. Indeed, if there were such a thing
as a purely logical principle of induction, there would be no problem
of induction; for in this case, all inductive inferences would have o be
regarded as purely logical or tamological transformations, just like
inferences in deductive logic, Thus the principle of induction must be a
symthetic staternent; that is, a statement whose negation is not
self-contradictory but logially possible. $o the question arises why
such a principle should be accepred at all, and how we can jusdfy
ity acceptance on rational grounds.

Some who believe in inductive logic are anxious to point out, with
Reichenbach, that 'the principle of induction is unreservedly accepred
by the whole of science and that no man can seriously doubt this
principle in everyday life either’.” Yet even supposing this were the
case——for after all, “the whole of science’ might err—1 should sull
contend that a principte of induction is superfluous, and that it must
lead 1o logical inconsistencies,

That inconsistencies may easily arise in connection with the prin-
ciple of induction should have been clear from the work of Hume®'
also, that they can be avoided, i at all, only with difhculey. For the
principle of induction must be a universal statement in i trn. Thus if
we try o regard its truth as known from experience, then the very
same problems which ovcasioned its introduction will arise all over
again. To justify it, we should have w employ inductive inferences; and
to justty these we should have to assame an mductve principle of a
higher orde

; and so on. Thus the atempt to base the principle of
induction on experience breaks down, since it must lead w an infinite
TeRress.

Kant tried 10 force his way out of this difficeley by taking the

'H. Reichenbach, Erkemmis 1, 1936, g 186 {d abo pp 64 1) ! the penuiimate

paragraph of Russell’s chapter xii, on Hume, i his History of Wistern Phulosophy, 1946,
p. 649,

" Reichenbach did., p. 67.

* The decisive passages from Humie are 3:2:1 i appendne Fvil, st w fostnotes 4,5,
and &, see also note 1w section 1, helow
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principle of induction (which he formulated as the “principle A..;
tniversal cansation’} to be ‘o priori valid’. But T do not think that his
igenions atempt o provide an ¢ prien justification for synthetic
datenients was successtul,

My own view is that the various difficulties of inductive logic here
Wketched are insurtnountable. So also, 1 fear, are those inherent in the
doctrine, so widely current today, that inductive inference, t%o:ww.ﬂ
not “swicedy valid'. can ettain some degree of 'reliability” or of .wsw%mmq.
According to this doctrine, inductive inferences are ‘wmog,urw infer-
erves . W have described’, says Reichenbach, 'the principie of induc-
tion as the means whereby science decides upon truth, To be more
exact, we should say that it serves to decide upon probability. For it 7
ol iven to science to reach either trath or falsity . .. but scientific
stalemients can only attain continuous degrees of probability whose
unattainable upper and lower limits are wruth and falsity”.*

AU this stage 1 can disregard the fact that the believers in inductive
logic entertain an idea of probability that I shall later reject as highly

wusuitable tor their own purposes (see section 80, below). I can do so
because the difficulties mentioned are not even touched by an appeal 1o
probability, For if a certain degree of probability is to be assigned wo
statements based on inductive inference, then this will have to be just-
tied by invoking a new principle of induction, appropriately modified.
And this new principle in its turn will have to be justified, and so on.
Nothing is gained, moreover, i the principle of induction, in its turn, is

takeit not as ‘true’ but only as “probable’. In short, like every other form
of inductive logic, the logic of probable inference, or ‘probability
logic’, feads cither 0 an infinite regress, or to the doctrine of
mmz.wmz »w«.:‘* :

The theory to be developed in the following pages stands directly
opposed to all awempts (o operate with the ideas of inductive logic. It

CUE P ONE Reyoes, 4 Treote on Probabdity, 1921 O Kilpe, Vorlesungen iber Logic {ed. by
Scle. 1924 Reichenhach (whe wees the e “probability implications”), Aviomatik der
g Muthem Feivche 34, 1932, and elsewhere,

i b, 1930, p 180,

oo, esperially note o section 81, and chapter ®it of the

Thipe abwo hapter 10, b

taTipt ol & fuller saternent of tis oniticism,
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might be described as the theory of the deductive method of testing, or as the
view that a hypothesis can only be empirically tested—and only after it
has been advanced.

Before 1 can elaborate this view (which might be called “deductiv-
ism’, in contrast o ‘inductivism’™) 1 moust first make clear the distine-
tion between the psychology of knowledge which deals with empirical facts,
and the logic of knowledge which is concerned only with logical relations.
For the belief in inductive logic is largely due to 2 confusion of psycho.
logical problems with epistemological ones. 1t may be worth noticing,
by the way, that this confusion spells trouble not only for the logic of
knowledge but for its psychology as well

2 ELIMINATION OF PSYCHOLOGISM

1 said above that the work of the sciemist consists in putting forward
and testing theories.

The initial stage, the act of concelving or inventing a theory, scems
to me neither to call for logical analysis nor o be susceptible of it.
The question how it happens that a new idea occurs to a man-—
whether it is a musical theme, a dramatic conflic, or a scientific
theory—may be of great interest to empirical psychology; but it is
irrelevant to the logical analysis of scientific knowledge. This later is
concerned not with questions of fact (Kant's quid facti?), but only with
questions of justification or validity (Kant's quid juris?). lis questions are of
the following kind. Can a statement be justified? And if so, how? Is it
wstable? Is it logically dependent on certain other statements? Or
does it perhaps contradict them? In order that a statement may be
logically exanuned in this way, it must already have been presented o

* Liebig (in lnduktion und Pedubtion, 1865% was probably the fst o reject the inductive
method from the standpoint of natural science; his attack s direceed againy Bacon
Pruhern {in Lo théorie physique, son ohiet of s stracture, 1906, nglish transdation by P P Wiener
The Aim end Struciure of Physicl Theary, Princeton, 1954) holds pronounced deductiviag
views. (*But there are also inductivist views to be found in Duhem's book, for example
tn the third chapter, Part One, where we are told that only experiment, induction, and
generalization have produced Descartes’s law of refraction, o the English wanslation,
P 34) So does V Kraft, Die Grendfoomm der Wossesschafilichen Methoden, 1975, see also
Carnap, Erkenninis 2, 1932, p. 440
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s Someons must have tormualated i, and submitted it to logical
UNAINIalion,

Accordingly |shall distinguish sharply between the process of con-
conviny a new idea, and the methods and results of examining it logic-
ally. As 10 the task of the togic of knowledge-—in contradistinction to
the psychology of knowledge--1 shall proceed on the assumption that
1L consists solely in investigating the methods employed in those sys-
tennatic tests w which every new idea must be subjected if it is to be
seriously entertained.

Some might object that it would be more to the purpose to regard it
s the business of epistemology w produce what has been called a
wtwna! seemstruction” of the steps that have led the scientist o a
discovery- o the inding of some new truth, But the question is: what,
precisely, do we want 1o reconstruct? If it is the processes involved in
the stinadation and release of an inspiration which are o be
reconstrugted, then | should refuse 1o take it as the task of the logic of
knowledge. Such processes are the concern of empirical psychology
but hardly of logie. It b another matter if we want to reconstract
ratonally the subscquent twsts whereby the inspiration may be discovered
t b o discovery, or become known to be knowledge. In so far as the
stientist eritically judges, aliers, or rejects his own inspiration we may,
1 we dike, regard the nethodological analysis undertaken here as a
kind ot “ratonal reconstruction’ of the corresponding thought-
processes. But this reconstruction would not describe these processes
as they actually happen: it can give only a logical skeleton of the
procedure of testing Sudl, this is perhaps all that is meant by those who
speakab arational reconstruction” of the ways in which we gain
knowledge

It~ happens that my arguments i this book are quite independent
al thes problem. However, my view of the matter, for what it is worth, is
that there is no such thing as a logical method of having new ideas, or a
fogical recoustrucion of this process. My view may be expressed by
saving that every discovery contains ‘an irrational element’, or *a cre-
atve intuition’, in Bergson's sense, In a similar way Einstein speaks of
the search tor those highty universal laws | . from which a picture of
the world can be obained by pure deduction. There is no logical
path’, he cays, leading o these .. Jaws, They can only be reached by
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intuition, based upon something like an intellectual love (Eintihiung")
of the objects of experience ™

3 DEDUCTIVE TESTING OF THEORIES

According to the view that will be put torward here, the method of
eritcally testing theories, and selecting them according 1 the results of
tests, always proceeds on the following hines. From a new idea, put up
tentatively, and not yet justified in any way—an anticipation, a hypoth-
esis, a theoretical system, or what you will--conclusions are drawn by
means of logical deduction. These concusions are then compared with
one another and with other relevant statements, so as o find what
logical relations (such as equivalence, derivability, compatiblity, or
incompatibility) exist between them.

We may if we like distinguish four different lines along which the
testing of a theory could be carried out. First there is the logical com-
parison of the conclusions among themselves, by which the internal
consistency of the system is tested. Secondly, there is the investigation
of the logical form of the theory, with the objewt of determining
whether 1t has the character of an empirical or scientific theory, or
whether it is, for example, tautological. Thirdly, there is the com-
parison with other theories, chiefly with the aim of determining
whether the theory would constitute a scientific advance should it
survive our various tests. And hnally, there is the wsting of the theory
by way of empirical applications of the conclusions which can be
derived from it,

The purpose of this last kind of st is 1o find out how {ar the new
consequences of the theory—whatever may be new in what it asserts
stand up to the demands of practice, whether raised by purely scien-
tific experiments, or by practical tec hnological applications. Here 100
the procedure of testing turns out 1o be deductive. With the help of

" Address on Max Planch’s 6th barthday (1918). The passage quoted begins with the
words, "The supreme task of the physicist i to search for those highly universal baws
ete. (yuoted from A Finstein, Mein Welthild, 1934, P68 Englishs wranshation by A Harris
The World as 1 sec Jr, 1935, p. 1253 Sirmbar iddeas are tound parbier in Liolig, up at o abso
Mach, Principien dor Wirmelchie, 1896, pp. 443 1 *The Gerntan word Fintiblung 15 difficult
1o translate. Harris translates

sympatheiic understanding of experience’
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other statements, previously accepted, certain singular statements—
which we may call “predicions’—are deduced from the theory: espe-
cially predictions that are easily testable or applicable. From among
these statements, those are selected which are not derivable from the
carrent theory, and more especially those which the current theory
contradicts. Next we seek a decision as regards these (and other)
derived statements by comparing them with the results of practical
apphications and experiments. If this decision is positive, that is, if the
singular conclusions turn out to be acceptable, or verified, then the the-
ory has, tor the tine being, passed its test: we have found no reason to
discard 11 But if the decision is negative, or in other words, if the
conclusions have been fusified, then their falsification also falsifies the
ileory from which they were logically deduced.

1 should be noticed that a positive decision can only temporarily sup-
portihe theory for subsequent negative decisions may always overthrow
1. 50 long as theory withstands detailed and severe tests and is not super-
seded by another theory in the course of scientific progress, we may say
that it has “proved its mettle’ or that it is “corroborated ™' by past experience.

Nothing resembling inductive logic appears in the procedure here
outhined. T never assume that we can argue from the truth of singular
statements to the truth of theories, 1 never assume that by force of
‘verifred’ conclusions, theories can be established as 'true’, or even as
urerely ‘probable’.

in this hook 1 intend 1o give a more detailed analysis of the methods
of deductive testing And 1 shall awempt to show that, within the
framework of this analysis, all the problems can be dealt with that are
usually called “epistemological’. Those problems, more especially, to
which inductve logic gives rise, can be eliminated without creating
new ones in thewr place,

4 THE PROBLEM OF DEMARCATION

Ot the many objections which are likely to be raised against the view
here advanced, the most serious is perhaps the following, In rejecting

bor this term, see note * 1 betore section 79, and section *29 of my Pestscript,
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the method of induction, it may be said, | deprive empirical saence of
what appears (© be its most important characteristic; and this means
that 1 remove the barriers which separate science from metaphysical
speculation. My reply o this objection s that my main reason for
rejecting inductive logic is precisely that it dees nut provide o suiteble dis-
tinguishing mark of the empirical, non-metaphysical, characwer of a theor-
etical system; or in other words, that # does set provide @ witable ‘criterion of
demarcation’.

The problem of finding a criterion which would enable us o dis-
tinguish between the empirical sciences on the one hand, and math-
ematics and logic as well as ‘metaphysical’ systems on the other, T call
the problem of demarcation.'

This problem was known to Hume who attempted to solve it
With Kant it became the central problem of the theory of know-
ledge. If, following Kant, we call the problem of mduction "Hume's
problem’, we might call the problemn of demarcation ‘Kant's
problem’.

Of these two problems—the source of nearly all the other problems
of the theory of knowledge—the problem of demarcation is, | think,
the more fundamenual. Indeed, the main reason why epistemologists

with empiricist leanings tend to pin their faith 0 the ‘method of

induction’ seems o be their belief that this method alone can provide a
suitable criterion of demarcation. This applies especially to those
empiricists who follow the flag of "positivism’.

The older posinvists wished o admit, as scientihe or legitimate,
ounly those corcepts {or notions or ideas) which were, as they put it,
‘derived from experience’; those concepts, that is, which they
believed to be logically reducible 1 elements of sense-experience,
such as sensations (or mms%m-mw»rwv. trpressions, perceptions, visual
or auditory memories, and so forth. Modern positivists are apt to see
more clearly that science is not a system of concepts but rather a

" With this {and also with sections 1 1o 6 and 13 @ 14) compare my noe ia frenntans 3,
1933, p 426; *1t is now here reprinted, in rranshation, i appendhx %

'L the last sentence of his Enquiry Cencerning Humen Understanding. ¥With the next para
graph (and my alusion 1o epistemolopists) compare for example the quotation from
Reichenbach in the text 10 note 1, seciion 1.

11
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systernr of statements. ® ! >nr_ca%:m_<_ 5@ wish to admit, as scientific
vt legitimate, only those statements which are reducible to ele-
mentary (or ‘atomic’) statements of experience—to ‘judgments of
percepion’ or 'atomic propositions’ or protocol-sentences’ or
what not™ It is clear that the implied criterion of demarcation is
wlentical with the demand for an inductive logic.

See Lreject inductive logic T must also reject all these attempts to
salve the problem of demarcation. With this rejection, the problem of
demarcation gains in importance for the present inquiry. Finding an
acceptable criterion of demarcation must be a crucial task for any
cpisternology which does not accept inductive logic.

Positivists usually interpret the problem of demarcation in a natural-
plic way; they interpret it as if it were a problem of natural science.
tastead of taking it as their task to propose a suitable convention, they
believe they have to discover a difference, existing in the nature of
things, as it were, between empirical science on the one hand and
wetaphysics on the other. They are constantly trying to prove that
metaphysics by its very nature is nothing but nonsensical twaddle—-
soptustry and illusion’, as Hume says, which we should ‘commit to
the Hames™

1 by the words "nonsensical” or ‘meaningless’ we wish to £XPress no
more, by definition, than “not belonging to empirical science’, then the

characterization of metaphysics as meaningless nonsense would be

Whett Twrote this paragraph | overrated the "modern posiivists’, as | now see. 1
shouid have remembered that i the rspect the promising heginning of Wittgenstein's

Fraw tus “The world is the witabiy of facts, not of things'

~owas cancelbed by s end
whah denounced the wman who had given no meaning to certain signs in his
propositbons” See alwo ny Open Seciery wnd its Enemics, chapter 11, section ii, and chapter
Py Petsopt, opecially sections i {note 53, *24 {the last five paragraphs),
G R

.

"1

L

CNotliang depends on sames, of course. When 1 iavented the new name ‘hasic ste.
ent qor Thaae proposition’; see below, sectioms 7 and 28 I did so only because 1
nevded woteron mt burdened with the connounon of & perception statement. But

st wduch Twished fo avord, OF also 1y Poswserigr, *29,
© Thus Hume, fihe Sextos, condenmned his own Enquiry on its last page: just as later
Wittgeastan consdemned his own Tactans on its last page. (See note 2 to section L}

otfuiately W owss soon adopied by others, and used to convey precisely the kind of
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trivial; for metaphysics has usually been defined as non-empirical. But
of course, the positivists believe they can say much more about meta-
physics than that some of its statements are non-empirical, The words
‘meaningless’ or ‘nomsensical’ convey, and are meant to convey, a
derogatory evaluation; and there is no doubt that what the positivists
really want to achieve is not so much a successful demarcation as the
final overthrow’ and the anmihilation of metaphysics. However this
may be, we find that each time the positivists tried 1o say more clearly
what ‘meaningful’ meant, the attempt led o the same result—r1o
a definition of "meaningful sentence’ (in contradistinciion to ‘mean-
ingless pseudo-sentence’) which simply reiterated the criterion of
demarcation of their inducitve logic.

This ‘shows itself” very clearly in the case of Witgenstein, according
to whom every meaningful proposition must be logically reducible* 10
elementary (or atomic) propositions, which he characterizes as
descriptions or “pictures of reality’” (a characterization, by the way,
which is o cover all meaningful propositions). We may see from this
that Wittgenstein's criterion of meaningfulness coincides with the
inductivists” criterion of demarcation, provided we replace their words
‘scientific” or ‘legitimate’ by ‘meaningful’. And it is precisely over the
problem of induction that this attempt to solve the problem of demar-
cation comes 1o grief: positvists, in their anxiety to annibilate meta-
physics, annihilate natural science along with it For scientific laws, too,
cannot be Jogically reduced to elementary statements of experience. It
consistently applied, Wittgenstein's criterion of meaningtilness rejects
as meaningless those natural laws the search for which, as Binstein
says,” is ‘the supremne task of the physicist’: they can never be aceepted
as genuine or legitimate staterments. Wittgenstein's attemnpt (o ummask
the problem of induction as an empty pseudo-problem was formulated

*Carnap, Brkamatnis 2, 1932, pp 219 . Earber Ml had used the word mvamngiess” a4
similar way, *no doubt under the influence of Conne; o Comte's Barly Eusays on Seciol
Philosaphy, ed. by H. D Hutton, 1911, p. 273 See also my Opm Sy, wote 51 w <haprer
i

* Wistgenstein, Tractatus Logico-Fhilossphicus (1918 and 1972, Froposition 5. *As thas was
written in 1934, | am dealing here of course only with the Fucrans

* Wittgenstein, op. ¢t Propositions 4.01; 4.03; 2271

*CLnote 110 section 1.

13
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by sclilick™ i the following words: "The problem of mduction consists
m asking tor a logical justification of universal statements about readity . ..
We recognize, with Hume, that there is no such logical justification:
there can be none, simply because they ere not geavine statements.”’

