KARL R. POPPER

Science: Conjectures and Refutations

When 1 reccived the list of participants i this
course and realized that T had been asked to speak
to philosophical colleagues 1 thought, after some
hesitation and consultation, that vou would proba-
bly prefer me 1o speak about those problems which
interest me most, and about those developments
with which [ am most intimately acquainted. [ there-
fore dectded to do what I have never done before: to
give you a report on my own work in the philosophy
of science, since the autumn of 1919 when [ first
began to grapple with the problem, ‘When should a
theory be ranked as scientific?’ or ‘Is there a criterton
Jor the scientific character or status of a theory?’

The problem which troubled me at the time was
neither, ‘When is a theory true?’ nor, "‘When is a the-
ory acceptable?” My problem was different. 1 wished
to distinguish betzveen science and pseudo-science; know-
ing very well that science often errs, and that pseudo-
science may happen to stumble on the truth.

I knew, of course, the most widely accepted an-
swer to my problemy: that science is distinguished
from pseudo-science——or from ‘metaphysics’—by ity
empirical method, which is essentially inductive, pro-
ceeding from observation or experiment. But this
did not satisfy me. On the contrary, [ often formu-
lated my problem as one of distinguishing berween a
genuinely empirical method and a non-empirical or
even a pseudo-empirical method—that is to say, a
method which, although it appeals to observation
and experiment, nevertheless does not come up to
scientific standards. The latter method may be ex-
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emplified by astrotogy, with its stupendous mass of
empirical evidence based on observation—on horo-
scopes and on biographies.

But as it was not the example of astrology which
led me to my problem | should perhaps brietly de-
scribe the atmosphere in which my problem arose
and the examples by which it was stimulated. After
the collapse of the Austrian Empire there had been
a revolution in Austria: the air was full of revolu-
tionary slogans and ideas, and new and often wild
theories. Among the theories which interested me
Finstein’s theory of relativity was no doubt by far
the most important. Three others were Marx’s the-
ory of history, Freud’s psycho-analysis, and Alfred
Adler’s so-called ‘individual psychology’.

There was a lot of popular nonsense talked about
these theories, and espcciuﬂy about relativity (as still
happens even today), but [ was fortunate in those who
introduced me to the study of this theory. We all—the
small circle of students to which [ belonged-—were
thrilled with the result of Eddington’s eclipse observa-
tions which in 1919 brought the first important con-
firmation of Einsteln’s theory of gravitaton. It was a
great experience for us, and one which had a lasting
influence on my intellectual development.

The three other theories 1 have mentioned were
also widely discussed among students at that nme. |
myself happened to come into personal contact with
Alfred Adler, and even to cooperate with him in Jus
social work among the children and young people in
the working-class districts of Vienna where he had
established social guidance clinics,

[t was during the summer of 1919 that I began to
feel more and more dissatistied with these three the-
ories—the Marxist theory of history, psycho-analysis,
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and individual psvehology: and T bevan to feel dubi-
ous about e caims 1o scientific status My prob-
lem perhaps first took the simple form, "What is
wrong with Marsism. psycho-analvss. and individual
psvehologyvy Why are thev sedifterent fram physical
theories. from Newton's theors, and especialty from
the theory of relativie s

Toomake this contrast clear T should explaim tha
few of us at the tme would have said that we be-
lieved mothe rrar of Bmsten’s theory of gravita-
tor. This shows that it was not my doubung the
frirtr of those viher three theories which bothered
me, but somethig else. Yot neither was ir that |
merely telt mathematical physics to be more cvaer
than the socivlogical or psychological tope of die-
ory. T hus what worried me was neither the problem
of truthe at that stage at leasto nor the problem of ex-
actiess or measurability, It was rather tha | et tha
these other three theories, though posing as sci-
enves, had iy fact more i conmumon with primitive
myths than witly science: that they resembled as-
trotogy rather than astronomy,

I tound that those of my triends who were ad-
mirers of Marx, Fread. and Adler. were impressed
by a number of points common 1o these theories.
and espectally by their apparent explanaiory poceer,
These theories appeared 1o be able 1o explain prac-
tically evervthing that happened within the ficlds
to which they referred. The study of any of them
seemed o have the effect of an intellectual conver-
ston or revelation, openmg vour eves to a new truth
lidden from those not vetinitiated. Once vour eves
were thus opened vou saw contirming instances

evervwhere: the world was full of verifications of

the theory, Whatever happened alwavs contirmed
it Thus its trath appeared manifest: and unbeliev-
ery were Cearly people who did not want to see the
manitest truth: who retused 1o see i, cither be-
cause 1owas agamst ther class interest, or because
of their repressions which were still “un-analvzed’
and crving aloud tor trearment.

