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PART FOUR

INFLUENTIAL THINKERS & METHODS OF THE
MODERN SCIENTIFIC ERA

BY

IKEDINACHI WOGL.

I. THE ERA OF CRITICAL RATIONALIST THINKERS & METHODS OF
SCIENCE

All pature, fram the srmallest thing to the biggest, frowm o grain
of sand to the sun, from the protisto to maen, Is in o constont
state of coming Inte belng ond galng our of being, fn o constant
[flui, [n o ceaseless state of movement and change.

FRIEDRICH ENGELS, IMALECTICS OF NATURE,

1. General Introduction

Science is a never-ending, always changing process through which we learn to
know the material nature of the universe, Science does not deal with noamaterial
entities such as gods, for there Is no way thelr existence can be either proved or
disproved. Mo single, identifiable method applies to all branches of science; the
only method, in fact, s whatever the scientist can use to find the solution to a
problem. This includes induction, a form of logic that identifies similarities withina
group of particulars, and deduction, a form of logic that identifies & particular by
its resemblance o a set of accepted facts, Both forms of logic and a few more that
we shall be studying in this section are some of the tools and methods that have
aided scientist in advancing in the area of their research, even though these
methods have In some cases not really lead to the solution of the scientist's
problem.

Baing a good scientist requires patienca, perseveranca, imagination, curiosity, and
skepticism; the essence of science is to doubt without adequate proof. Science
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alio requires knowing how to make and |nterpret observations (which
presupposesa broad point of view), how toask the right guestions, how to

thearize without getting lost in the detalls, and knowing when to do experiments
and apphy statistical tests. Recognition of one's work is desirable but should not be
the primary goal, and publishing papers should be used primarily as a test of the
schentist's ability to pursue goad science,

In this section, we shall generally consider the contributions of cutstanding
thinkers and mathods that have distinguished the enterprise of science since the
modern era of knowledge. One cormmon feature that cuts across these thinkers
and metheds is the application of Reason as the anly viable denominator, this
singular factor laid the foundation for the kind of thinking and reasoning that
became the modus operand Tor this era, an era most scholars have preferred to
|dentify as "the ara of critical rationalism®,

What Is critical ratlonallsm? Critical rationalism s an epistemological philosophy
sidvanced by Karl Popper. Popper wrote about critical rationalism in his works, The
Open Societyand its Enemies Valume 2, and Conjectures and Refutations.

Critical rationalists hold that scientific theories, laws, or methods and any other
clalms to knowledge, ean and should be rationably criticized, and (If they have
empirical content} can and should be subjected to tests which may falsify them,
Thus claims 1o knowledge may be contrastively, normatively evaluated, They are
either falsifiable and thus empirical (in a very broad sense), or not falsifiable and
thus non-empirical, Those clalms to knowledge that are potentially falsifiable can
then be admitted to the bady of empirical science, and then further differentiated
aceording to whether they are (so far) retained or indeed are actually falsified, If
retained, yet further differentiation may be made on the basis of how much
subjection to criticism they have received, how severe such criticism has been,
and how probable the theory s, with the least "' probable theory that still
withstands attempts to falsify it being the one to be prefarred. That it is the feast
probable theory that is to be preferred is one of the contrasting differences
hetween critical rationatism and classical views on science, such as positivism,
whao hold that one, should Instead accept the most probable theory, Critical
Aationallsm as a discourse positioned itself against what its proponents took to be
epistemologically relativist philosophies, particularly post-modernist or
socioiogical approaches to knewledge. Critical rationalism has it that knowledge is
ob|ective |In the sense of being embodied in various substrates and in the sense of
not being reducible to what humans Individually "know™}, and also that truth is
abjective |exists independently of social mediation er indhidual perception).

Since a theory has to be falsifiable In order to be scientific, all cufrently accepted
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thearies are falsifiable in the sense of being capable of baing proved false or
changed and improved upon later an in the same way as they falsified or improved
upon their previous versions. Being proved false does not imply that the falsified
theory has no truth content in it. The old theory that ‘the aarth is flat’ has been
falsified but it continues to cantain the truth that It appears to be flat. What is held
to be true today might be improved upen later on. Therafore, Poppar halds that a
theory that has not yet been falsified has acertain degree of truth or verisimilitude
init. This does not mean that at no stage can truth be known. What it means is that
with every improved version of the truth or verisimilitude, human knowledge
draws closer to truth, Thus 'human truth® will never reach the truth but it will
continue to draw closer to it. Whatever resists faksification will remain a part of
husman truth until it is falsified or improved upen,

However, this contrastive, critical approach to objective knowledge is quite
different from more traditional views that alse hold knowledge to be objective,
[These include the strong rationalism of the Enlightenment, the verificationism
ofthe logical positivists, or approaches to science based on Induction, a supposed
form of logical inference which critical rationalists reject, in line with David
Hurne.] For criticism is all that can be done when attempting to differentiate
chaims to knowledge, according to the critical rationalist. Reason is the arganon of
criticism, not of support; of tentative refutation, nat of proaf,

Supposed positive evidence (such as the provision of "good reasons™ for a claim,
or its making of successful predictions) actually does nathing to balster, support,
or prove a claim, belief, or theary. In this sense, critical rationaliem turms the
normal understanding of a traditional rationalist, and a realist, on its head,
Especially this view that a theory Is better if it is less likely to be true is in direct
apposition to the traditional positivistic view that holds that one should seek for
theorles that have a high probability. ™ Popper notes that this "may illustrate
Schopenhauer's remark that the solution of 3 problam aften first looks like a
paradios and later |ike a truism",

Critical rationalism rejects the classical position that knowledge is justified true
befief; it instead holds the exact opposite: That, In general, knowledge is
unjustified untrue unbelief. It Is unjustified because of the non-existence of good
reasons. It Is untrue, because it usually contains errors that sometimes remain
unnoticed for hundreds of years. And it is not balief either, because scientifie
knowledge, or the knowledge needed to bulld a plane, i5 contained in no single
person's mind. It is anly available as the content of books.

The contents of varidls books, hewever, do not agree with each other, Popper's
‘Objective Knowledge' is not constituted by the contents of all books but by thelr
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Ighest commean factor, something on which they all agrae. That highest common
tor may be called the ‘human mind' that changes from time to time and place to
ace but continues to draw closer to the truth; In the last few centurtes, the
man mind has grown exponentially but it s destined to remain short of being
coterminous with reality or the final truth,

I tact, ‘the contents of books' was used by Popper in his ‘Dbjective Knowledge’ as
an ldea in the context of a parable. in order to demonstrate that human
knowledge was objective, Popper asked the reader to imagine twio scenarios of an
armagaddon: one In which every single thing is destroyed and anky a few humans
are left and thi ather in which books survive along with the humans. In these two
wenarios, while the first group may take forever bo rebuild hurman civilization, the
second group will be able to rebuild much mese quickly with the help of the books
proving that the knowledge contained in them was indeed objective.

a, Justificationism not Allowed

William Warren Bartley compared critical rationalism to the very general
philasophical approach to knowledge which he called “justificationism. Most
justificationists do not know that they are justificationists, Justifkeationism is what
Papper called a "subjectivist” view of truth, in which the question of whether
some statement is true, is confused with the guestion of whether it can be
justified [established, proven, verified, warranted, made well-founded, made
reliable, prounded, supported, legitimated, based on evidence)in some way,

According to Bartley, some justificationists are positive about this mistake. They
are naive rationalists, and thinking that their knowledge can indeed be founded, in
principhe, it may be deemed certain to some degree, and rational,

Other justificationists are negative about these mistakes. They are
spistemological relativists, and think (rightly, according te the critical raticnalist)
that you cannat find knowledge, that there Is no source of epistemelogical
absalutism. But they conclude (wrangly, according to the critical rationalist) that
there is therefore no rationality, and no objective distinction to be made between
the true and the false,

By dissalving justificationism ltself, the critical rationalist regards knowledge and

rationality, reason and science, as neither foundational nor infallible, but
nevertheless does not think we must therefore all be relativists. Knowledge and

truth still axist, [ust not in the way we thought.

b The problems of justificationism and positivism
#ra all swans white? The classical view of the philosophy of science is that It s the
poal of sclence to “prove” such hypotheses or induce them fram observational
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data. This seems hardly possible, since it would require us to infer a genaral rule
from a number of individual cases, which I5 bogically inadmissible. However, if we
find one single black swan, logic allows us to concludes that the stitﬁ'nerlrﬂl'lit all
swans are white |s false. Falsificationlsm thus strives for questioni for
falsification, of hypotheses instead of proving them, ™ b

Thi rejection of *positivist” approaches to knowledge occurs due to varisus
pitfalls that positivism falls into. We shall discuss afew here.

1. The naive emplrielsm of Induction was shown to be illogical by Hume. a
thousand observations of some event A coinciding with some event B does not
aliow one to logically infer that all A's coincide with B's. According to the critical
ratianafist, If there is & sense In which humans accrue knowledge positively by
l:'xpe.r'h!n:e. it is only by plvating observations off exieling conjectural thearies
pertinent to the observations, or of underlying cognitive schemas which
unconsciously handle perceptions and use them te Benerate Aew theorles. But
these new theorie: advanced in response to perceived particulars are not logically
"induced” from them, These new theories miy be wirang. The myth that we induee
theorles from particulars s persistent because when we do this we are often
successful, but this is due to the advanced state of our evolved tendencies. If we
were really "inducting” thearies from particulars, it would be Inductively logical to
claim that “the sun sets beeouse | get up in the morning”, or that “all buses must
harve drivers in them"” (if you've never seen an empty bus).

F 3 Pnppar and David Miller showed in 1983 |Mature 302, April 21, "4 Proof of the
Impcnssnhln_t-,-nﬂndu:tlw Probability") ™ that evidence supposed topartly support
a hypothesis can in fact only be newtral to, arcounter-supparts the hypothesis.

3. Related to the point above, David Mifier {in his Critical Rationalism : A
Restatement and Defence, Chapter 3 "A Critigue of Good Reasons*), ™ attacks the
sz of “good reasons® in general {including evidence supposed tt; suppart the
excess content of o hypothesis). He argues that good reasons are nelther
l-'tta_lljuhle. ner even desirable, Basically, the case, which Miller calls “tediously
familiar", is that valid argumants are sither dreular or jmalid, That is, If one
provides a valid deductive argument (an Inference fram premises to a conelusion)
for a given claim, then the cantent of the claim must already be contained within
the premises of the argument [if it is nat, then the argument is amplistive and sois
In'ualrdjl. Therefore the claim Is already presupposed by the premises, and is no
mare “supported” than are the assumptions upon which the clalm rests, e

begging the question, ™ o
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CARTESIAN RATIONALISM
if 1am being deceived, then {imm thinking: if | am thinking, then | exist
ifl exist, then there exists @ God.
RENE DESCARTES

a, & Prior Method

Nend Descartes’ major work on scientific method was the Dseourse ™ that was
published in 1637 (more fully: Discourse on the Method for Rightly Directing

' Dne's Reason and Searching for Truth in the Sciences). He published ather works

that deal with problems of method, but this remaing central in any understanding
of the Cartesian method of sclence, The commaon picture of Descartes is as one
whao proposed that all science become demonstrative in the woy Euclid made
geometry demonstrative, namely as a series of valld deductions from self-evident
truths, rather than as something rooted in observation and experiment. Descartes
15 wsually portrayed as one who defends and uses an a prion method (o discover
Infallible knowledge, a method raated i a doctrine of innate ideas that vields an
Intellectual knowledge of the essences of the things with which we are acquainted
I our sensible experience of the world.

Descartes argues that the laws in the basic mechanistic framework that he takes to
haold for sciences like optics and physiology — these laws about laws that guide
emgirical research in these sclences - are not themselves empirical but are rather
necessary truths that are knowable a prion, Thus far we have seen that Descartes
is well aware of the logical structure of the experimental method in natural
science. To that extent he |s not a philosopher who asserts that the a prios| method
applies everywhere. But he is nonethedess corectly to be counted among the
rationallsts, In fact he argues that in principle at least all laws could be known a
priarl. it |5 just that the world of ordinary things is too complicated in s structure
for us, with our finite minds and limited capacity to grasp the a prion structure of
the world, to deduce from self-evident pramizes the laws of the mechaniims
underlying ordinary observable things and processas. We can know a priori the
law about laws that there are more specific laws with the generic structure of
physical mechanisms, of machines. But what those specific lows ane requires
empirical research; they are too comples logically to be knowalble a priorl by us,
with aur faite capacities,

Descartes argues that all things, including the material world we know by sense,
have an inner essence or form, and its presence explains the structure of things as
they ordinarily appear. These essences or forms are known not by sense but by
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ritascn, ' Reason is precisely the capacity to grasp these essences which are the
reasans for things, the reasons why thare are these patterns and regularities in the
sensible world rather than others, He takes for granted that when the form is
known that form is literally in the mind of the knower: there (5 an identity of the
knower and the known. To grasp the essence of a thing ks to know a prior the
structure and behavior of the thing of which it i the étsence. Material things are
all modes of a singlhe substance, the essence of which is extension, When we grasp
the axioms of geometry as necessary truths, we are grasping the logical and
ontodogical structure of the material world, Descartes is like Aristotle in attributing
essences to things, but for Aristotle knowledge of the essence is glven by
syllogisms and by real definitions of species in terms of genus and specific
difference, For Descartes, the structure is given by the truths of geometry,

Descartes holds in the Fifth Part of the Ofscowrse on Method that the basic laws of
physics are those of the geometry of objects in mation. ™ These laws, e suggests,
can be deduced from our knowledge of God. He creates™world the essence of
which is given by the laws of geometry together with 1T-|q principle that In any
change guantity of motion is conserved. This consarvation principle k& thaught to
fellow from the unchanging nature and stability of God the creatorn There s a
misch more detailed derivation In the Principles of Philosophy, it s far from
adequate. Descartes” knowledge of the laws of physics and of mechanics falls far
shart of Newton's. Perhaps this shows the weakness of the a priord method
proposed by Descartes for obtaining the basic framewark laws for science, the
framewaork that provides the starting point of the experimental method and of the
"how possibly”™ explanations he offers for material processes. Many have thaught
50,

Imthe Principles af Philosophy he goes so far as to attempt a derivation of the basic
laws for planetary mothons, based on the mechanistic supposition that the planets
are material objects moved In circular fachion by vartices in & surrounding
imaterial fluid, Newton was soon enough to present his Mathematical Principles
|Principio Mothematicas) to the werld, Descartes had been able to present only a
wel of non-mathematical principles, but Mewton demonstrated that the vortex
account, whatever ts pretensions to being established a prior, was, glwen his
threse laws of motion, inconsistent with the facts of elliptical orbits as established
by ohservation by Kepler, After Mewton had succeeded in his attempt to
“demonstrate the frame of the system of the world” (as hie setout to da in Boak 1
of his Principia Mothematicee), little was heard, sove for a rearguard of French
Cartesians, of the vortex theary. It became an historical curiosity,

fle that as it may, it could be concluded that Descartes had merely misappiied his
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o prion, not that it was incorrect. Some later thinkers such as William
| argued this point. The method did not disappear in the way the vortex
julisappeared.

