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Science is not a quest for certain knpwledge but an

evolutlonary process in which hypothe51s or conjectectures
are. imaginatively proposed and tested in order to explain
facts or to solve problems.
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That all hlgh level theorles grow and live despite the
existence of anomalies. The existence of such anomalies is

not usualy taken by the working scientists as an indication
that the theory in question is false on the contrary, he will
uéually and necessarily, assume that Auxiliary hypotheses
which are associated with the theory can be modified to
incorporate and explain existing anomalies.
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As Popper represents it, the central problem in the
philosophy of science is that of demarcation, i.e., of
distinguishing between science and what he terms

. ‘non-science’, under which heading he ranks, ’amongst
others, logic, metaphysics, psycho-analysis, and Adler's
.individual'psychology. Popper is unusual amongst.
contemporary philosophers in that he accepts the validity of
the Humean critique 'of-’Induction, and indeed, goes beyond .
it in arguing that induction is never actually used by the
scientist. However, he does not concede that this entails the
scepticism which is associated with Hume, and argues that
the Baconian/Newtonian insistence on the primacy of ’puté’ .
observation, as the initial step in the formation of theories, is
completely misguided: all observation is selective and
theory-laden—there are no pure or theory-free observations.
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In this way he de-stabilises the traditional view that science

can be distinguished from non-science on the basis of its
inductive .methodology; in contradistinction to this, Popper .
holds that there is no unique methodology specific to.
science. Science, like virtually every other human, and
~ indeed organic; activity, Popper believes, consists largely of

problem-solving.

~ Popper, then, repudiates induction, and rejects the

view that it is the characteristic method of scientific

investigation and inference, and substitutes falsifiability in its

place. It is easy, he argues, to obtain evidence in favour of

| virtually any theory, and he consequently holds that such

‘corroboration’, as he terms it, should count scientifically
- only if it is the positive result of a genuinely rlsky '

prediction, which might concelvably have been false. For

| Popper, a theory is scientific only if it is refutable by a

conceivable event. Every genuine test of a scientific theory,

then, is logically an attempt to refute or to falsify it, and one

genuine counter-instance falsifies the whole theory. In a

critical sense, Popper's theory of demarcation is based upon
his perception of the logical asymmetry which holds
between verification and falsification: it is logically
impossible to conclusively verify a universal proposifion by
reference to experience (as Hume saw clearly), but a single

counter-instance conclusively falsifies the corresponding |

universal law. In a word, an excephon, far from ‘proving’ a

rule, concluswely refutes it.
Every genuine scientific theory then, in Popper s

view, is prohibitive, in the sense that it forbids, by
implication, particular events or occurrences. As such it can
. be tested and falsified, but never logically verified. Thus
Popper stresses that it should not be inferred ‘from the fact
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that a theqry has withstood the most rigorous testing, for
however long a period of time, that it has been verified;

rather we should recognise that such a theory has received a
high measure of corroboration and may be provisionally

" retained as the best available theory until it is finally falsified

(if indeed it is ever falsified), and/or is superseded by a
better theory :
Popper has always drawn a clear distinction between
the logic of falsifiability and 1ts‘applzed methodology. The logic
of his theory is utterly simple: if a single ferrous metal is

unaffected by a magnetic field it cannot be the case that all

ferrous metals are affected by magnetic fields. Logically

speaking, a scientific law is conclusively falsifiable although

it is not conclusively verifiable. Methodologically, however,

the situation is much more complex: no observation is free

from the possibility of error—consequently we may question

whether our experimental result was what it appeared to be.
Thus, while advocating falsifiability as the criterion

of demarcation for science, Popper explicitly allows for the
fact that in practice a single conflicting or counter-instance is

. never sufficient methodologically to falsify a theory, and

that scientific theories are often retained even though much

_ of the available evidence conflicts with them, or is

anomalous with respect to them. Scientific theories may, and

do, arise genetically in many different ways, and the manner
in which a particular scientist comes to formulate a
particular theory may be of biographicél interest, but it is of
no consequence as far as the philosophy of science is
concerned. Popper stresses in particular that there is no
unique way, no single method such as induction, which
functions as the route to scientific theory, a view which
Einstein personally endorsed with his affirmation that “There
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is no logical path leading to [the highly universal laws of

science]. They can only be reached by intuition, based upon
something like an intellectual«love of the objects of
experience’. Science, in Popper's view, starts with problems
rather than with observations—it is, indeed, precisely in the
context of grappling with a mm, that the scientist makes
observations in the first instance: his observations are
selectively designed to test the extent to which a given

theory functions as a satisfactory solution to a given

. problem.

