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A SCIENTIST, whether theorist or experimenter, puts forward statements, and tests them step by step. In the field of the empirical sciences, more particularly, he constructs hypotheses, or systems 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 analyze 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 to this view, the logic of scientific discovery would be identical with inductive logic, i.e. with the logical analysis of these inductive methods.

It is usual to call an inference 'inductive' if it passes from singular statements (sometimes also called 'particular' statements), such as accounts of the results of observations or experiments, to universal statements, such as hypotheses or theories.

Now it is far from obvious, from a logical point of view, that we are justified in inferring universal statements from singular ones, no matter how numerous; for any conclusion drawn in this way may always turn out to be false: no matter how many instances of white swans we may have observed, this does not justify the conclusion that all swans are white.

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

The problem of induction may also be formulated as the question of how to establish the truth of universal statements which are based on experience, such as the hypotheses arid theoretical systems of the empirical sciences. For many people believe that the truth of these universal statements 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 singular statement and not a universal one. Accordingly, people who say of a universal statement that we know its truth from experience usually mean that the truth of this universal statement can somehow be reduced to the truth of singular ones, and that these singular ones are known by experience 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 to be true appears to be only another way of asking whether inductive inferences are logically justified.

Yet if we want to find a way of justifying inductive inferences, we must first of all try to establish a principle of induction. A principle of induction would be a statement with the help of which we could put inductive inferences into a logically acceptable form. In the eyes of the upholders of inductive logic, a principle of induction is of supreme importance for scientific method: "... this principle", says Reichenbach, "determines the truth of scientific theories. To eliminate it from science would mean nothing less than to deprive science of the power to decide the truth or falsity of its theories. Without it, clearly, science would no longer have the right to distinguish its theories from the fanciful and arbitrary creations of the poet's mind." 

Now this principle of induction cannot be a 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 to be regarded as purely logical or tautological transformations, just like inferences in inductive logic. Thus the principle of induction must be a synthetic statement; that is, a statement whose negation is not self-contradictory but logically possible. So the question arises why such a principle should be accepted at all, and how we can justify its acceptance on rational grounds.

Some who believe in inductive logic are anxious to point out, with Reichenbach, that "the principle of induction is unreservedly accepted 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 - I should still contend that a principle of induction is superfluous, and that it must lead to logical inconsistencies.

That inconsistencies may easily arise in connection with the principle of induction should have been clear from the work of Burne; also, that they can be avoided, if at all, only with difficulty. For the principle of induction must be a universal statement in its turn. Thus if we try to regard its truth as known from experience, then the very same problems which occasioned its introduction will arise all over again. To justify it, we should have to employ inductive inferences; and to justify these we should have to assume an inductive principle of a higher order; and so on. Thus the attempt to base the principle of induction on experience breaks down, since it must lead to an infinite regress.

Kant tried to force his way out of this difficulty by taking the principle of induction (whicq he formulated as the 'principle of universal causation') to be 'a priori valid'. But I do not think that his ing_nious attempt to provide an a priori justification for synthetic statements was successful.

My own view is that the various difficulties of inductive logic here sketched are insurmountable. (...)

THE THEORY to be developed in the following pages stands directly opposed to all attempts to operate with the ideas of inductive logic. It 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 I can elaborate this view (which might be called 'deductivism', in contrast to 'inductivism') I must first make clear the distinction 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 a confusion of psychological problems with epistemological ones. It 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.

I said above that the work of the scientist consists in putting forward and testing theories.

The initial stage, the act of conceiving or inventing a theory, seems to me neither to call for logical analysis nor to 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 conflict, or a scientific theory - may be of great interest to empirical psychology; but it is irrelevant to the logical analysis of scientific knowledge. This latter is concerned not with questions of fact (Kant's quid facti?), but only with questions of justification or validity (Kant's quid juris?). Its questions are of the following kind. Can a statement be justified? And if so, how? Is it testable? Is it logically dependent on certain other statements? Or does it perhaps contradict them? In order that a statement may be logically examined in this way, it must already have been presented to us. Someone must have formulated it, and submitted it to logical examination.

Accordingly I shall distinguish sharply between the process of conceiving a new idea, and the methods and results of examining it logically. As to the task of the logic of knowledge - in contradistinction to the psychology of knowledge - I shall proceed on the assumption that it consists solely in investigating the methods employed in those systematic tests to 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 as the business of epistemology to produce what has been called a 'rational reconstruction' of the steps that have led the scientist to a discovery - to the finding of some new truth. But the question is: what, precisely, do we want to reconstruct? If it is the processes involved in the stimulation and release of an inspiration which are to be reconstructed, then I should refuse to take it as the task of the logic of knowledge. Such processes are the concern of empirical psychology but hardly of logic. It is another matter if we want to reconstruct rationally the subsequent tests whereby the inspiration may be discovered to be a discovery, or become known to be knowledge. In so far as the scientist critical

judges, alters, or rejects his own inspiration we may, if we like, regard the methodological analysis undertaken here as a kind of 'rational 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. Still, this is perhaps all that is meant by those who speak of a 'rational reconstruction' of the ways in which we gain knowledge.

It so happens that my arguments in this book are quite independent of this 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 logical reconstruction of this process. My view may be expressed by saying that every discovery contains 'an irrational element', or 'a creative intuition', in Bergson's sense. In a similar way Einstein speaks of

"... the search for those highly universal... laws from which a picture of the world can be obtained by pure deduction. There is no logical path", he says, "leading to these... laws. They can only be reached by intuition, based upon something like an intellectual love ('Einfuhlung') of the objects of experience."

3. Deductive Testing of Theories.

According to the view that will be put forward here, the method of critically testing theories, and selecting them according to the results of tests, always proceeds on the following lines. From a new idea, put up tentatively, and not yet justified in any way- ​an anticipation, a hypothesis, a theoretical system, or what you will - conclusions are drawn by means of logical deduction. These conclusions are then compared with one another and with other relevant statements, so as to find what logical relations (such as equivalence, derivability, compatibility, 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 comparison 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 object of determining whether it has the character of an empirical or scientific theory, or whether it is, for example, tautological. Thirdly, there is the comparison with other theories, chiefly with the aim of determining whether the theory would constitute a scientific advance should it survive our various tests. And finally, there is the testing of the theory by way of empirical applications of the conclusions which can be derived from it.

The purpose of this last kind of test is to find out how far 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 scientific experiments, or by practical technological applications. Here too the procedure of testing turns out to be deductive. With the help of other statements, previously accepted, certain singular statements - which we may call 'predictions' - are deduced from the theory; especially predictions that are easily testable or applicable. From among these statements, those are selected which are not derivable 

from the current 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 applications and experiments. If this decision is positive, that is, if the singular conclusions turn out to be acceptable, or verified, then the theory has, for the time being, passed its test: we have found no reason to discard it. But if the decision is negative, or in other words, if the conclusions have been falsified, then their falsification also falsifies the theory from which they were logically deduced.

It should be noticed that a positive decision can only temporarily support the theory, for subsequent negative decisions may always overthrow it. So long as a theory withstands detailed and severe tests and is not superseded by another 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 outlined. I never assume that we can argue from the truth of singular statements to the truth of theories. I never assume that by force of 'verified' conclusions, theories can be established as 'true', or even as merely 'probable'.

(... )

4. The Problem of Demarcation.

Of the many objections which are likely to be raised against the view here advanced, the most serious is perhaps the following. In rejecting the method of induction, it may be said, I deprive empirical science of what appears to be its most important characteristic; and this means that I remove the barriers which separate science from metaphysical speculation. My reply to this objection is that my main reason for rejecting inductive logic is precisely that it does not provide a suitable distinguishing mark of the empirical, non-metaphysical character of a theoretical system; or in other words, that it does not provide a suitable 'criterion of demarcation '.