Geometrical Deduction

sense, this method is like the method of geometry that Euclid had given to
ild in that one began with self-evident truths as axioms and then deduced
iy setf-evident steps a set of theorems. Descartes referred to this as the
thetlc method” of doing geometry and [he had hoped| physics. He attempted
) putline in the Discowrse on Method and in detail in his Principles, taking as

o the exlstence of God as an unchanging and stable creator of the natural
Hlil. The machanistic framework for carrying on empirical research followed.

, there s the lssue of how the premises are discovered. Euclid never
ol how this was to be done. But the later Greek mathematician Pappus, to
Descartes referred on the ssue of method in the Ruwles for the Improvement
¢ Understanding, had suggested that the method of finding premises
d as it were the deductions of the synthetic method, This was the “analytic
od.” On the synthetic methad one bagins with premises that are accepted as
Um and works deductively towards conclusions, the theorems. Having reached
W theorem, one has constructed a demonstration of that proposition, This
ynthietic method takes as given the premises from which it starts. But often to
I & demanstration one must locate the premises from which the demonstration

10 be constructed. This task of discovery was the point of the analythe method.
W this method, one takes the conclusion to be demonstrated not as something
piepied as true but merely as an lypothesls. One then works deductively
ards the pramises which one hopes to find for constructing a demonstration.
ng arrived at the appropriate self-evident premises, one reverses the steps to
itain a synthetically organized demonstration of the hypothesis from which the
i |Iﬂ|E process started. And now that one has this demonstration, the
ifaposition i transformed from a mere bypothesis to one that can be accepted as

i,

particular version of the analytic method occurs in a reductio od absurdum
. Here one begins from an hypothesis and derives a contradiction; one then
|udes that the hypothesis must be false, and that its denlal is true. And az a
cinl case of reductio od absurdum, one begins with a proposition taken
pothetically and derives a conclusion that contradicts a known truth,
o luding thereby that the ariginal hypathesis is false. Descartes proposed to use
his method to discover the axioms for his synthetlc deductions: he is Inspired by
W uses in algebra, but extends it to his proof that the truths of geometry,
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arithmetic and physics, while seif-evident, can themselves be demonstrated to be
incorrigibhy tru from still more fundamental premisas. The synthetic method was
fine enough for the presentation of dermonstrations in a sclence where the basic
axioms are already known, and Descartes was to use this methad, or thaught he
was 50 using it, In thoss parts of the Principles of Philosophy where he offered
demonstrations of the basic truths of physics, Needless to say, his "proofs” have
for the most part come to be seen as inadequate. But the analytic method was
necessary from the discovery of the required premises. This (s the method he
jproposes in the Discourse on Methad a3 basic to firmly grounding the edifice of
knowledge; and it is the method he uses in his presentation of the search after
fundamental and incorrigible truths in the Meditotions on First Philosopiy,
though here again he has generatly been tEken to be less successful in his
application of the method than he himsell hoped to be and espected he was. But
his adwocacy of the methods has continued to have their influence, in
mathematics and algebra, and perhaps in physics, if not in first philosophy.
MNevertheless, no one now expects to construct in elther physlcs or gaometry or
first phikosophy the rationalist ideal of an a priori demonstrative science,

e, Deduction inthe Discourse and Meditations

As for the analytlc method, Descartes was to use the first of the treatises
appended to the Discowrse on Method to illustrate the power of this method, This
was the treatise on Geometry. This work in mathematics is remarkable, and It too
was to revalutlanize the wa-'.lp.ﬂ_l:lple'thu'u;htaMu!‘bﬂ‘IhnlgehﬁaﬁdEEfIH\Etf\f.

Descartes Tirst set oul to purify algabra, This was to be done by ieparating its
patterns of thought from the particular subject matter to which it could be
applied, He first separated what is given from which is to be discovered,
devaloping the still current notationof g, b, ¢, ... for known guantities and 8, § Z ..
for unknowns. He also reformed the notation for exponents replacing verbal
terms such as "square” and “cube,” and so forth, by superscripts”, ', -, eliminating
the geamatrical connotations of the verbal terms. We continue to use this
Cartesian notation.

Descartes then set out to apply this purified algebsra in the solutien of geometrical
problams. The details need not concern us, For us it suffices to look at the problem
he first addresses, This problem, which was posed originally by Pappus, is one of
finding a curve of a point ¥ relative to a point ¥, subject to certain geometrical
constraints. To solve this prablem he invents and uses the notion of a coordinate
systern, in effect he creates an arithmetical interpretation of geometry. (Descartes
himself uses only an “x- axis”; the famillar extension of this idea to using two
orthogonal “x* and "y" mes —what we now call “Cartesian coordinates” —were a
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dewvelppment of Descartes’ ploneering Idea.) Descartes shows how the
ing of this curve can be done algebraically by solving certain equations. The
rit her ws ia that the salving of & equation & a matter of applying Pappus’
nalytic method.” Given a, b, ¢, .., standing in certain arithmetical relations o
another, the equation in x and y asserts that there ore values satisfying these
‘conditions, that s, that there are solutions to the equation. This is the thearem to
b proved. One proceeds by taking it as an hypothesis that x and y are solutions,
onid waorks out what those solutions are, This Is the analytic process. Having found
the solutions, one then has the premises from which the theorem to be proved
fesll v, Dhierivirng thee thieoram from the newly discovered premises is the synthetic
Process,

The algebraic methods that Descartes developed enabled him to prasant a series
of entirely novel and original moves n geometry, Descartes' work in its
applications is itself significant, but what was revolutionary was the new methods
for solving problems in geometry and algebra. It is easy to prove theorems, but the
greatness of a mathematiclan is the new methods of proof that he or she
introduces. By this standard Descartes was indeed a great mathematiciam.
Thinking In terms of equations, one can see why Descartes valued the analytic
method over the synthetic, for the latter amounted to a footnote to the former.
The analytic method was the one to be used if one was aiming to discover new
truths; ance these are discovered the synthetlc method con be used to present
this knowledpe to students. As a method for discovering truth, the synthetic
procedure was largely useless, the searcher afier truth will need, and will use, the
analytic mathod. This was why Descartes argues that the analytic methad is the
appropriate method for discovering the a priorl necessary truths that are the
starting point for any genulne sclence, not only & science lke geornetry But also as
providing the necessary theoretical truths required by the eliminative methods of
emplrical experimental selencs.

Now, Detcartes makes clear in the Discourse on Method that his starting point for
his science and his physics s the existence of God. it s from the exdstence of God
as stable and unchanging that he claims to be able to deduce, and theraby
demonstrate, the basic laws of physics, the laws of mation and the laws describing
the causes of changes In motion. That God Is the starting polnt for his
demonstrative science of physics is made even clearer in the Meditotions. In
both this and the Discowrse, Descartes moves from his own existence to that of
God, and then uses this as @ premise from which his physics is deduced. It is
evident that he is working with necessary truths and necessary inferences, or at
least apparently necessary ones.,
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Descartes makes some important remarks in reply to some objections 1o the
argument of the Meditations. Prior to publication of the Meditations, Descartes
had cireulated the manuscript to various other philosophers; they raised
abjections, and he wrote replies. He published his Meditotions together with
theese Dlyections and Replies, In one of the Objections, the issue is ralsed why
Descartes did not present his work in geometrical fashion, proceeding from
axioms to theorems, using the synthatic method, In his Replies, Descartes
euplaing he could hove done so, but prefecred to present his thoughts in the
analytic method, which gives the order of discovery, through which the mind rises
from hypotheses to the premises that aré then wsed to prove spntheticolly the
hypatheses thot were the starting point of the inferences. He does, however,
accede to the request of the Objection and does give a synthetically organined
prasantation of his inferences.

The Ultimate Prool of God's Existence: In this synthetic presentatlon the first
propasition that he establishes is God's existence, which he takes to be something
Imvolved in the very idea of God as a being who, of His cwn nature, has al
perfections. He then proceeds to the causal arguments for God's existence, and
then o the proposition that God guarantees the truth of all propositions self-
avidently implled by our ideas, Naturally enough this reverses the arder of the
Meditotions themselves, which proceed in the order of the analytic method.

This means that the order of the Megitotions is from propositions taken
hypothetically to the proposition which |s to form the first propasition to be
- discovered to be true and from which the hypotheses are then to be proved, that
3 _IL, transtormed from hypotheses ta known Eruths,

The Methodic Doubt: Descartes reports in the First of the Meditations how he
discovers that he can doubt almost evenything about the material world that
Surrounds him. At the beginning of the Second Meditotion his attention suddenly
ifts from the world glven in sense experience to the warld given s inner
pwareness. He here discovers a proposition that he eannot doubt, namaely the
roposition that he expresses by "1 think” Since this thinking is a mode, it must
parly be a mode of something, a substance: I think, therefare | am.” Further, his
Inking i inconceivable apart from himself, unlike, for example, extended things
as his body. He draws the further inference that he is a thinking thing. That is,
I apparently is a substance, not a rational animal & Aristotle said, but a being or

bstance that Is purely rational, one the essence of which 5 to aim to grasp the
nsons for things. He carefully palnts Gut that this distinction between mind and
y, based on the separability in thought of thinking fram extension s only
ntative. it may be that the warld is not such as It here salf-avidently appears to
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, Thinking and extension may in the end be necessarily connected and it may be

at modes can exist apart from substances, incanceivable though these things

renthy seem to be. Allthis s to be here takan hypothetically, as a starting point

in the analytic process leading to the discovery of a premise or premises that will

serve to guarantee thelr truth and to justify the Meditator accepting them as
truth,

It must be emphasized that Descartes does not, 3s o many seem to think, deduce
the existence of God from the principle that ° think, therefare | am.” The latter is
pot a first truth from which all other knowledgs is taken to follow, Induding our
knowledge of God, as theorems procesd from axioms. To suppose this would be to
suppose that the Meditations are organized in the order of a synthetic process,
proceeding from known truths to true theorems that are deduced from those
known truths. But Descartes clearly statas that the order of the Meditations is that
of the znalytic method, from propositions taken hypothetically to simpler
propositions which can then be used to prove deductively the hypotheses that
ware the starting polnt of the inferences. At the start of the process, one has anly &
proposition taken hypothetically. So the Meditator's own existence is a mere
typothesls, nat a known truth, as is the premise from which it derives that all
properties or modes exist only in substances.

Thils |5 whisrs this Meditator ks at the beginning of the Third Meditation, He or she
can conclude, however, that as he or she is an impaerfect being. Being a being that
aims b kenow thee doubl with which he or she is presently seized, it is clear he or she
does not exist a5 his or her essence naturally implies that he or she should exist but
lacks something the presence of which would be his or her Good. The idea that
ane has of onesell is that of an imperfect being: but to conceive ah imperfect
being requires one to be able to conceive a perfect being, [ust as concedving
something to be & non-square requires ane to have the idea of a square. The
presence of the negative idea requires the presence of the positive idea. 5o, the
Meditator has the idea of a being that lacks no Good, no perfection-for any way of
being this entity has that way either actually or formally, (Recall hore that an idea,
which, as Descartes speaks, formally exists as a property of the mind, exists
objectivily as the form or essence of a substance; the idea is true only if that the
substance of which it is the essence actually exists in sense that it has actually the
properties the essence determines that It ought to have; the idea is false if the
substance has properties contrary tothose that the essence requires it tahave, |

The Meditator mow infiers the existence of such a perfect being from the fact that
he as a finite being must be caused by such a perfect being, and from the fact that
h or she could have prasent in his or her thoughts the idea of cuch a2 being only if it

229



infiuentiol Thinkers & Methods of The Modern Scientific Era

were placed thera by such a being. But the existence of & perfect being is only
established hypothetically — the arguments depend upon causal principles that,
while self-evident, have not yet been established as true — following
hypothetically from propositions that are themselves only hypothesis, the
ewistence of God at this point In the inferences of the Meditations can only be an
hypothesis - a further stage as one is led on by the analytic method to the
discovery of what one hopes will be a truth upon which all other truths can be
mada demonstratively to rest

The Fowurth Mediigtion Is a sort of aside in which Descartes clears away an
apparent difficulty. There appears to be an inconsistency between the idea of a
perfect belng causing one with the kdea that ene falls inte error and dowbt-
shouldn't a parfect being craate beings that do not {ail to be what essentially they
ought to be? Descartes replies that such errar i% net caused by God but by
ourselves, Located in & world that often hastens us on, we must regularly
conclude before full evidence is available, Our will moves us to judge and such
|udgments aften autrun what reasan ean justify. Mow, God has given us free will,
andd this s a greater good than is mere 2voidance of error, God's will does not cause
us toerr, it is our own will that does that, 4o the [dea of a perfect God creating us is
compatible with our being beings that fall inte error, The apparent difficulty
disappears, and we can return to the process of anabysis that is, one hopes, leading
ofie b & premise which can serve to demonsirate the hypotheses through which
one is being bed by a series of apparently necessary conmections.