The most characteristic element in this situation
seemied o me the incessant stream of contirmations,
of observations which “verified™ the theories in ques-
tons and this point was constantly emphasized by
their adherents A Marxist could notapen a newspa-
per without finding on every page contirming cvi-

dence for hisainterpretation of historyvenot onlyv in the

news. but dabsa i it presentation-——which revealed
the class bras of the paper--and espectally of course
w what the paper did nor sav The Freudian analvsts
emphasized thar their theorios sere constantly veri-
fied by orher cclinical obsorvirions™. As for Adler, 1
wits much nnpressed by a personal esperionce
Chiceom 19190 T reported o hom 1 case which o me
didd not seem parnculurls Adlerian. but which he
found no difficulty o malvang inwerms of s the-
orev of mfertoriy feelings. althongh he had not even
seen the chlds Slighdde <hocked, Easked him how he
could be sasure Decause of my thousandtold expe-
rienve.” he rephied: whercupon £ could not help say-
g cAnd widy this new cases T osuppose. vour
experience has become thousand-and-one-told.”
What T had momind was that his previous obaer-
vattons may not huve been much sounder than this
new oned that cach inits turn had been interprered in
the hight of “previous expertence’. and at the same
nme counted as additional confirnuation, \Whar, |
asked mvselts did o confirm? No more than that 2
case could be mterpreted in the light of the theory,

But this meant very hude. T oretlected, since overy

conceivable case coudd be nterprered inthe light of

Adler's theory, or equally of Fread's. T may illustrate
this by two very difforent examples of human behay-
1or: that ot man who pushes a Child into the water
with the intention of drowning u: and that of a man
who sacrtices his Hite v an attempt (o save the child,
Fach of these nwo cases can be explained with cqual
case mn Ureadian and in Adlerian terms. According to

Freud the first man suttered from repression (say, of

some component of lus Oedipus complex . swhile the
second man had achicved sublimaton. According to
Adler the first man suttered from fechngs of inferi-
ority (producmg perhaps dhe need o prove o him-

self that e dared 1o commuit some crimei. and so did

the second man Gwhose need was o prove 1o himself

that he dared o rescue the childs. Teonld not think
ol any human behavior which could not be inter-
preted mterms of either theory, 1t was precisely this
fact—that they always fitted, that they were alwavs
contirmed-—whicl in the eves of then adimirers con-
stituted the srongest argument in favor of these the-
ories T began o dawn onome dae this apparent
strength was in fact therr weakiess,

With Linsteny’s theory the sttuation was sirik-

gl ditferend. Take one typical instance—1instein's
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prediction, just then confirmed by the findings of
Eddington’s expedition, Einstein’s gravitational the-
ory had led to the result thar light must be attracted
by heavy bodies (such us the surt), precisely as ma-
werial bodies were attracted. As a consequence it
could be calculated that light from a distant fixed
star whose apparent position was close to the sun
would reach the earth from such a direction that the
star would seem to be stightly shifted away from the
sur; or, in other words, that stars close to the sun
would look as if they had moved a little away from
the sun, and from one another. This is a thing which
cannot normally be observed since such stars are
rendered invisible in daytime by the sun’s over-
whelming brightness; but during an eclipse it is pos-
sible to take photographs of them. If the same
constellation is photographed at night one can
measure the distances on the rwo photographs, and
check the predicted effect,

Now the impressive thing about this case is the
risk involved in a prediction of this kind. If observa-
tiont shows that the predicted effect is definitely ab-
sent, then the theory is simply refuted. The theory is
incompatible  with  certain possible  resulrs of
observation—in fact with results which everybody be-
fore Einstein would have expected.! This is quite dif-
ferent from the situation [ have previously described,
when it turned out that the theories in question were
compatible with the most divergent human behavior,
so that it was practically impossible to describe any
human behavior that might not be claimed to be g4
verification of these theories.

These considerations led me in the winter of
1919-20 to conclusions which [ may now reformu-
late as follows,

L. 1t is easy to obrain confirmations, or veritica-
uons, for nearly every theory—if we look for
confirmations,

2. Confirmations should count only if they are
the result of risky predictions; that is o say, if,
unenlightened by the theory in question, we
should have expected an event which was
incompatible with the theory-—an event
which would have refuted the theory.

