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Conjectures and Refutations

KARL POPPER

My aim in this lecture is to stress the significance
of one particular aspect of science—its need to
grow, or, if you like, its need to progress. I do
not have in mind here the practical or social sig-
nificance of this need. What I wish to discuss is
rather its intellectual significance. I assert that con-
tinued growth is essential to the rational and em-
pirical character of scientific knowledge; that if
science ceases to grow it must lose that character.
It is the way of its growth which makes science
rational and empirical; the way, that is, in which
scientists discriminate between available theories
and choose the better one or (in the absence of
a satisfactory theory) the way they give reasons for
rejecting all the available theories, thereby sug-
gesting some of the conditions with which a satis-
factory theory should comply.

You will have noticed from this formulation
that it is not the accumulation of observations
which I have in mind when I speak of the growth
of scientific knowledge, but the repeated overthrow
of scientific theories and their replacement by bet-
ter or more satisfactory ones. This, incidentally, is a
procedure which might be found worthy of atten-
tion even by those who see the most important
aspect of the growth of scientific knowledge in
new experiments and in new observations. For
our critical examination of our theories leads us
to attempts to test and to overthrow them; and
these lead us further to experiments and observa-
tions of a kind which nobody would ever have
dreamt of without the stimulus and guidance
both of our theories and of our criticism of them.
For indeed, the most interesting experiments and
observations were carefully designed by us in order
to test our theories, especially our new theories.

From Karl R. Popper, Conjectures and Refutations: The Growth of
ledge, 1963), pp. 215-217, 228-231, 240-244. Footnotes delete
Copyright © since 1994 The Estate of Sir Karl Popper.

In this paper, then, I wish to stress the signifi-
cance of this aspect of science and to sqlve some of
the problems, old as well as new, which are con-
nected with the notions of scientific progress and
of discrimination among competing theorics. The
new problems I wish to discuss are mainly those
connected with the notions of objective truth, and
of getting nearer to the truth—notions which
seem to me of great help in analysing the growth
of knowledge.

Although I shall confine my discussion to the
growth of knowledge in science, my remarks are
applicable without much change, I believe, to the
growth of pre-scientific knowledge also—that is to
say, to the general way in which men, and even
animals, acquire new factual knowledge about the
world. The method of learning by trial and error—
of learning from our mistakes—seems to be funda-
mentally the same whether it is practised by lower or
by higher animals, by chimpanzees or by men
of science. My interest is not merely in the theory
of scientific knowledge, but rather in the theory of
knowledge in general. Yet the study of the growth
of scientific knowledge is, I believe, the most fruit-
ful way of studying the growth of knowledge in
general. For the growth of scientific knowledge
may be said to be the growth of ordinary human
knowledge writ large (as I have pointed out in the
1958 Preface to my Logic of Scientific Discovery).

But is there any danger that our need to prog-
ress will go unsatisfied, and that the growth of
scientific knowledge will come to an end? In par-
ticular, is there any danger that the advance of
science wnl{ come to an end because science has
Foénplctcd its t‘ask? I hardly think so, thanks to the
iI; tl;:ty of our ignorance. A.mong the real dangers

¢ progress of science is not the likelihood of
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nacy, and of error. But science is one of the very few
human activities pcrhaps the only one—in which
errors are systematically criticized and fairly often,
in time, corrected. This is why we can say that, in
science, we often learn from our mistakes, and why
we can speak clearly and sensibly about makin;g
progress there. In most other fields of human en-
deavour there is change, but rarely progress (unless
we adopt a very narrow view of our possible aims in
life); for almost every gain is balanced, or more than
balanced, by some loss. And in most fields we do
not even know how to evaluate change.

Within the field of science we have, however, a
criterion of progress. even before a theory has ever
undergone an empirical test we may be able to say
whether, provided it passes certain specified tests, it
would be an improvement on other theories with
which we are acquainted. This is my first thesis.