The Idea of an Infinite Being: This brings us ta the Fifth Meditation, Thinking of
oneself as a finite being one is led to the idea of God and then to the Idea of God as
one's creator and as one who is crested with the idea of such a perfect being
within onesell, But now before one's mind Is the Idea of a being with creatie
pewers that lacks nothing, lacks no perfection. it must therefore in particular
cause iself to be and to be in this state of full perfection, But if it has the creative
power to malntain itself as a being which lacks nothing, if, in other words, itisa
being which as a creating being is infinitely powerful, then there is nothing else
that could cause it not to be in any way at 2ll. We have within us this idea and as we
plumb its depths we recognize that this is an idea of a baing which has the creative
powers of which guarantee that it exists, it is the idea of a being that guarantees
the truth of this very [dea. Our other ideas are ideas of finite beings nona of which
can guarantee their own existence and the ideas of which might therefore be
false; but this one kdea, this one essence that s before thie mind, ks the [dea of a
being infinite in its creative pawers and which is therefore the essence of a being
that can guarantes its own existence, which in turn therefore guarantees the truth
ofthe ides of itsell
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then, In the existence of God, we have reached the end paint of our analytic
5 in a truth which guaranbees its own truth and upon which all other truths
‘be made to rest. This truth can thersfore form the incorrigible base wpon
all cur knowledge claims can be made to rest. Descartes can now hastily
things to a close: God as a perfect being;, could not create non-being: itis a
diction to suppose non-belng could be brought into being. But for a
jonal being, a thinking substance, toerr is for It to not know: it is a form of non-
Ing. S0 God could not create # raticnal being for which principles clearly and
tinctly percelved to be tros were after all false: that would be o create a being
hich systematically erred about the structure of the world. 50 what is clear and
distinct, what Is sell-evident, and compels lts acceptance by the Meditator and
Inclewd by any rational being, is guaranteed to be true, In particular, the laws of
peometry, of extended substance, are puaranteed to be tree. And further, the
Incompatibility of thought and extension as essence of substances, which, in the
Second Meditation, while dear and distinct, ks only agparently true can now be
affirmed as not meraly apgarently true but as sctually tree.

With God, we have reached at the conclusion of the analytic process the starting
paint of the synthetic presentation that Descartes gives in his Replfes to the
Objections, In that synthetic presentation, the sequence ends with the concluslon
{thearem] that what is clear and distinct must be true,

Two polnts need 1o be mentionad, First, the move of “) think, therefore | am®
{cogito, ergo sum) i not a direct insight into the Meditator's own being. It is,
rather, aninference, based on the principle that every mode (property ] exists only
Witlsinasubstance. Since itis based on a metaphysical principle the truth of which
has not yet been established, It could not provide a starting point for constructing
thie edifice of knowledge.

Second, the exdstence of Gad is in the end not established by argument. The so-
colled ontobagical argument of the Fifth Meditation is not in fact an argument_ it is
rather a case where we have direct Insight into the essence of God - what is
farmally the idea of God is objectively the essence of God — , whiera we recognize
that here we have an essence that guarantees its own existence as an infinitely
powerful being and thefeby guarantees the truth of the idea through which we
think it. Gther ideas we have are no doubt true, but none save this one alone
guarantess its own truth — guaraniees it in a way that reguires no argument. With
God we reach a point where no further premises are either available or needed.

The Cartesian mathod to science thus indesd yields an a priori science. It is a2
deductive method but one that invislves bath analysis and synthesis

FL}



Influential Thinkers & Methods of The Madern Scientific Era

d. The Science in the "Method of Doubt'

W have sa far studlously avelded ane feature of the Cartesian method. This is the
so-called “method of doubt” Descartes takes very seriously the notion that
progress In science will be hindered il we allow our minds to be clouded by the
worthless standards inherited from the past and from our teachers. Thus, he
begins the Geametry with his clarification of the nation of 2 power, removing the
irrelevant geomatrical connotations attached 1o exprassions like "x cubad” and
replacing them with the persplouous notation of “x™ that we continue to use to
this day. Again, he believed it to be important to shed ourselves of all forms of
telecdogical thinking — he chastised Harvey for falling away from the mechanistic
reasaning he used to establish the croulation of the bleod and into teleologleal
thinking when he came to discuss the action of the heart.

He therefore recommended that one undertake a cleansing Intellectual project in
the attempt to move towards truth by first eliminating error and indeed all
possibility of error. This could be done by rejecting as false all propositions that
could in any way be doubted. This is Descartes’ first rube of method in the
Dyscourse an Method. This s stated as the injunction:

Mevear to accept anything as true if | did not have evident knowledgs of its truth:
that s, carefully to avoid precipitate conclusions and preconceptions, and to
Include nothing mare n my [udgments than what presented itsell ta my mind so
chearly and so distincthy that | had no occasion to doubt it

By eliminating all dubitable beliefs, truths would of course be excised along with
the false, but then in the re-building of the edifice of knowledge that was to follow
those truths would be recovered, free from the errars of the past,

This was an exercise o be undertaken by onesell, simply taking oneself to be a
ratbonal being. But if one |s rational, one Is also animal, even il being an animal is
not part of one's essence, The animal makes demands - one must eat and drink,
one must sleep, perchance to dream, one must live with others, one might even
take a lover, One could not do this if all beliefs were eliminated. 5o Descartes also
recommends that one go along with this second bast, the beliefs that one neads
to survive and to have a decent and pleasant life — interrupted only occasionally
by bouts of maditating on the foundations of knowledge, or the basic laws of
physics — just a3 one must in the end do science empirically, through chservation
and experiment, even though it Is only uncertainky founded. Reason demands for
itself the method of doubt, but the remainder of one's being makes unavoidable
demands that require one to ignere the promptings of reason to try to doubt
everything. The reasonable person will accede to those demands, just as reasen
must atternpt a universal doubt, It is also part of Descartes' method that one does
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jee 1o those extra-rational demands. The reasonable persan could net do
rwise: there isin the end more to baing human than simply being rational.

| pemarkable, howeaver, just how far Descartes, while meditating, k prepared to
the dawbt his methed recommends, In the Discoarse on Methed he seems to
p with what is seff-evident, what is clear and distinct: he seems to assume is
im, and therefore makes this his starting point. In the Meditations, ha takes the
bt a step further, finding a way to call into doubt even what is most evident. His
adel is the traditional doctrine of transubstantiation according to which the
pead and wine during the saying of the mass is miraculously transformed by
d into the body and bload of Christ. ™ The sansible appearances remain the
¢, trut the substance changes in its essence. The heretic and unbeliever will be
eived by appearances into thinking no change has occurred. But the good
|stian knows that whatever be the sensible appearances what is really there is
body and blood of Christ. His or her faith prevents him or her from falling into
errar of the heretic and the unbeliever. Indeed, it is aut of God's poodness that
the heretic and the unbeliever be decetved in this way, since it they realized what
‘Wi reatly happening, that the body and blood af Christ were baing consumed,
could charge the Christian with the sin, harrid to concelee, of cannibalism.

Descartes at least takes Thomas Aguinas’ account of transubstantistion
riously and uses it as s model, He creates the hypothesis that there is a powerful
balng who has the capacity to deceive me Into thinking that world is net as my
| phear and distinct ikdeas make it out to be when in fact in its essence |t is something
LBlse. One hypothesizes that there is a powerful being, like God na doubt, but
tead an evil genius, intent on deceiving one about the basic ontologhcal
cture of being. In fact, the hypothesis is sufficiently strong to make is possitle
at | am deceived about rmy own being, that contrary to what appears to me 1o be
e, that coglte ergo sum holds, it really does not and | am really something
sritially different from the thinking thing that | appaar to me to be. (Descartes
ikes clear at the beginning of the Third Meditation that the hypothesis of the
genius calls even the cogito Into question. |

o we have the structure of the Meditotions as follows:

pothesi:] There i an evil genius wha Is decelving me about the truth of clear
nd distinct ideas, [From this hypothesisd now infer] if | am being deceived, then |
i thinking: if | am thinking, then | exist; if | (as a finite creature) exist, then thera
wwists a God (an infinite being) who creates me; = [here the existence of God is
pothetical, but having reached the idea of God as an infinite cause of all being,
Including mysell, | can see as | grasp this idea that |t non-hypothetically requires its
@i truth] — God (as an infinite creator] guarantees His own baing and therefore
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exist = [here we have renched a certain and Incorrigible categorical truth): but
[now upon this truth afl other truths hinge] an infinite being s a perfect belng and
therefore cannot create finite belngs who are systematically deceived: therefore
our clear and distinct ideas are true; therefore there s noevil genius,

The Meditations thus have the form of an analytic structure of a reductio od
absurdum of the hypothesis of tha el Benius who systematically deceives mo: |
find im God that necessary truth which contradicts and therefore eliminates the
hypothesis of the evil genius. The method of doubt i solved by Descartes to his
own gatisfaction, but to few others. For him it was a Wity o purge the mind of
inherited prejudice, and therafore merely a first and preliminary step on the way
Yo truth. It was clear to him that if one stopped there then one had fallen intoa
skeptical marass — a skepticism close to that inta which Montaigne had suggestad
was the inevitable fate of the human intellect, It was human hubris ta think that
one could really know anything, One had ta settle for such mere beliefl and opinian
that one esuld learn from experience of the ardinary world — which was also the
pasition Descartes recommended for the human being to fall back into while
undertaking the intellectual exercize of the method of doubt. Descartes felt he
could find the natural light of reason and move out of Mantaigna's skeptical
maorass ~ he felt that the lumination began with his discovery that cogito, ergo
surrt, and from there was led on by that light of reason to discover its source in God
and to discover kn that source a firm point on which 1o tie dawn incorrigible and

indubltable knowledge of the rattonal structure of the world,

lll. Pasitivist Methodology of Science

& Introduction

Ancther Important method of sclence that we need to consider here & the
positivist methodology of science, often known as “Positivism.” Positivism
refersto a set of epistemalogical perspectives and philosophies of sclence which
hald that the scientific method is the best approach o uncovering the processes
by wiiich both physical and human events sccur. Though the positivist approach
has been a recurrent theme in the history of western thought from the Ancient
Greeks to the present day, the concept was developed in the early 19th century by
the philasopher and founding sociologist, Auguste Comte,™

b. Backgreund to The Study of Positivism

Positivism asserts that the only authentic knowledge is that which (3 based an
sense, axperience snd positive varification, As an approach to the philosophy of
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ce deriving from Entightenmant thinkers such &s Henrl de Saint-Siman and
Simon Laplace, Auguste Comte saw the scientific method as replacing
hwysics in the history of thought, observing the circular dependence of
and abseryation in science. Sociological positivism was fater reformulated
mile Durkhelm as a foundation o social research. At the turn of the 20th
ury the first wave of German seciologists, including Max Weber and l.ieur;
imel, rejected the doctring, thus founding the antl-posithvist lndlm_:nn In
{ofogy. Later anti-positivists and critical theorists have assockated positivism
Mith "sciantism™; science os idesdogy. .
l::r T_-ﬂarl',- 20th century, logical positivism—a descendant of Comte's hﬁlﬂhl.'::
iut an independent movement— sprang up in Vienna and grew to become one
{he deminant scheols in Anglo-American philosophy and the mal-ptnl: tri:ﬂl:m:ﬂ.
|ogical positivists (or “neo-positivists') F!:JEEt metaphysical specy aﬂh:m:1I :h.
pitempt to reduce statements and propositions to pure logie, Critigues ,.,I;
approach by philesophers such as Karl Popper, Willard Van Orman Quine a
Thamas Kuhn have been highly influential, and led ta the dmlupme!'lt of past-
positivism. In psychology, the positivist movement was Influential in the
development of behavioralism and operationalize.

' Some Basic Principles of Positivism

Pasitivism in its strengest arlgingl formulation could be thought of &s a set of five
principles:
1. The unity of the sclentific method — |.e., the logic of inguiry is the same
across all sciences {social and natural).

2. The goal of inquiry is to explain and predict. Most positivists would also
say that thie ultimate gaal is to develop the law of general understanding,
by discovering necessary and sufficiont conditions for any phenomenaon
[creating a perfect model of it). i the law is known, we can manipulate
the conditions to produce the predicted result.

1. Scientific knowledge is testable. Research can be proved only by
empirical means, not argumentations. Research should be maostly
deductive, e deductive lagie |5 used to develop statements that can be
tested (theory leads to hypothesis which in turn leads 1o dls.n:mrerqr
and/or study of evidence). Research should be ohservable with the
human senses (arguments are not enough, sheer befief is out of the
question]. Positivists should prove their research using the logic of
canfirmation.
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4, Science does not equal commen sense. Researchers must be careful not
tolet common sense blas their research,

5. The relation of theory to practice - science should be as value-neutral as
possible, and the ultimate goal of science Is to produce knowledgs,
regardless of any politics, morals, ar values held by those involved in the
research. Schence should be judged by logle, and ideally produce
universal conditionals:

s  For all conditions of X, if X has property P and P=0, then X has
property .

*  Statements must be true for all times and places,

d.  Logieal Positivism

In the original Comtean usage, the term "positivism® roughly meant the use of
scientific methods to uncover the laws according to which both plwsical and
human events occur, while “sociology” was the overarching sclence that woubd
synthesise all such knowledge for the betterment of society, "Anti-positivism”
farmally dates back to the start of the twentieth century, and is based around the
belief that natural and human sclences are ontologically and epistemaologically
distinct, Neither of these terms is any longer used in this meaning.™

Logleal positivism [later and mare accurately called logical empiricism) is a schoal
of philosophy that combines empiricism, the ldea that observational evidence is
indispensable from knowledge of the world, with a version of rationalism, the
idea that our knowledge includes a component that is not derived from
cbservation,

Logica| positivism grew from the discussions of a group called the “First Vienna
Circle” which gathered at the Café Central bafore World War 1. After the war Hans
Hahn, o member of that eary group, helped bring Moritz Schlick to Vienna,
Schlicks Vienna Circle, along with Hans Reichenbach's Berlin Circle, propagated
the new doctrines mare widely in the 1920s and early 1930s. itwas Otto Meurath's
advocacy that made the movement self-consciows and more widely known. &
1529 pamphlet written by Newrath, Hahn, and Rudolf Carmap summarized the
doctrines of the Vienna Circle at that time, These included: the opposition to all
metaphysics, especially ontology and synthetic a prior propositions; the rejection
of metaphysics not as wrong but as having no meaning; a criterlon of meaning
based on Ludwig Wittgenstein's early work; the idea that all knowledge should be
codifiable in a single standard language of science; and abave all the praject of
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il reconstruction,” in which ordinary-language concepts wire gradually to
aced by more precise equivalants in that standand language.

sarly 19305, the Vienna Circle dispersed, mainly because of fascist
mcution and the untimsly deaths of Hans Hahn and Schilck. The most
nent propanants of logical positivism emigratad to the United Kingdom and
United States, where they considerably influgnced American philosophy.
| the 1950, bogical positivism was the leading school In the philosophy of

e, After moving to the United States, Carnap proposed a replacement for
e earfler doctrines in his Logical Syntax of Longuoge. This change of direction
d the somewhat differing views of Reichenbach and others led to a consensus
that the English name for the shared doctrinal platform, in fts Amer|can exile from
the late 19305, should be "loglcal empiricism."

g, Positivism in science today

The key features of positivism as of the 1950, as defined in the “recetved view",™
e
1. A focus on science as @ product, a linguistic or numerical set of
statements;

2, Aconcemn with axiomatization, that is, with demonstrating the logleal
structure and coherence of these statameants;

3, Aninsistence on atleast some of these statements being testable, that is
amenable to being verified, confirmed, or falsified by the empirical
observation of reality; statements that would, by thelr nature, be
regarded as untestable included the teleslogical: thus positivism rEjects
murch of classical metaphysics.