The problem of finding a criterion which would enable us to distinguish between the empirical sciences on the one hand, and mathematics and logic as well as 'metaphysical' systems on the other, I call the problem of demarcation.

(... )

6. Falsifiability as a Criterion of Demarcation.

(... )

Now in my 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, therefore, never empirically verifiable. If we wish to avoid the positivist's mistake of eliminating, by our criterion of demarcation, the theoretical systems of natural science, then we must choose a criterion which allows us to admit to the domain of empirical science even statements which cannot be verified.

But I shall certainly admit a system as empirical or scientific only if it is capable of being tested by experience. These considerations suggest that not the verifiability but the falsifiability of a system is to be taken as a criterion of demarcation. In other words: I shall not require of a scientific system that it shall be capable of being singled out, once and for all, in a positive sense; but I shall require that its logical form shall be such that it can be singled out, by means of empirical tests, in a negative sense: it must be possible for an empirical scientific system to be refuted by experience.

(Thus the statement, 'It 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.)

(... )

(...) My proposal is based upon an asymmetry between verifiability and falsifiability; an asymmetry which results from the logical form of universal statements. For these are never derivable from singular statements, but can be contradicted by singular statements. Consequently it is possible by means of purely deductive inferences (with the help of the modus tollens of c1assicallogic) to argue from the truth of singular statements to the falsity of universal statements. Such an argument to the falsity of universal statements is the only strictly deductive kind of inference that proceeds, as it were, in the 'inductive direction'; that is, from singular to universal statements.

(...)

"Replies to my Critics"

(Part Three, 'The Philosopher Replies', of The Philosophy of Karl Popper,

 ed. by P.A. Schilpp, 1974, Vol. 2, pp. 961-1197)

from Chapter 2, 'The Problem of Demarcation', sections 5-8.

5. The Centre of the dispute: The Problem of Demarcation.

(. ..)

I now turn to my problem of demarcation, and to explaining how this problem is related to the problems of empirical content and of testability.

The great scientists, such as Galileo, Kepler, Newton, Einstein, and Bohr (to confine myself, to a few of the dead) represent to me a simple but impressive idea of science. Obviously, no such list, however much extended, would define scientist or science in extenso. But it suggests for me an oversimplification, one from which we can, I think, learn a lot. It is the working of great scientists which I have in my mind as my paradigm for science. Not that I lack respect for the lesser ones; there are hundreds of great men and great scientists who come into the almost heroic category.

But with all respect for the lesser scientists, I wish to convey here a heroic and romantic idea of science and its workers: men who humb1y devoted themselves to the
search for truth, to the growth of our knowledge; men whose life consisted in an adventure of bold ideas. I am prepared to consider with them many of their less brilliant helpers who were equally devoted to the search for truth - for great truth. But I do not count among them those for whom science is no more than a profession, a technique: those who are not deeply moved by great problems and by the oversimplifications of bold solutions.

It is science in this heroic sense that I wish to study. As a side result I find that we can throw a lot of light even on the more modest workers in applied science.

This, then, for me is science. I do not try to define it, for very good reasons. I only wish to draw a simple picture of the kind of men I have in mind, and of their activities. And the picture will be an oversimplification: these are men of bold ideas, but highly critical of their own ideas; they try to find whether their ideas are right by trying first to find whether they are not perhaps wrong. They work with bold conjectures and severe attempts at refuting their own conjectures.


My criterion of demarcation between science and non science is a simple logical analysis of this picture. How good or bad it is will be shown by its fertility.

BOLD IDEAS are new, daring, hypotheses or conjectures. And severe attempts at refutations are severe critical discussions and severe empirical tests.


When is a conjecture daring and when is it not daring, in the sense here proposed?

Answer: it is daring if and only if it takes a great risk of being false - if matters could be otherwise, and seem at the time to be otherwise.

Let us consider a simple example. Copernicus's or Aristarchus's conjecture that the sun rather than the earth rests at the centre of the universe was an incredibly daring one. It was, incidentally, false; nobody accepts today the conjecture that the sun is (in the sense of Aristarchus and Copernicus) at rest in the centre of the universe. But this does not affect the boldness of the conjecture, nor its fertility. And one of its main con​sequences - that the earth does not rest at the centre of the universe but that it has (at least) a daily and an annual motion - is still fully accepted, in spite of some misunderstandings of relativity.

But it is not the present acceptance of the theory which I wish to discuss, but its boldness. It was bold because it clashed with all then accepted views, and with the prima facie evidence of the senses. It was bold because it postulated a hitherto unknown hidden reality behind the appearances.

It was not bold in another very important sense: neither Aristarchus nor Copernicus suggested a feasible crucial experiment. In fact, they did not suggest that anything was, wrong with the traditional appearances: they let the accepted appearances severely alone; they only reinterpreted them. They were not anxious to stick out their necks by predicting new observable appearances.

To the degree that this is so, Aristarchus's and Copernicus's theories may be described in my terminology as unscientific or metaphysical. To the degree that Copernicus did make a number of minor predictions, his theory is, in my terminology,

scientific. But even as a metaphysical theory it was far from meaningless; and in proposing a new bold view of the universe it made a tremendous contribution to the advent of the new science.

Kepler went much further. He too had a bold metaphysical view, partly based upon the Copernican theory, of the reality of the world. But his view led him to many new detailed predictions of the appearances. At first these predictions did not tally with the observations. He tried to reinterpret the observations in the light of his theories; but his addiction to the search for truth was even greater than his enthusiasm for the metaphysical harmony of the world. Thus he felt forced to give up a number of his favoured theories, one by one, and to replace them by others which fitted the facts. It was a great and a heartrending struggle. The final outcome, his famous and immensely important three laws, he did not really like - except the third. But they stood up to his severest tests - they agreed with the detailed appearances, the observations which he had inherited from Tycho.

Kepler's laws are excellent approximations to what we think today are the true movements of the planets of our solar system. They are even excellent approximations to the movements of the distant binary star systems which have since been discovered. Yet they are merely approximations to what seems to be the truth; they are not true.

They have been tested in the light of new theories - of Newton's theory and of Einstein's - which predicted small deviations from Kepler's laws. (According to Newton, Kepler's laws are correct only for two-body systems.) Thus the crucial experiments went against Kepler, very slightly, but sufficiently clearly.

Of these three theories - Kepler's, Newton's, and Einstein's - the latest and still the most successful is Einstein's; and it was this theory which led me into the philosophy of science. What impressed me so greatly about Einstein's theory of gravitation were the following points.

(1) It was a very bold theory. It greatly deviated in its fundamental outlook from Newton's theory which at that time was utterly successfu1.
 

(2) From the point of view of Einstein's theory, Newton's theory was an excellent approximation, though false Gust as from the point of view of Newton's theory, Kepler's and Galileo's theories were excellent approximations, though false). Thus it is not its truth which decides the scientific character of a theory.

(3) Einstein derived from his theory three important predictions of vastly different observable effects, two of which had not been thought of by anybody before him, and all of which contradicted Newton's theory, so far as they could be said to fall within the field of application of this theory at all.

But what impressed me perhaps most were the following two points.

(4) Einstein declared that these predictions were crucial: if they did not agree with his precise theoretical calculations, he would regard his theory as refuted.

