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CHAPTER 1
GENERAL NATURE OF INDUCTION

1. The Problem of Induction.—The gy"ogisn] IS no
better than a hypothetical judgment, because the con-
clusion is true only ¢/ the premisses are truel The
problem remains: how do we establish the premisses
themselves?  All syllogistic reasoning is the application
of a generalisation, a law, a principle, to particular facts
and cases; hence, we have now to examine the ground
on which generalisations are hased.

The primary source of all our knowledge is experience ;
but obviously it gives us knowledge of particular facts
only, not of general principles.  For instance, experience
teaches us that men died in the past, that they die at
present, but it cannot justily our belief in the mortality
of all men, including those yet to be born.  Again, even
without examining «l/ peacocks we confidently assert that
they are blue. We examine only one triangle and
generalise that the suin of the three angles of any
triangle is cqual to two right angles. The problem of
Induction is to find out the justification for taking this
leap towards generalisation from only one or few
observed cases, to examine the grounds on which we
base inferences of universal laws from particular facts.

lef The author’s Elements of Deductive Lugic, Calcutta, 1918,
Book III, ch 4.

A



2 INDUCTIVE LOGIC

How do we arrive at umniveisal propositions, which,
experience is incapable of yielding 2 This is the questioh
that states the problem of Juduction.?

2. The Meaning of Induction.—If Induction aims at
the discovery of universal laws  which express the
essential natnve of phonemena, it wust be regarded as
the most adequate and necessary instrument for the
advancement of Science.  For that reacon Inductive
Logic is also known as the Logic of Science.  Seience seeks
to understand nature and to control it hy the power
of knowledge.  Such knowledge is only possible by
strict loyalty to facts : hence scientitic thought is always
controlled by fuets.  The progress of science is ellected
by an appeal to facts at cvery stage®  Science always
abms at the formmulation of most general hypotheses,
which, duly verified, become universal principles.

The term ‘ Induetion” covers the whole process of
scientific explanation, which means that it involves
Deduction as well®  But sometimes it is used in a more
restricted sense, v7z., the observation of facts and the
formulation of a hypothesis.  We consider such restrie-
tion to be more or less arbitrary, since it assumes that
Induction and Deduction are always to he kept apart—-

'“Why is a single instance, in some cases, sufficient for a
complete induction, while in others myriads of concurring instences,
without a single exception. known or presumed, gosuch a very
little way towards establishing an universal proposition ? Whoever
can answer this question knows more of the philosophy of logic

than the wisest of the ancients, and has solved the problem of
Induction ".—Mill, Laogie, TIT, in1 3.

2“The triumphs of science have been due to an insistence on
facts  The victories have been won by turning away from vagre
armchair speculation, and by eract obserration of what actually
occurs.  The result of this laboratory method is that the scientist
now speaks with nnparalleled authority.”"—Quakerism, a Reliyion
of Lite, London, 1998, p. 21.

* Vide ch. VII infra.



GENERAL NATURE OF INDUCTION 3

an agsumption which falls short 6f truth. Induction and
Deduction are to us only aspects or stages of one and the
SAI1ME Progess.

Aristotle defines Induction as the process of estab-
lishing a general proposition by appeal to the particular
instances in which its truth is shown’.  The doctrine of
Induction was, however, not worked out in any detail
either in Traditional or in Scholastic Logic.  Although
Roger Bacon (1214—1294) had insisted on testing the
value of theories by reference to concrete facts and had
spoken of man as the interpreter of nature, the credit of
founding Induction is usnally given to Fiancis Bacon,
Lord Verulam (1561—1626), who elaborated the
Inductive method for the interpretation of nature.  He
viewed Induction as the discovery of © forms” (e, the
essence) of things.  After him, J. S Mill (1806—18&73)
defined Induction as the process of discovering and
proving general propositions.  He considered all inference
as inductive, and a procedure from the known to the
unknown.  Bain defines Induction as the arriving at
general proposition, by means of Observation or Fact.
Veun regards it as the objective counterpart or founda-
tion of infertibility. According to Jevons, Induction is
essentially enumerative : ¢ erfect” Induction—- in which
all the ohjects or events which can possibly come under
the class treated have been examined—gives us certainty,
while  Imperfeet” Induetion caunot take us beyond
probability.  In inductive reasoning, as in the deductive,
the chnelusion never passes beyond  the premisses.
Sigwart! speaks of Induction as the inversion of the
syllogism, and Bosanquet® defines it as ‘ the reference
to reality of a system or the ground of particular

Yef. Sigwart, Logik, I1. 401.
? cf. Bosanquet, Logic, 179, 43 ff.



4 INDUCTIVE LOGIC

differences within it by which reality is taken as
qualified.”  Wundt considers the elementary logical
form of Induction as a syllogistic argument in the Third
Figure (Verbindungsschluss).