4. The beliaf that science is markedly curmulative;
5. Thebellefthat science is predominantly brans-cultural;

& The befiel that sclence rests on specific results that are dissociated from
the personality and social position of the investigator;

7. The belief that science contains theorkes of research traditions that are
largely commensurable;

B. The belief that science sometimes Incorporates new ideas that are
discontinuous from old ones;

o, The beliefthat sclence invalves the [dea of the unity of science, that there
is, underlying the various scientific disciplines, basically one sclence
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about one real world.

Positivism |5 elsewhere defined as “the view that all true knowledge is
scientific,” and that all things are ultimately measurable, Positiviem is closely
related to reductionism, in that both ot the view that "entities of one kind...
are reducible to entities of another,"™ such as societies to configurations of
Individuals, or mental events to neural phenomena. It also involwes the contention
that "processes are reducible ta physiological, physical or chembcal events, '™ and
even that *social processes are reducible to relationships between and actions of
individuals, """ orthat “hisloglical arganiams are reducible to physical systems. "™

While most social scientists today are not explicit about their eplstemalogical
commitments, articles in top American soclology and political science journals
generally follow a positivist logic of argument. "™ 1t can be thus argued that
"natural science and social science [research articles] can therefore be regarded
with a good deal of confldence as members of the same genre® "~

f Some Criticism

Historically, positivism has been criticized for its universalism, i, for contending
that all "processes are reducible to physiological, physical ar chemical events, ™
“social processes are reducible to relationships between and actions of
individuals,™ and that "biclogical organisms are reducible to physical
mtlﬂ'ﬂ-."'"'

Max Horkhelmer and other critical theorksts criticized the classic formulation of
pasitivism on bwo grounds. First, they claimed that it falsely represented human
social action, The first criticism argued that positivism systematically falled to
appreciate the extent to which the so-called seclal facts it vielded did not exist'out
there', in the objective world, but were themselwes a product of socially and
histarically mediated human conschousness, Positivism ignored the role of the
‘observer' In the constitution of social reality and thereby falled 10 consider the
historical and soclal conditions affecting the representation of social Ideas.
Pasitivism falsely represented the object of study by reffying soclal reality as
axisting objectively and independently and labor actuslly produced those
conditions, Secondly, he argued, representation of social reality produced by
positivism was inherently and artificially conservative, helping to suppart the
status guo, rather than challenging It This character may also explain the
poputarity of positivism in cartaln palitical eireies, Horkheimer argued, in contrast,
that critical theory possessed a reflexive element lacking In the positivistic
traditional theory.

Few scholars today hold the views critigued in Horkhelmer's work., Since the time
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of his writing, critiques of positivism, especially from philosophy of sclence, have
led to the development of postpositivism. This philosophy greatly relaxes the
epistemological commitments of logical positivism and no longer asserts the
separation of the knower and the known. Rather than dismissing the seientific
project outright, postpositivists seek to transfarm and amend it, though the exact
extent of thelr affinity for science varies vastly. For example, some pestpositivists
accept the critigue that observation is always value-laden, but argue that the best
wvaluis to adopt for sociological observation are those of science™: skepticism,
rigor and modesty. Just as some critical theorists see their position as a maral
commitment to egalitarian values, these postpositivists see thelr methods as
driven by a moral commitment to these scientific values. Such scholars may sea
themselves as either positivists or antipositivists.

Positivisrm his also come under fire on relighous and philosophical grounds, whose
proponents assert that truth begins in sense experience, but does nat end there,
Positivism fails to prowe that there are not abstract ideas, laws, and principles,
beyand particular observable facts and relationships and necessary principles, or
that we cannot know them. Ner does it prove that material and corporaal things
constitute the whaole order of existing beings, and that our knowledge is limited to
them. Accosding o positivism, our abstract concepts or general [deas are mere
collective representations of the experimental order — for example, the idea of
“man” |5 a kind of blended image of all the men observed in our experience. This
runs contrary toa Mlatonic or Christian ideal, where an idea can be absteacted from
any concrete determination, and may be applied identically to an indefinite
number of objects of the same class. From the dea's perspective, the' |atter is
mare precise as collective images are more or less confused, become more so s
thi calléctbon represented increases; an idea by definltion remains always cdlear.

Echoes of the "positivist" and "antipositivist® debate persist today, though this
conflict is hard to define. Authors writing in different epistemnological perspectives
do not phrase their disagraements in the same terms and rarely actually speak
directly to each other™ To complicate the sues further, few practicing scholars
explicitty state their epistemologlcal commitments, and their epistermological
position thus has to be guessed from other sources such as cholce of methodology
or theory, However, no perfect correspondence between these categories exists
and many scholars critiqued as “positivists™ actually hold post-positivist views.
One scholar has described this debate in terms of the social construction of the
“other”, with each side defining the other by what it is not rather than what it is;
and than proceeding to attribute far greater homogeneity bo thelr opponents than
actually exists." Thus, it is better to understand this not as a debate but a5 two
different arguments: the "antipositivist™ articulation of a social meta-theary
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which ingludes a philosophical critique of scientism, and "positivist” development
of a scientific research methadology for soclology with accompanying critiques of
the reliability and validity of work that they see as violating such standards,

WI.  Inductivist & Deductivist Methodology of Science

a, Introduction

I an essay entitled Is the Scientific Paper o Froud? "', Pater Medewar claimed
that induction, in contrast to deduction, had no place in science. His implication of
fraud was not aimed, not at the paper's contents, but at how they were presented,
and here he strongly implied that this presentation was an inductive process,
Medewar was a great admirer of Karl Popper, a philosopher of sclence. In The
Lol of Scientific Discovery ™, Popper rejected induction as a legitimate form of
logic in the practice of science, To bolster his argument against Induction in
sclence, Medewar cited an unsuccessful attempt by John Stuart Mill to solve
problems in sociclogy by induction, but neglected to mentian Francis Bacon's
contribution to the birth of modern science in the 17th century by the use of
Induction as a powerful alternative to Aristotelian and scholastic dogma.

Pogper and Medewar arguad vehemently for a method of scientific practice based
on the so-called hypothetico-deduective system, the essence of which |s the
formulation of a hypothesis derlved from @ collection of facts, testing the
hypothesis by trying to ‘falsify’ it, collecting more facts if 'falsification” falls, and
repeating the falsification tests until either you and the hypothesis agree on a
draw or one of you admits defeat. Medewar |1915-1987) shared the 1960 Nobel
Prize in Medicine or Physiclogy with Sir Frank MacFarlane for thelr work on the
mechanism of tolerancs te acguired immunity. Karl Popper (1902-19%4) was
knighted by Cueeen Elizabeth 1l in 1965 and elected a Fallow of the Royal Society in
1476, so there's no guestion here about the kinds of minds we're dealing with.

It s perhaps not top hard to understand that a philosogher, even of sclence, could
make judgments about any aspect and especially the methods of sclance, but
what confuses me and I'm sure would confuse any graduate student or pastdoc or,
In Fact, amyone with an ingubring mind is why tomeone like Medewar, a practicing
scientist, and certainly no dummnvy, should get worked up enough about induction
to write an essay excommunicating it from the scientific community. Is it really
that wicked? Or useless? Should |, a5 a graduate student, watch my step to make
sure | don't ever use induction bn my research? Can | still become a sclentist if | do?
Should | be careful to use only deductive reasoning and not lift a finger to male rmy
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next advance into knowledpe withaut st having formulated a hypothesis? What
111 Just want to ask a question?

Medewar's essay and Popper's philosophy of science are a good example of an
Idinsyneratic viewpaint about what science is and how it should be practiced. It is
not my own point of view, The purpose of this essay is to make three main points
that emerge from this difference. The first is that induction is an integral part of
the practice of science and Popper and Medewar, therefore, in spite of thair
membershipin the class of inteflectual giants, are not ondy talking nonsense about
Induction having no place in science, but are committing a logical herasy by doing
si. The nest i that scientific methods such as hypathetico-deductive ™, Koch's
pestulates "™, or any other system based on rules of precedure or analysis, while
they may be legitimate ways to practice schence, are far from the only ways to do
50. The final point is that certain features of the practice of science, theorizing, for
example, are essentlal parts of aff branches of science and far mone important
than searching for a non-existent only trus “scientific method.” Most of what |
have to say should be seen only as a perspective of my own ideas about how we
practice science, arising from my familiarity with the practical and theoretical
methods of science, or having read or heard about or observed being used by
other sclentists. Most {if not all) of this has been said before but that doesn't
matter. Each viewpoint, like each human being, is different and the differences can
sometimes be more interesting than the similarities. A close friend and colieague,
for example, disagree with my definition of science| That’s the point. These s no
COnsensus, even among scientists and Philosophers, about exactly what science s
and every viewpaint, therefore, can be at least potentlially, valuable, 1t kardly
neds saying that the views expressed in this essay are not necessarily those of the
550 o Its Web site.

Before we get into the nitty-gritty of this essay, however, a small light touch may
help to set the stage, especially since it serves vary well as o pleasant example of
what science can be all about, In a charming essay entitled Con an Ape Tell o Joke?
™ Vickie Hearn describes a problam-selving stidy in which a chimpanzee and an
orangutan, housed separately, were each given a small hexagonal block of wood
and an assoriment of differently shaped openingsinto only one of which the black
would fit. They knew they would be rewarded for making the right chaoice.

The chimp examined every detail of the floar, walls, and ceiling; the openings and
every side of the hexagonal block; smelled it tasted it and, after trying one
apening after anather, found one opening the block would fall into. The orangutan
scratched his back with the block, and then sat with a faraway look in his eyes for
what seemed to the human observer like forever. He then put the block directly
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into the hexagonal opening.

‘Was the chimp an inductivist? Did the orangutan consider the problem, form a
hypothesis, then test it? Which one was the scientist? These questions and maore
shall be the focus of this following section as we consider this fundamental
method of science,

b. General Background Study to The Study of Induction and Deduction

Acommanly held idea of the distinetion between these logical paths to knowledge
is that induction Is the formation of a generalization derived from examination of a
set of particulars, while deduction is the identification af an unknown particular,
drawn from its resemblance to a set of known facts. For example, if we examine
enough feral cats we can generalize that feral cats are a rich sources of fleas
{induction)., If, like Robinson Crusoe, we come across footprints an the beach of a
desert Island, we can conclude from our knowledge of the human footprint that
another human is or was on the iskaind {deduction). In fact, however, Both terms
can have maore subtle meanings, Let's start with a kook at thelr etymology and
definitions.

Etymology: The etymology of these words does not seem to have any of the
judgmental qualities atiributed to them by Popper and Medewar. They come fram
the Latin verb ducere, to draw on or along, to pull or drag, to drew o oneseli, 1o
lead, and with the Latin propensity for prefives, Suffives, and the modification of
the verb itself, ducere has spawned an enormous population of derivatives ™ .
Even with only the prefixes in and de, meaning "In" and 'from,’ respectively, both
words may have many more than one meaning. Simply put, fo induce could mean
‘to lead or draw into, to infer, to persuade,’ and imduction, ‘to lead to the
canclusion that etc....' To deduce could mean to lead from, to draw from' and
deduction, ‘to draw a conclusion from etc..' The official lexicographic and
practical dafinltons are not slways much mans distinetive.

c. Definitions of Terms

Induction: From The Ohford English Dictionary (OEQ); to fnduce (in relation to
science and logic) means "to derive by reasoning, to lead to something as a
conclusian, or inference, to suggest or imply” and induction “as the process of
inferring a general law or principie from cbservation of particular instances,”
Another wersion is the “adducing (pulling together) of a number of separate lacts,
particulars, ete, especially for the purpose of proving a general statement,”

The 1967 edition of the Encyclopedia Sritanmico (£, Brit.) gives two versions by
John Stuart Mill: “the operatlen of discovering and proving general propositions”®
or "that operation of the mind by which we infer that what we know to be trueina
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fticular case orcases will be troe in all cases that resemble the farmer In certain
able respects.”

paraphrase of Francis Bacon's view (also from the £ 8aL) 14 *a selective process
glimination amaong 8 number of alternative possibilities.” The E Brit, in a
parate entry defines primary induction as “the deliberate attempt to find maorne
ws shout the behavior of the thing that we can observe and so to draw the
‘houndaries of natural possibillty more narrowdy® (that s, to look for &
peneralization about what we can observe), and secondary induction as “the
pitempt to incorporate the results of primary induction in an explanatory theory
covering a large Deld of enguiry® (that ks, to try to fit the generalization made by
primary induction into a mome comprehensive theory].

E. Mayr in his Growth af Bislogic Thought ™ offers this definition: “Inductivism
claims that [we) can arrive at objective unblased conclusions only by...recording,
mieasuring, and describing what we encounter without any root hypothests,

Deductlon: Sherlock Holmes' “Elementary, my dear Watsonl" has made
deduction commion knowledge a more familiar feature than indwction in prodlem
salving. The OED definition of fo deduce is “to show or hold a thing to be derived
froim ete_.” o "to draw as a conclusion from something known or assumed, to
infar”; deduction thus is “inference by reasoning from generals bo particulars,” or
"the process of deducing from something known o assomed..."