Tins shows how the inductivist eriterion of demarcation fails to
draw « dividing line between scientific and metaphysical systems, and
why 1 must accord them equal status; for the verdict of the positivist
dogrie of meaning is that both are systems of meaningless pseado-
statemients. Thus instead of eradicating metaphysics from the empirical
soienves, positivism Jeads to the iovasion of metaphysics into the
swivntdic reahn”

H vontrast o these ant-metaphysical stratagems—anti-inetaphysical
incntenton, that 3s—my business, as 1see it, is not 1o bring about the
overthrow of meaphysics. It is, rather, to formulate a suitable charac-
wrization of empirical science, or to define the concepts ‘emnpirical
seienee” and ‘metaphysics” in such 2 way that we shall be able tosay of a

Swdea of reating wiemibic laws as pseudo propositicms --thus solviag the problem
of indissen o was anbuted by Schiick 1o Wingenstein, (O my Opes Sediety. notes 46

3

514 1o chapiee 11 But it s reatly much older It is part of the instrumentalist
gradation which can be traced back o Berkeley, and further. (See for example my paper
“Pies Views Concerning Human Knowledge', in Comemporary British Philosophy, 1956 and
A Nt on Berkeley as 2 Brecursor of Mach', in The British journal for the Philosophy of Scitnce 4,
D3, pp 26 1, now do oy Conjectans und Refutations, 1959 Further references in note *1
Btorc weision 32 (po 37} The problem is also treated in my Posticript, sections # 11 0 %14,
frean tin

sl b, Nommwiseschafien 19, 1931, po 156, {The ialics are mine). Regarding natural
Lo S Bheh writes (p §91). 1 has often been remarked that, sarictly, we can never speak
ot an sbsohute veriheation of a faw, gince we always, 50 to speak, tacitly make the reserva-
stbar womay be modifled inothe light of further experience. i T may add, by way of

A’ Schbck rontinues, a few words on the logical simation, the above.
vomed Bt means that 2 natiral law, in principle, does not have the logical characier
vinent, b

s, rath

. prescripion for the formation of satements.” *(Forma
dunebt was tieant W inchude transforimation or derivation.} Schiick artributed

JR {lor example note 1) *See alsomy Open Society, notes 46, 51, and 57 to
chapter 81, and oy paper The Demarcasion between Science and Metaphysics”, contrib
2y FRE to the Carnap volume of the Libusy of Livisg Philosophers, edited by

pyrand move pomy Cenjretures and Refutatitns, 1963 aad 1965
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given system of statements whether or not its closer study is the
concern of empirical science,

My criterion of demarcation will accordingly have w be regarded as
a proposal for en agreement or convention. As to the suitability of any such
convention opinions may differ; and a reasonable discussion of these
questions is only possible between parties having some purpose in
common. The choitce of that purpose raust, of course, be alimately a
matter of decision, going beyond rational argumem ®’

Thus anyone who envisages a system of absolutely certan, irrevoc-
ably true statements’ as the end and purpose of science will certainly
reject the proposals 1 shall make here. And so will those who see “the
essence of science . .. in its dignity’, which they thiak resides in ity
‘wholeness’ and its ‘real truth and essentabity”.”" They will hardly be
ready 1o grant this dignity w modern theoretical physics in which |
and others see the most complete realivaton to date of what 1 call
‘empirical science’,

The aims of science which I have in mind are diferent. [ do not try
to justify them, however, by representing them as the true or the essen-
tial aims of science. This would only distort the issue, and it would
mean a relapse into positivist dogmatism. There is only one way, as far
as | can see, of arguing rationally in support of my proposals. This is wo
analyse their logical consequences: 1o point out their ferzifity—their
power to elucidate the problems of the theory of knowledge.

Thus 1 freely admit that in arriving at my proposals T have been
guided, in the last analysis, by value judgments and predilections. But 1
hope that my proposals may be acceptable w those who value not oaly
logical rigour but also freedom from dogmatism; who seek practical
applicability, but are even more atracted by the adventure of science,
and by discoveries which again and again confront us with new and
unexpected questions, challenging us 10 try owt new and hithero
undreamed-of answers.

The fact that value judgments influence my proposals does not mean

*' 1 believe that a reasonable discussion 1 always possible hetwues parties interested in
truth, and ready o pay attention w each other {CF my Opn Sooety, chaprer 14
” This s Dingler's view, o note 1 1o section 19

" This is the view of . Spans {Kotgonenlehre, 1974},

15
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thae b ans making the mistake of which T have accused the positivists—
that of tryiny 1o kill metaphysics by calling it names. I do not even go
s far as to assert that metaphysics has no value for empirical science.
For it cannot be denied that along with metaphysical ideas which have
ebstrucied the advance of science there have been others—such as
sprctlative atomisi-—which have aided it. And looking at the matter
from the psychological angle, T am inclined to think that scentific
discovery is tmpossibie without faith in ideas which are of a purely
specadative kind, and sometimes even guite hazy; a faith which is com-
pletely unwarrated from the point of view of science, and which, to
that exwent, is ‘imetaphysical’.”

Vet having issucd all these warnings, | sdll 1ake it to be the first task
ot the Togic of knowledge o put forward a concept of empirical science, in
order 10 prake bnguistic usage, now somewhat uncertain, as definite as
possible, and in order 1o draw a clear line of demarcation berween
svience and mietaphysical ideas——even though these ideas may have
turihered the advance of science throughout its history.

§ EXPERIENCE AS A METHOD

The task of torinudatng an acceptable definition of the idea of an
‘erapincal science’ s not without its difficulties. Some of these arise
tron the fact that there must be many theoretical systems with a logical structure
very similar o the one which at any particular time is the accepted
system of empirical science, This situation is sometimes described by
saying that there is 4 great number—presumably an infinite number-—
ol toygically possible worlds'. Yet the system called ‘empirical science’
i tended o represent only one world: the ‘real world” or the ‘world of
our expenence’ !

In order 1oy make ths idea a litde more precise, we may distinguish
three reguirements which our empirical theoretical system will
have 1o satisfy. First, it must be synthetic, so that it may represent a

Ul Plawk P wnd reale Aussonadt (1931) and Finstein, Die Religiosidt der
Fevschugy, o Muin Weithdd, 1934, p 43 English ranslation by A, Harris: The Wordd a5 T Sec It,
VRS pp 23 “See also sevtion BS, and my Postseript.
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nop-contradictory, a passible world. Secondly, it must satisfy the cri-
terion of demarcation {d sections 6 and 21), e, it must not be meta
physical, but must represent a world of possibie experience. Thirdly, 1t
must be a system distinguished i some way from other such systemns
as the one which represents sur world of experience,

But how is the system that represents our world of experience w be
distinguished? The answer is: by the fact that it has been submited w
tests, and has stood up 1o tests, This means that itis o be distinguished
by applying to it that deductive method whicl it is sy aim 1o analyse,
and to describe.

‘Experience’, on this view, appears as a distinctive method whereby
one theoretcal system snay be distnguished from others; so tha
empirical science seems to be characterized not only by its logcal form
but, in addition, by its distinctive method, {This, of course, is also the
view of the inductivists, who try o characterize cmpirical science by
1ts use of the inductive method.)

The theory of knowledge, whose task is the analysis of the method
or procedure peculiar o empirical science, may accordingly be
described as a theory of the empirical method---g theory of what 15 usually
catled “experience’.

& FALSIFIABILITY AS A CRITERION OF DEMARCATION

The criterion of demarcation inherent in inductive logic---that is, the
positivistic dogma of meaning-—is equivatent to the requirement that
all the statements of empirical science (or all “nieaningful’ statements)
must be capable of being finally decided, with respect to their truth and
falsity; we shall say that they must be ‘conclusively decidable’. This means
that their form must be such that te verity them and w falsify them must both
be logically possible. Thus Schlick says: *. . . 4 genuine statement must
be capable of condusive verification”;’ and Waismann says still more clearly:
‘If there is no possible way 10 determine whether ¢ statement is troe then that
statemnent has no meaning whatsoever. For the meaning of a statement
is the method of its verification.”

" Schlick, Natuswissenscholten 19, 1931, p. 150
* Waismann, Erkentnis 1, 1903, p. 129
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Now inomy view there is no such thing as induction*' Thus
inference to theories, from singular statements which are ‘verified
by experience’ (whatever that may mean), is logically inadmissible.
Theories are, theretore, never empirically verifiable, If we wish to
avoid the positivist’s mistake of eliminating, by our criterion of demar-
cation, the theorstical systems of natural science,™ then we must

choose a criterion which allows us 10 admit to the domain of

eirtpirical science even statements wiich cannot be verified.

But L shall certainly admit a system as empirical or scientific only if 1t
is capable of being tested by experience. These considerations suggest
that not the verihability but the fafsifiability of a system is to be taken as a
crterion of demarcation. ™' In other words: 1 shall not require of a
suientific systern that it shall be capable of being singled out, once and
lor all, in a positive sense; but | shall require that its logical form shall
e such that it can be singled out, by means of empirical tests, in a

negative sense: 1t must be possible for an empirical sciemtific system to be refuted by
experience.’

ot ob course, bere considering so-called “mathematical induction’. Whar [ am
homping e tha there s saclis thing as induction in the so-called ‘saduciive sciences’ that
e are either “inductive procedures’ or “inductive mferences

P s Logical Syman (1937, pp 371 £) Carnap adsitted thar this was a mistake {with a
fetvrviee s my entcian), and he did so even more fully in “Testability and Meaning',
recopmizing the fac tat usiversal laws are net only ‘convenient’ for sclency but even
eswential’ (Phiwephy of Saee 4, 1937, o 27). Butin inductivist Logical Foundations of
Frobubilits (1950Y, be returns 1o a positdon very like the one here criticized: finding tha
aniversdd daws Jave sero probability (5 $113 he s campelled o say (p 375} that though
ey seed ot be oxpelled from science, seience can very weli do without them,

Nuse that bsoggest falsifiabilivy as a criterion of demarcation, but not of meaning. MNoke,
soreoves, that Thave already (section 4 shavply cridicized the use of the ides of meaning
A vt of demarcation, and thar Tattack the dogma of meaning again, even mare

sharph L do sevtien 91 is theretfare 2 sheer myth {though any number of refutations of

my theory bave been based upon this mythy that 1 ever proposed falsifiability as a
el meaniag Fabifabbiny separates two kinds of perfectly meaningful state-
1 the flsdabde and the non-falsifable. It draws a line inside meaningful language,
et aronnd 1 See also appendin %1, and chapter %) of my Pastscript, especially sections *17
ad MU and iy Conectutes and Relusations, chs | oand 11

Retatoad deas ave 1o be found, tor examaple, in Frank, Die Kousalitds and (hoe Grenwen, 1931,

v BTG i 150 Dubistav, Di Definition (3nd edition 1931Y, pp. 190 £, (€1 also note |
b, abaae
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{Thus the statement, ‘Tt will rain or not rain here tomorrow’ will not
be regarded as empirical, simply because it cannot be refuted; whereas
the statement, ‘It will rain here tomorrow’ will be regarded as
empirical.}

Various objections might be raised against the criterion of demarca-
tion here proposed. In the first place, it may well seem somewhat
wrong -headed o suggest that science, which is supposed o give us
positive imformation, should be characterized as satislying a negative
requirement such as refutability. However, | shall show, in sections 31
to 46, that this objection has litde weight, since the amount of positive
information about the world which is conveyed by a scientific state-
ment is the greater the more fikely it is 1o clash, because of its jogical
character, with possible singular statements. (Not for nothing do
we call the laws of nawre laws’: the more they prohibit the more
they say.)

Again, the attempt might be made to turn against me my Oown
criticism of the inductivist criterion of demarcanon: for it might seem

that objections can be raised against falsihability as a criterion of

demarcation similar to those which I myself raised against
verifiability.

This attack would not disturb me. My proposal is based upon an
asymmetry between verifiability and falsifiability; an asynumetry which
results from the logical form of universal staternents.™ For these are
never derivable from singular statements, bt can be contradicted by
singular statements. Consequently it is possible by means of purely
deductive inferences (with the help of the modus tllens of classical
logic} to argue from the truth of singular statements o the falsity of
universal statements. Such an argument o the falsity of universal
statements is the only suictly deductive kind of inference that proceeds,
as it were, in the ‘inductive direcnion’; that is, from singular 1o
universal staternents.

A third objection may seem more serious. kt mught be said that even
if the asymmetry is admited, it is still impossible, for various reasons,
that any theoretical sysrem should ever be conclusively falsified. for itis
always possible 1o find some way of evading falsification, for exantple

¥ This asymumetry is now more fully disewssed 1 section *22 of my Postsaipr
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by miroducing od hoe an auxiliary hypothesis, or by changing ed hoc a
dehniton. [t s even possible without logical inconsistency to adopt the
position of simply refusing 1 acknowledge any falsifying experience
whatsoever, Admittedly, scientists do not usually proceed in this
way, but logically such procedure is possible; and this fact, it might
be claimed, makes the logical value of my proposed criterion of
demarcation dubious, 1o say the least

{mast admit the justice of this eriticism; but I need not therefore
withdraw my proposal 1o adopt falsifiability as a criterion of demarca-
o, For [ am going w propose (in sections 20 £} that the empirical
method shall be characterized as a method that excludes precisely those
ways of evading falsification which, as my imaginary critic rightly
msists, are logically possible. According to my proposal, what charac-
terizes the empirical method 1s its manner of exposing to falsification,
w every conceivable way, the systemn to be tested. Tts aim is not o save
the lives of umenabie systems but, on the contrary, to select the ane
which is by comparison the fittest, by exposing them all to the fiercest
struggle for survival,

The proposed criterion of dernarcation also leads us 1o a solution of
Hume's problem of induction——of the problem of the validity of nat-
urat laws. The root of this problem is the apparent contradiction
between what may be called ‘the fundamental thesis of empiricism’—
the thesis that experience alone can decide upon the truth or falsity of
scientific statements—and Hume's realization of the inadmissibility of
inductive arguments. This contradiction arises only if it is assumed that
all emnpirical scientific statements must be ‘conclusively decidable’, i.e.
that their verification and their falsification must both in principle be
possible, I we renounce this requirement and admit as empirical also
statements which are decidable in one sense only—unilaterally decid-
abfe and, more especially, falsifiable---and which may be tested by
systematic attempts o falsify them, the contradiction disappears: the
method of falsification presupposes no inductive inference, but ondy
the tautological transformations of deductive logic whose validity s
not in dispute”’

" For shis see aloo my paper mentioned in note 1 g section 4, *now here reprinted in
appendng Ty and my Pestsonpt, esp. section *).
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7 THE PROBLEM OF THE ‘EMPIRICAL BASIS’

If falsifiability is to be at all applicable as a criterion of demarcation,
then singular statements must be available which can serve as premisses
in falsifying inferences. Our criterion therefore appears only to shift the
problermn-—io lead us back from the guestion of the empirical character
of theories to the question of the empirical character of singular
statements,

Yet even so, mcn,nmmzﬁx has been w.ﬁ:im, For in the pracuice of scien-
tific research, demarcation is sometimes of immediate urgency in con-
nection with theoretical systems, whereas in connecton with singular
statements, doubt as to their empirical character rarely arises. It is true
that errors of observation occur and that they give rise to false singular
statemnents, but the scientist scarcely ever has occasion w describe a
singular statement as non-empirical or metaphysical.

Problems of the empirical basis—-that is, problems concerning the empir-
ical character of singular statements, and how they are wsied——thus
play a part within the logic of science that differs somewhat from that
played by most of the other problems which will convern us. For most
of these stand in close relation to the practice of research, whilst the
problem of the empirical basis belongs almost exciusively o the theory
of knowledge. I shall have to deal with them, however, since they have
given rise to many obscurities. This is especially true of the relation
between perceptual experiences and busic statements. (What 1 call a "basic state-
ment’ or a ‘basic proposition’ is a statement which can serve as a prem-
ise in an empirical falsification; in brief, a statement of a singular fact)

Perceptual experiences have often been regarded as providing a kind of
justification for basic statements. It was held thar these statements are
‘based upon’ these experiences; that their truth becomes “manifest by
inspecion’ through these experiences; or that it is made “evident’ by
these experiences, etc. All these expressions exhibit the perfecily sound
tendency to emphasize the close connection between basic statements
and our perceptual experiences. Yet it was also rightly feit that statements can
betogically justified only by statements. Thus the conmection between the percep-
tions and the statements remained obscure, and was described by cor-
respondingly obscure expressions which elucidated nothing, butslurred
aver the difficulties or, at best, adumbrated them through metaphors.
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Here oo a soludon can be tound, § believe, if we clearly separate the
peychological from the logical and methedological aspects of the prob-
fene We must distinguish between, on the one hand, our subjective experi-
anwes or our keodings of cowvicdon, which can never justify any statement
(though they can be made the subject of psychological investigation)
and, on the other hand, the objective fogical relations subsisting among the
varions systems of scientific statements, and within each of them.

The problems of the empirical basis will be discussed in some detail
tresections 75 to 30, For the present |had better turn o the problem of
scientific objectvity, since the teris "objective” and *subjective’ which
I have just used are in need of elucidation.

8 SCIENTIFIC OBJECTIVITY AND
SUBJECTIVE CONVICTION

The words

abjective” and “subjeciive’ are philosophical terms heavily
burdened with 2 heritage of contradictory usages and of inconclusive
andd wnterminable discussions.

My use of the terms “objective’ and “subjective” is not unlike Kant's.

Heises the ward “objective’ 1o indicate that scientific knowledge
shoutd be ustfioble, independently of anybody’s whim: a justification is
“obyective” i i principle it can be tested and understood by anybody.
I somethung is valid', he writes, ‘for anybody in possession of his
reasey, then its grounds are objective and suthicient.”!
Now 1 hold that scientific theories are never fully justifiable or verifi-
able, but that they are mevertheless testable. 1 shall therefore say that
tie objectivity of suientific statemnents lies in the fact that they can be
e subjetively tested. !

Methodenlehre, 2 Haupstiich, 3. Abschaier {2nd edition, p. 848;
Boplind wranchytion by N Kemp Smnh, 1933 Critigne of Pase Resson, The Transcendental
Dowtrie of Method, chapter 1, section 3, p. 645},

C1bave sisee generabzed tis formniation; for inter-subjective testing is merely a very

At aspect of the more geiseral idea of inter. subjective criticism, or in other words,

worded of atval rationat contet by eritical discussion This more general idea,
Sedd o bength smy Open Sediety ead TG Eromies, chapters 23 and 24, and in my

i, swohon 3

4w abwo discussed i my Pastserspt, especially in chaprers *i,
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The word 'subjective” is applied by Kant 1o our feelings of conviction
{of varying degrees).” To examine how these come about is the busi-
ness of psychology, They may arise, for example, ‘in accordance with
the laws of association’.” Objective reasous oo may serve as “subject
ive causes of judging”.' in so far as we may reflect upon these reasons,
and become convinved of their cogency.

Kastt was perhaps the first to realize that the sbiectivity of scientific
statements is closely connected with the construction of theories—
with the use of hypotheses and universal statersents. Only when certain
events recur in accordance with rules or regularities, as is te case with
repeatable  experimemts, can  our observations  be  tested-—in
principle—by anyone. We do not take even our own observations quite
seriously, or accept them as scientific observations, until we have
repeated and tested them. Only by such repetittions can we convince
ourselves that we are not dealing with & mere solated “coincidence’,
but with events which, on awount of their regolarity and
reproducibility, are in principle inter-subjectively testable

Every experimental physicist knows those surprising and inexplic-
able apparent ‘effects’ which in his laboratory can perhaps even be
reproduced for some time, but which finally disappear without trace.
Of course, no physicist wouid say in such a case that he had made a
scientific discovery {though he might try 10 rearrange his experiments
50 a5 t© make the effect reproducible). Indeed the scientificaily signifi-
cant physical effect may be defined as that which can be regularly

* Ibid.
*CE Erink der reinen Vermundt, Transcendeniale Hementarlehee §19 (2nd edition, p 142,
English rranslation by N Kemp Smiath, 1933 Cntigwe of Pure Reason, Transcenddental
Doctrise of Bements, 819, p. 159}

YOL Britik der meinen Veroelt, Methodenlebre, 70 Haupstick, 3 Abschait (2ad edigon,
p 849 English translation, chaptey {1, section 3, p. 64t}

¥ Kant realized that from tee required objecuvity of scivntifc statements 1 tollows that
shey must be at any tme inter-subijectively testable. and thas they must therefore have the
form of universal laws or theories. He formuated tns discovery seanewhat obscuredy by
his "principle of emporal succession acvording to the bow of cawsality’ (which principle
hie believed that he conld prove o prion by employing the reasomnyg here mdwated} 1 do
not postudate any such prinaple {of section 12); but 1 agree that scicntihe statements,
since they must be inter-subpectively testable, musst abways have the character of universal
hypotheses, ¥See abo note * 1 1w secuon 22
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reproduced by anyone who carries out the appropriate experiment in
the way preseribed. No serions physicist would ofter for publication, as
Usctentitic discovery, any such ‘oceult effect’, as 1 propose to call i—
one for whose reproduction he could give no instructions, The ‘dis-
covesy” would be only o soon rejected as chimerical, simply because
altenmps 1o test it would tead to negarive resuls® (It follows thar any
controversy over the question wiether events which are in principle
narepeatable and unique ever do oceur cannot be dectded by science: it
would be a metaphysical controversy )

W nay now return 10 a point made in the previous section: to ny
thesis that a subjective experience, or a feeling of conviction, can never
Justity a scientific statement, and that within science it can play no part
exeept that of an object of an empirical (a psychological) inquiry. No
matier how intense a feeling of conviction it may be, it can never justify
& statement. Thus | may be utterly convinced of the truth of a staze-
ment; certatn of the evidence of my perceptions; overwhelmed by the
wtensity of my experience: every doubt may seem o me absurd. Bat
does thas atford the slightest reason for science 1o accept my statement?
Can any statement be justified by the tact that K. R. P is uuerly con-
vinced of its truth? The answer is, 'No'; and any other answer would be
wworpatible with the idea of scientfic objectivity. Even the fact, for
me o so hrmly established, that 1 am experiencing this feeling of
canviction, cannol appear within the field of objective science except
m the torm of a psychelogicel hypothests which, of course, calls for inter-
sibjective testing: from the conjecture that I have this feeling of convic-
tron the psychologist may deduce, with the help of psychological and
wther theories, vertain predictions about my behaviour; and these may
be confirmed or refuted in the course of experimental tests. But from

the epistemological point of view, it is quite irrelevant whether my

b beerature of physies thers are 0 be found some instances of reports, by serious
nwestiators, of the occurrence of effects which could not be reprocuced, since Further
oty led o negative tesalts, A well known example from recent times is the unexplaimed
poaive result of Michelson's experiment observed by Miller (1921-1926) at Mount
Wikson, after he hunsell” (a5 well as Morley) had previously reproduced Michelson's
pegative result But since laer tests again gave negative results it s now customary to
regard these later as decisive, wnd o explain Miller's divergent resubt as “due to unknown
souroes O error Fave abio secnon 27, expecially footnore *1
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feehing of conviction was strong or weak; whether 1t came from a
sirong or even irresistible impression of indubitable certainty {or “self’
evidence'), or merely from a doubiful surmise. None of this has any
bearing on the question of how scientific statements can be justified.