To put it a little differently, I assert that we
know what a good scientific theory should be likc,‘
and—even before it has been tested—what kind of
theory would be better still, provided it passes cer-
fin crucial tests. And it is this (meta-scientific)
knowledge which makes it possible to spcak of

progress in science, and of a rational choice be-
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My first thesis implics that we have a criterion
of relative potential satisfactoriness, or of potential
progressiveness, which can be applied to a theory
¢ven before we know whether or not it will turn
out, by the passing of some crucial tests, to be
satisfactory in fact.

This criterion of relative potential satisfactori-
ness (which I formulated some time ago, and
which, incidentally, allows us to grade theories ac-
cording to their degree of relative potential satis-
factoriness) is extremely simple and intuitive. It
characterizes as preferable the theory which tells
us more; that is to say, the theory which contains
the greater amount of empirical information or
content; which is logically stronger; which has
the greater explanatory and predictive power;
and which can therefore be more severely tested
by comparing predicted facts with observations.
In short, we prefer an interesting, daring, and
highly informative theory to a trivial one.

All these properties which, it thus appcars, we
desire in a theory can be shown to amount to one
and the same thing: to a higher degree of empiri-
cal content or of testability....

IX

Like many other philosophers I am at times in-
clined to classify philosophers as belonging to
two main groups—those with whom I disagree,
and those who agree with me. I also call them
the verificationists or the justificationist philoso-
phers of knowledge (or of belief), and the falsifi-
cationists or fallibilists or critical philosophers of
knowledge (or of conjectures). I may mention in
passing a third group with whom T also disagree.
They may be called the disappointed justification-
ists—the irrationalists and sceptics.

The members of the first group—the verifica-
tionists or justificationists—hold, roughly speaking,
that whatever cannot be supported by positive
reasons is unworthy of being believed, or even of
being taken into serious consideration.

On the other hand, the members of the sec-
ond group—the falsificationists or fallibilists—say,
roughly speaking, that what cannot (at present) in
principle be overthrown by criticism is (at present)
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vorthy of being seriously considered; while

\\'llfit can in principle be so overthrown and yet
resists all our critical efforts to do so may quite
possll.)ly be false, but is at any rate not unworthy
of .bcmg seriously considered and perhaps even of
being byljcvcd—though only tentatively.
Verificationists, I admit, are cager to uphold
t‘hat most important tradition of rationalism—the
fight of reason against superstition and arbitrary
authority. For they demand that we should accept
a belict only if it can be justified by positive evi-
dence; that is to sav, shown to be true, or, at lcast,
to be highly probable. In other words, they de-
mand that we should accept a belief only if it
can be verified, or probabilistically confirmed.
Falsificationists (the group of fallibilists to
which T belong) believe—as most irrationalists
also believe—that they have discovered logical
arguments which show that the programme of
the first group cannot be carried out: that we
can never give positive reasons which justify the
belief that a theory is true. But, unlike irrational-
ists, we falsificationists believe that we have also
discovered a way to realize the old ideal of dis-
tinguishing rational science from various forms of
superstition, in spite of the breakdown of the
original inductivist or justificationist programme.
We hold that this ideal can be realized, very sim-
ply, by recognizing that the rationality of science
lies not in its habit of appealing to empirical evi-
dence in support of its dogmas—astrologers do
so too—but solely in the ¢ritical approach—in an
attitude which, of course, involves the critical
use, among other arguments, of empirical evi-
dence (especially in refutations). For us, there-
fore, science has nothing to do with the quest
for certainty or probability or reliability. We are
not interested in establishing scientific theorices as
secure, or certain, or probable. Conscious of our
fallibility we are only interested in criticizing
them and testing them, in the hope of finding
out where we are mistaken; of learning from
our mistakes; and, if we are lucky, of proceeding
to better theories. N
Considering their views about the positive
or negative function of argument in science, the
first group—the justificationists—may be also

nicknamed the “p(),\ili\'isl.s“ and the second the
group 1o which 1 belong—the ¢nues or e
“negativists.” These are, of course, mere nick
names. Yet they may perhaps suggest some of e
rcasons why some people believe that only the pos.
itivists or verificationists are scriously interested ip
truth and in the scarch for truth, while we, the
critics or negativists, are flippant about the search
for truth, and addicted to barren and destructive
criticism and to the propounding of views which
are clearly paradoxical.