3. Every ‘good’ scientific theory is a prohibi-
tion: it forbids certain things to happen. The
more a theory forbids, the better it is.
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4. A theory which is not refutable by any con-
ceivable event is non-scientific. Irrefutability
is not a virtue of a theory (as people often
think) but a vice.

5. Every genuine rest of a theory is an attempt
to falsify it, or to refute it. Testability is falsi-
fiability; but there are degrees of testability:
some theories are more testable, more ex-
posed to refutation, than others; they take, as
it were, greater risks.

6. Confirming evidence should not count excepr
when it is the resuly of a genuine rest of the
theory; and this means that it can be pre-
sented as a serious but unsuccessful attempt
to falsify the theory. (I now speak in such
cases of ‘corroborating evidence’ )

7. Some genuinely testable theories, when
found to be false, are still upheld by their
admirers—for example by introducing ad hoc
some auxiliary assumption, or by reinterpret-
ing the theory ad hoc in such a way that it
escapes refutation. Such a procedure is al-
ways possible, but it rescues the theory from
refutation only at the price of destroying, or
at least lowering, its scientific status. (I later
described such a rescuing operation as a
‘conventionalist twist’ or a ‘conventionalist
stratagein’ )

One can sum up all this by saying that the crite-
rion of the scientific status of a theory is irs Jalsifiabiliry,
or refutability, or testabiliry.

1

[ may perhaps exemplify this with the help of the
various theories so far mentioned. Einstein’s theory
of gravitation clearly satisfied the criterion of falsifi-
ability. Even if our measuring instruments at the
time did not allow us to pronounce on the results of
the tests with complete assurance, there was clearly
a possibility of refuting the theory.

Astrology did not pass the test. Astrologers were
greatly impressed, and misled, by what they believed
to be confirming evidence——so much so that they
were quite unimpressed by any unfavorable evi-
dence. Moreover, by making their interpretations




12 PART 17 Science and Nonscience: Definmg the Boundary

and prophecies sufficiently vague they were able
to explain away anvthing that might have been a
retutation of the theory had the theory and the
prophecies been more precise. In order to escape
talsificanion they destroved the testability of their
theory, It s a wpical soothsaver’s trick to predict
things so vaguely that the predictions can hardly fuls
that they become wrrefutable.

The Marxist theory of history, in spite of the se-
rious etforts of some ot 1ts tounders and followers,
ultimately adopted tus soothsaving practice. In
some of s carhier tormulations {for example in
Marx’s analvsis of the character of the “coming so-
cral revolution’) their predictions were testable. and
in fact falsified 7 Yet instead of accepting the refuta-
tions the followers of Mary reinterpreted hoth the
theory and the evidence in order to make them
agree. Inothis way they rescued the theory from
refutation: but they did so at the price of adopting
adevice which made it irreturable. They thus gave
2 “conventionalist twist’ 1o the theory: and by this
stratagem they destroved its much advernsed claim
fo sciennfic status,

The two psvceho-analyuce theories were in a dif-
ferent class, They were simply non-testable, ir-
refutable, There was no conceivable human
behavior which could contradict them. This does
not mean that Freud and Adler were not sceeing
certaim things correctly: | personally do not doubt
that much of what they say is of considerable im-
portance. and may well play its part one day in a
psychological serence which 1s testable, But it does
mean that those “clinical observations’ which ana-
Ivsts nuively believe contirm their theory cannot
do this any more than the daily contirmations
which astrologers find in their practice.” And as
for Freud’s epic of the Ego, the Super-cgo. and the
Id, no substantially stronger claim to scientific sta-
tus cun be made for wt than tor Flomer’s collected
stories trom Olvmipus, These theories describe
somte tucts, but in the manner of myvths. They con-
tain most interesting  psvchological suggestions,
but ot in a testable form.

At the same time 1 realized that such myths may
be developed, and become testable:r that bistori-
callv speaking all-—or very nearly alle—scienutic
theories originate trom myths, and that 4 myth
may contam pmporant anticipations of scientitic

theories. Examples are Empedocles” theory of evo-

lution by trial and crror, or Parmenides’ myth of

the unchunging block universe in which nothing
cver happens and which, if we add another dimen-
ston, becomes Hinstein's block universe (im which.
too. nothing ever happens, since evervihing is.
four-dimensionally speaking. determined and laid
down trom the beginning). 1 thus felt that it a the-
ory 1s found to be non-scientitic, or ‘metaphvsical’
(as we mught sav). it 1s not thereby found o be
unimportant, or msigniticant, or ‘meaningless’. or
‘monsensical’t But it cannot claim to be backed by
empirical evidence in the scientific sense—aul-
though it may casily be. in some genetic sense. the
result of ohservaton”,

{"There were a great many other theories of this
pre-scienufic or pseudo-scientitic character. some
of them, unformnately, as influential as the AMarsist
mterpretation of historys for example, the racialist
mterpretation ot historv—another ot those impres-
sive and all-explanatory theories which act upon
weak minds like revelatons.)