(5) But even if they were observed as predicted, Einstein declared that his theory was false: he said that it would be a better approximation to the truth than Newton's, but he gave reasons why he would not, even if all predictions came out right, regard it as a true theory. He sketched a number of demands which a true theory (a unified field theory) would have to satisfy, and declared that his theory was at best an approximation to this so far unattained unified field theory.

(It may be remarked in passing that Einstein, like Kepler, failed to achieve his scientific dream - or his metaphysical dream: it does not matter in this context what label we use. What we call today Kepler's laws or Einstein's theory of gravitation are results which in no way satisfied their creators, who each continued to work on his dream to the end of his life. And even of Newton a similar point can be made: he never believed that a theory of action at a distance could be a finally acceptable explanation of gravity.)

Einstein's theory was first tested by Eddington's famous eclipse experiment of 1919. In spite of his unbelief in the truth of his theory, his belief that it was merely a new important approximation towards the truth, Einstein never doubted the outcome of this experiment; the inner coherence, the inner logic of his theory convinced him that it was a step forward even though he thought that it could not be true. It has since passed a series of further tests, all very successfully. But some people still think the agreement between Einstein's theory and the observations may be the result of (incredibly improbable) accidents. It is impossible to rule this out; (...) [yet the agreement may rather be the result of Einstein's theory's being a fantastically good approximation to the truth.]

THE PICTURE of science at which I have so far only hinted may be sketched as follows.

There is a reality behind the world as it appears to us, possibly a many-layered reality, of which the appearances are the outermost layers. What the great scientist does is boldly to guess, daringly to conjecture, what these inner realities are like. This is akin to mythmaking. (Historically we can trace back the ideas of Newton via Anaximander to Hesiod, and the ideas of Einstein via Faraday, Boscovich, Leibniz, and Descartes to Aristotle and Parmenides.) The boldness can be gauged by the distance between the world of appearance and the conjectured reality, the explanatory hypotheses.

.But there is another, a special kind of boldness - the boldness of predicting aspects of the world of appearance which so far have been overlooked but which it must possess if the conjectured reality is (more or less) right, if the explanatory hypotheses are (approximately) true. It is this more special kind of boldness which I have usually in mind when I speak of bold scientific conjectures. It is the boldness of a conjecture which takes a real risk - the risk of being tested, and refuted; the risk of clashing with reality.


Thus my proposal was, and is; that it is this second boldness, together with the

readiness to look out for tests and refutations, which distinguishes 'empirical' science

from nonscience, and especially from prescientific myths and metaphysics.

I will call this proposal (D): (D) for 'demarcation'.

The italicized proposal (D) is what 1 still regard as the centre of my philosophy. But 1 have always been highly critical of any idea of my own; and so 1 tried at once to find fault with this particular idea, years before 1 published it. And 1 published it together with the main results of this criticism. My criticism led me to a sequence of refinements or improvements of the proposal (D): they were not later concessions, but they were published together with the proposal as parts of the proposal itself.

6. Difficulties of the Demarcation Proposal.

(1) From the beginning 1 called my criterion of demarcation a proposal. This was partly because of my uneasiness about definitions and my dislike of them. Definitions are either abbreviations and therefore unnecessary, though perhaps convenient (.. .), or they are Aristotelian attempts to 'state the essence' of a word, and therefore unconscious conventional dogmas. If 1 define 'science' by my criterion of demarcation (1 admit that this is more or less what 1 am doing) than anybody could propose another definition, such as 'science is the sum total of true statements'. A discussion of the merits of such definitions can be pretty pointless. This is why 1 gave here first a description of great or heroic science and then a proposal for a criterion which allows us to demarcate ​roughly - this kind of science. Any demarcation in my sense must be rough. (This is one of the great differences from any formal meaning criterion of any artificial 'language of science'.) For the transition between metaphysics and science is not a sharp one: what was a metaphysical idea yesterday can become a testable scientific theory tomorrow; and this happens frequently (I gave various examples in The Logic of Scientific Discovery and elsewhere: atomism is perhaps the best).

Thus one of the difficulties is that our criterion must not be too sharp; and in the chapter 'Degrees of Testability' of The Logic of Scientific Discovery I suggested (as a kind of second improvement of the criterion (D) of the foregoing section) that a theory is scientific to the degree to which it is testable.

This, incidentally, led later to one of the most fruitful discoveries of The Logic of Scientific Discovery: that there are degrees of testability (or of scientific character), which can be identified with degrees of empirical content (or informative content).

(2) The formula (D) of the foregoing section is expressed in somewhat psychological language. It can be considerably improved if one speaks of theoretical systems or systems of statements, as 1 did throughout The Logic of Scientific Discovery. This leads at once to the recognition of one of the problems connected with the falsifiability criterion of demarcation: even if we can apply it to systems of statements, it may be difficult 'if not impossible to say which particular statement, or which subsystem of a system of statements, has been exposed to a particular experimental test. Thus we may describe 'a system as scientific or empirically testable, while being most uncertain about its constituent parts.

An example is Newton's theory of gravitation. It has often been asked whether Newton's Laws of Motion, or which of them, are masked definitions rather than empirical assertions.

My answer is as follows: Newton's theory is a system. If we falsify it, we falsify the whole system. We may perhaps put the blame on one of its laws or on another. But this means only that we conjecture that a certain change in the system will free it from falsification; or in other words, that we conjecture that a certain alternative system will be an improvement, a better approximation to the truth.

But this means: attributing the blame for a falsification to a certain subsystem is a typical hypothesis, a conjecture like any other; though perhaps hardly more than a vague suspicion if no definite alternative suggestion is being made. And the same applies the other way round: the decision that a certain subsystem is not to be blamed for the falsification is likewise a typical conjecture. The attribution or non attribution of responsibility for failure is conjectural, like everything in science; and what matters is the proposal of a new alternative and competing conjectural system that is able to pass the falsifying test.

(3) Points (1) and (2) illustrate that however correct my criterion of bold conjectures and severe refutations may be, there are difficulties which must not be overlooked. A primitive difficulty of this kind may be described as follows. A biologist offers the conjecture that all swans are white. When black swans are discovered in Australia, he says that it is not refuted. He insists that these black swans are a new kind of bird since it is part of the defining property of a swan that it is white. In other words, he can escape the refutation, though I think that he is likely to learn more if he admits that he was wrong.

In any case - and this is very important - the theory 'All swans are white' is refutable at least in the following clear logical sense: it must be declared refuted by anybody who accepts that there is at least one non-white swan.

(4) The principle involved in this example is a very primitive one, but it has a host of applications. For a long time chemists have been inclined to regard atomic weights, melting points, and similar properties as defining properties of materials: there can be no water whose freezing point differs from OºC; it just would not be water, however similar in other respects it might be to water. But if this is so, then according to my criterion of demarcation 'Water freezes at OºC' would not be a scientific or an empirical statement; it would be a tautology - part of a definition.

Clearly, there is a problem here: either my criterion of demarcation is refuted, or we have to admit the possibility of discovering water whose freezing point is other than OºC.


(5) I plead of course for the second possibility, and I hold that from this simple

-example we can learn a lot about the advantages of my proposal (D). For let us assume we have discovered water with a different freezing point. Is this still to be called 'water'? I assert that the question is totally irrelevant. The scientific hypothesis was that a liquid (no matter what you call it) with a considerable list of chemical and physical properties freezes at OºC. If any of these properties which have been conjectured to be constantly conjoined should not materialize then we were wrong; and thus new and interesting problems open up. The least of them is whether or not we should continue to call the liquid in question 'water': this is purely arbitrary or conventional. Thus my criterion of

demarcation is not only not refuted by this example: it helps us to discover what is significant for science and what is arbitrary and irrelevant.