This mistaken picture of our views seems to
result largely from the adoption of a justificationist
programme, and of the mistaken subjectivist ap
proach to truth which I have described.

For the fact is that we too sce science as the
scarch for truth, and that, at lcast since Tarski, we
are no longer afraid to say so. Indeed, it is only
with respect to this aim, the discovery of truth,
that we can say that though we are fallible, we
hope to learn from our mistakes. It is only the
idca of truth which allows us to speak sensibly of
mistakes and of rational criticism, and which
makes rational discussion possible—that is to say,
critical discussion in scarch of mistakes with the
scrious purpose of climinating as many of these
mistakes as we can, in order to get nearer to the
truth. Thus the very idea of error—and of fallibil-
ity—involves the idea of an objective truth as the
standard of which we may fall short. (It is in this
sense that the idea of truth is a regulative idea.)

Thus we accept the idea that the task of science
is the search for truth, that is, for true theories (even
though as Xenophanes pointed out we may never
get them, or know them as true it we get them). Yet
we also stress that truth is not the only aim of science.
We want more than mere truth: what we look for is
interesting truth—truth which is hard to come by.
And in the natural sciences (as distinct from math-
ematics) what we look for is truth which has a high
degree of explanatory power, which implies that it
is logically improbable.

For it is clear, first of all, that we do not merely
want truth—we want more truth, and new truth.
We are not content with “twice two equals four,”
even though it is true: we do not resort to reciting
the multiplication table if we are faced with a




ificult problem in topology or in physics. Mere
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o oW problems. The point has been well put by the

German humorist :.md poct Busch, of Max-and-

Monitz fame, in a little nursery rhyme—I mean a
thyme for the epistemological nursery:

Tiwvice two equals four: ’tis true,
But too empty, and too trite.
What I look for is a clue

To some matters not so light.

Only if it is an answer to a problem—a diffi-
alt, fertile problem, a problem of some depth—
does a truth, or a conjecture about the truth,
become relevant to science. This is so in pure
mathematics, and it is so in the natural sciences.
And in the latter, we have something like a logical
measure of the depth or significance of the prob-
lem in the increase of logical improbability or
explanatory power of the proposed new answer,
as compared with the best theory or conjecture
previously proposed in the field. This logical mea-
sure is essentially the same thing which I have de-
scribed above as the logical criterion of potential
satisfactoriness and of progress.

My description of this situation might tempt
some people to say that truth does not, after all,
play a very big role with us negativists even as a
regulative principle. There can be no doubt, they
will say, that negativists (like myself) much prefer
an attempt to solve an interesting problem by a
bold conjecture, even if it soon turns out to be

false, to any recital of a sequence of true but un-
interesting assertions. Thus it does not seem, after
all, as if we negativists had much use for the idea
of truth. Our ideas of scientific progress and of
dttempted  problem-solving do not seem  very
dosely related to it.
~ This, T believe, would give quite a mistaken
mpression of the attitude of our group. Call us
Negativists, or what you like: but you should real-
'z¢ that we are as much interested in truth as any-
%dy—for example, as the members of a court of
Mstice, When the judge tells a witness that he
sh°“!d speak “The truth, the whole truth, anfl
M0thing but the truth,” then what he looks for is
“much of the yelepant truth as the witness may
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be able to offer. A witness who likes tO \‘"‘chr ot
into irrelevancies is unsatisfactory as 2 \\'lt_m’55~
even though these irrelevancies may be lesn‘lsz
and thus part of “the whole truth.” It is quitc
obvious that what the judge—or anybody cl§c—
wants when he asks for “the whole trufh“ Is as
much interesting and relevant truc information
as can be got; and many perfectly candid \}’lt}lCSSCS
have failed to disclose some important l‘ntorma-
tion simply because they were unaware of its rele-
vance to the case.