Both terms define systems of logle the purpase of which is to solve problems, in
the ane case by looking for a peneral characteristic [generalization, conclusion,
conjecture, supposition, inference, etc,} In a set or group of observations, in the
other ta ldentify a particular instance through its resamblance to a set or group of
known instances or observations. Popper's ridicule of induction was based on the
premise that Inductien requires the observation of every instance of a given
phenomenon for the generalization to be true—an obvious impossibility; the fact
that all known crows are black, for example, doesn't prove that no white crows
exist. OF course it is ridlculous when looked at in this way, but what really matbers is
that mast if not all crows are black, and even if a white one should show up and
prove to be a crow and not anather kind of bird, most crows would still be black.
His argument can also be used to make deduction wseless for it, too, is based on an
Incomplate set of known facts. Even if the identifled fact resembles the members
of the set, how can we be sure that every possible feature of either the unknown
of the members of the sat itself has been considered? As we will see In what
follows, in many of the examples of the way sclence ks practiced, induction is as
much a part of this practice as is deduction ar any system of logic that serves the
purpose of advancing knowledge, Induction and deduction areé twa, usually
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different but never eontradictory, approaches to problem solving. The problem
must bie sohved by testing the validity of the conclusion or inference, etc. reached
from aither direction. Inducthori and deduction are thus valuable, oftan
complementary, rools that facilitate problem solving,

d. Induction as a Method of Science: Matters Arising

I spite of what | have said so far, Is there 3 particular methed we can call THE
scientific method? To answer this question it is essential that we first ask another
question: even though we have talked about this before, thers is need to be really
abreastwith the meaning / definitions of science again in this contest,

What do we mean by science? The word comes from Latin selre, “to know," and
seire comes from an earlier Latin root meaning "to cut through,” | . to take apart,
to-analyze, But schence is more than Just knowing by analysls. As noted before,
seience is a process of learning to know the nature of everything in the mater|al
wiarld, from atoms to the most complex of living arganisms and inanimate objects,
Monmaterial things, like gods, whase existence can be nelther confirmed nor
disproved, are excluded, for science deals only with those elements of the
universe that can be shown, at least potentially, to exist. Science, therefors, is
never-ending and always changing. Although its goal is knewledge, it is mare
than and different from knowledge itself, for knowledge is its product not its
ESIENCE. It essence is to doubt without adequate proof. Science is the offspring
of philosopky, and differs from it mainly in the methods used in learning to know,

As with almaost all systems of classification, we can't draw a sharp distinctisn
between science, as defined here, and other forms of schalarship as sources of
knowledge such as the 0D, Grove's Dictionary of Music and Musicians, the
fhickson Baseball Dictionary, etc. or even history, for example. In many respects,
history i a science but it s poorly endowed with or even lacks the ahility to
predict, one of the important things that separates sckence fram other forms of
learning.

In all respects schince is logically Incomgpatible with the belief in a nonmaterial
intelligent entity that controls the universe and is called Gad "™, ™ | yet many
sclentists, especially among the chemists and physicists but even among some
biologists hawve such a religious belief. | can think of onby three resolutions of this
paradaox, The sclentist's God either is not an intelligent entity or has no contraol
ouer the universe. The second s 1o accept the concept of science as defined here
with a part of one's mind and that of God with another, with an impermeabie
barrier hetween the two parts. The third Is either not to be a scientist or not to
befieve In God, i.e. to be an athelst, or euphemistically, a nanbelisver since among
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many people atheist' is a dirty word. The funny thing about these sofutions is that
they all work! The troubbemakers are the zealets, i.e, the propanents of intelligent
Design on the one hand, and the Russian communlsts’ Idiotic attempt to prohibit
religion on the other.

A firm distinetion between the so-called hord and soft sciences, e g, physics and
sociology, can also not be made simply because it is easier to test reality In some
more than in other seiences. Science itsalf, therefore, answers our guestion with a
simple but firm Mo, There cannot be one method that every kind of sclentific
study—in the field, the lbrary, or the laboratory—must follow; the things
scienticts are curious about differ too much from ane anather for all of them to be
siudied according to the same or any set of rules or algorithms,

Wedewar's caricature of the scientific paper bolls down to @ matter of beating a
dead horse. He labels it inductivist because the authors often present their results
without comment and reserve Interpretation of them for the Discussion, In the
first place, this isn't Induction. Even Bacon, its chief propanent, saw induction
mainly as & way lo separate particulars from ane another into groups of
similarities, This s exactly what the taxonomist does, But even If it were induction
[the meaning of which seems to depend on who defines it), what's unscientific
about saying, “Here's what we found. How would you interpret themi Than we'll
tall you what we think™? Shouldn't a scientific paper be at leastas much fur bo read
as a pood detective story? There are plenty of things wrong with the way many
scientific papers are written {freight-train  adjectives, misplaced claises,
redundancies, mistakes in grammar andfor synta, teleokogisms, etc), but
presenting the results without comment is not one of them. | have a hunch that
Medewar was not a lover of who-done-its]

The only true scientific method is to wse whatever toals we can to make
observations, ask and answer questions, solve problems, test a theory, ete., and
it doesn't matter whether we use induction, deduction, or any other kind of
reasoning to do so; it would be a heresy to deny the validity of any method that
helps us learn to know. Induction, in fact, resembles what prose was to Mollers's
baurgenis gentleman ™, We use some form of induction in almast every kind of
scientific endeavar: no matter how it is defined, induction amounts to making and
collating observations. This was Francis Bacon's great contribution te science, Le.
induction as a path to knowledge through direct bservation of nature'™,

Lat's comi back now to the chimp and the orangutan. Were both scientists? Yes.
Was the orangutan more o than the chimp? No, He was only different. Who can
say which was better7 Are Mayr's contributions to evilution through arnithology
™ acs valuable than Dobzhansky's through genetics ™7 Was Vesalius less a
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scientist than Mendel because he described human anatomy while Mendel did
experiments? Both made observations, one by dissection and the other by making
hybrids. Both increased our knowledge of the natural world. Yes, some ane batter
tham othiers: its how the game is played, We can't all play the violin lilke Heifetz, and
the likes of a Copernicus, & Newton, a Darwin, and an Einsteln don't make the
headlines every day. But we can all be scientists. | shall be talking more about this
attack on the method of induction latter when | disouss Paul Feyerabend Ideas of
sceence and philosophy.

e, Ancient and Early Modern Origins

At this point | think it is important that we consider the some of the Ancient and
warly macdern origing of the problems of induction,

Pyrrhonlan skeptic Sextus Emplricus first questioned the validity of inductive
reeasening, positing that a universal rule could not be established from an
incomplete set of particularinstances, He wrote ™

Whin they propose to estabiish the universal from the particulars by
means of indwction, they will effect this by a review of elther all or some of
the particulars, But If they review some, the induction will be insecure,
since some of the particulars omitted in the induction magrcnmrmm.-lhe
universal; while if they are o review all, they will be tolling at the
impossible, since the particulars are Infinite and indefinite.

The focus upon the gap between the premises and conclusion present in the
above passage appears different from Hume's focus upon the cincular reasoning
of inductian. Howsver, Weintraub claims in The Philosophical Quarterty ™ that
although Sextus' approach to the problem appears different, Hume's approach
was actually an application of another argument raised by .

Theose who claim for themsahves to judpe the truth are bound to possess a criterian
af truth. This criterion, then, either Is without a judge's approval or has been
approved. But if it is without approval, whence comes it that it is truthworthy? For
na matter of dispute is to be trusted without judging, And, if it has been approved,
that which approves it, in turn, either has been approved or has not been

approved, and soan adinfieitam,

Although the criterion argument applies o both deduction and induction,
Weintraub believes that Sextus' argument "is precisely the strategy Hume invokes
against induction: it cannot be justified, becawte the purported justification, being
inductive, is circular” She concludes that "Hume's most important fegacy is the
supposition that the justification of Induction is not analogous to that of
deduction.” She ends with a discussion of Hume's implicit sanction of the validity
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of deduction, which Hume describes as intuitive ina manner analogous 1o modern
foundationalism.

Medieval writers such as al-Ghazall and William of Ockham connected the
predhlem with God's absolute power, asking how we can be certain that the warld
will continue behaving as expected when God could at any moment mirculously
cause the opposite.”™ Duns Scotus however argued that Inductive inference from
a finite number of particulars to a universal generalization was justified by “a
proposition reposing in the soul, "Whatever occurs in g grest many instances by a
cause that it not frae, is the natural effect of that cause,™" Some 17th century
Jesuits argued that although God could create the end of the weorld at amy
moment, it was necessarily & rare event and hence our confidence that it would
not happen very soon was largely justified ™

f.  Inductive Reasoning

Before talking in details about the problems of induction, thers is need 1o
consider the various Issues assoclated with inductive reasoning as a method of
thought or thinking in the field of science.

Inductive reasoning, also known as Induction or inductive logic, is a kint of
reascning that constructs or evaluates inductive arguments, It is commonly
construed as a form of reasoning that makes generalizations based on
individual instances, In this sense it is often contrasted with deductive
reasoning. However, philosaphically the definition is much mare nuanced than
simple progression from particular / individual instances to wider
generzlizations. Hather, the premises of an inductive loglcal lmnnun‘f indicate
some degree of support (inducthve probability) for the conclusion but do net
entall it; that is, they suggest truth but do not ensure it, In this manner, thers is
the possibility of moving from generalizations to individual instances.

1. 9% of humans are right-handed.
Z. Jomisa human
Therefare, loe is right-handed,

Induction is employed, for example, in the following argument:
Every life form we know of depends on fiquid water to exist.
All life depends on liquid water 1o exist,

Inducthve reasoning allows for the possibility that the conclusion is false, even
where all of the premises are true,™ For example:

All of the swans we have seen are white.

All swans are white,
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Mate that this definition of inductive reasoning excludes mathematical
Induction, which s considerad to be a form of deductive reasening.

Though many dlctionsdies deline mductive ressaning as ressaning that detlves
general principies from specific observations, this usage is outdated.,

1. Strong and weak inductian

The waords 'strong’ and "weak” are sometimes used to praise or demean the
goodness of an inductive argument, The idea is that you say "this is an example
of stromg Inductian” when you would decide to believe the conclusion if
pressnted with the promises. Alternatively, you say "that is weak induction”
when your particular world view does not allow you to see that the concluskons
are likaly given in the premises,

Strong Induction
The equation, "the gravitational force between two objects equals the
gravitational constant times the product of the masses divided by the
distance batween them sguared," has allowed us to describe the rate
of fzll of all objects we have observed,
Therefore:
The gravitational force between two objects equals the gravitational
constant times the product of the masses divided by the distance
between them squared

The eanclusion of this argument Is not absalutely certain, aven given the
premise, At speeds we normally experience, Newtanian mechanics holds quite
well. But at speeds approaching that of light, the Newtondan system ks net
accurate and the conclusion (n that case would be false. However, since, in
most cases that we experience, the premise as stated would wsually bead to the
conclusion ghwen, we are Iogical in calling this arpurdent an instance of strong
Induction,

Weak induction

Comsider this example:

| always hang pictures on nalls.
Therefore:

All pictures hang from nails,
Here, the link between the premise and the conclusion is very weak, Not only is
It possible far the conclusion to be false given the premise, it is even fairly lkely
that the conclusion is false. Mot all pictures are hung from nails; moreower, not
all pictures are hung, Thus we say that this argument is an Instance of weak
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ction. The question that results fro this situation is “Is induction reliable” 7
2 s lnducticn Reliable?

Inductive reasoning has been attacked for millannla by thinkers as diverse as
Saxtus Emplricus and Karl Popper,

Tha elassic philosophical treatment of the problem of induction was given by the
Scottish philosopher David Hume, Hume highlighted the fact that our everyday
functioning depends on drawing uncertain conclusions from our relatively limited
experiences rather than an deductively valid arguments. For example, we believe
that bread will nowrish us because it has done so In the past, desplte no guarantee
that it will do o, However, Hume argued that it is impossible to justify inductive
reasoning. Inductive reasoning certainly cannot be justified ~ Juctively, and so
ouronby option is to justify it inductively. However, to Justify induction inductively
iscircular, Therefore, it is impossible to justity nduction.

However, Hume immediately argued that even If induction were proved
unreliable, we would have to rely on it 50 he took a middle road. Rather than
approach everything with severe skepticlsm, Hume advocated a p octical
skapticism based on common sense, where the inevitability of mdu ton is
accepted,™ Resalutions that are made from inductive reasoning are often
thought to be redden with a lot of 'Bins'

Blas: Inductive reasoning is also known as hwpothesis construction because any
conclusions made are based on educated predictions. There are three biases that
could distart the proper application of indwction, thereby preventing the reasanar
from forming the best, most logical conclusion based on the clues. These biases
include the ovarilability bios, the confirmation bos, and the predictoble-warld
bias.

The availability bias causes the 'reasoner’ to depend primarily upon information
that s readily available to him, Pecple have a tendency to rely oninformation that
I% easily accessible in the world arownd them. For sxample, in surveys, whan
pecple are asked to estimate the percentage of people whe disd from various
causes, most respondents would choose the causes that have been most
prevalent in the media such as terrorism, and murders, and airplane accidents
rather than causes such as disease and traffic accidents, which have been
technically “less accessible” to the individual since they are not emphasized as
heavily I the world around him/her,

The confirmation bias is based on the natural tendency to confirm rather than to
deny a current hypothesks, Research has demonstrated that people are inclined to
seek solutions to problems that are more consistent with known hypotheses
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rather than attempt to refute those hypotheses. Often, in experiments, subjects
will @ik guestions that seek answers that fit established hypotheses, thus
confirming these hypotheses, For exampie, if It Is hypothesized that Sally is a
sociable individual, subjects will naturally saek to confirm the premise by asking
guestions that would produce answers confirming that Sally is in fact a sociable
Individual.