On this criterion of demarcation physics, chemistry,
and (non-introspective) psychology, amongst others, are
sciences, psycho-analysis is a pre-science (i.e., it
undoubtedly contains useful and infOrmatiVe truths, but
until such time as psYcho-analytiéal theories can be"
~ formulated in such a manner as to be falsifiable, they will
not attain the status of scientific theories), and astrology and .
phrenology are pseudo-sciences. Formally, then, Popper's
theory of demarcation may be articulated as follows: where
a ‘basic statement’ is to be understood as a particular
observation-report, then we may say that a theory is
scientific if and only if it divides the class of basic statements
into the following two non-empty sub-classes: (a) the class of
all those basic statements with which it is inconsistent, or
which it prohibits——this is the class of its potential falsifiers
(i.e., those statements which, if true, falsify the whole
theory), and (b) the class of those basic statements with
which it is consistent, or which it permits (i.e;, those
statements which, if true, corroborate it, or bear it out).

For Popper accordingly, the growth of human
knowledge proceeds from our problems and from our
attempts to solve them. These,attempts involve the
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formulation of theories which, if they are to explain =

anomalies which exist with respect to earlier theories, must
go beyond existing knowledge and therefore require a leap
of the imagination. For this reason, Popper places special

emphasis on the role played by the independent creative.
* imagination in the formulation of theory. The centrality and

priority of problems in Popper's account of science is
paramount, and it is this which leads him to characterise

scientists as 'problem-solvers'. Further, since the scientist

begins with problems rather than with observations or ‘bare

facts’, Popper argues that the only logical technique which is

an integral part of scientific method is that of the deductive

testing of theories which are not themselves the product of
any logical operation. In this deductive procedure
~ conclusions are inferred from a tentative hypothesis. These
conclusions are then comparedWith one another and with
- other relevant statements to determine whether they falsify

or corroborate the hypothesis. Such conclusions are not
directly compared with the facts, Popper stresses, simply
because there are no 'pure! facts available; all

-observation-statements are theory-laden, and are as much a

function of purely subjective factors (interests, expectations,
wishes, etc.) as they are a function of what is objectively real.

-How then does the deductive procedure work?
Popper specifies four steps: "

. (a) The first is formal, a testing of the internal consistency of

the theoretical system to see if it involves any

- contradictions. ‘ ,
(b) The second step is semi-formal, the axiomatising of the
" theory to distinguish between its empirical and its
logical elements. In performing this step the scientist

makes the logical form of the theory explicit. Failure to . R
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do this can lead to category-mistakes____ the scientist
ends up asking the wrong questions, and searches for
empirical data where none are available. Most scientific
theories contain analytic (i-e., a priori) and synthetic
elements, and it is necessary to axiomatise them in
order to distinguish the two clearly

The third step is the comparing of the new theory with
existing ones to determine whether it constitutes an
advance upon them. If it does not constitute such an

advance, it will not be adopted. If, on the other hand, its

explanatory success matches that of the existing

theories, and additionally, it explains some hitherto

anomalous phenomenon, or solves some hitherto

unsolvable problems, it will be deemed to constitute an.

advance upon the existing theories, and will be .

- adopted. Thus science involves theoretical progress.

However, Popper.stresses that we ascertain whether one
theory is better than another by deductively testing both
theories, rather than by induction. For this reason, he
argues that a theory is deemed to be better than another

if (while unfalsified) it has greater empirical content,
and therefore greater predictive power than its rival.
The classic illustration of this in physics was the

replacement of Newton's theory of universal gravitation

by Einstein's theory of relativity. This elucidates the’

nature of science as Popper sees it: at any given time

there will be. 2 number of conflicting theories or

conjectures, some of which will explaiﬁ more than

“others. The latter will consequently be provisionally

adopted. In short, for Popper any theory X is better than

“a 'rival’ theory Y if X has greater empirical content, and

hence greater predictive power, than Y.
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~(d) The fourth and final step is the testing of a theory by the

empirical application of the conclusions derived from it.
If such conclusions are shown to be true, the theory is
corroborated (but never verified). If,the' conclusion is

shown to be false, then this is taken as a signal that the

- theory cannot be completely correct (logically the theory
is falsified), and the scientist begins his quest for a better
theory. He does not, however, abandon the present

theory until such time as he has a better one to_

substitute for it. More precisely, the method of
- theory-testing is as follows: certain singular

propositions are deduced from the new theory-these are '

predictions, and of special interest are those predictions
which are 'risky' [in the sense of being intuitively
implausible or of being startlingly novel] and
experimentally testable. From amongst the latter the
scientist next selects those which are not derivable from

the current or existing theory-of particular importance

are those which contradict the current or existing
theory. He then seeks a decision as regards these and
other derived statements by corﬁparing them with the
results of practical applications and experimentation. If
the new predictions are borne out, then the new theory
'is corroborated [and the old one falsi-ﬁed]) and is adopted
as a working hypothesis. If the predictions are not borne
out, then they falsify the theory from which they are
derived. Thus Popper retains an-element of erhpiricism:
for him scientific method does involve making an
appeal to experience. But unlike traditional empiricists,
. Popper holds that experience cannot determine theory, it
rather delimits it: it shows which theories are false, not
which theories are true. Moreover, Popper also rejects
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the empiricist doctrine that empirical observations are,

or can be, infallible, in view of the fact that they are
themselves theory-laden. ‘ ‘