Considerations like these do not of course provide an answer o the
problem of the empirical basis. But at least they help us to see its main
difficulty. In demanding objectivity for basic statements as well as for
other scientific statements, we deprive ourselves of any logical means
by which we might have hoped to reduce the rruth of scienufic state-
ments o our experiences. Moreover we debar ourselves from granting
any favoured statos 1o statements which describe experiences, such as
those statements which describe our perceptions (and which are some -
times called ‘protocol sentences’). They can occur in science only as
psychological staternents; and this means, as hypotheses of a kind
whose standards of inter-subjective testing (considering the present
state of psychology} are certainly not very high,

Whatever may be our everntual answer to the question of the empir-
ical basis, one thing must be clear: if we adbere 1o our demand that
scientific statements must be objective, then those stawments which
belong to the empirical basis of science must also be ohjective, ie.
inter-subjectively testable. Yet inter-subjective testability always implies
that, from the statements which are to be tested, other testable state-
ments can be deduced. Thus if the basie statements 1 their turn are 1o
be inter-subjectively testable, there con be ne uitimate statements r science:
there can be no statements in sclence which cannot be tested, and
therefore none which cannot m principle be refued, by falsifyiog
some of the conclusions which can be deduced trom then.

We thus arrive at the following view. Systems of theories are tested
by deducing from them statements of a lesser level of universality.
These statements in their tarn, since they are to be inter subjectively
testable, st be testable in like manner-—and so od infinitum.

It might be thought that this view leads to an infinite regress, and
that it is therefore untenable. In section |, when criticizing induction, 1
raised the objection that it may lead t an infinite regress; and it might
well appear 1o the reader now that the very same objection can be
urged against that procedure of deductive testing which Lmyself advo-
cate. However, this is not so, The deductive method of testing cannot
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vstablisht or justify the statements which are being tested; nor is
intended to do so. Thus there is no danger of an infinite regress. But it
rust be admitted that the situation to which 1 have drawn attention—
testability od infnitum and the absence of ultimate statements which are
not i need of tests—does create a problem. For, clearly, tests cannot in
fact he carried on ed inbnitum: sooner or later we have 1o stop. Without
discussing his problem here in detail, | only wish to point out that the
fact that the tests cannot go on for ever does not clash with my demand
that every scientific statement must be testable. For T do not demand
that every scientific statement must have in fact been tested before it is
aceepted. T only demand that every such staternemt must be capable of
being tested; or in other words, T refuse 1o accept the view that there
are statements in science which we have, resignedly, to accept as true
merely because it does not seem possible, for logical reasons, to test
them,

ON THE PROBLEM OF A
THEORY OF SCIENTIFIC
METHOD

In accordance with my proposal made above, epistemology, or the
logic of scientific discovery, should be identified with the theory of
scientific method. The theory of method, in 5o far as it goes beyond the
purely logical analysis of the relations between scientific staterents, is
concerned with the choice of metheds—with decisions about the way in
which scientific statements are 1o be dealt with. These decisions will of
course depend in their tum upon the aim which we choose from
among a number of possible aims. The decision here proposed for
laying down suitable rules for what | call the ‘empirical method’ is
dlosely connected with my criterion of demarcation: T propose to adopt
such rudes as will ensure the testability of scientific statements: which is
1o say, their falsibability,

9 WHY METHODOLOGICAL DECISIONS
ARE INDISPENSABLE

What are rules of scientific method, and why do we need then? Can
there be a theory of such rules, 2 methodology?
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be read: ‘p toliows from t'. Assume p 1o be false, which we may write
B to be read ‘notp’. Given the relation of deducibility, t — p, and
the asswmption f, we can then infer T (read 'mot-t'); that is, we regard
¢ as falsified. If we denote the conjunction (simultaneous assertion)
of two statements by putting 2 point between the symbols standing
for them, we may also write the falsifying inference thus:
({t - p).p) — §, or in words: "if p is derivable from t, and if p is false,
then 1 also s fadse

By means of this mode of inference we falsify the whole system {the
theory as well as the initial conditions) which was required for the
deduction of the statement p, ie of the falsified statement. Thus it
cannat be asserted of any one statement of the system that it is, or is
not, specifically upset by the falsification, Only it p is independent of some
part of the system can we say that this part is not involved in the

FALSIFIABILITY

falsification ” With this is connected the following possibility: we may,
in some vases, perhaps in consideration of the levels of universality, attrib-
ute the falsification to some definite hypothesis—for instance o a .
newly introduced hypothesis. This may happen if a well-corroborated £ Satement (or a “basic statement’) will be examined later. Here 1 shall
theory, and one which continues to be further corroborated, bas been
deductively explained by a new hypothesis of a higher level, The
atiempt will have 1o be made to test this new hypothesis by means of -
sowe of its consequences which have not yet been tested. 1f any of
diese are falsified, then we may well atribute the falsification to the
new hypothesis alone, We shall then seek, in its stead, other high-level : iotet ’
generalizations, but we shall not feel obliged 1o regard the old system, : ,M%Emﬁme.. that is, if our methodological proposals are adopted.
of lesser generality, as having been falsified. (CL also the remarks on
‘quasi- induction” in section 85.)

yertionalism” will raise first some problems of method, w be met by
taking certain methodologicet decisions. Next [ shall 1ry to characierize the

19 SOME CONVENTIONALIST OBJECTIONS

Dbjections are bound 1o be raised against my proposal 1o adopt falsih-
: .ww.%% as our criterion for deciding whether or not a theoretical system
L belongs w empirical science. They will be raised, for example, by those
- :&g are influenced by the school of thought known as ‘conventional-

“Thys we canniod at first know which among the various statements of the remaining
sishosystent 1 (of which p s not indepessdent) we are to blame for the falsity of p; which.
of these statements we have to alter, and which we should retain. {Tam ot here discass
ing inter hangeable statements ) It s often ondy the scientific instinct of the investigator
fnfluenced, of course, by the results of testing and re-testing} that makes him gues’
which statentents of ¢ he should regard as innocaous, and which be should regard ay

betssg in need of modification. Yet its worth remembering that it is ofien the modifics “The chief representatives of the swhool are Poinvard and Duhem (o, Lo théorie physigue, san
fion ot what we are inclined o regard as obviously mnocuous {because of its complete 2} “obist et so structure, 1906, English tanslation by P P Wiener: The Aim and Strscture of Physical
agreeinent with ow sormal habits of thought) which may produce a decisive advance & Theary, Princeton, 1954). A recent adherent is H. Dingler (among bis nwmerous works
notable onample of this is Frnstein’s modification of the concept of simultaneity. ey be mentioned: Do BExpetment, and Do Zusemmenbruch der Wissenschalt ond dee Primat der
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sections 6, 1, and 17; they will now be considered a little more -

nstruments satisfy the axioms of mechanics which we have decided to
closety,

sdopt.”

- The philosophy of conventionalism deserves great credit for the way
ithas helped to clarity the relations between theory and experiment. 1t
meognized the importance, so litde noticed by inducuvists, of the part
ed by our actions and operations, planned in accordance with
topventions and deductive reasoning, in conducting and interpreting
por scientific experiments. I regard conventionalisn: as a system which
#self-contained and defensible. Attemipts to detect inconsistencies in it
srenot likely 10 succeed. Yot in spite of all this 1 find it quite unaccep-
ahie. Underlying it is an idea of science, of its aims and purposes,
which is entrely different from mine. Whilst { do not demand any final
gemainty from science (and consequently do not get it), the con-

The source of the conventiomalist philosophy would seem to ke
wonder at the austerely beautiful simplicity of the world as revealed in the
laws of physics. Conventicnalists seem to feel that this simplicity would
be tncomprehensible, and indeed miraculous, if we were bound tg
beheve, with the realists, that the laws of nature reveal to us an inner;3
structural, simplicity of our world beneath its outer appearance of
favish variety. Kant's idealism sought to explain this simplicity w.w
saying that it is our own imtellect which imposes its laws upon nature);
Samilarly, but even more boldly, the conventionalist treats this sine
plicaity as our own creation. For him, however, it is not the effect of
the laws of our mtellect imposing themselves upon nature, thus mak
g nature simiple; for he does not believe that nature is simple. Only,
the “laws of noture” are simiple; and these, the conventionalist holds, ane dlegrounds’, to use a phrase of Dingler’s. This poal is atainable; for itis
our own free creations; our inventions; our arbitrary decisions and )
conventions. For the conventionalist, theoretical natural science is nig
& pioture of nature but merely a logical construction. It is not the
properties of the world which determine this construction; on
contrary it 1 this construction which determines the properties of ai
artihicial world: a world of concepts implicitly defined by the nansal

laws which we have chosen. It is only this world of which sciend
speaks. .

ssible to interpret any given scientific system as a system of imyplicit
itions. And periods when science develops slowly will give liule

pinclined 1owards conventionalism and others who may favour a
Jike the one 1 advocate. It will be quite otherwise in a time of
Whenever the “classical’ system of the day is threatened by the
of new experiments which might be interpreted as falsihcations
prding to my point of view, the system will appear unshaken 1w the
ntionalist. He will explain away the inconsistencies which may
arisen; perhaps by blaming our inadequate mastery of the system.

Acvording to this conventionalist point of view, laws of nature-
not falsifiable by observation; for they are needed to determine what
observation and, more especially, what a scientific measurement is. It
these laws, laid down, by us, which form the indispensable basis i
the reguiation of our docks and the correction of our so-calls
rigwd” measuring-rods. A dock is called “accurate’ and & measuri g
rod rigid” only if the movements measured with the help of thep:

s vbew can also be regarded as an attempt w sobve the problem of induction; for the
would vanish if natural laws were defintions, and therefore wwologies. Thus
fing 10 the views of Cornelius (o Zar Krink dor wisenschafetichen Grundbegritfe, Erkenntnis 2,
Hisinber 4) the staternent, “The melting point of lead 15 about 335°C. 4 part of the
wgo:?m Qv:nﬁx ‘Fead’ Aéwmmﬂﬁm ,3_ induetive experienc 3 &:_ Canng aqu.?Z

Fhadosaphie, 19263 *The German Hugo Dingler should not be confused with the mbww.m#y o Kaﬁsﬁw not be mﬁm. But vnrc«a:ﬁ w0 Eq view the staiement :% the w:.:_:x point

man Herbert Dingle. The chief representanve of conventionalism in the Faghish-s oo s, que sciendfic statement, synthetic. 10 asserts, among oiher things, that an
wuorld is Fddingron. It may be mentioned here that Duhem deses (fngl. transl. pd
the possibality ot cructal experiments, because he thinks of them as verifications, while} & Whatever name we may give ¢ this element.

fdeil 1o the book in prool} Ajdukiewicr appears w agree with Cornelius o
4, 1934, pp. HDO E, as well as the work there announced, Das Welthild und dic
waratur); e cafls his standpoint “radical convensionalism'.

Concermng Human Knowledge',
Comectures and Refungums, 1959

i Contemporary Britssh Philosophy, 111, 1956, and in)
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Or he will eliminate them by suggesting ad hoc the adoption of
certain awxiliary hypotheses, of perhaps of certain corrections o our
IICASUTIRg THSIIUREntSs,

in such tmes of crisis this conflict over the aims of science will
become acute. We, and those who share our attitude, will hope to make
aew discoveries; and we shall hope to be helped in this by a newly
erected scientific system. Thus we shall take the greatest interest in the
falsitying experiment. We shall hail it as a success, for it has opened up
new vistas into a world of new experiences. And we shall hail it even if
these new experiences should furnish us with new arguments against
our own most recent theories. But the newly rising structure, the bold-
ness of which we admire, is seen by the conventionalist as 2 monument
10 the “total collapse of science’, as Dingler puts it. In the eyes of the
conventionalist one principle only can help us to select a sysiem as the
¢hosen one from among all other possible systems: it is the principle of
selecting the simplest system——the simplest system of implicit defini-
tions; which of course means in practice the ‘classical’ system of the
day. (For the problem of simplicity see sections 4145, and especially
46}

Thus my conflict with the conventionalists is not one that can be
ultimately settled merely by a detached theoretical discussion. And yet
it is possible 1 think to extract from the conventionalist mode of
thought certain interesting arguments against my criterion of demarca-
von; for instance the following 1 admit, a conventionalist might say,
that the theoretical systems of the natural sciences are not verifiable,
but 1 assert that they are not falsifiable either. Por there is always the
possibility of *. . . attaining, for any chosen axiomatic system, what is
catled its “correspondence with reality”’;’ and this can be done in a
puber of ways {some of which have been suggested above}. Thus we
may introduce of hoe hypotheses. Or we may modify the so-called
“ostensive definiions’ (or the ‘explicit definitions’ which may replace
Lhem as shown in section 17). Or we may adopt a sceptical attitude as
to the reliability of the experimenter whose observations, which
threaten our system, we may exclude from science on the ground that
they are insutficiently supported, unscientific, or not objective, or even

" Carnap, [tber de Aufgabe der Physik, Konstudien, 28, 1923, p 160,
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on the ground that the experimenter was a liar. (This is the sort of
attitude which the physicist may sometimes quite rightly adopt
towards alleged occult phenomena.) ln the last resort we can aiways
cast doubdt on the acumen of the theoretician {for example if he does
not believe, as does Dingler, that the theory of electricity will one day
be derived from Newton's theory of gravitation).

Thus, according to the conventionalist view, it is not possible to
divide systems of theories inw falsifiable and non-falsifiable ones; or
rather, such a distinction will be ambiguous, As a consequence, our
criterion of falsifiability must turn owt to be useless as a criterion of
derparcation.

20 METHODOLOGICAL RULES

These objections of an imaginary conventionalist seem to me
incontestable, just like the conventionalist philosophy itself 1 admit
that my criterion of falsifiability does not lead to an unambiguous
classification, Indeed, it is impossible to decide, by analysing s
logical form, whether a system of statements is a conventional sys-
tem of irrefutabie implicit dehnitions, or whether it is a system
which is empirical in my sense; that is, a refutable system. Yer this
only shows that my criterion of demarcation cannot be applied
immediately to a system of statements—a fact 1 have already pointed out
in sections 9 and 11, The question whether a given system should as
such be regarded as 2 conventionalist or an empirical one 15 therefore
misconceived. Only with reference to the methods applied 10 a theoretical
system is it at all possible to ask whether we are dealing with a
conventionalist or an empirical theory. The only way 10 avoid con-
ventionalism is by taking a decision: the decision not to apply us
methods. We decide that if our system is threatened we will never
save it by any kind of conventionalist stratagem. Thus we shall goard against
exploiting the ever open possibility just mentioned of " . autaining
for any chosen ... system what is called its “correspondence with
reality™”

A clear appreciation of what may be gained (and lost) by con-
ventionalist methods was expressed, a hundred years before Poincaré,
by Black who wrote: ‘A mice adaptation of conditions will make almost
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any hypothesis agree with the phenomena. This will please the
imagination but does not advance our knowledge.”!

in order to formulate methodological rules which prevent the adop-
tion of conventionalist stratagems, we should have to acquaint our-
selves with the various forms these stratagems may take, so as to meet
cach with the appropriate anti-conventionalist counter-move. More-
over we should agree that, whenever we find that a system has been
rescued by a conventionalist stratagem, we shall test it afresh, and reject
L, 48 CHCUMERNCeS May require.

The four main conventionalist stratagems have already been listed at
tite end of the previous section. The list makes no claim to complete-
hess: it must be lefl to the investigator, especially in the fields of sod-
ology and psychology {the physicst may hardiy need the warning)

guard constantly against the tempiation to employ new conventionalist

stratagems-—a temptation to which psycho-analysts, for example, often
succumb,

As regards auxifiary hypotheses we propose 1o lay down the rule that
only those are acceptable whose introduction does not diminish the
degree of falsifiability or testability of the system in guestion, but, on
die contrary, tcreases it. (How degrees of falsifiability are to be esti-
mated will be explained in sections 31 to 40.) If the degree of falsifi-
ability is mcreased, then introducing the hypothesis has actually
strengthened the theory: the system now rales out more than it did :
previously: it prohibits more. We can also put it like this. The introduc-
tion of an auxiliary hypothesis should always be regarded as an attempt
{0 construct a new system; and this new system should then always be
udged on the issue of whether it wonid, if adopted, constitute a real
advance in our knowledge of the world. An example of an auxiliary
hypothesis which is eminently acceptable in this sense is vw&.ﬂ_m exclu-
sion principle (df. section 38). An example of an unsausfactory aux-’
iliary hypothesis would be the contraction hypothesis of Fitzgeraid and -
Lorentz which had no falsifiable consequences but merely®’ served to
restore the agreement between theory and experiment—mainly the

1 Rlack, Levtwres an the Brements of Chemistry, Vol 1, Edinburgh, 1803, p. 193,
* Fine w g mastoke, 25 pointed out by A Grénbaum, B1PS 10, 1959, po. 48 § Yet as this
ty pothesis 15 ess testable than special refativity, it may illustrate degrees of odhocness.
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findings of Michelson and Morley. An advance was here actieved only
by the theory of relativity which predicted new consequences, new
physical effects, and thereby opened up new possibilities for testing,
and for falsifying, the theory. Our methodological rule may be guali-
fied by the remark that we need noi reject, as conventionalistic, every
auxiliary hypothesis that fails 1o satisfy these standards. In particular,
there are singular statements which do not really belong to the theor-
etical system at all. They are sometimes called ‘auxifiary hypotheses”,
and although they are introduced to assist the theory, they are quite
harmless. {An example would be the assumption that a certain observa-
tion or measurement which cannot be repeated may have been due to
error. Cf. note 6 to section 8, and sections 27 and 68.)

In section 17 1 mentioned explicit definitions whereby the concepts of
an axiom Systemn are given a meaning in terms of a system of lower
level universality. Changes in these definitions are permissible if useful;
but they must be regarded as modifications of the systern, which there-
after has to be re-examined as if it were new. As regards undefined
universal names, two possibilities must be distinguished: (1) There are
some uwndefined concepts which only appear in statements of the high-
est level of universality, and whose use is established by the fact that we
know in what logical relation other concepts stand o them. They can
be eliminated in the course of deduction (an example is ‘energy’}.” (1)
‘There are other undefined concepts which occur in statements of lower
levels of universality also, and whose meaning is established by usage
(e.g. "movement’, ‘'mass-point’, “position’). In connection with these,
we shall forbid surreptitious alterations of usage, and otherwise

. proceed in conformity with our methodological decisions, as before.