Thus when we stress, with Busch, that we are
not interested in mere truth but in interesting and
relevant truth, then, I contend, we only emphasize
a point which everybody accepts. And if we are
interested in bold conjectures, even if these should
soon turn out to be false, then this interest is due
to our methodological conviction that only with
the help of such bold conjectures can we hope to
discover interesting and relevant truth.

There is a point here which, I suggest, it is the
particular task of the logician to analyse. “Inter-
ests,” or “relevance,” in the sense here intended,
can be objectively analysed; it is relative to our pro-
blems; and it depends on the explanatory power,
and thus on the content or improbability, of the
information. The measures alluded to earlier...
are precisely such measures as take account of
some relative content of the information—its con-
tent relative to a hypothesis or to a problem.

I can therefore gladly admit that falsification-
ists like myself much prefer an attempt to solve an
interesting problem by a bold conjecture, even
(and especially) if it soon turns out to be false, to
any recital of a sequence of irrelevant truisms. We
prefer this because we believe that this is the way
in which we can learn from our mistakes; and that
in finding that our conjecture was false, we shall
have learnt much about the truth, and shall have
got nearer to the truth.

I therefore hold that both ideas—the idea of
truth, in thc_scnsc of correspondence with the
facts and the idea of content (which may be mea-
sured by the same measure as testability)—play
a.bout equally important roles in our C(;nsidcra'-
tions, and that both can shed much light on the
idea of progress in science....
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XV

... What is the general problem situation in which
th.c scientist finds himself? He has before him a
scientific problem: he wants to find a new theory
capable of explaining certain experimental facts;
facts which the ecarlier theories successfully ex-
plained; others which they could not explain;
and some by which they were actually falsified.
The new theory should also resolve, if possible,
some theoretical difficulties (such as how to dis-
pense with certain ad hoc hypotheses, or how to
unify two theories). Now if he manages to pro-
duce a theory which is a solution to all these pro-
blems, his achievement will be very great.

Yet it is not enough. I have been asked,
“What more do you want?” My answer is that
there are many more things which I want; or
rather, which I think are required by the logic of
the general problem situation in which the scien-
tist finds himsclf; by the task of getting nearer to
the truth. I shall confine myself here to the discus-
sion of three such requirements.

The first requirement is this. The new theory
should proceed from some simple, new, and pow-
erful, unifving idea about some connection or re-
lation (such as gravitational attraction) between
hitherto unconnected things (such as planets and
apples) or facts (such as inertial and gravitational
mass) or new “theorctical entities” (such as field
and particles). This requirement of simplicity is a
bit vague, and it scems difficult to formulate it
very clearly. It seems to be intimately connected
with the idea that our theories should describe the
structural properties of the world—an idea which
it is hard to think out fully without getting in-
volved in an infinite regress. (This is so because
any idca of a particular structure of the world—
un'lcss, indeed, we think of a purely mathematical
structure—already presupposes a universal theory;
for example, explaining the laws of chemistry by
interpreting molecules as structures of atoms, or
of subatomic particles, presupposes the idea of
universal laws that regulate the properties and
the behaviour of the atoms, or of the particles.)
Yet one important ingredient in the idea of sim-
plicity can be logically analysed. It is the idea of

testability. This leads us immediately to oy i
ond requirement.

For, secondly, we require that the new theory
should be independently testable. That is to say
apart from explaining all the explicanda \\'hiél;
the new theory was designed to explain, it must
have new and testable consequences (preferably
consequences of a new kind); it must lead to the
prediction of phenomena which have not so f;
been observed.