(6) As I explained in the very first chapter of The Logic of Scientific Discovery, we can always adopt evasive tactics in the face of refutations. I called these tactics (for historical reasons) 'conventionalist stratagems [or twists]', but my friend Professor Hans Albert has found a much better term for them. He calls them 'immunizing tactics or stratagems': we can always immunize a theory against refutation. There are many such evasive immunizing tactics; and if nothing better occurs to us, we can always deny the objectivity - or even the existence - of the refuting observation. (Remember the people who refused to look through Galileo's telescope.) Those intellectuals who are more interested in being right than in learning something interesting but unexpected are by no means rare exceptions.

(7) None of the difficulties so far discussed is terribly serious: it may seem that a little intellectual honesty would go a long way to overcome them. By and large this is true. But how can we describe this intellectual honesty in logical terms? I described it in The Logic of Scientific Discovery as a rule of method, or a methodological rule: 'Do not try to evade falsification, but stick your neck out!'

(8) But I was yet a little more self-critical in The Logic of Scientific Discovery: I first noticed that such a rule of method is, necessarily, somewhat vague - as is the problem of demarcation altogether. Clearly, one can say that if you avoid falsification at any price, you give up empirical science in my sense. But I found that, in addition, supersensitivity with respect to refuting criticism was just as dangerous: there is a legitimate place for dogmatism, though a very limited place. He who gives up his theory too easily in the face of apparent refutations will never discover the possibilities inherent in his theory. There is room in science for debate: for attack and therefore also for defence. Only if we try to defend them can we learn all the different possibilities inherent in our theories. As always, science is conjecture. You have to conjecture when to stop defending a favourite theory, and when to try a new one.

.(9) Thus I did not propose the simple rule: 'Look out for refutations, and never dogmatically defend your theory.' Still, it was much better advice than dogmatic defence at any price. The truth is that we must be constantly critical; self-critical with respect to our own theories, and self-critical with respect to our own criticism; and, of course, we must never evade an issue.

This, then, is roughly the methodological form of (D), of the criterion of demarcation. Propose theories which can be criticized. Think about possible decisive falsifying experiments - crucial experiments. But do not give up your theories too easily - not, at any rate, before you have critically examined your criticism.

(.. .)

7. Empirical-Scientific and Nonscientific Theories.

The difficulties connected with my criterion of demarcation (D), are important, but must not be exaggerated. It is vague, since it is a methodological rule, and since the demarcation between science and non-science is vague. But it is more than sharp enough

to make a distinction between many physical theories on the one hand, and metaphysical theories, such as psychoanalysis, or Marxism (in its present form), on the other. This is, of course, one of my main theses; and nobody who has not understood it can be said to have understood my theory.

The situation with Marxism is, incidentally, very different from that with psychoanalysis. Marxism was once a scientific theory: it predicted that capitalism would lead to increasing misery and, through a more or less mild revolution, to socialism; it predicted that this would happen first in the technically highest developed countries; and it predicted that the technical evolution of the 'means of production' would lead to social, political, and ideological developments, rather than the other way round.

But the (so-called) socialist revolution came first in one of the technically packward countries. And instead of the means of production producing a new ideology, it was Lenin's and Stalin's ideology that Russia must push forward with its industrialization ('Socialism is dictatorship of the proletari'atplus electrification') which promoted the new development of the means of production.

Thus one might say that Marxism was once a science, but one which was refuted by some of the facts which happened to clash with its predictions (I have mentioned just a few of these facts).

However, Marxism is no longer a science; for it broke the methodological rule that we must accept falsification, and it immunized itself against the most blatant refutations of its predictions. Ever since then, it can be described only as non science ​as a metaphysical dream, if you like, married to a cruel reality.

Psychoanalysis is a very different case. It is an interesting psychological metaphysics (and no doubt there is some truth in it, as there is so often in metaphysical ideas), but it never was a science. There may be lots of people who are Freudian or Adlerian cases: Freud himself was clearly a Freudian case, and Adler an Adlerian case. But what prevents their theories from being scientific in the sense here described is, very simply, that they do not exclude any physically possible human behaviour. Whatever anybody may do is, in principle, explicable in Freudian or Adlerian terms. (Adler's break with Freud was more Adlerian than Freudian, but Freud never looked on it as a refutation of his theory.)

..

The point is very clear, Neither Freud nor Adler excludes any particular person's acting in any particular way, whatever the outward circumstances. Whether a man sacrificed his life to rescue a drowning child (a case of sublimation) or whether he murdered the child by drowning him (a case of repression) could not possibly be predicted or excluded by Freud's theory; the theory was compatible with everything that could happen - 'even without any special immunization treatment.

Thus while Marxism became nonscientific by its adoption of an immunizing strategy, psychoanalysis was immune to start with, and remained so. In contrast, most physical theories are pretty free of immunizing tactics and highly falsifiable to start with. As a rule, they exclude an infinity of conceivable possibilities.

The main value of my criterion of demarcation was, of course, to point out these differences. And it led me to the theory that the empirical content of a theory could be measured by the number of possibilities which it excluded (provided a reasonably non​immunizing methodology was adopted).

8. Ad Hoc Hypotheses and Auxiliary Hypotheses. The falsifiability of Newton 'Theory.

There is one important method of avoiding or evading refutations: it is the method of auxiliary hypotheses or ad hoc hypotheses.

If any of our conjectures goes wrong - if, for example, the planet Uranus does not move exactly as Newton's theory demands - then we have to change the theory. But there are in the main two kinds of changes; conservative and revolutionary. And among the more conservative changes there are again two: ad hoc hypotheses and auxiliary hypotheses.

In the case of the disturbances in the motion of Uranus the adopted hypothesis was partly revolutionary: what was conjectured was the existence of a new planet, something which did not affect Newton's laws of motion, but which did affect the much older 'system of the world'. The new conjecture was auxiliary rather than ad hoc: for although there was only this one ad hoc reason for introducing it, it was independently testable: the position of the new planet (Neptune) was calculated, the planet was discovered optically, and it was found that it fully explained the anomalies of Uranus. Thus the auxiliary hypothesis stayed within the Newtonian theoretical framework, and the threatened refutation was transformed into a resounding success.

I call a conjecture 'ad hoc' if it is introduced (like this one) to explain a particular difficulty, but if (in contrast to this one) it cannot be tested independently.

It is clear that, like everything in methodology, the distinction between an ad hoc hypothesis and a conservative auxiliary hypothesis is a little vague. Pauli introduced the hypothesis of the neutrino quite consciously as an ad hoc hypothesis. He had originally no hope that one day independent evidence would be found; at the time this seemed practically impossible. So we have an example here of an ad hoc hypothesis which, with the growth of knowledge, did shed its ad hoc character. And we have a warning here not to pronounce too severe an edict against ad hoc hypotheses: they may become testable after all, as may also happen to a metaphysical hypothesis. But in general, our criterion of testability warns us against ad hoc hypotheses; and Pauli was at first far from happy about the neutrino which would in all likelihood have been abandoned in the end, had not new methods provided independent tests for its existence.

..

Ad hoc hypotheses - that is, at the time untestable auxiliary hypo-theses - can

save almost any theory from any particular refutation. But this does not mean that we go on with an ad hoc hypothesis as long as we like. It may become testable; and a negative test may force us either to give it up or to introduce a new secondary ad hoc hypothesis, and so on, ad infinitum. This, in fact, is a thing we almost always avoid. (I say 'almost' because methodological rules are not hard and fast.)