* As to the two remaining points (which concern the competence of
the experimenter or theoretician) we shall adopt similar rules, nter-

“subjectively testable experiments are either 1o be accepted, or to be
Crejected in the light of counter-experiments. The hare appeal to logical
~ dertvations to be discovered in the future can be disregarded.

*Compare, for instance, Hahn, Lagk, Mothemaek, und Natererkener, in Eheitswismschalt 2,
24933, pp. 22 fi. In this connection, 1 only wish 0 say that in my view “constituable’ (ke
empirically definable} terms do not exist at all. [ am using in their place undefin

able universal names which are established only by lnguistic usage. Sev also end of
estion 25,
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2t LOGICAL INVESTIGATION OF FALSIFIABILITY

Ondy i the case of systems which would be falsifiable if treated in
accordance with our rules of empirical method is there any need to
guard agaiust conventonalist stratagems. Let us assume that we have
successtudly banned these stratagems by our rules: we may now ask for
a logteal characrerization of such falsifiable systems. We shall attempt 10
vharacterize the falsihability of a theory by the logical relations holding
between the theory and the class of basic statements.

The character of the singular statements which T call ‘basic state-
ments” will be discussed more fully in the next chapter, and also the
yuestion whether they, in their turn, are falsifiable. Here we shall
assutne that falsihable basic statements exist. Tt should be borne in
wind that when T speak of "basic statemnents’, 1 am not referring o a
systein of accepted statements. The system of basic statements, as 1 use the
terny, s to include, vather, ol seff-consistent singelar statements of a certain
fogical forme--all conceivable singular statements of fact, as it were.
Thus the system of all basic statements will contain many statements
which are mutually incompatible.

A a first atteript one might perhaps try calling a theory “empirical’
whenever singular statements can be deduced from it. This attempt
tails. however, because in order to deduce singular statements from a
theory, we always need other singular statements—the initial condi-
tions that tell us what to substitute for the variables in the theory, As a
second attempt, one might try calling a theory ‘empirical’ if singular
statements are derivable with the help of other singular statements
serving as inddal conditions. But this will not do either; for even a non-
einpirical theory, for example a wuwlogical one, would allow us 10
derive some singular statements from other singular statements.
{According o the rules of logic we can for example say: ¥rom che
conunction of “Twice two is four’ and "Here is a black raven’ there
tollows, among other things, ‘Here is a raven’.) it would not even be
cnough to demand that from the theory together with some initial
condivens we should be able 10 deduce more than we could deduce
from those inmial conditions alone. This demand would indeed
exclude tawological theories, but it would not exclude synthetic meta-
physial statements, (For example from ‘Bvery occurrence has a cause’
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and "A catastrophe is occurring here', we can deduce "This catastrophe
has a cause’.)

In this way we are led to the demand that the theory should allow ug
to deduce, roughly speaking, more empiriedd singular staserments than we
can deduce from the initial conditions alone ®' This means that we
must base our definition upon a particular class of singular statements;
and this is the purpose for which we need the basic statements. Seeing
that it would not be very casy 1o say in detail how a complicated
theoretical system helps in the deduction of singular or basic state-
ments, ! propose the following definiion. A theory is to be called
‘empirical’ or ‘falsifiable’ if it divides the class of all possible basic
statements unambiguously into the following two non-empry sub-
classes, First, the class of all those basic statements with which it is

* Foundarions equivalest to the one given here have been pan forward as criteria of the
meaninglulness of senences {rather than as criteria of demarontion apphcable 1o theoretical
systenis) again and again after the publication of my book, even by ¢ritics who pooh-
pooized my criterion of falsifiability. But it iy easily seen that, o vsed a5 3 crierivo of
demareation, our present formulation is equivalens to falsifability. For of the basic statement
b, does not follow from b, but follows from by o conjancdon with the theory 1 {this &
the present formulation) then this amownts 1o saying that e conjuaction of b, with the
negation of b, contradicts the theory 1. Bus the conjunction of 3, with the negaton ol b, is
a basic statement {cf. section 28). Thus our criterion demands the existence of a falsifying
basic staternent, i.e. it demands falsifiability in precisely my sense. (See also note *1
section 81},

As a criterion of meaning (or of “weak verifhability') it heeaks down, however, for
various reasons. First, becawse the nepations of some meaninglul sisements would
becomse E&wﬁdﬁmmm« wﬁxuﬂmwwx to this criterion. meﬁzwn:w. hecause the contunction
of 2 meaningful staement and 2 ‘meaningless pseudo-sentence’ would become
meaningful—which is equally absard.

i we now iry to apply these two oriticisms to our enterion of demaccation, they both
prove harmbess. As o the Brst, see section 15 above, espeaially note *2 {(and section *22
of my Pastseripty. As o the second, empirical theorivs (such as Newton's) may contain
‘metaphysical’ elements. But these cannot be elbrainated by a hard and fasorade; though it
we succeed in so presenting the theory that it becomes a conjusction of a testable and a
non-testable part, we know, of course, that we can now ehiminate one of its metaphysical
components.

The preceding paragraph of this note may be ahen as llustraung another rale of mtbod
{<f. the end of now *35 1w section B0 that atter having produced some eritivisim of a rival
theory, we should always make 2 serious atiesapt to apply tus or o similar criticisim (o
our owti theory.
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meonsistent {or which it rides out, or prohibits): we call this the class
of the potential fulsihiers of the theory; and secondly, the class of those
basic statements which it does not contradict {or which it “permits’).
Wi can pat this more briefly by saying: a theory is falsifiable if the class
ol ity potential falsifiers is not empuy.

It may be added that a theory makes assertions only about its poten-
ual falsifiers. (1t asserts their falsity.) About the ‘permitted” basic state-
nents it says nothing. In particular, it does not say that they are true **

22 FALSIFIABILITY AND FALSIFICATION

We must clearly distinguish between falsifiability and falsification. We
have introduced falsifiability solely as a criterion for the empirical
character of a system of statements. As to falsification, special rules
must be introduced which will determine under what conditions a
system is 1o be regarded as falsified.

We say that a theory is falsified only if we have accepted basic state-
ments which contradict it (cf. section 11, rule 2). This condition is
necessary, but not sufficient; for we have seen that non-reproducible
single occurrences are of no significance 1o science. Thus a few stray
basic statements contradicting a theory will hardly induce us to reject it
as halsified. We shall take it as falsified only if we discover a reproducible
effect which refutes the theory. In other words, we only accept the
talsification if a low-leve) empirical hypothesis which describes such
an effect is proposed and corroborated. This kind of hypothesis may
be called a fabsifying hypothesis.” The requirement that the falsifying

1 tact, sy of the “permitted” basic statements will, in the presence of the teory,
contradive each ather {CL section 38) For example, the universal law "All planets move
b cuides” (e "Any set of positions of any one planet is co-circular') is trivially ‘instanti-
ared” by any set of no more than three positions of one planes; but two such “instances’
together will iy most cases contradics the law,

" The falsfying hypethesis can be of a very low level of undversality (obtained, as it were,
by penerabsing the tndividual co-ordinates of 2 result of observation; as an istance 1
gt cite Mach's so-catled fact referred 1o in section 18). Bven though it is to be iater-
subgectively testable, 1 need not in fact be a strictly universal stacement. Thus to faisify the
staternem Al ravens are black” the inter-subjectively testable statement that there is a
tanuly of white tavens in the zoo at Mew York would suffice. *All this shows the Brgency
of replacing a falsified hypothesis by a better one. In most cases we have, before falsifying
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hypothesis nmust be empirical, and so falsifiable, only means that it
must stand in a certain logical relationship w possible basic statements;
thus this requiremment only concerns the logical form of the hypothesis.
The rider that the hypothesis should he corroborated refers 1o tests
which it ought to have passed--—tests which confront it with accepted
basic statements.®!

Thus the basic statements play two differens réles. On the one
hand, we have used the system of all logically possible basic statements
in order to obtain with its help the logical characterization for which
we were looking—thar of the form of empirical statements. On the
other hand, the accepted basic statements are the basis for the cor-
roboration of hypotheses. i accepted basic staements contradics a
theory, then we ke them as providing sufficient grounds tor is
falsification only if they corroborate a falsifying hypothesis at the
same time,

2 hypothesis, another one up our sleeves for the falsifying experiment is usually 2 ciof
axperiment desigrred o decide between the two. That s to say, it s sugpested by the fact
that the two hypotheses differ in some respecy; and it makes use of the difference w
refute {at least) one of them.

* This reference to accepied basic statements may seem 10 conan the seeds of an
infinite regress. For our problem here & this, Since a hypothesis is falsified by scoepling 3
basic statément, we need methodological rules for the acceptoner of basic statements. Now if these
rules in their turn refer to accepted bastc daternents, we may get involved in an infinite
regress. To this 1 reply that the rules we need are merely rules for aepting basic
statements that falsify 2 well-tested and so far successful bypothests; and the accepted
basic statements to which the rute has recourse need net be of this characier Moreover,
the rule formulated in the text is far from exhaustive; it

iy mentions an important
aspect of the acveptance of basic statements that falsify an otherwise successtul
hypothesis, and it will be expanded in chapeer 5 {especially in secdon 19).

Professor ]. H. Woodger, in a personal communicabon, has raised the question: how
often has an effect to be actually reproduced in order to be a “rproducibie effert” {or a

‘discovery'}? The answer is: in some cases not even wnce. 3 1 assert that there is 2 family of

white ravens in the New York oo, then 1 assert something which can be tested m principle
I somebody wishes to test it and s informed, upon arrival, that the family has died, or
that it has never been heard of, it is left to him w accept or repect my falsifying basic
statement. As a rule, he will have means for forming an opinion by examining witnesses,
documents, etc; that is o say, by appealing to other intersubjectively testable and
reproducible facts. (Cf sectons 27 10 30}
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23 OCCURRENCES AND EVENTS

The requirement of falsifiability which was a linde vague to start with
has now been split into two parts. The first, the methodological postu-
late (L section 20}, can hardly be made quite precise. The second, the
logzcat criterion, is quite definite as soon as it is clear which staterments
are ta be called “hasic” {f section 28). This logical criterion has so far
; been presented, in a somewhat formal manner, as a logical relation
between statements-—the theory and the basic statements. Perhaps it
will make matters clearer and more intuitive if T now LXPIESs 1y cri-
terion in & more ‘realistic’ language. Although it is equivalent o the
tormal mode of speech, it may be a little nearer 1o ordinary usage.

in this “realisud’ mode of speech we can say that a singular staternent
{2 basic statement describes an eccurrence. Instead of speaking of basic
statements which are raled out or prohibited by a theory, we can then
say that the theory rules out certain possible occurrences, and that it
will be falsified if these possible occurrences do in fact occur.

The use of this vague expression ‘occurrence’ is perhaps open 1o
eriticism, It has sometimes been said' that expressions such as "occur-
rence’ or ‘event’ should be banished altogether from epistemological
discussion, and that we should not speak of ‘occurrences’ or ‘non-
accurrences’, or of the “happening’ of ‘events’, but instead of the tuth
or falsity of statements. | prefer, however, to retain the expression
‘occurrence’. Itois easy epough o define its use so that it is
unabjectionable. For we may use it in such a way that whenever we
speak of an occurrence, we could speak instead of some of the singular
statements which correspond 1o it

When defining ‘occurrence’, we may remember the fact that it
would be quite natural to say that two singular statements which are
logically equivalent (i.e. mutually deducible) describe the same oceurrence.

“bspeatally by some winers on probabituy, o Keynes, A Tratise on Probability, 1921, p. 5,
hevaes relers o Ancllon as the first 1o propose the formal mode of expression’; also w
Boote, Urgber, and Stumpf. *Although 1| sult regard my (‘syntactical’) definitions of
occurrnes and et given below, as adequate for my purpose, | do no longer believe that
ey are mruitively adequate, that s, { do not believe that they adequately represent our
wsape o onr inentons. B owas Alfred Tarski who pointed out 1 me {in Paris, in 193%)
that o emanid definition would be required instead of a

syntactical” one.
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This suggests the following definition. Let p, be a singular statement,
(The subscript k' refers to the individual names or coordinates which
oceur in p.) Then we call the class of all statements which are equiva-
lent to p, the occurrence p,. Thus we shall say that it is an occurrence, for
example, that it is now thundering here. And we may regard this occurrence
as the class of the staternents '} is now thundering here'; ‘It is thunder-
ing in the 13th District of Vienna on the 10th of June 1933 a1 5,15
pm.’, and of all other statements equivalent w these. The realistic
formulation “The statement p, represents the occurrence P, can then be
regarded as meaning the same as the somewhat trivial statement “The
statement p, is an element of the class P, of all statements which are
equivalent to it’. Similarly, we regard the statement “The occurrence P,
has occurred” (or ‘is occurring’) as meaning the same as py and ali
statements equivalent to it are true’,

The purpose of these rules of translation is not to assert that whoever
uses, in the realistic mode of speech, the word "accurrence” is thinking
of a class of statements; their purpose is merely 1o give an interpret-
ation of the realistic mode of speech which makes intelligible what is
meant by saying, for example, that an occurrence P, contradicts a theory
t. This statement will now simply mean that every statement equivalent
to p, contradicts the theory t, and is thus a potential falsifier of it

Another term, ‘event’, will now be introduced, to denote what may
be typical or universal about an occurrence, or what, in an occurrence, can
be described with the help of universal names. (Thus we do not under-
stand by an event a complex, or perhaps a protracted, occurrence,
whatever ordinary usage may suggest) We define: Let P. P, .. be
elements of a class of occurrences which differ only in respect of the
individuals (the spatio-temporal positions or regions) involved: then
we call this class ‘the event {P}". In accordance with this definition, we
shall say, for example, of the statement ‘A glass of water has just been
upset here” that the class of statements which are equivalent to it is an
element of the event, ‘upsetting of a glass of water’.

Speaking of the singular statement p,, which represents an oceur.
rence F,, one may say, in the realistic mode of speech, that this state-
ment asserts the occurrence of the event (P} at the spatio-temporal
position k. And we take this 10 mean the same as ‘the class B, of the
singular staternents equivalent to p, is an element of the event P
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We will now apply tis terminology® 1o our problem. We can say of a
theory, provided it is falsifiable, that it rules out, or prohibits, not
meerely one occurrence, but always ot Jast one event. Thus the class of the
prohibited basic statements, Le, of the potential falsifiers of the theory,
will always contain, if it is not empty, an unlimited number of basic
statements; for a theory does not refer to individuals as such, We may
call the singular basic statements which belong to one event "homo-
yptc, so as o point o the analogy between equivalent statements
describing ome occurrence, and homotypic statements describing one
{typical) event. We can then say that every non-empty class of potential
talsifiers of a theory contains at least one non-empty class of
homotypic basic statements.

Let us now imagine that the class of all possibie basic staternents is
represented by a circular area. The area of the circle can be regarded as
representing something like the totality of ol possible woslds of experience, or
of all possible empirical worlds. Let us imagine, farther, that each event
Is represented by one of the radii (or more precisely, by a very narrow
areg—-ur 4 very narrow sector—along one of the radii) and that any
two avcurrences involving the same co-ordinates (or individuals) are
located at the same distance from the centre, and thus on the same
concentric circle. Then we can Hlustrate the postulate of falsifiability by
the requirement that for every empiricat theory there must be at least
one radius {or very narrow sector) in our diagram which the theory
torbids.

This illustration may prove helpful in the discussion of our various
problems,*! such as that of the mesaphysical character of purely exisi-
ential statements (briefly reterred 1o in section 15). Clearly, to each of
these statemnents there will belong one event {one radius) such that the

e o be nowd shat although singular staements wpresent occurrences, universal state-
mants do not represent events: they exclude them. Similarly to the conceps of ‘oceurrence’,
& ‘uniformity” or regularity” can be defined by saying that universal statements represent
umtrznnties. But here we do not need any such concept, seving that we are only inter-
vsted i what wniversal statements ewdede. For this reason such questions as whether
satfuriities (aniversal "states of atfairs’ etc) exist, do not concern us. *But such ques
tnns are discussed insection 79, and now also in appendix ¥x, and in section *15 of the
Peatsorapt

¥ The Hustranon will be used, more especially, in sections 31, below.

FALSIFIABILITY

various basic statements belonging to this event will each verify the
purely existential statement. Nevertheless, the class of its potential fal-
sifiers is empty; so from the existential statement nothing follows about the
possible worlds of experience. (It excludes or forbids none of the
radii.) The fact that, conversely, from every basic statement a purely
existential statement follows, cannot be used as an argument in support
of the latter’s empirical character, For every tautology also tollows from
every basic statement, since it follows from any statement whatsoever.

At this point I may perhaps say 2 word about self-contradictory
statements.

Whilst tawtologies, purely existental statements and other nonfalsi-
fiable statements assert, as it were, too hitde about the class of possible
basic statements, self-contradiciory statements assert wo much, From a
self-contradictory statement, any statement whatsoever can be validiy
deduced.** Consequently, the class of its potential falsifiers is identical

* This fact was even ten years after publication of this book not yet generally under.
stood. The situation can be swnmed up as follows: a factually false stazeinent “nsateriaty
implies’ every statemnent (but & does not logically entail every statement). A logically
false staternent logically imphies —or entails—every statement. It is therefore of course
essential to distinguish clearly between a merely foctually false {symhetic} statement and a
fogically fobe or mwonsistnt or slf-contmdiciory statement: that is 10 say, une from which 2
staternent of the form p - §can be deduced.

That an inconsistent statement entails every statement can be shown as follows

From Russell’s “primitive propositions” we get at oace

{ P vy

) P @),

which yields, by ‘importanon’

3) Prporg

But (3) allows us 10 deduce, using the modus posmy, any stasement g from any statemen
of the form '§ - p’,or 'p - §. (See also my now tn Mind 52, 1943, pp. 47 {3 The fact thas
everything s deducible from an inconsisten set of premises is rightly meated as well
kmown by B B Wiener (The Philosophy of Bertnmd Rusell, edited by P A Sclnipp, 1944,
p 264} but surprisingly enough, Russell challenged this fact in his reply to Wiener
(op it pp. 695 [}, spraking however of "Il propositions’ where Wiener spoke of
‘inconststent premises”. . my Conjectures and Refutations, 1963, 1965, pp 317
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with that of all possible basic siaterments: it is falsified by any statement
whatsoever. (One coudd perhaps say that tiis fact Hlustrates an advan-
tage of cur mwethod, ie of our way of considering possible falsifiers
rather than possible verifiers. For if one could verify a statement by the
verification of 1ts logical consequences, or merely make it probable in
this way, then one would expect that, by the acceptance of any basic
staterment whatsoever, any self-contradictory statements would become
confirmed, or verified, or at least probable.)

24 FALSIFIABILITY AND CONSISTENCY

The requirement of consistency plays a special réle among the various
FEQUITEINEnis which a theoretical System, or an axionmatic $ystem, must
satisfy. It can be regarded as the first of the requirements to be satished
by every theoretical system, be it empirical or non-empirical.

In order to show the fundamental importance of this requirement it
is not enough 10 mention the obvious fact that a self-contradictory
systein must be rejected becanse it is ‘false’. We frequently work with
statements which, although zctaally false, nevertheless yield results
which are adequate for certain purposes.™®' {An example is Nernst's
approximation for the equitibrivm equation of gases.) But the import-
ance of the requirement of consistency will be appreciated if one real-
izes that a self contradictory system is uninformative. It is so because
any conclusion we please can be derived from it. Thus no statement is
singled out, either as incompatible or as derivable, since all are deriv-
able. A consistent system, on the other hand, divides the set of all
possible staternents into two: those which it contradicts and those with
which 1t is compatible. (Among the latter are the conclusions which
can be derived from ic) This is why consistency is the most general
requiTement for a system, whether mmﬁ.ﬁnt or sc:sﬁﬁvinwr if iis
1o be of any use at all.