This requirement seems to me indispensab)e
since without it our new theory might be ad hoc;
for it is always possible to produce a theory to fit
any given set of explicanda. Thus our two first
requirements are needed in order to restrict the
range of our choice among the possible solutions
(many of them uninteresting) of the problem in
hand.

If our second requirement is satisfied then our
new theory will represent a potential step forward,
whatever the outcome of the new tests may be.
For it will be better testable than the previous the-
ory: the fact that it explains all the explicanda of
the previous theory, and that, in addition, it gives
rise to new tests, suffices to ensure this.

Morcover, the second requirement also en-
sures that our new theory will, to some extent,
be fruitful as an instrument of exploration. That
is to say, it will suggest to us new experiments, and
even if these should at once lead to the refutation
of the theory, our factual knowledge will have
grown through the unexpected results of the
new experiments. Morcover, they will confront
us with new problems to be solved by new explan-
atory theories.

Yet I believe that there must be a third re-
quirement for a good theory. It is this. We require
that the theory should pass some new, and severe,
tests.

XIX

Clearly, this requirement is totally different in
character from the previous two. These could be
seen to be fulfilled, or not fulfilled, largely by ana-
lysing the old and the new theories I()gica”)'-
(They are “formal requirements.” The third
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requirement, on the 9thcr hand, can be found to
be fulfilled, or not fulfilled, only by testing the
pew theory C“_‘P'“C'J“Y- (It is a “material require-
ment,” a requirement of empirical success.)

Mo.rco'\'cr, the th.lrd requirecment clearly can-
not be indispensable in the same sense a5 are the
qwo previous ones. For these two are indispens-
able for deciding whether the theory in question
should be at all accepted as a serious ’candidatc for
examination by empirical tests; or in other words,
whether it is an interesting and promising theory.
Yet on the other hand, some of the mostgintcrcsdt-
ing and most admirable theories ever conceived
were refuted at the very first test. And why not?
The most promising theory mav fail if it makes
predictions of a new kind....

Refutations have often been regarded as estab-
lishing the failure of a scientist, or at least of his
theory. It should be stressed that this is an induc-
tivist error. Every refutation should be regarded as
a great success; not merely a success of the scientist
who refuted the theory, but also of the scientist
who created the refuted theory and who thus in
the first instance suggested, if only indirectly, the
refuting experiment.

Even if a new theory (such as the theory of
Bohr, Kramers, and Slater) should meet an early
death, it should not be forgotten; rather its beauty
should be remembered, and history should record
our gratitude to it—for bequeathing to us new and
perhaps still unexplained experimental facts and,
with them, new problems; and for the services it

77

has thus rendered to the progress of science during
its successful but short life. .

All this indicates clearly that our third requirc-
ment is not indispensable: even a theory “'I_“Ch
fails to meet it can make an important contribu-
tion to science. Yet in a different sense, I hold, it is
indispensable none the less. (Bohr, Kramers ;.‘“d
Slater rightly aimed at more than making an im-
portant contribution to science.)

In the first place, I contend that further prog-
ress in science would become impossible if we did
not reasonably often manage to meet the third
requirement; thus if the progress of science is to
continue, and its rationality not to decline, we
need not only successful refutations, but also pos-
itive successes. We must, that is, manage reason-
ably often to produce theories that entail new
predictions, especially predictions of new effects,
new testable consequences, suggested by the
new theory and never thought of before. Such
a new prediction was that planets would under
certain circumstances deviate from Kepler’s laws;
or that light, in spite of its zero mass, would
prove to be subject to gravitational attraction
(that is, Einstein’s eclipse-eftect). Another exam-
ple is Dirac’s prediction that there will be an
anti-particle for every elementary particle. New
predictions of these kinds must not only be pro-
duced, but they must also be reasonably often
corroborated by experimental evidence, I contend,
if scientific progress is to continue....