Moreover, the possibility of making things up with ad hoc hypotheses must not be exaggerated: there are many refutations which cannot be evaded in this way, even though some kind of immunizing tactic such as ignoring the refutation is always possible.

(oo .)

The Poverty of Historicism

(First published as a book in 1957, revised

from a paper read privately in 1936 and published in 1944-45)

from Chapter 2, 'The Pro-Naturalistic Doctrines of Historicism', section 16,


Chapter 4, 'Criticism of the Pro-Naturalistic Doctrines', section 27,

Chapter 3, 'Criticism of the Anti-Naturalistic Doctrines', sections 21 and 24.

16. The Theory of Historical Development.

These considerations have taken us to the very heart of the body of arguments which I propose to ca:ll 'historicism', and they justify the choice of this label. Social science is nothing but history: this is the thesis. Not, however, history in the traditional sense of a mere chronicle of historical facts. The kind of history with which historicists wish to identify sociology looks not only backwards to the past but also forwards to the future. It is the study of the operative forces and, above all, of the laws of social development. Accordingly, it could be described as historical theory, or as theoretical history, since the only universally valid social laws have been identified as historical laws. They must be laws of process, of change, of development - not the pseudo-laws of apparent constancies or uniformities. According to historicists, sociologists must try to get a general idea of the broad trends in accordance with which social structures change. But besides this, they should try to understand the causes of this process, the working of the forces responsible for change. They should try to formulate hypotheses about general trends underlying social development, in order that men may adjust themselves to impending changes by deducing prophecies from these laws.

.(oo. )

27. Is there a Law of Evolution? Laws and Trends.

(oo.) The belief (oo.) that it is the task of the social sciences to lay bare the law of

evolution of society in order to foretell its future might be perhaps described as the central historicist doctrine. For it is this view of a society moving through a series of periods that gives rise, on the one hand, to the contrast between a changing social and an unchanging physical world, and (hereby to anti-naturalism. On the other hand, it is the same view that gives rise to the pro-naturalistic - and scientistic - belief in so-called 'natural laws of succession'; a belief which, in the days of Comte and Mill, could claim to be supported by the long-term predictions of astronomy, and more recently, by Darwinism. Indeed, the recent vogue of historicism might. be regarded as merely part of the vogue of evolutionism - a philosophy that owes its influence largely to t_e somewhat sensational clash between a brilliant scientific hypothesis concerning the history of the various

species of animals and plants on earth, and an older metaphysical theory which, incidentally, happened to be part of an established religious belief.

What we call the evolutionary hypothesis is an explanation of a host of biological and palaeontological observations - for instance, of certain similarities between various species and genera - by the assumption of the common ancestry of related forms. This hypothesis is not a universal law, even though certain universal laws of nature, such as laws of heredity, segregation, and mutation, enter with it into the explanation. It has, rather, the character of a particular (singular or specific) historical statement. (It is of the same status as the historical statement: 'Charles Darwin and Francis Galton had a common grandfather.') The fact that the evolutionary hypothesis is not a universal law of nature but a particular (or, more precisely, singular) historical statement about the ancestry of a number of terrestrial plants and animals is somewhat obscured by the fact that the term 'hypothesis' is so often used to characterize the status of universal laws of

nature. But we should not forget that we quite frequently use this term in a different sense. For example, it would undoubtedly be correct to describe a tentative medical diagnosis as a hypothesis, even though such a hypothesis is of a singular and historical character rather than of the character of a universal law. In other words, the fact that all laws of nature are hypotheses must not distract our attention from the fact that not all hypotheses are laws, and that more especially historical hypotheses are, as a rule, not universal but singular statements about one individual event, or a number of such events.

But can there be a law of evolution? Can there be a scientific law in the sense intended by T.H. Huxley when he wrote: "... he must be a half-hearted philosopher who ... doubts that science will sooner or later... become possessed of the law of evolution of organic forms - of the unvarying order of that great chain of causes and effects of which all organic forms, ancient and modern, are the links.. .. "?5

I believe that the answer to this question must be 'No', and that the search for the law of the 'unvarying order' in evolution cannot possibly fall within the scope of scientific method, whether in biology or in sociology. My reasons are very simple. The evolution of life on earth, or of human society, is a unique historical process. Such a process, we may assume, proceeds in accordance with all kinds of causal laws, for example, the laws of mechanics, of chemistry, of heredity and segregation, of natural selection, etc. Its description, however, is not a law, but only a singular historical statement. Universal laws make assertions concerning some unvarying order, as Huxley puts it, i.e. concerning all processes of a certain kind; and although there is no reason why the observation of one single instance should not incite us to formulate a universal law, nor why, if we are lucky, we should not even hit upon the truth, it is clear that any law, formulated in this or in any other way, must be tested by new instances before it can be taken seriously by science. But we cannot hope to test a universal hypothesis nor to find a natural law acceptable to science if we are for ever confined to the observation of one unique process.' Nor can the observation of one unique process help us to foresee its future development. The most careful observation of one developing caterpillar will not help us to predict its transformation into a butterfly. As applied to the history of human society - and it is with this that we are mainly concerned here - our argument has been formulated by H.A.L. Fisher6 in these words: "Men... have discerned in history a plot, a

..

5 See T.H. Huxley, Lay Sermons (1880). p. 214. C.,)

6 See H.A.L. Fisher's History of Europe, vol. I, p. vii (italics mine). (...)

rhythm, a predetermined pattern
I can see only one emergency' following upon

another. . ., only one great fact with respect to which, since it is unique, there can be no generalizations... ."

How can this objection be countered? There are, in the main, two positions which may be taken up by those who believe in a law of evolution. They may (a) deny our contention that the evolutionary process is unique; or (b) assert that in an evolutionary process, even if it is unique, we may discern a trend or tendency or direction, and that we may formulate a hypothesis which states this trend, and test this hypothesis by future experience. The two positions (a) and (b) are not exclusive of each other

Position (a) goes back to an idea of great antiquity the idea that the life-cycle of

birth, childhood, youth, maturity, old age, and death applies not only to individual animals and plants, but also to societies, races, and perhaps even to 'the whole world'.. C...) But this is merely one of the many instances of metaphysical theories seemingly confirmed by facts - facts which, if examined more closely, turn out to be selected in the light of the very theories they are supposed to test.

Turning to position (b), the belief that we may discern, and extrapolate, the trend or direction of an evolutionary movement, it may first be mentioned that this belief has influenced and has been used to support some of the cyclical hypotheses which represent position (a). (...)

(oo.) The idea of the movement of society itself - the idea that society, like a physical body, can move as a whole along a certain path and in a certain direction - is merely a holistic confusion.

The hope, more especially, that we may some day find the 'laws of motion of society', just as Newton found the laws of motion of physical bodies, is nothing but the result of these misunderstandings. Since there is no motion of society in any sense similar or analogous to the motion of physical bodies, there can be no such laws.