Resides being consistent, an empirical system should saiisfy a fur-
ther condition: it must be fasifieble. The two conditions are to a large
extent analogous.’ Staternents which do not satisfy the condition of
MU my Pestonpt, sevtion Y3 (my reply to the ‘second proposal’); and section *12,
prunt (1)

Oy note in Erkenntnis 3, 5933, p 426, ¥This is now printed in appendix *i, below.

FALSIFIABILITY

consistency fail 1o differentiate between any two statements within the
totality of all possible statements. Statements which do not satisty
the condition of falsifability fail 1o differentiate between any two
staternents within the totality of all possible empirical basic statements.
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CORROBORATION, OR HOW A
THEORY STANDS UP TO TESTS

Theories are not verifiable, but they can be ‘corroborated’,

e atternpt has often beers made to describe theories as being nei-
eher trve nor fabse, but instead more or less probable. Inductive logic, more
especially, has been developed as a logic which may ascribe not only
the two vahwes ‘true’ and 'false’ to statements, but also degrees of
probability; a type of logic which will here be cailed “probubility logic’,
According to those who believe in probability logic, induction should
determine rhe degree of probability of 2 statement. And a principle of
inciuction shoubld esther meke it sure thar the induced statement is “prob-
ably valid” or else it should make # probable, in its turn——for the principle
of induction might isel be only “probably valid. Yet in my view, the
whole problem of the probability of hypotheses is misconceived,
Instead of discussing the "probability’ of a hypothesis we should erv 10
assess what teses, what trials, it has withstood; that is, we should vy to
assess how far it has been able 1o prove its fitness to survive by standing
up 1o fests, In brief, we should wy to assess how far it has been
‘corrchorated” *!

Pantroduced the wrms wonobomtion” (Bewihrung) and especially degree of corroborntion

w der Bewihony | "Bewdhrangsgiod 3 i ryy book because Towanted 2 neisdl term
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79 CONCERNING THE SO-CALLED
VERIFICATION OF HYPOTHESES

The fact that theories are not verifiable has often been overlooked.
Peaple often say of a theory that it is verified when some of the predic

tions derived from it have been verified. They may perhaps admir that
the verification is not completely impeccable from a togical point of
view, or that a statement can never be finally established by establishing
some of its consequences. But they are apt to look apon such objec-
gons as due to somewhat unnecessary scruples. it is quite true, they
say, and even trivial, that we cannot know for certain whether the sun
will rise tomorrow; but this uncertainty may be neglected: the fact that
theories may not only be improved but that they can also be flsihed by
new experiments presents to the scientist a serious possibility which may at
any moment become actual; but never yet has a theory had w be
regarded as falsified owing to the sudden breakdown of a welk
confirined law. It never happens that old experiments one day yield

describe the degree w which a hypothesis bas stood up w sevare tests, and thas “proved
its meude’. By ‘neutral’ | reean a term not prejudging the issue whether, by standing ap
s tests, the hypothesis becomes ‘more probable’, m the sense of the probability caleulus
I other words, T introduced the term “degree of corroboration” mainly in order 0 be
able to discuss the probless whether or not ‘degree of corsobortion’ could be indenn-
fied with “probability’ {either in & frequency sense ov I the sense of Keynes, for
example).

Carnap translated my rerm “degree of coroboration” (TGmd de Bewdhaeng'y, which 1 had
first introduced into the discussions of she Vienna Circle, as ‘degree of confirmation’
{See his “Testability and Meaning', in Philosophy of Sclence 3. 1936, especially p 4273, and 50
the term “degree of confirmazion’ soon became widely acvepted. | didd not like this weem
be

use of some of s associanons {make firm’; “establish hrasdy™, "put beyond doabt’;

‘prove’; ‘vertfy’: ‘o confirm’ corresponds more dosely © Tebinm’ or “hendtigen” than w
“hewdhren™). 1 iherefore proposed in g letter o Cavnap (written, diink, abomt 1939 w use
the term “corroboration’. {This term had been sugpested 10 me by Professor HON
Parton.} But as Carnap declined my proposal, T fell in with his wsage, thinking that words
do nor marter. This 15 why | myself used the term “confirmation” for a tsw in 2 aumber
of sy publications.

Yet it turned ont that T was mistaken: the assoctations of the word “confirmation’ did
matter, unfortunately, and made themselves el

‘degree of confirmation” was soon
used by Carnap himsel-es a synonym for “explivans”) of “probability’ 1 hive dere-
fore now abandoned it in favour of "degree of corrobaration”. See also appendix *ix, and
section * 29 of my Pastseript,
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new results. What happens is only that new experiments decide against
anvold theory. The old theory, even when it is superseded, often retains
its validity as a kind of litsining case of the new theory; it still applies, at
teast with a high degree of approximation, in those cases in which it
was successful before. In short, regularities which are directly testable
by experiment do not change. Admiuedly it is conceivable, or logically
possible, that they might change; but this possibility is disregarded by
empirical science and does not affect its methods. On the contrary,
scientific method presupposes the immutebility of paturgl processes, or the
‘principle of the unifornity of nature’,

There 1s something w be said for the above argument, but it does not
s the metaphysical faith in the existence of
regularifies in our world {a faith which 1 share, and without which
practical action is hardly conceivable}.® Yet the question before us—-
the question which makes the non-vertfiability of theories significant
in the present context—is on an altogether different plane. Consistently
with my attitude owards other metaphysical questions, 1 abstain from
arguing for or against faith tn the exisience of regularities in our world.
But 1 shall try to show that the non-verifiebility of theories is methodologically
fmportant, It is on this plane that 1 oppose the argument just advanced.

I shall therefore take up as relevane only one of the points of thiy
argument-—the reference to the so-called 'principle of the uniformity
of nature’. This mx,w.:n:umm_ it seems to me, eXpresses in a very mﬂw@wmﬁm_
way an important methodological rule, and one which might be
derived, with advantage, precisely from a consideration of the
non-verifiability of theories. ™

Let us suppose that the sun will not rise tomorrow (and that we shail
nevertheless continue to live, and also to pursue our scientific inter-
ests). Should such a thing occur, science would have to try to explain it,
i.e. to derive it from laws. Existing theories would presumably require
e be drastically revised. But the revised theories would not merely have
10 account for the new state of affairs: our older experiences would also have to be
derivable from them. From the methodological point of view one sees that

affect may thesis. It expre

Ok appendi *x, and also secton *15 of my Fesscript.
**§ mean the rule that any new system of hypotheses should yield, or explain, the oid,
coryohorated, reguianties, See also section *3 (third paragraph) of my Pessaipt.
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the principle of the uniformity of nature is here replaced by the postu-
late of the mvariance of natural laws, with respect to both space and time, |
think, therefore, that it would be a mistake to assert that natural regu-
larities do not change. (This would be a kind of suterment that can
neither be argued against nor argued for.) What we should say s,
rather, that it is part of our definition of natural laws if we postulate that
they are to be invariant with respect to space and time; and also if we
postulate that they are to have no exceptions. Thus from a method-
ological point of view, the possibility of falsifying a corroborated faw
is by no means without significance. It helps us o find out what
we demand and expect from nawral laws. And the “principle of the
uniformity of nature’ can again be regarded as a metaphysical inter-
pretation of a methodological rule--lke its near relative, the ‘law
of causality’.

One attempt to replace metaphysical seatements of this kind by prin-
ciples of method leads to the ‘principle of inducion’, supposed 0
govern the method of induction, and hence dhat of the verification of
theories. But this attempt fails, for the principle of induction s itself
metaphysical in character. As T have pointed out in section 1, the
assumption that the principle of induction is empirical leads to an
infinite regress. It could therefore only be inroduced as a primitive
propositon (or a postulate, or an axiom). This would perbaps not
matter so niuch, were it not that the principle of induaction would have
iR any case to be treated as a non-fulsifiable stutement. For if this principle
which is supposed to validate the inference of theories—were iself
falsifiable, then it would be falsified with the first falsified theory,
because this theory would then be a conclusion, derived with the help
of the principle of induction; and this principle, as a premise, will of
course be falsified by the modus tollens whenever a theory is falsified
which was derived from it But this means thas a falsifiable principle
of induction would be falsified anew with every advance made by
science. it would be necessary, therefore, w introduce a principle of
induction assumed not w be falsifiable. Bur this would amount w the

* The premises of the derivation of the theory would {according 10 the inductivist view
here discussed) eonsist of the principle of duction and of observation statements, But
the latter are here tacidy assured 1o be nshaken and reproducible, so that they caneot
te wrade responsible for the failure of the theory.
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misconceived noton of a synthetic statement which is a prieri valid, ie.
an irrefutable statement abowt reality,

Thus if we oy to turn our metaphysical faith in the uniformity of i
nature and in the verifiability of theories into a theory of knowledge ;
based on mductive logic, we are left ondy with the choice between an

turn is regarded as nothing but the problem of the probability of ar event,
expressed in a particular terminology. Thus we read in Reichenbach,
for example: "Whether we ascribe probability to statements or 10 events
is only a matter of werminology. So far we have regarded it as & case of
the probability of events that the probability of 1/6 has been as

, igned
infinite regress and aprisrism. to the turning up of a certain face of a die. But we might just as well say
i that it is the statement “the face showing the I will turn up” which has
;! been assigned the probability of 176,
THESIS AND 5 proBeb Ly :
MOIMWM %mmmﬁwﬂwmwxw‘w M/Wmﬂmw,.wm/\ ﬁ%ﬂﬁ CISM OF This identification of the probability of events with the probabitity
: ) of statements may be better understood i we recall what was said in
PROBABILITY LOGIC 3

section 23. There the concepl "event” was defined as a class of singulay
statements, 1t must therefore also be permissible to speak of the prob-
4 ability of statements in place of the probability of eveuts. So we can regard

: this as being merely 2 change of terminology: the reference-sequences
the probebility of o hypothesis could be reduced, say, to that of the probebility of

are interpreted as sequences of statements. If we think of an ‘alterna.
events, and thus be made susceptible to mathematical and logical s tve’, or rather of its elements, as represented by statements, then we

handling.*' 3 can describe the turning up of heads by the statement 'k is heads’, and

1

fven if'it is admisted that theories are never finally verified, may we not
succeed in making them secure to a greater or lesser extent—nore
probable, or less so? After all, it might be possible that the question of

Like inductive logic in general, the theory of the probability of Ef its failure to turn up by the negation of this statement. In this way we

obtain a sequence of statements of the form B B P P B - - -« i1t which
2 statement p, is sometmes characterized as ‘true’, and sometimes (by
placing a bar over its name} as “ase’. Probability within an alternative
can thus be interpreted as the relative ‘truth-frequency*of statements within o
sequence of stotements (rather than as the refative frequency of a property).
e If we like, we can call the concept of probability, so ransformed, the
‘probability of statements” or the "probability of propositions’. And we
W can show a very close connection hotween this concept and the con-
, cept of "trathy’. For if the sequence of statements becomes shorter and
shorter and in the end comtains only one element, ie only one single
statement, then the probability, or truth-frequency, of the SeQUEence
can assutne only one of the two values | and 0, according to whether
the single statement is true or false. The truth or talsity of a statement
can thus be looked upon as a limiting case of probability; and con-
versely, probability can be regarded as a generalization of the concept

hypotheses seemns to have arisen through a confusion of vmﬁﬁeﬂcmwnmw
with logical quesiions, Admittedly, our subjective feelings of convic-
ton are of different intensities, and the degree of confidence with
which we await the fulfilment of a prediction and the further corro-
boration ot a hypothesis is likely to depend, among other things, upen
the way in which this hypothesis has swod up to tests so far—upon its
past corroboraten. But that these psychological questions do not
belony to epistemology or methodology is pretty well acknowledged

i

A At e,

R
&

even by the believers in probability logic. They argue, however, that :.
is possible, on the basis of inductivist decisions, to ascribe degrees of
probability 10 the hypotheses themselves; and further, that it is possible 1o
reduce this concept to that of the probability of events.

The probability of a hypothesis is mostly regarded as merely a spe-
cial case of the general problem of the probubility of a statement; and this in

*UThe prosent section {B0) contdns mainly a oritcism of Reichenbach’s agempr 1o
interpret the probubiy of hypethesss i terms of o frequency theory of the probability of evoms, A

criticisim of Keynes's approach is contained in section 83, *Note that Reichenbach s " Reichenbach, Erkeanmis £, 1930, pp. 1711

*Aczording 1o Keynes, A Treaise an Probabibey, 1921, po 101 €, the expression
frequency’ is diee to Whitebead: o the next note

anwiows 10 recuce the probubibity of ¢ stotement or hypothesis {what Carnap many years laver

ruth-
ted “probatiiiny 3 to a frequency {prebubiting’ ).
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of trath, in so far as it includes the latter as a limiving case. Finally, itis
possible to define operations with truth-frequencies in such a way that
the usual truth-operations of classical logic become Himiting cases of
these operations. And the calculus of these operagons can be called
“probability fogic’

But can we really identify the probability of hypotheses with the prob-
ability of statements, defined in this manner, and thus indirectly with
the probability of events? T believe that this identification is the result of
a confusion. The idea is that the probability of a hypothesis, since itis
obviously a kind of probability of a statement, must come under the
head of "probability of staterents’ in the sense just defined. But this conclu-
sion frns out to be unwarranted; and the erminology is thus highly
unsuitable. Perbaps after all it would be better never to use the expres-

sion ‘probability of sttements’ i we have the probability of events in
i¥

H

mine
Ferwever this may be, T assert that the issues arising from the concept
of a probability of hypotheses are not even touched by considerations based
on probability logic. T assert that if one says of a hypothesis that it is not
true but ‘probable’, then this statement can under no circumstances be
translated into a statement about the probability of events,
For if one attempts to reduce the idea of a probability of

hypotheses
to that of a truth-frequency which uses the concept of a sequence of
statements, then one is at once confronted with the guestion: with
relerence 1o what sequence of statements can a probability value be assigned

1 am piving here an outline of the constroction of the probability logic developed by
Reichenback (Walrschentichkeitslogih, Sitrungsherichte der Preussischen Akademic der Wissenschaften,
Physik-mathern. Klasse 29, 1932, p. 476 £} who follows B L. Post {Americen fournal of
Mathematics 43, 1921, p. 184), and, at the same time, the frequency theory of von Mises
Whitchead's form of the frequency theory, discussed by Keynes, op ¢t p. 101 8 15

srnilar

74 stil think () that the so-called "probability of hypotheses’ cannot be interpresed by a
truth froquency; (b) that it ts betrer w call 2 probability defined by a relative frequency-—
the "probability of an event;

whether a trath-frequency or the frequency of an event
{0y that she so-calted “probability of a hypothesis” (in the sense of its accepuability} ds oot a
{ibe “probability of statements’, And [ should now regard the "probability

special ca
of satements” as one interpretation (e logical interpretation) among several possible
interprenations of the formal calcatus of probability, rather than as a wuth-frequency, (CF
appendices ¥, %, and ¥y, and ey Prstseript)

to a hypothesis? Reichenbach identfies an ‘assertion of natural
science by which he means a scientific hypothesis—itself with a
reference-sequence of statements. He says, . . the assertions of nat-
ural science, which are never singular statements, are in fact seguences
of statements o which, strictly speaking, we must assign not the
degree of probability T but a smaller probability value. It is therefore
only probability logic which provides the logical form capable of
strictly representing the concept of knowledge proper 1o natural sci-
ence.” Let us now try to follow up the suggestion that the hypotheses
themselves are sequences of statements, One way of interpreting it
would be 1o take, as the elements of such a sequence, the various
singular statements which can contradict, or agree with, the hypoth-
esis. The probability of this hypothesis would then be determined by
the truth-frequency of those among these statements which agree with
it. But this would give the hypothesis a probability of } if, on the
average, it is refuted by every second singular statement of this
sequence! In order to escape from this devastating conclusion, we
might oy two more expedients.™ One would be to ascribe 1o the
hypothesis a certain probability-—perhaps not a very precise one-——on
the basis of an estimate of the ratio of all the tests passed by it to all the
tests which have not yet been attempted. But this way too leads
nowhere. For this estimate can, as it happens, be computed with preci-
sion, and the result is always that the probability is zero, And finally, we
could try to base our estimate upon the ratio of those tests which led 1o
a favourable result to those which led to an indifferent result—ie. ane
which did not produce a clear decision. (In this way one might indeed
obtain something resembling a measure of the subjective feeling of
confidence with which the experimenter views his results.) Bur this
last expedient will not do either, even if we fisregard the fact that with
this kind of estimate we have strayed a long way from the concept of a
truth-frequency, and that of a probability of events. (These CONCEpLs
are based upon the ratio of the true statements to those which are false,

* Reichenbach, Wahrscheindichkeitslogik {op.cit p 488), p. 15 of the reprint,

F 1t is here assumed that we have by now made up our minds that whenever tere is a
clear-cut falsification, we will atribute w the hypothesis the probabifity zero, so that the
discussion is now confined o those cases in which no clear-cut falsification has been
abtained.
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and we must not, of course, equate an indifferent statement with one
that is objectively faise.} The reason why this last attempt fails oo is
that the suggested definition would make the probability of a hypoth-
esis hopelessly subjective: the probability of a hypothesis would
depend upon the iraining and skill of the experimenter rather than
upon objectively reproducible and testable results,

But { chink it is altogether impossible t accept the suggestion that a
hypothesis can be taken to be a sequence of statements. It would be
pussible if universal statements had the form: ‘For every value hf'kicis
true that at the place k so-and-so occurs.” If universal statements had
this form, then we could regard basic staterments (those that contradict,
or agree with, the universal statement) as elements of a sequence of
statements—-the sequence 1o be taken for the universal statement. But
a5 we have seen {cl sections 15 and 28), universal statements da not
have this form. Basic staternents are never derivable from universal
statements alone ' The latter cannot therefore be regarded as
sequences of basic staternents. I, however, we try to take into consider-
ation the sequence of those negations of basic statements which are
derivable from universal staterments, then the estimate for every self-
consisterit hypothesis will lead 1w the same probability, namely 1. For
we shouid then have w consider the ratio of the nen-falsihed negated
basie statements which can be derived (or other derivable statements)
to the llsfied ones. This means that instead of considering a truth
frequency we should have to consider the complementary value of a
falsity frequency. This value however would be equal to 1. For the class
of derivable statements, and even the <a

of the derivable negations of
hasic staternents, ave both infinite; on the other hand, there cannot be
more than at most a finite number of accepted falsifying basic

As explawsed i section 28 above, the singnlar statements which e be dedured from a
theory—the 'instantial statpments”

are not of the character of basic staements or of
abservaton statements. I we nevertheless decide 1o ke the sequence of these statements
aned base our probability upon the tuth frequency within this sequence, then the prob-
abiliry will be abways cqual to |, however often the theory may be falsified; for as has been
shown tn section 18, note * 1, akmost any theory is verified” by aimose all instances {1e
by almost aft places k). The discussion following here tn the (ext contains a very similar
argorent——also based upon msantial satements’ (14 negated basic statements) -
designed w show that the probabelity of a hypothesis, if based apon thes

negated basic
staterents, would atways be equal o one
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statements, Thus even i we disregard the fact that universal statements
are never sequences of statements, and even if we try (o interpret them
as something of the kind and o correlate with them sequences of
completely decidable singular statements, even then we do not reach an
aceeptable result,