Thus the problem which T tried 1o solve by pro-
posing the criterion of talsitiability was neither a
problem of meaningtulness or significance, nor a
problem of truth or acceptability, It was the problem
of drawing a line (as well as this can be done) be-

tween the statements, or svstems of statements, of

the empirical sciences, and all other statements—
whether they are of a religious or of a metaphysical
character, or simply pscudo-scientitic. Years later—
1t must have been in 1928 or 1929—1 called this first
problem of mine the “problem of demarcation”. The
criterton of falsitiability is a solution to this problem
of demarcatior, tor it says that statements or sys-
tems of statements, in order o be ranked as scien-
tific, must be capable of contlicting with possible, or
coneelvable, observatons.

NOTES

b This is a slight oversimplification, for about half of
the Einstein eftect mayv be derived from the classical
theory, provided we assume a ballistic theory of light

bt

See, for example. my Open Socieny and Irs Enemics,
ch. 15, section i, and notes 1314,

3. Clinical observations’, like all other observations,
are Interprerations inthe light of theories; and tor this
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reason alone they are apt to seem to support those
theories in the light of which they were interpreted.
But real support can be obtained only from obser-
vations undertaken as tests (by ‘attempted refuta-
uons’); and tor this Purpose crirerta of refuration have
to be laid down beforehand: it must be agreed which
observable situatons, if actually observed, mean that
the theory is refuted. Bur what kind of clinical re-
sponses would refute to the satsfaction of the analyst
not merely a particular analytic diagnosis but
psycho-analysis itself? And have such criteria ever
been discussed or agreed upon by analysts? Is there
not, on the contrary, a whole family of analytc con-
Cepts, such as ‘ambivalence’ (I do not suggest that
there is no such thing as ambivalence), which would
make it difficult, if not impossible, to agree upon such
criteria? Moreover, how much headway has been
made in investigating the question of the extent o
which the (conscious or Unconscious) expectations
and theories held by the analyst influence the ‘clinical
responses’ of the patient? (To say nothing about the
conscious attempts to intluence the patient by pro-
posing interpretations to him, etc.) Years ago I in-
troduced the term ‘Oedipus effect’ to describe the
influence of a theory or expectation or prediction
tpon the event which it predicrs or describes: it will be
remembered that the causal chain leading to Oedi-
pus’ parricide was started by the vracle’s prediction
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of this event. This is a characteristic and recurrent
theme of such myths, but one which seems to have
talled to atract the interest of the analysts, perhaps
not accidentally. (The problem of confirmatory
dreams suggested by the analyst is discussed by
Freud, for example in Gesammelte Schriften, 111, 1925,
where he says on p. 315:9f anybody asserts that most
of the dreams which can be utilized in an analysis . .
owe their origin to [the analyst's] suggestion, then no
objection can be made from the point of view of an-
alytic theory. Yet there is nothing in this fact’, he sur-
prisingly adds, ‘which would detract from the
reliability of our results.”)

4. The case of asrology, nowadays a typical pseudo-

science, may illustrate this point. Tt was artacked, by
Aristotelians and other rationalists, down to Newton's
day, for the wrong reason-—for 1ts now accepted as-
sertion that the planets had an ‘influence’ upon ter-
restrial (“sublunar’) events, In fact Newton’s theory of
gravity, and especially the lunar theory of the tides,
was historically speaking an offspring of astrological
lore. Newton, it seems, was most reluctant to adopt a
theory which came from the same stable as for exam-
ple the theory that ‘influenza’ epidemics are due to an
astral ‘influence’. And Galileo, no doubt for the same
reason, actually rejected the lunar theory of the tides;
and his misgivings about Kepler may easily be ex-
plained by his misgivings about astrology.
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known views of our ¢ airman, Sir Karl Popper.! Or-
dinarily I should d
am not so sanguife as Sir Karl about the utility of
confrontations. }
too long to tu
less, I am pefsuaded that for this occasion the at-
Y tempt musy be made. Even before my book was
A\
\

line such an undertaking, for I

esides, [ have admired his work for
critic easily at this dare. Neverthe-