The predictable-world bias revolves around the Inclination to perceive order
whare It has not been proved (o exist, A major aspect of this bias is superstition,
which is derived frem the inability to acknowledge that colncidences are merely
eotncidences, Gambling, for example, 8 one of the most obvious forms of
predictable-world bias. Gumhlgrs. often begin to think that they see patterns in the
putcomes and, therefore, believe that they are able to predict outcomes based
upan what they have witnessed. In reality, however, the outcomes of these games
are always entirely random. There is no order, Since people constantly seek some
type of order to ewplain human experiences, it is difficult for people to
acknowledge that order may be nonexistent, ™™

3. Types of Inductive Reasoning

Thinkers and researchers have come up with @ various types of Inductive
reasoning. For the purpose of the focus of this text, we shall be considering four of
the outstanding type of inducthve reasoning discussed so far, they include:
Generalization: Statistical Syllogism, Simple Inductionand ,

1, Generalization: & generalization (more sccurately, an inductive
peneralization) proceeds from a premise about a sample to a concluskon about
the population,

The proportion O of the sample has attribute A

Therefore:

The proportion O af the population has attribute A
Example

There are 20 balls--gither black or white—in a bucket. To estimate thelr
respective numbers, you draw a sample of feur balls #nd find that three are
black and one is white, A& good inductive generalization would be that there are
15 black, and live white, balls in the bucket.

How much the premises suppert the conclusion depends upon (a] the number
in thee sample group compared to the number in the population and (b) the
diegres to which the sampbe represents the population {which may be achieved
by taking a random sample). The hasty generalization and the biased sample
are generalization fallacies.
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1, Statistical sylloglsm: A statistical syllogism proceeds from o generalization to
a conclusion about an ndividual,
A proportion O of population P has attribute A,
An individual X Is a member of P,
Therehore:
There Is a probahbility which corresponds to O that X has A.

The proportion in the first premise would be samething like *3/5ths of*, “adl",

“few", etc, Two dicto simphiciter fallacies can ocour in statistical syllogisms:
“nccident” and “converse accldent”,

3, Simple Induction: Simple Induction proceeds from a premise about 2 sampla
#roup to & conclusion abaut another individual,
Proportion 0 of the known instances of population P has attribute A,
Individual | is another member of P.
Thierefore:
There is a probability corresponding to O that | has A.

This is a combination of a generalization and a statistical syllogism, where the
conclusion of the generalization is also the first premise of the statistical
syllogism,
Unider this kind of reasoning, we can have 'Arguments from Analogy’, Some
philosophes believe that an argument from analogy |5 a kind of inductive
reasoning. An argument from analogy has the following form:

| has attributes A, B, and £

Jhas attributes A and B

50, I has attribute C

An analogy relies on the inference that the attributes known 1o be shared [the
similarities) imply that C is also a shared property. The support which the
premises provide for the condusion s dependent upon the relevance and
number of the similarities betwesn | and 1. The fallacy related 1o this process s
felse analogy. As with other forms of inductive argument, even the bast
reasoning in an argument from analogy can only make the conclusion probable
given the truth of the premises, not certain,

Analoglcal reasoning is very frequent in common sense, sclence, philasophy
and the humanities, but sometimes 1 is accepted only as an auxiliary mathod. A
refined approach is case-based reasoning.

4, Causal inference: A causal Inference draws a conclusion about a causal
connection based on the conditions of the accurrence af an effect. Premises about
the correlation of two things can indicate a causal relationship between them, but
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additional factors must be confirmed to establish the exact form of the causal
fislationship, Under this kind of reasoning wie have 'Predictions’
Prediction: A prediction draws a conclusion about a future individual from & past

samphe.
Proportion 0 of obsarved mambers of group G have had attribute A.

Therefore:
There is a probability correspanding to 0 that other members of group G
will havie attribute A when nextobserved,

for the purpose of balance, we will at this juncture, discuss briefly some of the
main themes of Deductive reasoning.
A Distinguishing features of inductive methods of
Reasoning
- They claim that the inductive mithods of selentific inquiry are far more
superior 1o the deductive method of science because it is Integrally
connected to the discovery of scientific laws and theor|es.

- The inductive methods allows us te make 3 leap from the finite data of
observation bo 8 law covering all that are known in the present and all that
coutd be known In the future, While on the contrary, the deductive
mathads of reasoning can never advance to knowledge of the hitherto

unobsarved
. Mo inductive argument can be inductivehy valid

- The premise of an Inductive argument can never provide conclusive
rounds for the truth of the conclusion.

. There s no inductive argument which ks such that the conclusion foltows

froom the premise necessarily.

N The premise of an inductive argument can only provide more or less
probable grounds for the truth ofthe conclusion.

. Inductive arguments can only be weekend of strengthened by additional
evidence.
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g Deductive Reasoning

Deductive reasoning, also called deductive logic, as eariler discussed, Is the kind
feasoning which constructs o evaluates deductive arguments. Deductive
arguments are attempts to show that a conclusion necessarily follows from a set
of premises of hypotheses, A dedictive argument is valid if the conclusion does
follow necessarily frdm the premises, |e,, if the conclusion must be true provided
that the premises are true. & deductive argument is sound if it is valid and its
premises are true. Deductive arguments are valid or invalid, sound or unsound,
but are never false nor true. Deductive reasoning B a method of galning
knowledpe. An example of a deductive argument:

1. Allmen are mortal X
L Socrates s aman
3. Therefore, Socrates is mortal

The first premise states that 2l objects classified as "men" have the attribute
“martal”, The second premise states that "Socrates” is classified as a man - a
member of the set "men", The conclusion states that "Secrates" must be mortal
because he inharits this attribute from his dassification as a man,

Deductive reasoning has some basic mode of practice that have been captured in
three different laws. These laws include: the faw of detachment, The lww of
Sylloglsm and the Law Deductlve Logic.

1. Lawofdetachment

The law of detachment is the first form of deductive reasoning. A single
conditional statement s made, and then a hypothesls [P) is stated, The conclusion

() Is deduced from the hypothesis and the statement, The most basic form |s
listed below:

1. g
2. P(Hypothess stated)
3. QfConclusion given)

We can conclude O from P by using the law of detachment from deductive
reasoning, However, if the conclusion [Q) Is given instead of the hypathesis [P)
then there is novalid concluskon.

The following = an example of an argument using the law of detachment in the



Influential Thinkers & Methods of The Modern Scientific Era

formof an if-then statement;
1. WmA=90° then A ls an obtuse angle.
z. mila=120".
O
3. Aisanobtuse angle.
Since the measurement of angle A is greater than 80° degrees, we can deduce by
that statement alone that A isan obtuse angle.
2. Law ol syllogim

The law of syllogism takes two conditional statements and forms a conclusion by
combining the hypothesis of one statemant with the conclusion of another, The
following is an example:

1. IfLarry issick, then he will be absent from schoal.
2. WLarryis absent, then he will miss his class wark,
3. IfLirr\lis:il:t.ihlnhaurillmls&l‘ﬂ:dusm‘t. i
We deduced the sclution by combining the hypothesis of the first problem with
the conclusion of the second statement.
3. Thelaw of deductive loglc

Deductive reasoning f arguments from this perspective are generally evaluated in
terms of their validity and soundness. This basically is a logical law that determines
the side to which the scale pan will tilt to.

An argument ks valid i it is impossible for its premises to be true while its
conclusion is false. in ather words, the conclusion must be true if the premises,
whatever they may be, are true. An argument can be valid even though the
premises are false,

An argument |s sound iT it isvalid and the premises are true,

The Tallewing ks an example of an argument that |4 valid, but not seund; this is
because the premise is false:

1. Everyonewho eats steak s a guarterback,
2. Johneatssteak.
3. Theretore, John is a quarterbach.
The example's first premise is false (there are people who eat steak that are not
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fuarterbacks), but the conclusion must be true, so long as the premises are true
|l itis impassible for the premises to be true and the conclusion false), Therefare
the argument is waild, but not sownd, ™

The theory of deductive reasaning known as categorical o term bogic was
Heveloped by Arlstotle, but was superseded by propositional {sentential) logic
and predicate logic.

Deductive reasoning can be contrasted with Inductive reasoning. In cases of
inductive reasoning, even though the premises are true and the argument s
“walid", it is possible for the conclusion to be false {detarmined to be false with a
counterexample or other means). For more infarmation on this see Wogu, 1, A,
{2010),

4. Hume'sskepticism

Philosopher Dmdd Hume presented grounds to doubt deduction by gueestioning
induetion, Hume's problem of induction starts by suggesting that the use of sven
the simplest forms of induction simply cannot be justified by inductive reasoning
itself, Moreover, Induction cannot be justified by deduction either. The efore,
Induction cannot be justified rationally. Consequentially, if induction is ot et
justified, then deduction seems to be lelt to rationatly justify itsell — an
objectionable conclusion te Hume,

Hume did not provide a strictly rational solution per se. He simply explainad that
we cannot help but induce, but that it is lucky that we do so. Certainly we must
appeal to first principles of some kind, including laws of thought.

5 TheMajor Claims of the Deductive Methods of Reasoning

* In deductive reasoning or arguments, the author claims that the
conclusion of the argurnent necessarily follows from the premise.

«  Proofsingeometry and in other related area of mathematics will be one
kind of deductive reasoning or argument as the case may be,

*  When a deductive argument fives up to the authors expectations, that
the canclusion follows necessarily from the premise, such argument Is
said to be valld, In other words, a valid argument is one where it is
impossible for the premise te be true and the conclusion false,

*»  Where the authors claims fails to meet with the stated condition, we say

the argument is invalld
. But where the valid argument has true premises, then
wesay suchan argument is spung
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. On the contrary, the inductive argument that fives up
the author's claims, [e, where the premise makes the
conclusion highly probable, we say that the “orgument i

Stromg’,

. A strong grgument that actually dose have true premise
s called a cogent argument. Let us note that cogent arguments
dase not 2hsolutely guarantee the conclusion, as those of
the sound argument) but It does give us stroag reasons for
believing the conclusion,

h. The Problem Of Induction

Formulation of the problem: In Inductive reasoning, one makes 3 series |:nfr
ohservatians and infersa new claim based on them, For instance, from a series o

ohservations that a wornan walks her dog by the market at Bam on Manday, it

e valid ta (Afer that next Monday she will do the same, or that, in general, the
woman walks her dog by the market every Monday. That next Maonday the waman
walks by the market merely adds to the series of obeervations, Il.dues not prove
sk will walk by the market every Monday, Firstof all, it is not certain, regardless of
the number of observations that the woman alwiys walks by the market at Bl?m on
Monday. In fact, Hume would even argue that we cannot claim it is mnl-rle
probable®, since this still requires the assumptian that the past predicts the
future. Secand, the observations themselves do not establish the validity of

inductive reasoning; except iInductively

1. David Hume Description of The Problem of Induction

David Hume described the problem in An Enguiry mmmlnnlﬂmwr:
Understanding, 54, based on his epistemalogical framewark. Hera, “reason
rafars to deductive reasaning and "induction” refers to Inductive reasoning,

First, Hume ponders the discovery of causal retations, which form the basis for
what he refers to as "matters of fact,” He argues that causal relations are found
niet by reasan, but by induction, This is because for any cause, multiple effects are
eonceivablie, and the actual effect cannot be determined by reasoning ahl_:utthe
cause; Instead, one must observe occurmences of the causal relut_lnn to discener
that it holds. For example, when one thinks of "a billiard ball moving in & s?ralght
line toward another,”™ ane tan concefve that the first ball bounces back with the
second ball remaining at rest, the first ball stops and the second ball moves, orthe
first ball jurnps over the second, etc. Thera i no reason (o conclude any of these
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possibilities over the others. Only through previous observation can |t be
predicted, inductively, what will actually happen with tha balls. In general, it is not
necassary that causal relation in the future resemble cousal relations in the past,
s it is always concelvable otherwise; for Hume, this is becaose the negationof the
claim doesnot lead toa contradiction,

Wext, Hume ponders the justification of induction. I il matters of fact are based
on causal relations, and all causal relations are found by induction, then induction
must be shown to be valid somahow, He uses the fact that induction assumes a
valld connection betwenn the proposition *1 kave found that such an abject has
always bien attended with such an effect” and the proposition *| foreses that
other objects which are in appesrance similar will be attended with similar
effects."™ One connects these two propesitions not by rease 't by induction,
This elaimn is supported by the same reasoning as that for causal relations above,
and by the observation that even rationally inexperienced or inferior people can
infer, for example, that touching fire causes pain. Hume challenges othar
philpsophers to come up with a {deductive) reason for the connaction, I the
justification of induction cannot be deductive, then it would beg the quest!-n; for
induction to be based on an inductive assumption about 3 connection. In ctian,
itzelf, cannet explain the cannestlan

In this way, the problem of induction is not only concermed with the uncertainty
of conclusions derived by Induction, but doubts the very principle through
which those uncertain conclusions are derlved,

2. Nelson Gosdman's New Problem of Induction

Melson Goodman presented a different description of the problem of induction in
the third chapter of "Fact, Fiction, and Forecast” antitled "The New Riddle of
Induction” {1954). Goodman proposed a new predicate, "grue”, Something is
grue if and anly if it has been observed to ba green before o certain time or blue
after that time, The "new" problem of induction is, since all emeralds we have sver
seen are both green and grue, why do we suppose that after time T we will find
green but not grue emeralds? The standard scientific response i to invoke
Oceam's razor,

Goodman, however, points out that the predicate "grue” anly appears mare
complex than the predicate "green” because we have defined grue in terms of
blue and green. If we had always been brought up to think In terms of “grue” and
“bleen” (where bleen s blue before time T, or green thereafier), we would
intuitively consider “green” to be a crazy and complicated predicate. Goodman
believed that which seientific hypotheses we favour depend on which predicates
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are "entrenchad” inour iznguage.