We have yet to examine another, quite different, possibility of
explaining the probability of a hypothesis in wrms of sequences of
statements. It may be remembered that we have called s given singular
occurrence ‘probable’ (in the sense of a formally singular probability
statement’) i it is an element of a sequence of occurrences with a certain
probability. Similarly one might wy to call a hypothesis ‘probable’ if it
15 an dement of o sequence of hypotheses with a definite ruth-frequency. But
this atternpt again fails—quite apart from the difficulty of determining
the reference sequence (it can be chosen in many ways; o section 71).
For we cannot speak of a truth-frequency within & sequence of hypoth-
eses, simply becanse we can never know of a hypothesis whether it is
true. If we could know this, then we should hardly need the concept of
the probability of a hypothesis at all. Now we might ry, as above, w
take the complemen: of the falsity-frequency within a sequence of
hypotheses as our starting point. But if, say, we define the probability
of a hypothesis with the help of the ratio of the non-falsified 1o the
falsified hypotheses of the sequence, then, as before, the probability of
every hypothesis within every inbnite reference sequence will be equal w
1. And even if a nite reference sequence were chosen we should be in
no better positon. For let us assume that we can ascribe to the elements
of some: {finite} sequence of hypotheses a degree of probability between
0 and 1 in accordance with this procedure—say, the value 3/4. [This
can be done if we obtain the information that this or that hypothests
belonging w the sequence has been falsified.) I so far as these fulsifed
hypotheses are elements of the sequence, we thus would have w©
ascribe to them, just because of this infermation, not the value o, but 374
And in general, the probability of a hypothesis would decrease by 17/
in consequence of the information that it is false, where 1 is the num-
ber of hypothesis in the reference sequence, Al this glaringly contra-
dicts the programme of expressing, in terms of a “probability of hypotheses”,
the degree of reliability which we have to ascribe 10 2 hypothesis in
view of supporting or underminimg evidence.
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This seemms o me to exhaust the possibilities of basing the concept of hypothesis with the probability of events as a complete failure. This
the probability of a hypothesis on that of the frequency of true state- “ conclusion is quite independent of whether we accept the claim (3t is
ments (or the frequency of false ones), and thereby on the frequency : Reichenbach's) that all hypotheses of physics are ‘in reality’, or “on closer
theary of the probability of events. ¥ : examination” nothing bat probability statements {about some average

frequencies within sequences of observations which always show
deviations from some mean value), or whether we are inclined o
make a distinction berween two different types of natral laws
* (e ight aumiarize sy foregoing amempts «o make sense of Reichenbach’s some- | between the 'deterministic’ or ‘pre
what cryptiv assertion that the probabality of & hypothesis is 1o be measured by a truth
froguendy, as follows. (For a similar summary, with criticism, see the vgiasﬁw

| think we have to repard the attempt to identify the probability of a

cision laws on the one hand, and
the “probability laws’ or “hypotheses of frequency’ on the other. For

. S S both of these types are hypothetical assumptions which in their turn
paragraph of appendix *¥1) ; . ,
Roughly. we cant try two possible ways of defining the probability of 2 theosy. One s e can never become ‘probable’: they can only be corroborated, in the
10 count the number of experimentaliy testable statements belonging to the theory, and - " sense that they can ‘?,Gﬁu their mettle’ under fire—the fire of our
1 deterrne the relative frequency of those which trn out to be true: this relative tests.

frequency can then be taken as 2 measure of the probability of a theory. We inay call this

: . . How are we 1o explain the fact that the believers in probability logic
a probability of she first kind. Secondly, we can: consider the theory as an slement of a class of . - ;

ideological entities—say, of theories proposed by other scientists—and we can then e 5 have ﬁnwnw.w&.wm opposite J;m.éw Wherein lies the error mz,wmm 3,«» Jeans
determine the relative frequencies withtn this class. We may call this a probabilisy of the 7 when he writes—at first in a sense with which | can fully agree-—
second hind. - that '. . . we can know nothing . . . for cenmin’, but then goes on o say:

iy text | ried, farthes, 1o show that each of these two possibilities of making ‘, ‘At best we can only deal in Ecv&::m&. { And] the ﬁ?v%ﬁﬁ.&.% of the
seuse of Reichenback's w%&. of wuth frequency _Qa,w o results which must be quite = new quantum theory agree 5o well [with the vaﬂ%qwmﬁzﬁ that
unacceptable w adhersnes of the probabitity theory of induction. " the odds in favour of the scheme havi o SOME COITes de — 0

Hewhenbach rephied 1o my critician, not so much by defending his views as by s ’ 1€ scheme having somne correspon: m.mﬁ,b. with
antacking mine. T his paper on my book {Fikemninis 5, 1935, pp. 267--284), he said that reality are enormous. Indeed, we may say the scheme is almost certain 16 be
“the results of this book are completely untenable’, and explained this by a failure of my k - quantiatively true . . S

“raethod’ by my failure ‘w think outall the consequences’ of my concepeual systern.
Section iv of his paper (pp. 274 1) is devoted o our problem-—the probability of i
hypostheses. 1t beging: Ty this coanection, seme rernarks may be added abous the prob-

Undoubtedly the commonest error consists in believing that hypo-
thetical estimates of frequencies, that is to say, hypotheses regarding

: PR : robabilities, can in thei 2 € : or OF i1 ¢ rords, it
ahility of theories-—remarks which should render mose complete iy 50 far all too brief P e Hies & waz‘ tur .z. be anly probable s or i ather Scﬁﬁv, n
communications of the subject, and which may remove a certain obscurity which sl ascribing to hypotheses of probability some degree of an alleged probability of
sarrounds the issue " After this follows a passage which forms she second paragraph of i hypotheses. We may be able o produce & persuasive argument m favour of

the present note, headed Dy the word "Roughly” {the only word which 1 have added 1o

this erroneous conglusion if we remember that hypotheses regarding
fterchenbach’s text).

probabilities are, as far as their logical form is concerned (and without

Peichenbach remained silent about the fact thar his attemipt 10 remove 'the obscurity

. ‘ L reference to our methodological requirement of falsifiability), nei

which stil surrounds the issue’ is but 4 sunnnary-—a rough one, admistedly-— of some : " L &Cwﬁm ¢ , requirenent of .m&.wm?wgwﬁvv_ EWWEQ.
piges of the very book which he is atacking. Yet in spite of this silence | feel thatTmay . B vend able nor falsifiable. (C1. sections 65 1o 68.) They are not verifiable
cake 1t as a grear vompliment from so experienced a writer on probability (who at S because they are umiversal statements, and they are not strictly

(e tinse of writing his reply o my book had two books and abouta dozen papers on the
subjeet 1o iy credity that he digd accept the results of my endeavours to “think out the
comequences of his "all wo brief communications on the subject’. This success of my
endeavours was due, | believe, 1 a rule of 'method’r that we should always iry to clarify

amd to strengrhen Dy opponent’s posinon as nrach as possible before criticizing him, i : =Y Jeans, The New Background of Science, 1934, p. 58, (Onldy the words Yor certain’ ave italicized
we wish ooy eriticism o be worth while, s © by Jeans.)

falsifiable because they can never be logically contradicted by any
hasic statements. They are thus (as Reichenbach puts ity completely

S
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i
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undecidable.” Now they can, as T have tried 1o show, be better, or less well,
‘conhrmed’, which is to say that they may agree more, or less, with
accepted basic statements, This is the point where, it may appear, prob-
ability logic comes in. The symunetry between verifiability and falsifi-
ability accepted by dassical inductivist logic suggests the belief that it
must be possible 1o correlate with these ‘undecidable’ probability
statements some scale of degrees of validity, something like “continu-
ous degrees of probability whose unatainable upper and lower Lmits
are truth and falsity’,” o quote Reschenbach again. According o my
view, however, probability statemenss, just because they are completely
undecidable, are metaphysical uniess we decide to make them falsifiable
by accepting a methodological rule. Thus the simple result of their
non-falsihiability is not that they can be better, or less well corrobor-
ated, but that they connot be empirically corroborated at all. For otherwise——
seeing that they rule out nothing, and are therefore compatible with
every basic statement—they could be said to be ‘corroborated’ by every
arbitraniy chosen basic statement (of any degree of composition) provided it
describes the ocourrence of some refevant instance.

I beheve that physics uses probability statements only in the way
which | have discussed at length in connection with the theory of
prrobabikity; and more particularly that it uses probability assumptions,
iust like other hypotheses, as falsihable statements. Bat I should decline
tor join in any dispute about how physivists ‘in fact’ proceed, since this
st remain fargely a matter of interpretation.

We have here quite a nice ilustravon of the contrast between my
view and what 1 called, in section 10, the "naturalistic’ view. What can
be shown is, first, the internal logical consistency of my view, and
secondly, that it is free from those difficulties which beser other views,
Admitedly it is unpossible 10 prove that my view is correct, and a
controversy with upholders of another logic of science may well be
futile. All that can be shown is that my approach to this particular

" Reichenbach, Bdoens §, 1930, po 169 (d also Reichenbach's reply to my noe in
Friwnmais 3, 1933, pp. 426 £}, Sknidar ideas abowt the degrees of probability or certainty
of inductive knowledge oceur very freguently (el o imstance Russell, Ouy Krinwledge of the
Eviernal Woehd, 194, pp 225 £, and The Aualysis of Moteer, 1927, pp. 141 aned 3983,

" Beichenbach, Srkensnis £, 1930, p 186 {cb note 4 10 section 1)
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problem is a consequence of the conception of science for which 1 have
been arguing ™

81 INDUCTIVE LOGIC AND PROBABILITY LOGIC

The probability of hypotheses cannot be reduced o the probahility of
events, This is the conclusion which emerges from the examination
carried out in the previous section. But might not a different approach
lead 1o a satisfactory definition of the idea of a probability of hypotheses?

I do not believe that it is possible to construct a concept of the
probability of hypotheses which may be interpreted as expressing a
‘degree of validity” of the hypothesis, in analogy to the concepts ‘true’
and ‘false’ {and which, in addition, s sufficiently closely related 1o the
concept “objective probability’, i.e. to relative trequency, 1o justify the
use of the word “probability”).! Nevertheless, T will now, for the sake of
argument, adopt the supposition that such a concept has in fact been
successfully constructed, in order to raise the question: how would this
affect the problem of induction?

Let us suppose that a certain hypothesis—say Schrddinger's theory
~—is recognized as ‘probable’ in some definite sense; either as ‘prob-
able to this or that numerical degree’, or merely as 'probable’, without
specification of a degree. The statement that describes Schrodinger’s
theory as “probable’ we may call its appraisal.

**The fast two paragraphs were provoked by the naturalistic’ approach sometimes
adopted by Reichenbach, Neuradh, and others; o section 10, above.

* {Added while the book was 1 proof ) It is conceivable that for estimating degrees of
corroboration, one might find a formal system showing some homited formal analogies
with the calcudus of probability {eg with Bayes's theorem}, without however having
anything in conunon with the frequency theory. 1 am mdebted w Dr. § Hostasson for
suggesting this posstbility t me. b am satisfiend, however, that 1 15 quite mupossible ©
tackie the problem of induction by such methods with any hope of success. ¥See also note 3 1o
section *87 of my Postscript.

* Since [938, Fhave upheld the view that ‘1o justify the tse of the word probability’| &
my text puts it, we should have 1o show that the axioms of the formal caleuius are
satishied. {C1 appendices *ii to *v, and especially section *28 of my Postaript ) Thus would
of course inchude the satisfaction of Bayes's theorens. As to the formal anakogies betwees
Bayes's theorom on probability and certain theoresss on duyewe of corboation, sev appendix
#ax, point 9 (vid) of the first pote, and potnts {173 aad {13) of section *37 of vy Pstsoript
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Arappraisal muse, of course, be a synthetic staternent——an assertion
about Creslity’—in the same way as would be the statement
‘Schrodinger’s theory is true’ or “Schrodinger’s theory is false’. All
such statements obviously say something abous the adeguacy of the
theory, and are thus certainly not tawtological. *' They say that a theory
it adeyuate or inadequate, or that it is adequate in some degree. Fur-
ther, an appraisal of Schrodinger’s theory must be a non-verifiuble syn-
thetic statement, just like the theory itselfl For the “probability’ of a
theory-—that is, the probability that the theory will remain
acceplable—cannor, it appears, be deduced from basic statements with
finality. Therefore we are forced to ask: How can the appraisal be jusii-
fed? How can it be tested? (Thus the problem of induction arises
again; see section 1)

As 10 the appraisal itself, this may either be asserted to be “wue’, or it
may, in its tern, be said to be “probable’. If it is regarded as "true’ then
imust be a true synthetic statement which has not been empirically
verified—-a syathetic statement which Is ¢ prieri true. If it is regarded as

*The probabilizy staternent piSe)

. in words, “Schrodinger’s theory, given the evi-
—a statement of relative or conditgonal logical
probability--may certainly be wutological (provided the vahues of ¢ and 1 are chosen so

dence ¢, has the probability «

as 1o Bt each other: if ¢ consists only of observational reports, 1 will have to equal zero in a
sufficiently large universe). But the ‘appraisal’, in our sense, would have 2 different form
{see section B4, below, especially the i w note *--for example, the following:
AR
e actual otal evidence now available) a probability of 1.7 In order w obrain this assess-
ment, ph(8) = 1, from (i} the autologival statermens of relative probability p(Se) =1, and
(i1} the staternent ‘v 35 the toral evidence available today’, we must apply & principle of
derence {called the “rule of absolution” in my Pestsoript, sectons ¥43 and Y51). This
privcaple of inference looks very much like the modus pogens, and it may therefore seem

1, where b is weay's date, or in words: “Schradinger's theory has wdey {in view of

that it shoudd be taken as analytic. Bug iF we take 3t 10 be analytic, then this amounts to the
decision o consider pk as debined by (i} and (i1}, or at any raie as meaning no more than do
{£3 andd {5 together; but i this case, pk cannot be interpreted as being of any practical
signibeance: it certainly cannot be interpreted as a praciical measure of acceprabilicy. This
i best seen i we consider that in a suthciently large universe, ph(,e) = o for every universal
theory 1, provided ¢ comsisis only of singular statements. (CE appendices, *vit and *viii)
By in practice, we cerraindy do accept some theories and reject others,

H, o the ather band, we inerpret pk as degree of adequacy or acceptabifity, thes the principle
of toferenwe mentioned--the ‘rule of absolution” {which, on shis interpretagon,
becomes a typical example of ¢ ‘principle of inducton 15 simply lulse, and therefore
clearly non-analytic
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‘probable’, then we need a new appraisal: an appraisal of the appraisal,
as it were, and therefore an appraisal on a higher level. But this means
that we are caught up in an infinite regress. The appeal o the prob-
ability of the hypothesis 1s unable to improve the precarious fogical
situation of inductive logic.

Most of those who believe in probability ogic uphold the view that
the appraisal is arrived at by means of a ‘principle of induction’ which
ascribes probabilities to the induced hypotheses. But if they ascribe a
probability to this principle of induction in its trn, then the infinite
regress contintes. I on the other hand they ascribe ‘truth’ to it then
they are left with the choice between infinite regress and a priorism.
‘Once and for all’, says Heymans, ‘the theory of probability is incapable
of explaining inductive arguments; for precisely the same problem
which lurks in the one also lurks in the other {in the empirical applica-
tion of probability theory}. In both cases the conclusion goes beyand
what is giver: in the premises.” Thus nothing is gained by replacing the
word “true’ by the word ‘probable’, and the word “false’ by the word
‘tmprobable’. Only if the asymmetry between verification and falsification is taken
into account-—that asymmetry which results from the logical relation
between theories and basic statements—is it possible o avoid the
pitfalls of the problem of induction.

Believers in probability logic may try to meet my criticism by assert
ing that it springs from a mentality which is ‘tied 1o the frame-work of
classical logic’, and which is therefore incapable of following the
methods of reasoning employed by probability logic, 1 freely admit
that 1 am incapable of following these methods of reasoning

* Heymans, Gesetze und Elomente ds wi

nschafiliohen Denkens (1890, 18943, pp 290 1 *third
edition, 1945, p 272, Heymans's argiment was anticipated by Hume in his anonymous
pamphlet. An Abstruct of ¢ Book lately published enitled A Treatise of Husan Natuze, 1746 { have litde
doubt that Heymans did not know this pamphiler which was re-discovered and astributed
to Hume by J. M. Keynes and P Sraffa, and published by them in 1938, 1 knew neyther of

Hume's nor of Heynans's anticipation of my arguments against the probabilistic theory

of inducticn when I presented them in 1931 in an eartier book, suYl uapublished, which
was read by several members of the Vienna Circke. The facr that Heymans's passage had
been anticipated by Hume was poisied out to me by 1 O Wisdom; o his Foendations of
Inforence i Notwnl Scince, 1952, p. 218, Hhurne's passage is quoted bulow, in appendis *vii,
text to footnote 6 (p. 386).
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82 THE POSITIVE THEORY OF CORROBORATION: HOW
A HYPOTHESIS MAY ‘PROVE ITS METTLE’

Caunot the objections | have just been advancing against the prob-
abitity theory of indoction be turned, perhaps, against my own view? it
might well seen that they can; for these objections are based on the
idea of an epprassal, And clearly, I have to use this idea too. 1 speak of the
‘orroberation’ of a theory; and corroboration can only be expressed as an
appraisal. (In this respect there is no difference beiween corroboration
and probability.} Moreover, I too haold that hypotheses cannot be
asserted 10 be true’ statements, but that they are “provisional con-
jectures” {or something of the sort); and this view, 100, can only be
expressed by way of an appraisal of these hypotheses.

The second part of this objection can easily be answered. The
apprasal of hypotheses which indeed T am compelied to make use of,
and which describes them as "provisional conjectures’ {or something
of the sort) has the status of a tawtelogy. Thus it does not give rise
difficulties of the type 1o which inductive togic gives rise. For this
description only paraphrases or interprets the assertion (to which it is
equivalent by definition) that strictly universal statements, ie. theories,
cannot be derived from singular statements,

The position is similar as regards the first part of the objection which
concerns appraisals stating that a theory is corroborated. The appraisal
of the corroboration is not a hypothesis, but can be derived if we are
given the theory as well as the accepted basic statements, It asserts the
fac1 that these basic statements do not contradict the theory, and it does
this with due regard (o the degree of testability of the theory, and 10
the severity of the tests to which the theory has been subjected, up 10
stated period of time.

We say that a theory i

orroborated’ so long as it stands up to these
tests. The appraisal which asserts corroboration (the corroborative
appraisal) establishes certain fundamental relations, vi. compatibility
and incompatibility. We regard incompatibility as falsification of the
theory. But compatibility alone must not make us attribute to the the-
ory 4 positive degree of corroboration: the mere fact that a theory has
not yet been falsified can obviously not be regarded as sufhicient. For
nothing is easier than to construct any number of theoretical systems
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which are compatible with any given system of accepted basic state-
ments. (This remark applies also o all "metaphysical’ systems )

it might perhaps be suggested thar 2 theory should be accorded
some positive degree of corroboration if it is compatible with the
system of accepted basic statements, and i, in addition, part of this
system can be derived from the theory. Ur, considering that basic
statements are not derivable from a purely theoregcal system {though
their negations may be so derivable), one might supgest that the fol-
lowing rule should be adopted: a theory is 1o be accorded a positive
degree of vorroboration if s compatible with the accepred basic
staternents and if, in addition, a non-empty sub-class of these basic

statements is derivable from the theory in conjunction with the other
accepted basic statements.™!

1 have no serious objections o this fast formulation, except that it
seems 1o me insufficient for an adeguate characterizadon of the posi-
tive degree of corroboration of a theory. For we wish 1o speak of
theories as being better, or less well, corroborated. But the degree of
corroboration of a theary can surely pot be established simply by counting
the munber of the corroborating instances, e the accepted basic
statements which are derivable in the way indicated. For it may happen

*the wntative definition of ‘positively corroborated” bere given [but rejected as nsuf-
ficient inn the next paragraph of the wat becawse it does not explicitly cofor w the resulbis
of severe tests, Le of attempied refutations) is of interest in at feast two ways. First, it i
closely related w my criterion of demarcation, especially w that formulation of it w
which 1 have anached note *1 to section 71 I fact, the pwo agree oxcep for the
restriction o groepted basic staterments which

rms part of the present definizion, Thus i
we omit this restriction, the present definition s imo my criterion of dermargation

Secondly, if iastead of omiting ths restriciion we restricy the class of the duisd
accepted basic statements further, by demanding that they shoold be accepred as the
resubts of sincere anterpts o rebute the theory, then our definition bevomes an sdequate
definition of “positively corraborated”, though not, of course, of "degree of corrobora-
don’. The argument supporting s claim s implici in the wex bere following More
over, the basic statements so accepted may be deseribed as corroborating statements” of
the theory.