The general picture of Popper's philosophy of
science, then is this: Hume's philosophy demonstrates that
there is a contradiction implicit in traditional empiricism,
which holds both that all knowledge is derived from
experience and that universal propositions (including
scientific laws) are verifiable by reference to experience. The
conttadiction, which Hume himself saw clearly, derives
from-the attempt to show that, notwithstanding the
open-ended mature of experience, scientific laws may be
construed as empirical generalisations which are in some
way finally confirmable by a 'positive’ experience. Popper
eliminates the contradiction by rejecting the first of these
principles and removing the demand for empirical
verification in favour of empirical falsification in the second.
Scientific theories, for him, are not inductively infeyrred from
experience, nor is scientific experimentation carried out with
a view to verifying or finall}; establishing the truth of
_theories; rather, all knowledge is provisional, conjectural, -

hypothetical-we can never finally prove our scientific

theories, we can merely (provisionally) confirm or

(conclusively) refute them; hence at any given time we have

to choose between the potentially infinite number of theories

~which will explain the set of phenomena under

investigation. Faced with this choice, we can only eliminate
those theories which are demonstrably false, and rationally .
-choose between the remaining, unfalsified theories. Hence
Popper's emphasis on the importance of the critical spirit to
science ___ for him critical thinking is the very essence of
rationality. For it is only by critical thought that we can
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ehmmate false theories, and determine which of the

remaining theories is the best available one, in the sense of
‘possessing the highest level of explanatory force and
predictive power. It is precisely this kind of critical thmkmg
which is conspicuous by its absence in contemporary
Marxism and in psychoanalysis. ‘

How then can one be certain that one is questioning
the right thing? The Popperian answer is that we cannot

- have absolute certainty here, but repeated tests usually show

where the trouble lies. Even observation statements, Popper

maintains, are fallible, and science in his view is not a quest

for certain knowledge, but an evolutionary process in which

hypotheses or conjectures are imaginatively proposed and
‘tested in order to explain facts or to solve problenis. Popper

emphasises both the importance of questioning the
~ background knowledge when the need arises, and the

significance of the fact that observation-statements are
theory-laden, and hence fallible. For while falsifiability is

simple as a logical pririciple, in practice it is exceedingly
complicated-no single observation can ever be taken to
falsify a theory, for there is always the possibility (a) that the
observation itself is mistaken, or (b) that the assumed
background knowledge. is faulty or defective.

Popper was initially uneasy with the concept of
truth, and in his earliest writings he avoided asserting that a
theory which is corroborated is true-for clearly if every
theory is an open-ended hypothesis, as he maintains, then
ipso facto. it has to be at least potentially false. For this reason
Popper. restricted himself to the contention that a theory
which is falsified is false and is known to be such and that a
theory which replaces a falsified theory (because it has a
higher empirical content.than the latter, and explains what
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has falsified it) is a 'better theory' than its predecessor.
However, he came to accept'TaljskifS. reformulation of the
correspondence theory of truth, and fih Conjectures and
Refutations (1963) he integrated the concepts of truth and
content fo frame the metélogical concept of ‘truthlikeness’ or
‘verisimilitude’. A 'good’ scientific theory, Popper thus
argued, has a higher level of verlsumhtude than its rivals,
and he expllcategl this concept by reference to the logical
consequences of theories. A theory's cortent is the totality of

its logical consequences, which can be divided into two _

cla_l_sses. there is the 'truth-content’ of a theory, which is the
class of true propositions which may be derived from it, on
the one hand, and the faltity-content’ of a theory, on the

other hand, which is the ciass of the theory's false

consequences (this latter class may of course be empty, and
in the-case of a theory whiclvis true is necessarily empty).

- ‘The utilisation of either method of computing
verisimilitude shows, Popper held, that even if a theory t2

"~ with a higher zontent than a rival theory t1 is subseqlienay

falsified, it can still legitimately be regarded as a better

A
theory than t1, and better’ is here now understood to mean -
t2 is closer to the truth than 1. Thus scientific progress

involves, on this view, the abandonment of partially true,

" but falsified, theories, for theories with a higher level of

T verlsxmlhtude [not absolute (, /i ‘w.f e JY (.[; =1 Uff ‘}Uu H‘ ]

[/« i.e., which approach more closely to the truth]. In this

way, verisimilitude allowed Popper to mitigate what many

saw as the pessimism of an anti-inductivist phllosophy of -
..science which held that most, .if not all scientific theories are

* false, and that a true theory, even if discovered, could not be

known to be such. With the introduction of the new concept,
Popper was able to represent this as an essentially optimistic
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have, rea§on to. believe - that sc1ence makes progress, towards-
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‘ theorles- Saentlhc progress, in othe,r words, could now be
represented :as. progtess towards the truth; and experxmental

cm;roboratwn could be seen an mdxcatox of vensumhtude 1
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