But, it will be said, the existence of trends or tendencies in social change can hardly be questioned: every statistician can calculate such trends. Are these trends not comparable with Newton's law of inertia? The answer is: trends exist, or more precisely, the assumption of trends is often a useful statistical device. But trends are not laws. .-\ statement asserting the existence of a trend is existential, not universal. (A universal law. on the other hand, does not assert existence; on the contrary (...) it asserts the impossibility of something or other.) And a statement asserting the existence of a trend at a certain time and place would be a singular historical statement, not a universal law. The practical significance of this logical situation is considerable: while we may base scientific predictions on laws, we cannot (as every cautious statistician knows) base them merely on the existence of trends. A trend (we may again take population growth as an example) which has persisted for hundreds or even thousands of years may change within a decade, or even more rapidly than that.

lit

It is important to point out that laws and trends are radically different things. 7 There is little doubt that the habit of confusing trends with laws, together with the

7 A law, however, may assert that under certain circumstances (initial conditions) certain trends will be found: moreover, after a trend has been so explained, it is possible to formulate a law corresponding to the trend.

intuitive observation of trends (such as technical progress), inspired the central doctrines of evolutionism and historicism - the doctrines of the inexorable laws of biological evolution and of the irreversible laws of motion of society. And the same confusions and intuitions also inspired Comte's doctrine of laws of succession - a doctrine which is still very influential.

(... )

The crucial point is this: although we may assume that any actual succession of phenomena proceeds according to the laws of nature, it is important to realize that practically no sequence of, say, three or more causally connected concrete events proceeds according to any single law of nature. If the wind shakes a tree and Newton's apple falls to the ground, nobody will deny that these events can be described in terms _f causal laws. But there is no single law, such as that of gravity, nor even a single definite set of laws, to describe the actual or concrete succession of causally connected events; apart from gravity, we should have to consider the laws explaining wind pressure; the jerking movements of the branch; the tension in the apple's stalk; the bruise suffered by the apple on impact; all of which is succeeded by chemical processes resulting from the bruise, etc. The idea that any concrete sequence or succession of events (apart from such examples as the movement of a pendulum or a solar system) can be described or explained by anyone law, or by anyone definite set of laws, is simply mistaken. There are neither laws of succession, nor laws of evolution.

(oo. )

21. Piecemeal versus Utopian Engineering.

Notwithstanding the objectionable associations which attach to the term 'engineering', I shall use the term 'piecemeal social engineering' to describe the practical application of the results of piecemeal technology. The term is useful since there is need for a term covering social activities, private as well as public, which, in order to realize some aim or end, consciously utilize all available technological knowledge.8 Piecemeal social engineering resembles physical engineering in regarding the ends as beyond the province of technology. (All that technology may say about ends is whether or not they are compatible with each other or realizable.) In this it differs from historicism, which regards the ends of human activities as dependent on historical forces and so within its provInce.

10

Just as the main task of the physical engineer is to design machines and to remodel and service them, the task of the piecemeal social engineer is to design social institutions, and to reconstruct and run those already in existence. The term 'social institution' is us.ed here in a very wide sense, to inc1ud_ bodies of a private as well as of a public character. Thus I shall use it to describe a business, whether it is a small shop or an insurance company, and likewise a school, or an 'educational system', or a police force, or a Church, or a law court. The piecemeal technologist or engineer recognizes that only a minority of social institutions are consciously designed while the vast majority have just 'grown', as the undesigned results of human actions. But however strongly he

8 Including, if it can be obtained, knowledge concerning the limitations of knowledge (.. .j.

may be impressed by this important fact, as a technologist or engineer he will look upon them from a 'functional' or 'instrumental' point of view. He will see them as means to certain ends, or as convertible to the service of certain ends; as machines rather than as organisms. This does not mean, of course, that he will overlook the fundamental differences between institutions and physical instruments.
On the contrary, the

technologist should study the differences as well as the similarities, expressing his results in the form of hypotheses. And indeed, it is not difficult to formulate hypotheses about institutions in technological form as is shown by the following example: 'You cannot construct foolproof institutions, that is to say, institutions whose functioning does not very largely depend upon persons: institutions, at best, can reduce the uncertainty of the personal element, by assisting those who work for the aims for which the institutions are designed, and on whose personal initiative and knowledge success largely depends. (Institutions are like fortresses. They must be well designed and properly manned.)'

The characteristic approach of the piecemeal engineer is this. Even though he may perhaps cherish some ideals which concern society 'as a whole' - its general welfare, perhaps - he does not believe in the method of re-designing it as a whole. Whatever his ends, he tries to achieve them by small adjustments and re-adjustments which can be continually improved upon. His ends may be of diverse kinds, for example, the accumulation of wealth or of power by certain individuals, or by certain groups; or the distribution of wealth and power; or the protection of certain 'rights' of individuals or groups, etc. Thus public or political social engineering may have the most diverse tendencies, totalitarian as well as liberal. (Examples of far-reaching liberal programmes for piecemeal reform have been given by W. Lippmann, under the title 'The Agenda of Liberalism' .9) The piecemeal engineer knows, like Socrates, how little he knows. He knows that we can learn only from our mistakes. Accordingly, he will make his way, step by step, carefully comparing the results expected with the results achieved, and always on the look-out for the unavoidable unwanted consequences of any reform; and he will avoid undertaking reforms of a complexity and scope which make it impossible for him to disentangle causes and effects, and to know what he is really doing.

Such 'piecemeal tinkering' does not agree with the political temperament of many 'activists'. Their programme, which too has been described as a programme of 'social engineering', may be called 'holistic' or 'Utopian engineering'.

"Holistic or Utopian social engineering, as opposed to piecemeal social engineering, is never of a 'private' but always of a 'public' character. It aims at remodelling the 'whole of society' in accordance with a definite plan or blueprint; it aims at "seizing the key positions" 10 and at extending "the power of the State... until the State becomes nearly identical with society",l1 and it aims, furthermore, at controlling from these 'key positions' the historical forces that mould the future of the developing society: either BY arresting this development, or else by foreseeing its course and adjusting society to it.

9 W. Lippmann, The Good Society (1937), ch. XI, pp. 203 ff. (...)

10 The expression is often used by K. Mannheim in his Man and Society in an Age of Reconstruction (.. .). This book is the most elaborate exposition of a holistic and historicist programme known to me and is therefore singled out here for criticism.

11 See Mannheim, ibid., 337. (...)

It may be questioned, perhaps, whether the piecemeal and the holistic approaches here described are fundamentally different, considering that we have put no limits to the scope of a piecemeal approach. As this approach is understood here, constitutional reform, for example, falls well within its scope; nor shall I exclude the possibility that a series of piecemeal reforms might be inspired by one general tendency, for example, a tendency towards a greater equalization of incomes. In this way, piecemeal methods may lead to changes in what is usually called the 'class structure of society'. Is there any difference, it may be asked, between these more ambitious kinds of piecemeal engineering and the holistic or Utopian approach? And this question may become even more pertinent if we consider that, when trying to assess the likely consequences of some proposed reform, the piecemeal technologist must do his best to estimate the effects of any measure upon the 'whole' of society.

In answering this question, I shall not attempt to draw a precise line of demarcation between the two methods, but I shall try to bring out the very different points

of view from which the holist and the piecemeal technologist look upon the task of reforming society. The holists reject the piecemeal approach as being too modest. Their rejection of it, however, does not quite square with their practice; for in practice they always fall back on a somewhat haphazard and clumsy although ambitious and ruthless application of what is essentially a piecemeal method without its cautious and self-critical character. The reason is that, in practice, the holistic method turns out to be impossible; the greater the holistic changes attempted, the greater are their unintended and largely unexpected repercussions, forcing upon the holistic engineer the expedient of piecemeal improvisation. In fact, this expedient is more characteristic of centralized or collectivistic planning than of the more modest and careful piecemeal intervention; and it continually leads the Utopian engineer to do things which he did not intend to do; that is to say, it leads to the notorious phenomenon of unplanned planning. Thus the difference between Utopian and piecemeal engineering turns out, in practice, to be a difference not so much in scale and scope as in caution and in preparedness for unavoidable surprises. One could also say that, in practice, the two methods differ in other ways than in scale and scope ​in opposition to what we are led to expect if we compare the two doctrines concerning the proper methods of rational social reform. Of these two doctrines, I hold that the one is true, while the other is false and liable to lead to mistakes which are both avoidable and grave. Of the two methods, I hold that one is possible, while the other simply does not exist: it is impossible.