It should be poted that 'Tnstantial statements” (6 negated Dasic stalemenis; 508 secton
28) cannot be adequately described as corroborauny or confirming statements of the
theary which they Insuantate, owing to the fact that we know that ey wvenal law i
wstantiord alimost everywhere, as indicated in note *1 o section 18 {See abso nowe "4 w
section 80, and texn}
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that one theary appears 1o be far less weli corroborated than another
ane, even though we have derived very many basic statemenss with its
help, and only a few with the help of the second. As an example we
night compare the hypothesis "All crows are black” with the hypoth-
esis (mentioned in section 37) “the elecironic charge has the vatue
determined by Millikan". Although in the case of a hypothesis of the
former kind, we have presumably encountered many more corrobora-
tive: basic statements, we shall nevertheless judge Millikan's hypothesis
t02 be the bewter corroborated of the two.

This shows that it is not so much the number of corroborating
mstances which deterntines the degree of corroboration as the severity of
the various tests to which the hypothesis in question can be, and has been,
subjected. But the severity of the tests, in its turn, depends upon the
degree of testability, and thus upon the simplicity of the hypothesis: the
hypothesis which is falsifiable in a higher degree, or the simpler
hypothesis, is also the one which is corroborable in a higher degree,’
Of course, the degree of corroboration actually atained does not
depend only on the degree of falsifiability: a statement may be falsifiable
ta a high degree yet it may be only slightly corroborated, or it may in
fact be falsified. And it may perhaps, without being falsified, be super-
seded by a better testable theory from which it-~or a sufficiently close
approximation to it-—can be deduced. (In this case wo its degree of
corroboration is lowered,)

The degree of corroboration of two statements may not be Compar-
able in all cases, any more than the degree of falsifiabilicy: we cannot
define a numerically caleulable degree of corroboration, but can speak
only roughly in terms of positive degree of corroboration, negative
degrees of corroboration, and so forth.*? Yet we can lay down various

" This 15 another poing iy which there 15 agreement between my view of stmplicity and
s of pote 7 1o section 42 *This agreement & a consequence of the view, due 1o
Jetfreys, Wrinch, and Weyl (e note 7 to section 423, that the pancity of the parameters of
A hanction can be used a5 a measure of its siraplicity, 1zken in conjunction with my view
eh sections 38 1) that the paucity of the pavameters can be used as a measure of
testability of smprobability---2 view rejecied by these authors. (See also notes *1 and *2
1O sections 3.3

" As far as practival application tw existing theories goes, this seems o me still correct;
i think now that it s possible o define “degree of carroboration” in such a way that
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rules; for instance the rule that we shall not continue to accord a
positive degree of corroboration to a theory which has been falsified
by an inter-subjectively testable experiment based upon a falsitying
hypothesis {cf. sections & and 22). {We may, however, under cerain
circumstances accord a posttive degree of corroboration o another
theory, even though it follows a kindred Hne of thonght, An example
is Hinstein’s photon theory, with its kinship to Newton's corpuscular
theory of light) In general we regard an inter-subjectively testable
falsification as final {provided it is well ested): this is the way in
which the asymmetry between verification and falsification of theor-
ies makes itself felt. Each of these methodological points contributes
in its own peculiar way to the historical development of science as a
process of step by step approximations, A corroborative appraisal
made at a later date-—that is, an appraisal made after new basic state-
ments have been added to those already accepted--—can replace a posi-
tive degree of corroboration by a negative one, but not vice verse. And
although 1 believe that in the history of science it is always the theory
and not the experiment, always the idex and not the observation,
which opens up the way 10 new knowledge, 1 also believe that it is
always the experiment which saves us from following a wack that
feads nowhere: which helps us out of the rut, and which challenges
us to find a new way.

Thus the degree of falsifiability or of simplicity of a theory enters
into the appraisal of its corroboration, And this appraisal may be
regarded as one of the logival relatons between the theory and the
aecepted basic statements: as an appraisal that takes into consider-
ation the severity of the tests to which the theory has been
subjected,

we can eompare deyrees of correboradon (For example, those of Newton's and of Ba-
stein's theory of gravity). Moreover, this definition makes it even possible to aribate
numerical degrees of corroboration 1o statistical hypotheses, and perhaps even © other
statements provided we can atribute degrees of {absolute and relative) jogical probability
1o them and to the evidence satements, See also appeadix ¥y
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83 CORROBORABILITY, TESTABILITY,
AND LOGICAL PROBABILITY™

i appraising the degree of corroboraiion of a theory we take into
account its degree of falsifiability. A theory can be the better corrobor-
ated the better testable it is. Testability, however, is converse to the
concept of logical probability, so that we can also say that an appraisal of
corroboration takes into account the logical probability of the state-
ment in question. And this, in wm, as was shown in section 77, is
related 1o the concept of oljective probability—the probability of
events. Thus by taking logical probability into account the concept of
corroboration is linked, even if perhaps only indirectly and loosely,
with that of the probability of events. The idea may ocour to us that
there is perhaps a connection here with the doctrine of the probability
of hypotheses criticized above,

When trying to appraise the degree of corroboration of a theory we
may reason somewhat as follows. Its degree of corroboration will
increase with the nurnber of its corroborating instances. Here we usu-
ally accord to the first corroborating instances far greater importance
than to fater ones: once a theory is well corroborated, further instances
raise its degree of corroboratdon only very liule. This rule however does
not hold good if these new instances are very different from the earlier
ones, that is if they corroborate the theory in a new held of application. In
this case, they may increase the degree of corroboration very consider-
ably. The degree of corroboration of a theory which has a higher degree
of universality can thus be greater than that of 3 theory which has a
lower degree of universality (and therefore a lower degree of falsifi-
ability). In a simnilar way, theories of a higher degres of precision can be
betier corroborated than less precise ones. One of the reasons why we
do not accord a positive degree of correboration to the typical
prophecies of palmists and seothsayers is that their predictions are 50
cawtious and imprecise that the logical probabslity of their being cor-
vect is extremely high. And if we are told that more precise and thus

*OH the wwerminelosy s accepted which 1 first explameed in my note in Mind, 1934, then
the word sbsoluse” should be tserted here theoughout (as in section 34, ewc) before
Yogical  probability’ (v contradistncdon to relative’ or Cconditional’ logical
probabithiy): el appendices ¥4, Yy, and ¥ix
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logicatly less probable predictions of this kind have beers sucvessful, then
it is not, as a rule, their sucee

that we are inclined o doubt so much as
their alleged logical improbability: since we tend o believe that such
prophecies are non-corroborable, we also tend to argue in such cases
from theirlow degree of corroborability to their low degree of testabihizy.

it we compare these views of mine with what is implicit in (induct-
ve} probability ogic, we get a wuly remarkable resuit. According to
my view, the corroborability of a theory—and alse the degree of cor-
roboration of a theory which has in fact passed severe tests, stand both,
as it were,*” in inverse tatio to s loyical probability; for they both
increase with its degree of estability and simplicity. But the view implied by
probability logic is the precise opposiee of this. ks upholders let the probabilivy of
a hypothesis increase in divect propottion to its logical probability—
although there is no doubt that they imend their ‘probability of a
hypethesis’ to stand for much the same thing thai 1 oy to indicase by
‘degree of corroboration”. ™

"1 said in the text ‘s #t woe §odid so because | did pot really believe in numerical
{absoture) logical probabilities. I consequence of this, T wavered, when writing the texy,
between the view that the degree of corroborability is comphmeantary 1o {absolute} fogical
probability and the view that it is ioversely proportional; or in other words, hetween
a definition of Oy), te. the degree of corroborability, by C{g) = 1 - P{g) which would
nsike corroborabitity equal to contomt, and by Cigh = 1/P{), where P{g) i the absolute logical
probabitity of g. In fact, definitions may be adopted which lead w0 either of these con
sequences, and both ways seem fadrly satisfactory on intuitive growsds; this explains,
perhaps, my wavering. There are strong reasons in favour of the first method, or else of 2
togarithmic scale applied 1o the second method. See appendix *ix
* The last lines of this paragraph, espectally from the walicized semtence on {1 was not
iralicized 0 the original) contain the crucial point of my criticism of the probabilicy
theory of induction. The point may be sumearized as folbows,

We want simple hypothes

“hypotheses of & hiph content, 3 high degree of teachility.
These are also the highly convbomble hypotheses, for the degree of corroboration of a
hypothesis depends maialy upon the severity of s tosts, and thus upon it westabibity.
Now we know that testability is the same as high (absolute) lopical improbability, or low
(absotute) togical probebiliy

But if two hypotheses, h, and by, are comparable with respect 1o their content, and
thus with respect to their (abselure) logical probesbilivy, then the following bolds: let the
{absolute) logical probability of b, be ssmaller than that of b, Then, whatever dhe evidence
¢, the {relative) logical prolability of b, given e can sover excend that of b, given ¢ Thus
the hetter testable and hetter corroboruble hypothesis can never obiain @ higher probability, on the given evidence,
than the fess testable one. But this entatls that degee of corrborstion camet be the same o5 probabiliny.
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Among those who argue in this way is Keynes who uses the expres-
ston “a prieri prabability' for what ¥ call "logical probability”. {See note 1
o section 34.) He makes the following perfectly acourate remark’
regarding a "peneralization’ g (i.e. 2 hypothesis) with the ‘condition’ or
antecedent or protasis ¢ and the ‘conclusion’” or consequent or
apodosis B “The more comprehensive the condition @ and the less
comprehensive the conchusion £, the greater ¢ priori™* probability do we
attribute to the generalization g, With every increase in @ this prob-
ability increases, and with every increase in [ it will diminish.” This, as |
said, is perfectly accurate, even though Keynes does not draw a sharp
distinction®*  between what he ealls  the probability of a

H

H

of a hypothesis™—and its ‘a priori probability’. Thus in contrast to my
degree of corroboration, Keynes's probability of a hypethesis increases with its a
privri ogical probability. That Keynes nevertheless intends by his ‘prob-
ability” the same as I do by my ‘corroboration’ may be seen from the
tact that his ‘probability’ rises with the number of corroborating
mstances, and also {most important) with the increase of diversity

Tais is the crucial result My baver remarks in the text merely draw the conclusion from
14 you value high probability, you must say very listle~or better still, nothing at afl:
tavrohogies will sbways retain the highest probability.

" Keynes, A Treatise on Probability, 1971, pp. 224 £ Keynes's condition 9 and conclusion |
correspond (el note 6 1o section 14) 1o our conditioning statement Fanction @ and our
conseguence statement functon I o also section 36, It should be noticed that Keynes
cafled the condition or the conclusion more comprehmsive if its content, o 65 intensios, rather
than it extenston, is the greater, (1 am alluding o the inverse relationship holding
berween the intension and the extension of a wrm.)

! Keynes follows some eminent Cambridge logicians in writing 'd prieri” and ‘3 pasteriori”;
one can oily say, & propes de ren—undess, perhaps, apropos of 4 propes”.

e Keynes does, in fact, allow for the distinetion between the a peort {or "absolute
togieal’, as | uow call ity probability of the "generalization’ g and its probability with
respect (o a given piece of evidence b, and o this extent, my statement in the text needs
correction. {He makes the distincton by assuming, correcily though perhaps only

f,, then the a priori prob-
abslitbes Of the various g ave. g{gp. £) 2 g0, D 2 g(.. £3.) And he correcty proves that the
4 psteriors proshabilities of these hypotheses g {relative 1o any given piece of evidence h)
changs i the same way as their o prion probabilities. Thus while his probabilities change
like (absolute) logical probabilities, it is my cardinal point that degrees of corroborability
{ond of corroboranon} cliange in the opposite way,
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among them. But Keynes overlooks the fact that theories whose
corroborating instances belong to widely different fields of application
wilt usually have a correspondingly high degree of universality. Hence
his two requirements for obtaining a high probability—the least pos-
sible universality and the greatest possible diversity of mstances—will
as a rufe be incompatible,

Expressed in my terminology, Keynes's theory implies that corro-
boration {or the probability of hypotheses) decreases with testability.
He is led to this view by his belief inn inductive logic.** For it is the
tendency of inductive logic to make scientific hypotheses as certain as
possible. Scientific significance is assigned to the various hypotheses
only to the extent to which they can be justified by experience. A
theory is regarded as scientifically valuable only because of the dose
logical proximity {cf. note 2 to section 48 and text) between the theory
and empirical statements. But this means nothing else than that the
content of the theory must go as littde as possibte beyond what is empirically
established*” This view is closely connected with a tendency 1o deny
the value of prediction. "The peculiar virtue of prediction’ Keynes
writes' ' . . is altogether imaginary. The number of instances exam-
ined and the analogy between them are the essential points, and the
question as to whether a particular hypothesis happens w be
propounded before or after their examination is quite irrelevant.” In
reference to hypotheses which have been ‘4 priori proposed’-—that is,
proposed before we had sufficient support for them on inductive
grounds—Keynes writes: ., . if it is a mere guess, the lucky fact of its
preceding some or all of the cases which verify it adds nothing what-
ever to its value.' This view of prediction i ertainly consistent. But it
makes one wonder why we should ever have 1o generalize at all. What
possible reason can there be for constructing all these theories and
hypotheses? The standpoint of inductive logic makes these activities
guite incomprehensible. 1 what we value most is the securest

** See my Pusticrpt, chapter *ii. In my theory of corroboration-—in direct ppposition o
Keynes's, Jeffreys's, and Carnap's theories of probability-—corrobuorstion does not derese
with testability, bur rends 1o noras with it

*' This may also be expressed by the unacceptable rule: "Always choose the hypothesis
which is most od hoct’

' Keynes, op.ait, p. 305
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knowledge available——and if predictions as such contribute nothing : mc.nw as Kaila's.  am not interested in merely keeping down the E:ﬁvﬁ
towards «,.ﬁ:;.c?v?w:,,.5.-,,.,,5&% then may we not rest content with our of our statements: T am interested in their simphcity in the sense of high
basic statements?™ testability. It is this interest which leads, on the one hand, w my rule that

Another view which gives rise to very similar questions is that of auxifiary hypotheses should be used as sparingly as possible, and on
Kaila! Whilst 1 believe thai it is the simple theories, and those which 3 the cmﬁm hand, 1o my demand that the number of our axioms—of our
make Little use of auxiliary hypotheses {tf section 46) which can be & .. maost E.:&p:x,.nnm,w hypotheses—should be rﬁﬁ_ down. For m_m:_, latter
well corroborated, just because of their logical improbability, Kaila g point arises out of the demand that statements of a Emmﬂ,,wm«mw cm :.m,w.:,mw;
interprets the sitzation in precisely the opposite way, on grounds simi- : . sality MEEE Uw .n.mﬂomg. and mvmm 4 systerm ﬁ.ém?wﬁ.:wmwm many axiom
lar to Keynes's. He (oo sees that we usually aseribe a high probability m.w:mrm.. wm. ?”vmm.%ma, be mnﬁaﬁi ?GW.H,., ?ﬁ& thus mxwx%.mz,a_ by} one with
(it our terminotogy, a high “probability of hypotheses”) to simple theor- : fewer "axioms’, and with axioms of a higher level of universahity.

fes, and especially to those needing few auxiliary hypotheses. But b
veasons are the opposite of mine, He does not, as 1 do, ascribe a high 84 REMARKS CONCERNING THE USE OF THE
probability to such theories because they are severely testable, or logic- CONCEPTS “TRUE' AND 'CORROBORATED'

ally improbable; that is to say because they have, o priori as it were, many

apportunities of clashing with basic statements. On the contrary he ascribes this A In the logic of science here outlined it 15 possible o avoid using the
high probability to simple theories with few auxiliary hypothes
ecause he believes that a system cousisting of few hypotheses will, o ‘ . ,

fori, | fewer opportunities of clashing with reality than a system o Y Not long after this was written, § had the good fortane w mect Alired Tankt who
priori, have fewe oriEnites fashin : 1a .

. . . ) s eie e ders why we ; explained o me the Rindamental idexs of his theosy of wwh. BUis 2 great pity that this
consisung of many hypotheses. Here again one wonde Y : theory——one of the two great discovertes n the field of logic made since Frudpia
Mathemation-—is still often misunderstood and misrepresented. It cannot be wo strongly
ernpliasized that Tarski’s idea of eruth (for whose definition with respect W forinalieed

concepts ‘true’ and ‘false” ™ Their place may be wmken by lopical

should ever bother to construct these adventurous theories. If we
shrink from conflics with reality, why invite it by making assertions!

. . e [ A e s " . - . . - il . . . ) ] K .
The safest course s o L&Cm: a system without any r%mucﬁww@vm? — vwmm&_ 18 : languages Tarski gave a method) is the same idea which Aristode had in mind and indeed
4 i i< olden M o most people {except pragmatists): the idea that tush 5 correspondence with the faces (or with
. .. , e % | H . I - . .
V- mc mzw ick i hat il ¥ Vq_ﬁﬁa._em@ﬁ shall be used : reafity}. But what can we possibly mean if we say of 2 sterement that it correspands with
Zm% OWI Fe WK ﬁm«ﬁﬂwﬁww that auxiiiar SE5 5 ol 30 : ]

the facts {or with reality}? Onee we vealize that this vorrespondence cannot be
structural simmilarity, the task of elucidating this correspondence seems hopeless: and as a
consequence, we may beconse suspicious of the concept of truth, and prefer not w0 use it
Tarski sadved {with respect 10 frmalized languages) this apparently hopeless problem by

' one of
as sparingly as possible {the 'principle of parsimony in the use of

hiypotheses’) has nothing whatever in common with considerations

¥ Carnap, in s Logicel Foundations of Probabthry, 1950, believes in the praciiol value of : M:&mww.J;A..c”,w.widﬁ:? ﬂ.wx.y.;_w.:m:mwﬂ,. reducing ihe idea of correspondence 1o that of
predictions; nevestheless, he draws pare of the conclusion here mentioned-~ HW.MB s_»._ . satisfaction’ or mw.m.:;,m.mﬁﬁ. . N . o
sight be content with our basic statements. For he says that theeries (he speaks of laws") : . As a resaltof r_&wwm ,H_r..wnrmwm‘ Ino meﬁ rﬁ:».ﬂn 1w ﬁz:i.“ of “tewrh’” and fadsity’. And
are ‘nol indispensable’ for science-—not even for making prediclions; we Cail manage GRS like everybody else’s views wmm_ﬁw vw” 52 _,Sx“:w:m.&. iy ,\ES.,.,"E::.,& o, as 4 E.w;ﬁ
throughous with smgular satements. “Nevertheless”, he writes {p. 575) 'it is expedient, . of course, to be ccwf_ﬁww: W,:: Tarski's theory of %Jw.éw:e ﬂx.ﬂw, ,m ,rzw although my views
o corrse, Lo state universal laws in books on physics, biology, psychotogy, et B the . : on formal Em; and its Ez:%cﬁ% were 2,.3553:_@& bry Tarshi's Hmi:‘,vﬂ. my views on
guestion is ot one of expediency-—it is one of sciengfic curiosity. Some seientisty weal o o sclence m:n.w its phifosophy f,,.w:., ?m:?ﬁamﬁ:w wiaffected, mw.w:.:_mw._ clarified.

cxpluin the workd: ther aim 8 to find satisfactory explanatory theories—well :,,ﬁ,q%_w ie. R AmD::, :m the .Q.W,Exn, ﬁ.E:.G,Z,f of Tarski's theory seoms (o me wide of m% mark. 1t is
ample theones—and o et them. {Sve also appendix *x and section *15 of my : w&m m.r,& his definition 7 artificial and comples; f.z ,,,:z...x he m,l:ﬁ._i::r with sospec .E
Postseript B formalized Sm.ww:mmem,‘ m. has 10 be based on the %...m::ﬁ.,,ﬁ o.* 2 ﬁ,wz ,rz,zws,_ mcwx”:s_ in
S haila, Die Principin der Veahischeinlichbeivslogik {Annales Unssersitatts Abuensis, Tarku 1916), : M,.c.nw;w.‘im:mw mua ity & previsely the é:.%. degree of "artihenlity” or “complexity’ as
P 140 SR this definition. I is slso said that only propositions or statemenss can be true or Galse, but

A

B B
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considerations about derivability relations. Thus we need not say: “The
prediction p is true provided the theory t and the basic statement b are
true.” We may say, instead, that the statement p follows from the (non-
contradictory) conjunction of t and b. The falsification of a Ech may
he described in a similar way. We need not say that the theory is “false’,
but we may say instead that it is contradicted by a certain set of
accepted basic statements. Nor need we say of basic staternents that
they are 'true’ or ‘false’, for we may interpret their acceptance as the
result of a conventional decision, and the accepted statements as results
of this decision.