3. Interpretations and Explanations of The Problems of Induction

4, David Hurme on the Problem of Induction: Althouggh induction i not made by
reason, Hume ohserves that we nonetheless perfarm It and improve from it He
proposes a descriptive explanation for the nature ofinduction in §5 of the Enguiry,
titled *Skeptical solution of these doubls®, It |s by custem or habit that one draws
the inductive conmection described above, and "without the influence of custom
we would be entirely lgnorant of every matter of fact beyond what is immediately
present to the memory and senses.”"" The result of custom is beligl, which is
instinctual and much stronger than imagination alone.™

B, Karl Popper: a philosopher of science, sought to solve the pml:.lbem af
induction ™ He argued that science does not use inductlon, and inductionisin fact
a myth™ Instead, knowledge is created by conjecture’™ and criticism. The main
role of observations and experiments in science, he argued, is in attermpts to
eriticize and refute existing theorles.™

According to Popper, the problem of induction as usually conceived isaﬂﬂnu; the
wrong quissthon: it is sking how to justify theories given they cannot be justified
by induction. Popper argued that justification is not needed at all, and seeking
justification "begs for an autheritariznanswir”, Instead, Popper said, what should
bedone s to look to find and correct errors.”" Popper regarded theothes that have
survived criticism 25 better corroborated in proportion to the amount and
stringency of the criticism, but, in sharp contrast to the inductivist theories of
knowledge, emphatically as less fikely to be true. Popper therefore held that
seeking for theories with a high probability of being true was # false goal that Is in
confiict with the search for knowledge, Science should seek for theorles that are
minst probably false on the one hand (which is the same as saying that they are
highly falsifiable and so there are lots of ways that they could turn out to be
wrong), but still all actual sttempts ts falsify therm have failed s far {that they are
highly corraboratad).

Waesley C. Salmon criticizes Popper on the grounds that predictions need to be
made both for practical purpeses and |n order to test theories. That means
Popperians need to make a selection from the number of unfalsified theories
available to tham, which is generally more than one. Popperians would wish 1o
choose well-cormoborated thearies, in their sense of corrabaratian, but face a
dilammra: either they are making the essentially inductive claim that a theory's
having survived criticism in the past means it will be a reltable predictor in the
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Ure, of Popperian corraboration is no indicater of predictive power at all, sa
reis o rational motivation for their preferred selection principle,™

Miller has criticized this kind of criticism of Salmon and others, because it
imakes inductivist assumptions."” Popper does nat say that carroboration s an
Indicator of predictive powsr, The predictive power is in the theoary itsell, not inits
corroboration. The rmtional motivation for choosing a well-corroborated theary is
that it ic simply easier to falsify: Well-corrnborated means that ot least one kind of
mxperiment (already conducted ot least once) could {(but did not) falsify the one
theary, while the same kind of experiment, regardless of its outcome, would not
falsity the other. Sa it ls rational to choose the well-corrobarated theary: it may not
bt oy (ikely o be brue, but at least It s easier to pet rid of it if not.

Other proofs: There are sorme deductivie and mathematical wiws 1o justily some of
the logle behind induction. Besides those reaponses mentioned above, of further
relevance to deductively proving aspects of the practice of inference are: law of
large numbers, Neyman—Pearson lemma, de Finettl's theorem, and Hans
Reichenbach's theories,

Philosopher John Vickers summarizes the ways these mathematical and
deductive proofs respond to Hume's Problem of Induction, For one, Hume's
algebraic foundations allowed for only rather weak logie, unlike those mare
complex thearems just mentioned, Moreover, modem mathematical reasoning
has incorporated probability in a way that had not been done in Hume's time. At
very least these provide good reason 1o trust inductive methods over simply The
Wisdom of Crowds or single testimony. That Is, the method of induction makes
good deductive and probabilistic sense, but it is still up to peaple to determine
which starting premises to hold true,

Wickers concludes that we should use induction, not becausa it yields certainties,
like deduction, but because it is a mathod that actually seems to correct itself- and
i& thus mare likely to bring ws closer to truth than aother metheds,

i. A summary of all the Issues raised so far

1, THE QUESTIONT

«  As good as the so daimed “hall mark” may seem, there seem 1o
be a probdem when we try to ask whether Inductisn can be

Justified,
s Themethed of induction even seem fallible to common sense,

#  Critics have had to wondered whether the position and method of a
gambler is not the same as those of tha inducthviet,
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« 5o under such a situation, thinkers would ask what is the certainty
that an event that took place in the past will reoccur as proposed by
the inductlvist?

s Matters arising from these issues hawe made thinkers to wonder why
a method so ridden with “logical fallacies and Inconsistencies” is still
held in such high esteem, especially when we know that such claims
are not justifiable

s« It i the problem of justifying inductive leap that we call the
problem of induction, L. Harre & E.H Madden in thelr book causal
powers, defined the problem of induction as “the problem of
the legitimacy of generalizing any result obtained in any particular
ampirical imvestigation.

2, THE SOLUTION

in an attempt to offer solutions to these matters ansing from the problem of
induction, three approaches were opened to the inductivist, (1] the logical
defense, [7)the empirical defense, |3} the probability defense

# Logical Defense

A valld argument we have stated earlier, 5 one with all its premise held to be true.
While the deductive argument has this characteristic, the inductive argument
does not. Inductive arguments cannot be appraised as valid, though most
inductive arguments hove a false conclusion and a true premise without being
Invalwied in o contradiction.

Examples of such inductive anguments will certainty show that there is a legitimate
influence in reaching the conclusion, but there is no logical guarantee that the
next proposed outcome will fellow from the premise before it

Conclusion: We can thus conclude on the sccount of arguments made on logical
grounds that "while thers will be no logical contradiction in claiming that a
position is the case. There are no logical grounds that can justify the sweeping
claima that are being made,

Consider a chicken that makes a sweeping clalm about the time it was always fed,
9.00 am, everyday haven observed this fora while. But on this occasion, Christmas
-eveto he precise, the chicken was shocked to know that this claim could not hold,
fer the chicken last his head that very day 1o the caretakers Pot of stew.

. Experientlal Defense
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Where often the inductivist fall 1o explain or Justify himself with logical defenss,
he fall back to experience. This they do by often recounting the successful
predictions of a phenomenan from where inferences have been successfl in the
past, are made, Based on these, they propese another outcome. Consider the
“acfipse of the moon &5 an exampla

The truth is that this way of justifying induction ks untenable. This is because it
employs the very kind of inductive argument whose validity Is In need of
justification

" Example

. The principle of induction weorked successfully on occasion X1
N Tha principle of indoction worked successfully on occasion X2
. Therefore the princlple of induction always works.

Mow because of the problem inherent in this kind of reasoning, any altempt to use
this argument to justify induction ks bound to be unsuccessful. This in turn will
mean |ustifyinginduction with induction, whichiscireulare Probability
defense

Seeing that both the logical and the experlentlal methods have falled the
inductivist resort to the method of “Probability” where mast proponents of the
inductive mode of reasening have argued that the problem of induction coukd
raadily besolved.

They nsist that rathes than Inferring the conclusion, “All A’ are BY, frem the
premise “All examined A's are BY, the conclusion should read “it is more probable
than not that "All A's are 8"

Conclusion: From all indications, this reformulated version of Induction faces the
same problems that the previous attempted to justify, By this we do not see how
this probabilistic defense successhully overcames the problem of induc tion,

Max black captures this fact when he said;... “those wha insist that the conclusien
of inductive arguments should be probability statements are faced with the same
dilermma that bedavils all previous attempts to justify induction”..

3, HUME AND THE PROBLEM OF INDUCTION

| " Hume was the first philosopher to give serious thought to the
probilem of induction, though Hume was naver known to have
usied the word “induction”, in any of his works, his analysis of
causation arises from his view that all reasoning concerning
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matters of fact are grounded in the connection between cause
and effect,

. He argeed for Instance: if | observe that event "A" ks
accompanied by event “B” on one occasion, it doss not follow
that "A" will be sccompanied by event "B" on subseguent
occasions. Where it happens often enough, | may come o
expect that when nest "4 ocours *B” follows.

. in Hume's gwn opinien, this mode of thought Is a fact of
sychalogy and not lagic
- He believes that no matter how numerous the numbers of

ohserved instances may be, they do not logically entail that
peneral statement [laws or theories) are inferred from them

. Hume naevertheless recognizes that the whole of science
asaumes that the future will always resermnile the past in those
aspects in which the laws of nature are said to operate. He was
however quick to note that this assumptions by the Inductivist
are unjustifiable.

Hume's Summation

. Observation he strongly believed cannot establish this claims
sinee the future that is being talked about is unobservable.

He also argued that logle cannot resolve the isswes 3t hand, je.
The Fact that all past futures resembled past ones does not
entailthat the fubure will resemble the future past.

. in all, Hume comes to the understanding that although there is.

no way of validating the inductive procedure, our psychological
constitution makes us think interms of them.

L Critical Rationalism Karl Popper

| approached the problem of induction through Hume.
Hume, | felt, wos perfectly right in pointing out thet
indwction cannot be legically justified.
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KARL POPPER

a Introduction

Critical Rationalism® is the name Karl Popper (1902-1994) gave to & modest and
self-critical rationalism. He contrasted this view with "uncritical or comprehensive
ratlonalism,” the received Justificationist view that only what can be proved by
reason and/or experience should be accepted. Popper argued that
comprehensive rationafism cannot explain how proaf i possible and that it leads
o Inconsistencies, Critical raticnalism today is the project of extending Popper's
approsch to all areas of thought and actios 'n each Neld the
central task of critical rationalism is o replace allegedly
justificatery methods with critical anes

Karl Popper is generally regarded as one of the greatest
philosophers of science of the 20th century. He was ales a social
and pelitical philosopher of considerable stature,  self-
prafessed ‘critical-rationalist’, a dedicated opponent of . forms
of skepticism, comventicnalism, and relativism in science and in
human affairs generally, a committed advocate and staunch
. defender of the "Open Society’, and an implacable critic of tatalitarlanism in all of
its forms, Gne of the many remarkable features of Popper's thought is the scepe of
his intedlectual influence. In the modern technological and highly-specialized
Wworld scientlsts are rarely aware of the work of philosophers; it is vietually
precedented to find them gueuing up, as they have done in Popper's case, to
stify to the enormously practical beneficial impact which that philosophical
jark has had upon theirown.

this section of our study we shall pay close attention to his life, the background
his philosophy, his ideas about the grawth of human knowbedge, his thoughts

the probability of knowledge and verisimilitude, his contributions to the
ol of induction, his works on knowledge, History and Prediction. Wi will in
chuding this part, consider some of the various criticisms that have been levied
st his methods and ideas of the philasophy of sclence,

b, The Life of Karl Popper

mimund Popper was born on 28 July 1902 In Vienna, which at that time could
some claim to be the cultural epicentre of the western warld, His parents,
wera of lewish origin, browght him up in an atmesphere which he was later to
as ‘decidedly bookish', His father was a lawyer by profession, but he alsa
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took a keen interest in the classics and In philosophy, and communicatad to his son
an interest in soclal and political Isswes which he was to never lose. His father was
also a doctor of law &b the Wienna University and a bibliophile who had
12,000-14,000 volurnes in his personal library, ™ Popper inherited both the library
and the disposition fram him,"™

His mother inculcated In him such a passion for music that for a time he serioushy
eontemplated taking It up a5 a career, and indeed he initially chose the history of
music a5 a second subject for his Ph.D examination, Subsequently, his love for
music became ane of the inspirational forces in the development of his thought,
and manifested itsalf in his highly criginal interpretation of the relationship
between dogmatic and critical thinking, In his account of the distinction between
objectivity and subjectivity, and, maost impartantly, in the growth of his hostility
towards all forms of historicism, including historicist ideas abowt the nature of the
“progressive’ in music. The young Kar attended the local Realgymnasium, where
he was unhappy with the standards of the teaching, and, after an illness which
kept him at home for a number of months, he lelt to attend the Unlversity of
Viennain 1918, However, he did not formally enroll at the University by taking the
matriculation examinathon for another fouryears.

1919 was in many respects the most impartant formative vear of his intellectual
life. In that year he became heavily involved in left-wing politics, joined the

Association of Socialist School Students, and became for a time a Marxist. ™*

Howewer, he was quickly dislilusioned with the doctrinaire character of the latter,

and soon abandoned it entirely. He also discovered the psychoanalytic theories of |

Freud and Adler (under whose asgis he engaged briefly in social waork with
deprived children), and listened entranced to a lecture which Einstein gave in

Wienna on relativity theory, The dominance of the critical spirit in Einstein, and its
total absence in Marx, Freud and Adler, struck Popper as being of fundamental |
importance: the |atter, he came to think, couched their theories in terms which
made them amenable only 1o confirmation, while Einstein's theory, crucially, had

testabie implications which, iffalse, would have falsified the theory itsell.

His Academics; Popper obtalsed a primary school teaching diplomain 1925, took .
a Ph.D. in philosophy in 1928, and gualified to teach mathematics and physics in
secondary school in 1929, The dominant philosophical group In Vienna at the time
was the Wiener Krels, the circle of 'scientifically-minded” intellectuals focused
around Maritz Schiick, who had been appointed Professor of the philosophy of

the inductive sciences a1 Vienna Unphversity In 1922, This included Rudolf Carnap
Otto Neurath, Viktor Kraft, Hans Hahn and Herbert Feigl. The principal objective
the mambers of the Circle was to unify the seiences, which carried with it, inth
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view, the need to eliminate metaphysics once and for all by showing that
‘metaphysical propositions are mezningless—a project which Schlick in particular
siw as deriving from the account of the proposition given in Wittgenstein's

Tractatus. Although he was friendly with some of the Circle's members and shared

their esteem for sclence, Popper’s hostility towards Wittgenstein  alienated
Schlick, and he was naver invited to become @ member al the group. For his part,
Popper became increasingly critical of the main tenets of logical positivism,
gspecially of what he considered to be its misplaced focus on the theory of
maning in philosephy and wpon verification in scientific methodology, and
reveled in the title 'the official oppasition” which was bestowed upan him by
Neurath. He articulated his own view of science, and his criticisms of the
positivists, in his first work, published under the title Logik der Sorachung in 1934,
The book—which he was later to claim rang the death knell for
positivism—attracted more attention than Popper had anticipated, and he was
invited to lecture in England In 1935, He spent the nest few years working
preductively on science and philosophy, but storm clouds were gathering—1he

growth ol Nazism in Germany and Austria compelied him, like many other

Invetlectuals who shared his lewish origins, b leave his native country,
In 1937 Popper took up a position teaching philosophy ot the University of

Canterbury In New Zealand, where he was to remain for the duration of the

Second World War. The annesation of Austria in 1938 became the catalyst which
prompted him to refocus his writings on social and political phitesophy, It was
during this period that he wrote “The Open Soclety and its Enemies”. In 1946 he
moved to England to teach at the Landon School of Econsmies, and became
rafessor of logic and sclentific method at the University of London in 1949, From
this point on Popper's reputation and stature as a philesapher of science and
lal thinker grew enormously, and he continued to write pralifically—a number
his works, particularly The Logic of Sclentific Discovery (1958), are now
Iversally recognized as classics in the fieid, He was knighted in 1965, and retired
m the University of London in 1969, though he remained active as o writer,
dlcaster and fecturer umtll his deathin 1994

£ Abackgroundto his thoughts

| number of biographical features may be (dentified as having & particular
fice upon Popper's thought. In the first place, his teenage flirtation with
reism left him thoroughly familiar with the Marist view of economies, elass-
I, andl history. Secondly, he was appalied by the fallure of the democratic parties
#em the rising tide of fascism in his native Austria in the 1920s and 1930%, and
#ffective welcome extended to it by the Marxists. The latter acted on the
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ideological grounds that it constituted what they believed to be a necessary
dialectical step towards the implosion of capitalism and the ultimate
revolutionary vietory of communlsm. This was one factor which led te the much
feared Anschiuss, the annexation of Auwstriz by the German Reich, the anticipation
of which forced Popper into permanent exile from his native country, The Poverty
of Historicism {1944) and The Open Soclety ond fts Enemies (1945], his most
impassioned and brilliant social works, are a5 a conseguence a powerlul defence
of democratic liberalism as a sociall and political philesophy, and 2 devastating
eritiquee of the principal philosephical presuppositions underpinning all forms of
totalitarianism. Thirdly, 2s we have seen, Popper was profoundly impressed by the
differences between the allegedly 'scientific’ thearies of Freud and Adler and the
revalution effected by Einsteln's theory of relativity In physics in the first two
decades of this century. The main difference between them, a8 Popper saw it, was
that whilis Einstein’s theory was highly "risky’, In the sense that it was passible to
deduce consequences from it which were, in the light of the then dominant
Newtonkan physics, highly improbabbe (e.g, that light is deflected towards salid
bodies—confirmed by Eddington's experiments in 1919), and which would, if thay
turned out to be false, falsify the whole theory, nothing could, even in principle,
falsify psychoanalytlc theories.