One of the differences between the Utopian or holistic approach and the piecemeal approach may therefore be stated in this way: while the piecemeal engineer can attack his problem with an open mind as to the scope of the reform, the holist cannot do this; for he has decided beforehand that a complete reconstruction is possible and necessary. This fact has far-reaching consequences. It prejudices the Utopianist against certain sociological hypotheses which state limits to institutional control; for example, the one mentioned above in this section, expressing the uncertainty due to the personal element, the 'human factor'. By a rejection a priori of such hypotheses, the Utopian approach violates the principles of scientific method. On the other hand, problems connected with the uncertainty of the human factor must force the Utopianist, whether he likes it or not, to try to control the hmnan factor by institutional means, and to extend his programme so as to embrace not only the transformation of socie._y, according to plan, but

also the transformation of man.12 "The political problem, therefore, is to organize human impulses in such a way that they will direct their energy to the right strategic points, and steer the total process of development in the desired direction." It seems to escape the well meaning Utopianist that this programme implies an admission of failure, even before he launches it. For it substitutes for his demand that we build a new society, fit for men and women to live in, the demand that we 'mould' these men and women to fit into his new society. This, clearly, removes any possibility of testing the success or failure of the new society. For those who do not like living in it only admit thereby that they are not yet fit to live i_ it; that their 'human impulses' need further 'organizing'. But without the possibility of tests, any claim that a 'scientific' method is being employed evaporates. The holistic approach is incompatible with a truly scientific attitude.

24. The Holistic Theory of Social Experiments.

Holistic thinking is particularly detrimental in its influence upon the historicist theory of social experiments (...). Although the piecemeal technologist will agree with the historicist view that large-scale or holistic social experiments, if at all possible, are extremely unsuitable for scientific purposes, he will emphatically deny the assumption, common to both historicism and Utopianism, that social experiments, in order to be realistic, must be of the character of Utopian attempts at re-modelling the whole of society.

It is convenient to begin our criticism with the discussion of a very obvious objection to the Utopian programme, namely that we do not possess the experimental knowledge needed for such an undertaking. The blueprints of the physical engineer are based on an experimental technology; all the principles that underlie his activities are tested by practical experiments. But the holistic blueprints of the social engineer are not based on any comparable practical experience. Thus the alleged analogy between physical engineering and holistic social engineering breaks down; holistic planning is rightly described as 'Utopian', since the scientific basis of its plans is simply nowhere.

Faced with this criticism, the Utopian engineer is likely to admit the need for practical experience, and for an experimental technology. But he will claim that we shall never know anything about these matters if we shrink from making social experiments, or, what in his view amounts to the same thing, from holistic engineering. We must make a beginning, he will argue, using whatever knowledge we possess, be it great or small. If we have some knowledge of aircraft designing today, it is only because some pioneer who did not possess this knowledge dared to design an aircraft and to try it out. Thus the Utopianist may even contend that the holistic method which he advocates is nothing but the experimental method applied to society. For he holds, in common with the historicist, that small-scale experiments, such as an experiment in socialism carried out in a factory or in a village or even in a district. would be quite inconclusive; such isolated 'Robinson​Crusoe-experime,nts' cannot tell us anything about modem social life in the 'Great Society'. They even deserve the nickname 'Utopian' - in the (Marxist) sense in which this term implies the neglect of historical tendencies. (The implication in this case would be that the tendency towards an increasing interdependence of social life is being neglected.)

.12 'The Problem of Transforming Man' is the heading of a chapter of Mannheim's Mall alld Society. The following quotation is from that chapter, p. 199 f.

We see that Utopianism and historicism agree in the view that a social experiment (if there is such a thing) could be of value only if carried out on a holistic scale. This widely held prejudice involves the belief that we are seldom in the position to carry out 'planned experiments' in the social field, and that, for an account of the results of 'chance experiments', so far carried out in this field, we have to turn to history.

I have two objections against this view: (a) that it overlooks those piecemeal experiments which are fundamental for all social knowledge, pre-scientific as well as scientific; (b) that holistic experiments are unlikely to contribute much to our experimental knowledge; and that they can be called 'experiments' only in the sense in which this term is synonymous with an action whose outcome is uncertain, but not in the sense in which this term is used to denote a means of acquiring knowledge, by comparing the results obtained with the results expected.

Concerning (a) it may be pointed out that the holistic view of social experiments leaves unexplained the fact that we possess a very great deal of experimental knowledge of social life. There is a difference between an experienced and an inexperienced business man, or organizer, or politician, or general. It is a difference in their social experience; and in experience gained not merely through observation, or by reflecting upon what they have observed, but by efforts to achieve some practical aim. It must be admitted that the knowledge attained in this way is usually of a pre-scientific kind, and therefore more like knowledge gained by casual observation than knowledge gained by carefully designed scientific experiments; but this is no reason for denying that the knowledge in question is based on experiment rather than on mere observation. A grocer who opens a new shop is conducting a social experiment; and even a man who joins a queue before a theatre gains experimental technological knowledge which he may utilize by having his seat reserved next time, which again is a social experiment. And we should not forget that only practical experiments have taught buyers and sellers on the markets the lesson that prices are liable to be lowered by every increase of supply, and raised by every increase of demand.

.Examples of piecemeal experiments on a somewhat larger scale would be the decision of a monopolist to change the price of his product; the introduction, whether by a private or a public insurance company, of a new type of health or employment insurance; or the introduction of a new sales tax, or of a policy to combat trade cycles. All these experiments are carried out with practical rather than scientific aims in view. Moreover, experiments have been carried out by some large firms with the deliberate aim of increasing their knowledge of the market (in order to increase profits at a later stage, of course) rather than with the aim of increasing their profits immediately. The situation is very similar to that of physical engineering and to the pre-scientific methods by which our technological knowledge in matters such as the building of ships or the art of navigation was first acquired. There seems to be no reason why these methods sh-ould not be improved on, and ultimately replaced by a more scientifically minded technology; that is to say, by a more systematic approach in the same direction, based on critical thought as well as on experiment.

According to this piecemeal view, there is no clearly marked division between the pre-scientific and the scientific experimental approaches, even th_ugh the more and more conscious application of scientific, that is to say, of critical methods, is of great - importance. Both approaches may be described, fundamentally, as utilizing the method

of trial and error. We try; that is, we do not merely register an observation, but make active attempts to solve some more or less practical and definite problems. And we make progress if, and only if, we are prepared to learn from our mistakes: to recognize our errors and to utilize them critically instead of persevering in them dogmatically. Though this analysis may sound trivial, it describes, I believe, the method of all empirical sciences. This method assumes a more and more scientific character the more freely and consciously we are prepared to risk a trial, and the more critically we watch for the mistakes we always make. And this formula covers not only the method of experiment, but also the relationship between theory and experiment. All theories are trials; they are tentative hypotheses, tried out to see whether they work; and all experimental corroboration is simply the result of tests undertaken in a critical spirit, in an attempt to find out where our theories err.