3. Relation between Induction and Deduction.—Wy
have spoken of Induction and Deduction as two aspects
of the same process,  They are distinetions within
unity, moments of the same process.  Deduction cannot
proceed without a generalisation in the form of the
major  premiss, and such generalisation can only be
arrived at by means of induction.  Ou the other hand,
mducetion also imvolves deduction, without which it
cannot complete atself.  Hence such like statements as
“Iuference is  essentially  deductive’  (Hawmilton),
“Inference 'is at bottom inductive” (Mill) err in heing
one-sided, and do not state the whole truth.  The fact
is that inference is a complex process involving both
induction and deduction ; neither is less important than
the other. A vigid separation Dbetween the two is
impossible.  Keeping this in mmd, we may still
distinguish the two aspects of the inferential process.

It is usual to distinguish Induction and Deduction as
converse processes.  Thus it is said that Induction proceeds
from the particular to the more general, and Deduction
from the general to the more particular.  In the former
we attempt to explain particular facts by discovering
their intevconnexion and state it in the form of a
general law; in the latter we start with a general law
and apply it to particular cases, thereby proving the
existence of a certain attribute in a particular subject,
Induction proceeds from facts to reasons that explain
those facts. Deduction proceeds from conditions to their
consequences. The former is essentially an instrument
of discovery and explanation, the latter of verification
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]irnof. Induction reduces multiplicity to the unity
aw ; it finds unity and uniformity wjthin diversity

it seeks the one in the many 1 it attempts to orgamse

L] . . . .
the vast mass of details and facts into an ordered and

systematic whole.

Deduetion, on the other hand, tests

the validity of a universal principle or a general law; it
proves the trath of a law by 1ts application to fresh
cases ; it demonstrates a truth by applyving it to particular
relevant facts: it traces the consequences of a certain

condition assumed to be true.

mutually supplementary.!

Both these processes atre

The following Table summarises the characteristies of

Induction and Deduetion ;-

Induction.

1. Proeiple : - What is true
of each is true of all.’

2 Proceeds from  part to
whole.
3. Inference viewed from the

side of differences.
4. Starts  with individuals
and ascends to nmversal laws.
5. Experience the starting-

point.

6. Proceeds from facts to
reiasons.

7. Awns at truch,

8. (foal : Causal explanation
of phenomena.

1. Prineiple :* What is true
of all 1s true of each.”

2. Proceeds from whole to
part.
3. Inference viewed from

the side of the Universal
4. Ntarts with universal laws
and descends to individuals.

5. Independent of Experi-
ence.
6. Proceeds from reasons

to their consequences.

7. Aims at calidity.

8. Guoal: Application of a
universal principle to facts.

Yef. what Riehl says on Induction :

without Deduction.

distinction between

* No Tnduction is possible

! Induction i~ a hypothetical Deduction, a con-
jecture by means of a Deductive »ryilogism.’
Induction and

Also ¢f. “The

other forms of Inference,

erroneously described as the distinction between Tnduction and
Deduction, is chiefly a distinction of aspectx, ngely based on a
confused idea of Induction, but yet in some degree justified.'—

Bosanquet, Logic, I1. 18.
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Inductjon. Deduction.
9. Reduces mulby licity to 9. Proves the truth of a law
the unity ot a law. by 1ts application to tresh cases.
10, Characterised by novelty 10, Novelty  only psycho-
in it~ result. logical, not strictly 1ogical.
L. Instiument of discovery il Instrument of cerficarion
and proof.
12, First premiss a fuct. 12, Major premiss a  priv-
ciple
13.  Copula * constitutes ” 13, Copula i
4. Commonly prior to and 1, Uswily posterior to and
independent ot Deduction dependent on Tuduction

Thus we see that although inference 1s a single
process, the distinetion between Induction and Deduction
is not absolutely meaningless.  Bosanquet holds that
Induction has hardly any claim to be classed as a species
of Inlerence!  Boyce Gibron too oljects to the use of
the term  * Inductive Inference,” which he  regards
as a ““misnomer.”  But if we keep in view the ieal
basis of distinction between Induction and Deduction, no
reasonable objection could be preferved against the time-
honoured and  familiw term. What may, with sowme
Justification, be objected to, is the antithesis often set up
between Inductive and Deduetive Logie,  Deductive Logie
treats of sceveral inferences which are inductive in the
commonly-aceepted sense, while Induetive Logic proceeds
on a method which cannot complete itsell without the
aul of deduction.  Thus Inductive and Deductive Logic
ate not to be treated as two water-tight compurtments.
"It has not for its differentia any peculiar nature in the
universal which carries the conclusion. It is, consequently, like
Comparison or Recognition, ke Observation or Experiment, a

‘ransient and external characteristic of inference,”—Bosanquet,
Ligae, 11, 176.
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Logic is one : it treats of inference which invelves both
induction and deduction At the same time, we must
not forges that for the sake of clearness ¥istinetions arve
often nece®sary although they must not be transformed
into divis ons.  We have ourselves divided our exposi-
tion of logical principles into two parts, and have named
thew in the usual way, without in any sense 1ecognising
or implying any antithesis between Inductive and
Deduetine Logic.