This certainly does not mean that we are forbidden to use the con-
cepts ‘true’ and “false’, or that their use creates any particalar difficulty.
The very fact that we can avoid them shows that they cannot give rise to
any new fundamental problem. The use of the concepts ‘true’ and
false’ is quite analogous to the use of such concepts as “tautology’,
contradiction’, conjunesion”, ‘tmplication’ and others of the kind. These are
non-empirical concepts, logical concepts.’ They describe or appraise a
staternent irrespective of any changes in the empirical world. Whilst
we assume that the properties of physical objects (of ‘genidentical’
objects in Lewin's sense) change with the passage of time, we decide 0
use these logical predicates in such a way that the logical properties of
staterments become timeless: if a staternent s a tautology, then itis a
tawtology once and for all. This same timelessness we also attach to the
concepts ‘true” and ‘false’, in agreement with comunon usage. It is not
common usage to say of a statement that it was perfectly true yesterday
but has become false today. If yesterday we appraised a statement as
true which today we appraise as false, then we implicitly assert woday

not sensences. Perhaps “semtence’ was not a good translation of Tarski’s original ter-
swinolagy. (1 personally prefer w speak of 'stateraent” rather than of 'sentence”; see for
example my Notwe on Tarski's Definition of Truth', Misd 64, 1955, p. 388, footnote 1.}
But Tarski hirmself made it perfectly clear that an wiaterpreted formula (or a siring of
symbots) cannot be said o be true or false, and that these terms only apply to interpreted
formulac—to "meaninghel sentences’ (as the wanstation has it), lmproveinents in termin-
slogy are always welcome: but it is sheer obscurantists to criticize a theory on werming-
fogeal grounds

Cfadded i 1934 in proof) Carnap would probably say ‘syntactival concepss’ (¢l his
Logicet Syntax of Language).
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that we were mistaken yesterdoy; that the staternent was false even
yesterday——timelessly false——but that we erroneously ‘took it for true’.

Here one can see very clearly the difference berween truth and
corroboration. The appraisal of a statement as corroborated or as not
corroborated is also a Jogical appraisal and therefore also timeless; for it
asserts that a certain logical relation holds berween a theoretical system
and some system of accepted hasic statements. But we can never simply
say of a statement that # is as such, or in itself, ‘corroborped’ (in the
way in which we may say that it is “oue’). We can only say that it is
corrobosated with respect to some system of basic statements—a system accepted up
to a particular point in time. "The corroboration which a theory has
received up to vesterday” is logicelly not identical with ‘the corroboration
which a theory has received up to today’. Thus we must attach a sub-
SCript, as it were, ta every appraisal of corroboration——a subscript char-
acterizing the system of basic staternents to which the corroboration
relates (for example, by the date of its acceptance).*’

Corroboration is therefore not a ‘truth value’; that is, it cannot be
placed on a par with the concepts ‘true’ and ‘false” (which are free
from temporal subscripts); for to one and the same statement there
may be any number of different corroboration values, of which indeed
all can be “correct’ or "true’ at the same time. For they are values which
are Jogically derivable from the theory and the various sets of basic
staterents accepted at various time

The above remarks may also help to elucidate the contrast between
my views and those of the pragmatists who propose to define “trath” in
terms of the success of o theory—and thus of its usefulness, or of its confirmation or of it
corroboration. If their intention is merely to assert that a fogical appraisal
of the success of a theory can be no more than an appraisal of its
corroboration, I can agree. But | think that it would be far from “useful’
w identify the concept of corroboration with that of outh.® This
also avoided in ordinary usage. For one might well say of a theory
that it has hardly been corroborated at all so far, or that it is stll

*Cf note *1 10 section B 1.

- Thas 1f we were to define "true’ as "useful {as suggested by some pragmatiss), or ele
25 ‘successful” o “confirmed’ or ‘corroborated’, we should only have to introduce a new
‘absolute” and ‘timeless” concept to play the role of oruth’
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uncorroborated. Bar we should not normally say of a theory that it is
hardly true at all so far, or that itis still false.

& THE PATH OF SCIENCE

One may discern something tike a general direction in the evolution of
physics—a direction from theories of a lower level of universality to
theories of a higher level. This is usually called the ‘inductive’ direc-
tion; and it might be thought that the fact that physics advances in this
‘inductive’ direction could be used as an argument in favour of the
inductive method.

Yet an advapce in the inductive direction does not necessarily consist
of & sequence of inductive inferences. Indeed we have shown that it
may be explained in quite different terms—in terms of degree of test-
ability and corroborability. For a theory which has been well corrobor-
ated can only be superseded by one of a higher level of universality;
that is, by a theory which is better testable and which, in additdon,
contains the old, well corroborated theory—or at least a good approxi-
mation te it Bomay be better, therefore, 1 describe that rend— the
advance towards theories of an ever higher level of universality—-as
“quasi-inductive’,

The quasi-inductive process should be envisaged as follows. Theor-
ies of some level of universality are proposed, and deductively tested;
after that, theories of a higher level of universality are proposed, and in
their turn wsted with the help of those of the previous levels of univer-
sality, and so on. The methods of testing are invariably based on
deductive inferences from the higher to the lower level;™' on the other
hand, the levels of universality are reached, in the order of time, by
procesding from lower to higher jevels.

The guestion may be raised: ‘Why not invent theories of the highest
level of universality straight away? Why wait for this quasi-induactive
volution? Is it not perhaps because there is after all an inductive elem-
ent contained in 1177 [ do not think so. Again and again suggestions are

* The deductive interences from the higher 1 the lower level are, of course, explanations
{10 the sense of section §2); thus the hypotheses on the higher level are explanatory with
respect 1o those on the lower leved
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put forward—conjectures, or theories—of all possible levels of univer-
sality. Those theories which are on oo high a level of universality, as it
were (that is, too far removed from the Jevel reached by the testable
science of the day) give rise, perhaps, 10 a ‘metaphysical system”. In thas
case, even if from this system statements should be deducible {or only
semi-deducible, as for example in the case of Spinoza’s system), which
belong to the prevailing scientific system, there will be no new testable
staterment among them; which means that no crupcial experiment can
be designed to test the system in question.™ If, on the other hand, a
crucial experiment can be designed for it, then the systern will contain,
as a first approximation, some well corroborated theory, and at the
same time also something new—-—and something that can be tested.
Thus the system will not, of course, be ‘metaphysical’. In this case, the
system in question may be Jooked upon as a new advance in the quasi-
inductive evohation of science. This explains why a ik with the sci-
ence of the day is as a rule established only by those theories which are
proposed in an attempt to meet the current problem situation; that is,
the current difficulties, contradictions, and falsifications. In proposing a
solution to these difficulties, these theories may point the way to a
crucial experiment.

To obtain a picture or model of this quasi-inducuive evoludon of
science, the various ideas and hypotheses might be visualized as par-
ticles suspended in a fhud. Testable science is the precipitation of these
particles at the bottom of the vessel: they settle down in layers (of
universatity). The thickness of the deposit grows with the number of
these layers, every new layer corresponding o a theory more universal
than those beneath it. As the result of this process ideas previously
floating in higher metaphysical regions may sometimes be reached by
the growth of science, and thus make contact with it, and seule.
Fxamples of such ideas are atomism; the idea of a single physical
‘principle’ or ultimate element {from which the others derive);
the theory of terrestrial motion {opposed by Bacon as fictiious); the

*2 1t should be noted that { mean by 2 crucial experiment one that s desigaed to refute a
thewry (if possible) and more especially one which is desigaed 10 bring abowt a decision
between two competing theories by refuting (at leasty one of them—without, of course,
proving the other. (See also note % o seerion 12, and appendix *ix.)
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age-old corpuscular theory of light; the fuid-theory of electricity
{revived as the electron-gas hypothesis of metallic conduction). All
these metaphysical concepts and ideas may have helped, even in their
early forms, to bring order into man's picoare of the world, and in
some cases they may even have led to successful predictions. Yet an idea
of this kind acquires scientific status only when it is presented in falsifi-
able forim; that is o say, only when it has become possible to decide
empirically berween it and some rival theory.

right we were. On the contrary, we try to overthrow thent. Using all
the weapons of our logical, mathematical, and technical armoury, we
try to prove that our anticipations were false—-in order 1o put forward,
in their stead, new unjustified and unjustifiable anticipations, new ‘rash
and premature prejudices’, as Bacon derisively called them. ™

It is possible to interpret the ways of science more prosaicaily. One
mught say that progress can " .. come about only in two ways: by
gathering new perceptual experiences, and by better organizing those
which are available already’.’ But this deseription of scientific pro-
gress, although not actually wrong, seems o miss the point, It is 00
reminiscent of Bacon's induction: too suggestive of his industrious
demarcation-—adopted at the beginning of this book. Looking back, gathering of the “countless grapes, ripe and in season’,’ from which
We may now iy o get a last comprehensive glimpse of the picture of he expected the wine of science 1o flow: of his myth of a scientific
seieace and of scientific discovery which has emerged. (What T have Ry method that starts from observation and experiment and then proceeds
here in mind is not a picture of science as a biological phenomenon, as . to theories. (This legendary method, by the way, still inspires some of
an instrument of adaptation, or as a roundabout method of production: the newer sciences which try to practice it because of the prevalent
I have in mind its epistemological aspects.) belief that it is the method of experimental physics.)

science is not a systemn of certain, or well-established, statements;
#or g5t a system which steadily advances towards a state of finality.
Crar science is not knowledge {epistBm#): it can never claim 1o have
attained truth, or even a substitute for it, such as probability.

Yet science has more than mere biological survival value. It is not
only a useful instrument. Although it can attain neither truth nor prob-
ability, the striving for knowledge and the search for truth are sl the
strongest motives of scientific discovery,

We do not know: we can only guess. And our guesses are guided by the
unscientific, the metaphysical (though biologically explicable) faith in
laws, i regularities which we can uncover—discover. Like Bacon, we

My investigation has traced the various consequences of the

decisions  and  conventions—in va.w.ﬂnﬂwm.ﬂ of the criterion  of

* Bacon's ‘anticipation’ {‘anticipatio’; Nevum Osgavam 1, 263 means almost the same o5 hypotheis”
(i my usage}. Bacom held that, vo prepare the mind for the intuition of the e asence or neture of a thing,
it has o be meticndously cleansed of all anticipations, prejudices. and idots, For the
source of all error s the impurity of our ows minds: Nature isell does not lie. The main
funciion of eliminative induction is {as with Aristotle) 10 assist the purification of the
mind. {Se also nay Open Society, chapter 24; note 59 o chaprer 10: note 33 1o chapter 11,
where Aristotie’s theory of induction is briefly described). Purging the mind of preju-
dices is conceived as a kind of riwual, prescribed for the scientist who wishes to prepare
his mind for the taterpretation {the unbiassed readingy of the Book of Nature: just as the
mystic purifies his soul 1o prepare it for the vision of God. {CF the Ingroduction to my
Conjectures and Refutations £1963) 1965)
" P Frank, Dos Kawalgesst: und seine Guauen, 1937 *The view that the progress of science is
miight describe our own contemporary science—'the method of rea- , mma. e the mw..”c:zm%w;w of m.%:.,am;.ﬁ; experiences {5 sl widely held {d my fé,smc_
. , o L S Preface, 1958). My denial of this view is closely conneceed with the rejection of the
soring which men now ordinarily apply to nature’-—as consisting of T doctrine that science or knowledge is bound tw advance since our cxperiences are bound 10
‘anticipations, rash and premature’ and of ‘prejudices’.’ g

accurnulate. As against tis, | helieve that the advance of science depends upon the free
But these marvellously hmaginative and bold conjectures or ‘antici- competition of thought, and thus upon freedom, and that # oust come W an end if

frecdom is destroyed (though it may well continue for some time in some fields, espe-
cially in techuologyy. This view is more fully expounded in my Pmerty of Historican
(section 32} [ also argue there {in the Preface) that the growth of our kaowledge is
unpredictable by scientiBic means, and that, as 2 consequence, the future course of our
history is also unpredictable

? Bacon, Novim Owweram [ 173

pations” of ours are carefully and soberly controlled by systematic ¢
Once put forward, none of our ‘anticipations” are dogmatically upheld.
Our method of rescarch is not w defend them, in order 1o prove how

Bavon, Nevum Orgenars §, 26
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The advance of science is aot due to the fact that more and more
perceptual experiences acowmulate in the course of dme. Nor is it due
to the fct that we are making ever better use of our senses. Out of
uninterpreted sense-experiences science cannot be distilled, no matter
how industriously we gather and sort them. Bold ideas, unjustified
anticipations, and speculative thought, are our only means for inter-
preting nature: our only organon, our only instrument, for grasping
hier, And we must hazard them to win our prize. Those among us who
are unwilling to expose their ideas 1w the hazard of refutation do not
take part in the scientific game.

With the idol of certaimy (including that of degrees of imperfect
certainty or probability) there falls one of the defences of abscurantism
which bar the way of scientific advance, For the worship of this idol
hampers not only the boldness of our questions, but also the rigour
and the integrity of our wsts. The wrong view of science betrays iself
in the craving to be right; for it 3s not his pessesion of knowledge, of
irrefutable truth, that makes the man of science, but his persistent and
recklessly critical quest for trath.

Has our attitude, then, 1o be one of resignation? Have we to say tha
science can fulfil only it biological wask; that it can, at best, merely
prove its mettle in practical applications which may corroborate it Are
its inteilectual problems insoluble? T do not think so. Science never
parsues the ilhusory aim of making its answers final, or even probable.
les advance is, rather, towards an infinite yer attainable aim: that of ever
discovering new, deeper, and more general problems, and of subjecting
OUT ever lenative answers o ever rene
wsts,

Even the careful and sober testing of our ideas by experience is n its
tarn inspired by ideas: experiment is planned action in which every
step is guided by theory. We do not stumble upon our experiences, nor
do we let them Aow over us like a stream. Rather, we have to be active:
we have to ‘make’ our experiences. It is we who always tormulate the
questions to be put to pature; it is we who try again and again to put
these question so as to elicit a clear-cut ‘'yes” or ‘no’ {for nature does
ot give an answer untess pressed for it} And in the end, it is again we
who give the answer; it is we ourselves who, after severe scrutiny,

~d and ever more :ﬁﬁﬂﬁw?

This bs the end of the text of the original beok.
The Appendices 1-vit which ase here printed on
PP 285370 were also pare of that original edition.

decide upon the answer to the question which we put to nature—-after
protracted and earnest attempts to elicit from ber an unequivocal 'no’.
‘Onee and for all’, says Weyl,” with whom 1 fully agree, ‘T wish to
record my unbounded admirasion for the work of the experimenter in
his struggle to wrest interpretable focts from an unyielding Nature who
knows so well how 1o meet our theories with a decisive No—-or with an
inandible Yes.”

Addendum, 1972

In the preceding chapter of my book (which was the final chapter) I
tried to make clear that by the degree of wrrobortion of 2 theory § mean a
brief report that summarizes the way in which the theory has stood up
to tests, and how severe these tesis were,

The old sciendfic ideal of episttme-—of absolutely certain, demon-
trable knowledge-—has proved to be an idol. The demand for scientific
objectivity makes it inevitable that every scientific statement must
rernain tentative for ever. It may indeed be corroborated, but every cor-
roboration is relative o other statements which, again, are tentative.
Culy in our subjective experiences of conviction, i our subjective
faith, can we be "absolutely certain’.}

1 have never deviated from this view; see for example the beginnings
of the new Appendices *vit, p. 378; *ix, p. 406, and especially the la:
sectionn (¥14) of *ix, pp. 441 £ Here | wish 1o add che following points:

{1} The logical and methodological problem of induction is ot
insoluble, but my book offered a negative solution: {a) We can never
rtionatly justify o theory, that is to say, our belief in the truth of a theory, or
in its being probably true. This negative solution is compatible with the
following positive solution, contained in the rele of preferring theories
which are better corroborated than others: (b) We can sometimes rationally

o
s

o

VW), Gruppesbeorie and Quantenmechanik, 1931, p. 2. English wanslation by H. P Robert-
sony The Theory of Groups and Quantem Mechanics, 1931, powx

SCi fur enample note 3 to secriom 30, This last remark is of course 2 p
remvuark rather than an epastemological one; o sections 7 and 8.

helogical
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justily the preference for a theory in the light of its corroboration, that is, of
the present state of the critical discussion of the competing theories,
which are critically discussed and compared from the point of view of
assessing their nearness to the truth (verisimilitude) The current siate
of this discussion may, in principle, be reported in the form of their
degrees of corroboration. The degree of corroboration is not, however,
a measure of verisimilitude {(such a measure would have to be timeless)
but only a report of what we have been able to ascertain up to a certain
motent of time, about the comparative claims of the competing theor-
ies by judging the available reasons which have been proposed for and
against their verisimilitude.

(2} A metaphysical problem raised by the idea of verisimilitude is:
are there genuine regularities in navare? My reply is ‘yes'. One of the
arguments (non-scientific but perhaps ‘transcendental’; see pp. 384--5)
in favour of this reply is: if no regularities were apparent in nature then
neither observations nor language could exist: neither a descriptive nor
an argumentarive language.

{3} The force of this reply depends on some kind of comumnonsense
reatistl.

{4) The pragmatic problem of induction solves itself’ the practical
preference for the theory which in the light of the rational discussion
appears 10 be nearer to the truth is risky but rational,

(5} The psychological problem (why do we believe that the theory so
chosen will continue to be worthy of our trust?) s, 1 suggest, trivial: a
belief or trust is always irrational, but it may be important for action,

{6) Not all possible ‘probiems of induction” are solved in this way.

]

(See also my forthcoming book: Objective Knowledge: An Evolutionary
Approach. )

APPENDIX i

Definition of the Dimension of a
Theory (cf. sections 38 and 39)

The definiton which foliows here should be regarded as only pro-
visional.*! It is an attempt o define the dimension of a theory so as to
make it agree with the dimension of the set of curves which resules if
the field of application of the theory is represenied by a graph paper A
difficulty arises from the fact that we should not assume that either a
metric or even a wpology is defined for the held, o begin with; in
particular, we should not assume that any neighbourhood relations are
defined. And I admit that this difficulty is circumvented rather than
overcome by the definition proposed. The possibility of circumventing

"1 A simplified and shghtdy more general definition is this. Let 4 and ¥ be two sets of
statemments. {Intuitively, A is a set of universal laws, X a set-—usually infinite-—of sngular
test statements.) Then we say that ¥ is a fhomogenecus) field of application with respect
t A (in symbols: X =F) H and only if for every statement ¢ in A, there exists 2 nataral
numher d4a) = & which satisfies the following rwo conditions: (1) any conjuncaon ¢, of n
different staternents of X is compatibie with «; (i1} for any such conjuncuon ¢, there exist
two statements x amd y in X such that x.q, i3 incompatible with o and yo, s derivable from
ag,, but neither from ¢ por from ¢,

d{u} s called the dimension of o, or the degree of composition of o, with respect 10
X=F;and 1/74{a) or, say, 1/€d{a) + 1}, may be taken as & measure of the simplicity of »

The problem is furtier developed in appendiy *vii.