Thee Marxist account of history toe, Popper held, ks not sciemtific, although 1t differs
in eertain eruclal respects from peychaanalysis. For Marxism, Popper believed,
had been initlally scientific, in that Marx had postulated a theory which was
penulnely predictive, Howevar, when these predictions were mot in fact borne out,
the theory was saved from falsification by the addition of od hoc hypotheses
which made it compatible with the facts. By this means, Popper asserted, a theory
which was initially penuingely sclentific degenerated into pseudo-scientific dogma.
These factors combined to make Popper take falsifiobility as his criterion for
demarcating science from nom-sclence: iF a theary is incompatible with possible
emplrical observations It Is sclentific; conversely, a theory which Es compatible
with all such observations, either bacause, a5 in the case of Marxiam, [t has been
madified solety to accommodate such observations, or becawse, as In the case of
psychoanalytic theories, it is consistent with all possible observations, Is
unscientific, For Popper, however, to assert that a theory Is unscientific, & not
necessarily to hold that it is unenlightaning, still less that it is meaningless, for it
sometimes happens that a theory which is unscientific (because [t is unfalsifiabla)
at a given time may become falsifiable, and thus scientific, with the development
of technology, or with the further articulation and refinement of the thegry.

d. Popper's Philosophy
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at a glven time may become falsifiable, and thus sclentific, with the development
ol tachnolagy, of with the further articulation and refinement of the theory,

d. Popper's Philosophy

Popper colned the term critical rationalism (o describe his philosophy. The term
indicates his rejection of classical empiricism, and of the classical
observationalist-inductivist account of science that had grown out of it Popper
argued strangly against the latter, holding that sclentific thearies are abstract in
nature, and can be tested only indirectly, by reference to their implications, He
also held that scientille theory, and human knowledge generally, is irreducibly
conjectural or hypothetical, and is generated by the creative imagination in order
1o solve problems that have arisen in specific historio-cultural settings. Loghcally,
no number of positive outcomes at the level of experimental testing can confirm a
scientific theary, but @ single counterexample is logically decisive: it shows the
theary, from which the implication is derived, to be false. The term "falsifiable”
does not mean something is made false, but rather that, if it is false, it can be
shown by ohservation or experiment.

Popper’s account of the logical asymmetry between verification and falsifiability
lies at the heart of his philosophy of science. It alsa inspired him to take
falsifiability as his criterion of demarcation between what is and |s not ganuinely
scientific: a theory should be considered sciantific it and only if it is falsifiable, This
ied him to attack the claims of both psychoanalysis and contemporary Mardsm to
scientific status, on the basis that their theories are not falsifizble. Popper also
wrote extensively against the famous Copenhagen interpretation of quantum
mechanics. He strongly disagreed with Niels Bohr's instrumentalism and
supported Albert Einstein's realist approach 1o scientific thearies about the
universe. Popper's falsifiability resembles Charles Peirce's nineteenth century
faliibilism, in OFf Clocks ond Clouds {1966), Popper remarked that he wiched he
had known of Peirce's work earfier,

The Goal of Popper's Philosophy: in All Life is Prablem Solving, Popper sought to
explain the apparent progress of scientific knowledge—hew It Is that our
understanding of the universe seems to improve over time, This problem arises
fram his position that the truth content of our theorles, even the best of them,
cannot be verified by scientific testing, but can only be falsified. Again, in this
context the word 'falsified” does nat refer to something being "fake’; rather, that
something can be (l.e., Is capable of being] shown to be false by observation or
experiment. Some things simply do not lend themselves to being shown to be
false, and therefore are not falsifiable. If so, then how is it that the growth of
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sCience ane\ars. toresullt ¢ina growth n knowledge? In Popper's view. the advance
af sclentific knowledge is 5 3 evolutionary process characterized by his formula;

PSS, 4 TT, - EE, — PS,,

In response to 3 pMesn problem situation (PS), @ number of competing
canjectures, or tentativess theories | TT), are systeratically subjected to the most
Figorsus attempts at fall jsification possible, This process, ermor elimination (EE),
performs a similar funenction for selence that nstural selection performs for
bielogical evolution. The sories that better survive the process of refutation are nok
e true, But rather, mo pre "fit"—in other words, more applicable to the problem
situation at hand {P5,). CZonsequently, just as a species’ biological fitness does not
ansure continued sunivas al, nelther does rigorous testing protect a scientific theory
from refutation In the R future, Yet, as it appears that the engine of biological
evalutlon has produced, |, oyer time, adaptive traits equipped to deal with more
and more comples prodeblems of survival, likewise, the evolution of theorles
through the sclentific minathod may, in Popper's view, reflect a certzin type of
progress: toward Mare ahend mare interesting problems (5.}, For Popper, it 15 in the
interplay between the ¥ tentative theories [conjectures) and error elimination
{refutation} that scientii:ific knowledge advances toward greater and greater

problams; in a process V&rery much akin to the Interplay between genetic variation
and natural selection,

Where does “truth” fit intigto all this? As early as 1934 Papper wrote of the ssarch for
truth as "ane of the stromangest motives for scientific discovery.” Still, he describes in
Objective Knowledge (1%972) sarly concerns about thie much-criticized notion of
truth as correspondence s Then came the semantic theory of truth formulated by
the |ogician Alfred Tarski {j and published in 1933, Popper writes of learning in 1935
af _lhi‘-' consequences of Tl Tarski's theory, to his intense jay, The theary met critical
objections Lo truth as congrrespondence and thareby rehabilitated it, The theary

also seemed, In Popper's s 5 syes, to support mataphysical realism and the regulative
ideaof & search fortruth. _

According to this theory, | the conditions for the truth of a sentence as well as the
sentences themselves are-g part of a metalanguage. 5o, for example, the sentence
“snaw is white® Is true if t and only IF snow is white, Altheugh many philosaghiers
have interpreted, and eo-ontinue to interpret, Tarskl's theory as o deflationary
:J"“"I’r Popper refers tomg |t as a theory in which “is true" is replaced with

corresponds to the factsas®, He bases this Interpretation on the fact that examples
such as the one describessd shove refer to two things: assertlans and the foets ta
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they refer. He identifles Tarski's formulation of the truth conditions of
es a5 the introduction of a "metalinguistic predicate™ and distinguishes
Owing cases:

1. "lohncalied” is true,

2. “ltistruethatlohncalled.”

first case belongs to the metalanguage whereas the second is more likely to
kang to the abject language. Hence, "it is true that™ possesses the logical status
# redundancy. "is true”, on the other hand, is a predicate nacessary for making
ral observations such as "John was telling the truth about Phillip."

r this basis, along with that of the logical content of assertions (where logical
ntent is inversely proporthonal to probability], Popper went on to develop his
portant notion of verisimilitude or “truthlikeness”.

& Intultive idea behind verisimilitude is that the assertions of hypothedes of
wclentific theories can be objectively measured with respect to the amount of
truth and falsity that they imply. And, in this way, one theory can be evaluated as
maore or less true than another on a quantitative basis which, Popper emphasizes
forcefully, has nothing to do with "subjective probabilities™ or other merely
“epistemic” considerations.

The simplest mathematical formulation that Popper gives of this concept can be
fownd in the tenth chapter of Conjectures and Refutations, Here he defines it
as:

Vs(a) = CT.(a) — CTy(a)

where Vi) is the verisimilitude of o, €T {a) Is a measure of the content of truth
of @, and CT{a) is a measure of the content of the falsity of a.

2. The Problem of Demarcation

As Popper represents it, the central problem in the philosophy of science is that of
demarcation, e, of distinguishing between science and what he terms “non-
scignce’, under which heading he ranks, amongst others, logic, metaphysics,
psychoanalysis, and Adber's individual psychology, Popper is unusual amongst
contemparary philosophers in that he occapts the validity of the Humean critique
of induction, and indeed, goes beyond it in arguing that induction is neveractually
used by the scientist, However, he does not concede that this entails the
scepticism which is associated with Hume, and argues that the
Baconian/Mewtonian insistence on the primacy of 'pure’ observation, as the initial
step in the formatien of theorles, is completely misguided: all chservation Is
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uction, which functions as the route to sclentific theory, a view which
personally endorsed with his affirmation that 'There Is no lagical path
g 1o [the highly universal faws of sclence]. Thay can only be reached by

bn, based upon something like an intellectual love of the objects of
pnce’. Science, in Popper's view, starts with problems rather than with
atlons—it is, indeed, precisely in the context of grappling with a problem
Ahir scientist makes obiervations in the first instance: his observations are
lively designed to test the extent 1o which a given theory functions as a
chory soluthon to a given problem,

selective and theory-laden—there are no pure or theory-free observations, Inthis
way he destabilises the traditional view that science can be distinguished from
naen-science on the basis of its inductive methodaology; in contradisting tion to this,
Popper halds that there is no unigue methodobogy specific to science. Science, like
virtually ewery other human, and indeed organic, activity, Popper believes,
consists largely of problem-solving.

Popper, then, repudiates feduction, and rejects the wiew that it is the
characteristic method of sclentific investigation and Inference, and substitute's
falsifiability in its place. It is easy, he argues, to obtain evidence in favour of
virtually any theory, and he consequently bolds that such ‘corroboration’, as he
terms it, should count scientifically only if it is the positive result of a genuinely
‘risky’ prediction, which might conceivably have been false, For Popper, a theory is
scientific only if it is refutable by a concelvable svent. Every genuine test of &
sclentific theory, then, Is bogically an attempt to refute or to falsify it, and one
genulne counter-instance falsifies the whole theory, In a critical sense, Popper's
theary of demarcation is based upon his perception of the logical asymmetry
which holds between verification and falsification: it is logically impossible to
conclushvely varify o universal propogsition by reference to experience {as Hume
saw clearly], but a single counter-Instance conclusively falsifies the corresponding
universal law. In & word, an exception, far from ‘proving’ a rule, conclusively
refutesit,

# 'basic statement’ is to be understood as a particular chservation-report,
il we may 13y that a theory is scientific if and anly IF it divides the class of basic

iments into the following two non-empty sub-classes: {a) the class of all thoae
staterments with which It is Inconsistent, or which it prohibits —this is the
of its potential falsifiers (ie., those statements which, if true, falsily the
theory), and [b) the class of those basic statements with which |1 |s
ent, or which it permits (i.e., those statemants which, If true, corroborate it

wr it out),

The Growth of Human Knowledge

Popper accaordingly, the growth of human knowledge proceeds from our
s and from our attempts to sohwe them. These attempts Involve the
ulation of theories which, if they are to explain anomalies which exist with
et 1o earlier theores, must go beyond existing knowdedpe and therefore
jbre a leap of the imagination, For this reason, Popper places special emphasis

8 role played by the independent creative imagination in the farmulation of
, Thie centrality and priority of problems in Popper's account of selence Is
eunt, and it is this which leads him to characterize sclentists as ‘problem-
!, Furthier, since the scientist begins with problems rather than with
tions or "bare facts', Popper argues that the only logical technigue which is
agral part of scientific method is that of the deductive testing of thearies
i are not themselves the product of any logical operation. In this deductive
ppdiire conclusions are Inferred from a tentative hypothesis, Theze
pions are then compared with one another and with other relevant
Brits to determing whether they falsify or corrobeorate the hypothesis, Such
lugkons are not directly compared with the facts, Popper stresses, sirmply

e there are na ‘pure’ facts available; all observation-staternents are theory
#nd are as much a function of purely subjective factors (interests
lations, wishes, etc.) as they are a function of what is objectively real

Every genuine scientific theary 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 that a theary has withstood the most rigoroes
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 measwre of corroboration
and may be provisionally retained as the best avallable theory wntil It is finally
falsified {if indwed itis ever falsified), and,for is superseded by a better theory,

Popper has always drawn a clear distinction between the fogic of falsifiability and
its gpplied methodology, The logic of his theory is utterty simple: if a single ferrous |
matal 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 conclusive
falsifiable although it B not conclusively verifiable. Methodologically, however,
the situation is much more comples: no observation is free from the possibility of
error —consequently we may guestion whether our experimental result was what

itappeared to be.
Popper strasses in particular that there is no unique way, no single method suck it does the deductie procedure work? Popper specifies four steps:
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