.
For the piecemeal technologist or engineer these views mean that, if he wishes to

introduce scientific methods into the study of society and into politics, what is needed most is the adoption of a critical attitude, and the realization that not only trial but also error is necessary. And he must learn not only to expect mistakes, but consciously to search for them. We all have an unscientific weakness for being always in the right, and this weakness seems to be particularly common among professional and amateur politicians. But the only way to apply something like scientific method in politics is to proceed on the assumption that there can be no political move which has no drawbacks, no undesirable consequences. To look out for these mistakes, to find them, to bring them into the open, to analyse them, and to learn from them, this is what a scientific politician as well as a political scientist must do. Scientific method in politics means that the great art of convincing ourselves that we have not made any mistakes, of ignoring them, of hiding them, and of blaming others for them, is replaced by the greater art of accepting the responsibility for them, of trying to learn from them, and of applying this knowledge so that we may avoid them in future.

We now turn to point (b), the criticism of the view that we can learn from holistic experiments, or more precisely, from measures carried out on a scale that approaches the holistic dream (for holistic experiments in the radical sense that they re-model 'the whole of society' are logically impossible (...». Our main point is very simple: it is difficult enough to be critical of our own mistakes, but it must be nearly impossible for us to persist in a critical attitude towards those of our actions which involve the lives of many men. To put it differently, it is very hard to learn from very big mistakes.

The reasons for this are twofold; they are technical as well as moral. Since so much is done at a time, it is impossible to say which particular measure is responsible for any of the results; or rather, if we do attribute a certain result to a certain measure, then we can do so only on the basis of some theoretical knowledge gained previously, and not from the holistic experiment in question. This experiment does not help us to attribute particular results 'to particular measures; all we can do is to attrioute the 'whole result' to it; and whatever this may mean, it is certainly difficult to assess. Even the greatest efforts to secure a well-informed, independent, and critical statement of these results are unlikely to prove successful. But the chances that such efforts will be made are negligible; on the contrary, there is every likelihood that free discussion about the holistic plan and its consequences will not be tolerated. The reason is that every atte_pt at planning on a very large scale is an undertaking which must cause considerable inconvenience to many people, to put it mildly, and over a considerable span of time. Accordingly there will

always be a tendency to oppose the plan, and to complain about it. To many of these complaints the Utopian engineer will have to turn a deaf ear if he wishes to get anywhere at all; in fact, it will be part of his business to suppress unreasonable objections. But with them he must invariably suppress reasonable criticism too. And the mere fact that expressions of dissatisfaction will have to be curbed reduces even the most enthusiastic expression of satisfaction to insignificance. Thus it will be difficult to ascertain the facts, i.e. the repercussions of the plan on the individual citizen; and without these facts scientific criticism is impossible.

But the difficulty of combining holistic planning with scientific methods is still more fundamental than has so far been indicated. The holistic planner overlooks the fact that it is easy to centralize power but impossible to centralize all that knowledge which is distributed over many individual minds, and whose centralization would be necessary f_r the wise wielding of centralized power. But this fact has far-reaching consequences. Unable to ascertain what is in the minds of so many individuals, he must try to simplify his problems by eliminating individual dIfferences: he must try to control and stereotype interests and beliefs by education and propaganda. But this attempt to exercise power over minds must destroy the last possibility of finding out what people really think, for it is clearly incompatible with free thought, especially of critical thought. Ultimately, it must destroy knowledge; and the greater the gain in power, the greater will be the loss of knowledge. (Political power and social knowledge may thus be discovered to be 'complementary' in Bohr's sense of the term. And it may even turn out to be the only clear illustration of this elusive but fashionable term.l3)

All these remarks are confined to the problem of scientific method. They tacitly grant the colossal assumption that we need not question the fundamental benevolence of the planning Utopian engineer, who is vested with an authority which at least approaches dictatorial powers. Tawney concludes a discussion of Luther and his time with the words: "Sceptical as to the existence of unicorns and salamanders, the age of Machiavelli and Henry VIII found food for its credulity in the worship of that rare monster, the God​fearing Prince.,,14 Replace here the words 'unicorns and salamanders' by 'the God​fearing Prince'; replace the two names by those of some of their more obvious modern counterparts, and the phrase 'the God-fearing Prince' by 'the benevolent planning authority': and you have a description of the credulity of our own time. This credulity will not be challenged here; yet it may be remarked that, assuming the unlimited and unvarying benevolence of the powerful planners, our analysis shows that it may be impossible for them ever to find out whether the results of their measures tally with their good intentions.

I do not believe that any corresponding criticism of the piecemeal method can be offered. This method can be used, more particularly, in order to search for, and fight against, the greatest and most urgent evils of society, rather than to seek and to fight for some ultimate good (as holists are inclined to do). But a systematic fight against definite wrongs, against concrete forms of injustice or exploitation, and avoidable suffering such

13 Niels Bohr calls two approaches 'complementary' if they are (a) complementary in the usual sense and (b) if they are exclusive of each other in the sense that the more we make use of the one the less we can use the other. Although I refer in the text mainly to social knowledge, it may be claimed that the accumulation (and concentration) of political power is 'complementary' to the progress of scientific knowledge in general. For the progress of science depends on free competition of thought. hence on freedom of thought. and hence, ultimately. on political freedom.

14 R.B. Tawney, Religion and the Rise of Capitalism, Ch.U. end of section ii.

as poverty or unemployment, is a very different thing from the attempt to realize a distant ideal blueprint of society. Success or failure is more easily appraised, and there is no inherent reason why this method should lead to an accumulation of power, and to the suppression of criticism. Also, such a fight against concrete wrongs and concrete dangers is more likely to find the support of a great majority than a fight for the establishment of a Utopia, ideal as it may appear to the planners. This may perhaps throw some light on the fact that in democratic countries defending themselves against aggression, sufficient support may be forthcoming for the necessary far-reaching measures (which may even take on the character of holistic planning) without suppression of public criticism, while in countries preparing for an attack or waging an aggressive war, public criticism as a rule must be suppressed, in order that public support may be mobilized by presenting aggression as defence.

,
We may now turn back to the Utopianist's claim that his method is the true

experimental method applied to the field of sociology. This claim, I think, is dispelled by our criticism. This can be further illustrated by the analogy between physical and holistic engineering. It may be admitted that physical machines can be successfully planned by way of blueprints, and with them, even a whole plant for their production, etc. But all this is possible only because many piecemeal experiments have been carried out beforehand. Every m_achine is the result of a great many small improvements. Every model must be 'developed' by the method of trial and error, by countless small adjustments. The same holds for the planning of the production plant. The apparently holistic plan can succeed only because we have made all kinds of small mistakes already; otherwise there is every reason to expect that it would lead to big mistakes.

Thus the analogy between physical and social engineering, if looked into more closely, turns against the holist and in favour of the piecemeal social engineer. The expression 'social engineering', which alludes to this analogy, has been usurped by the Utopianist without a shadow of right.

(... )

"

� I H. Reichenbach, Erkenntnis I, 1930, p. 186. <Cf the penultimate paragraph of RusseIl's Chapter XVII, on Hume, in his History of Western! Philosophy, 1946. p. 699.>





� Reichenbach ibid., p. 67.


� Address on Max Planck's 60th birthday. The passage quoted begins with the words, "The supreme task of the physicist is to search for those universal laws ...", etc. (quoted from A. Einstein, Mein Weltbild, 1934, p. 168; English translation by A. Harris: The world as I see it, 1935, p. 125). (...) The German word 'Einfuhlung' is difficult to translate. Harris translates: "sympathetic understanding of experience".





� The small deviation of the perihelion of Mercury did not seriously trouble anybody in the light of its other almost incredible successes. Whether it should have done is another matter.
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