4. The Inductive Syllogism.— Arnistotle understood hy
Induction the process of establishing a universal propo-
sition by showing empivically that it is true in cach
particular case relevant to the inquity.  This Kind of
Induction—ecalled Perfect Induction (ride c¢h. 11)—can
be stated in the form of a syllogism :—

Man, horse, ass ee.are long-lived.
Man, horse, ass ... are animals without bile.

- All animals without bile are long-lived.!

If this syllogism is to be tiue, its minor premiss
must be convertible “simply 75 it must comprise all the
particulars, e, the members in the enumeration must be
commensurate with the class. The Inductive Syllogism
may, thercfure, be expressed in the following symbolie
form :—

S, 8, 8, are D,
S, 8, 5, alone are M,
SAIL M s P

Aristotle describes it as an argument ‘by which we
prove the major term to be true of the middle tenmn, by
ufcans of the minor term’. If the conclusion * All
M is I’ is taken for nothing more than an enwvmerative
Jwlgment, it will not serve as a true universal proposition

! Avistotle, dwn, Prior, 11, c. 23.  Also cf. Au. Post. II. ¢. 17.
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which ssience requires.  To fulfil that parpose it musy
ghow that there is a law of connexion between M dnd' P

Strictly spefking, the Inductive Syllogism, though
valid in the above sonse violates the syllosiseic rules,!
sinee, in the minor premise, the copula isnot “are”™ but
“constitute " or “make up” (which is the real meaning
of “are” here). While each of the instances in the
major premise is D, those of the minor premise con-
stitute M «ll toyether. In this sense, then, M is used
collectively in the minor premise and distributively in
the conclusion; hence the conclusion © Al M is PP’
cannot be valid. It is only valid if the enumeration is
complete ; thus :—

Valid. Tnralid.
8., 8,, Sy are P S8, S, are P
%,,S‘,‘S. alone are M. S‘I,S_,Ss are all M.
LA M s P SOAN M s D

The velid form of the Inductive Syllogism, as given
above, may also serve as a symbolical expression of
“ Perfect Induction” 5 and we may also note in passing

y [4
that it is just the inverted form of the Deductive
Sylogisin :
Perfect Induction: as Inductire Decduetere Syllogism.
Syllogism.
Spring, Summer, Autumn and Tha four searons make up a
Winter make up a year. year.
Spring, Summer, Autumn and Spring. Summer, Autumn and
Winter are the four seasons. Winter are the four seasons.
. 'The four seasons make up a | .". Spring, Summer, Autumn and
year. Winter make up a year.

So, too, the principle of P'erfect Induction is just the
reverse of the Dictum de omni et nwvllo, and may bhe
stated as: “ What is aftirmed (or denied) of all the

! ** This argument violates the rules of the syllogism, and yet it
is perfectly valid. The rcason of this is that the rules of

syllogisin are not designed to meet the case of a quantified predicate
such as we have in the second proposition.”—Stock, Laogic, p. 142.
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logical parts, may be aflirmed (or denied) of the logical
whole ”: or “ What is true of each is trug of all .

5. Reduction of Inductive Syllogism to Deductive
form.— Atempts have been made to exhibit the Indue-
tive Syllogism into the Deduective form, but the trans-
formation seems to be more or less unnatural, since the
true inductive character of the argument still persists.
There is an outward similarity to the deductive form,
but also an undetlying substantial difference!—

Whatever belongs to cach individual belongs to the
whole class.

Attracting iron belongs to this, that, and the other
maguet.

. Attracting iron belongs to all magnets.

The following example given hy Whately shows how
Induction can be forced into the Deduetive form ;—

Whatever belongs  to  the individuals we have
examined, belongs (certainly or probably as
the case may be) to the class under which
they came.

Sheep, Ox, Deer, are found to ruminate, while they
belong to the class of animals deficient in
the upper cutting teetl.

oAl such animals are ruminant.

The unnatwal and uncouth form of such arguments
1s obvious.  Whately argued that—

All Reasoning is Syllogistic,

Induction is a form of Reasoning.

- Induetion is Syllogistic.

*°.-. Induction is Deduetive.

' On this point read Karlsluke, Aids to the Study of Logic,

Oxford, 1851, pp. 92 ff.  According to Aldrich, Induaction ix a

Syllogism in the first mood of the first Deductive figure, of which
the Minor is suppressed.
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But, as a matter of fact, the Syllogism is not identical
with  Deductign.  Besides, to say that all 2easoning
is Sylogistic is to say nothing: it is mere tautology
like ¢ All reasoning is reasoning’. Thus, we Lold that all
attenpts to force Induction into the Deductive form are
bouud to be futile.  While 1t is true that Induction and
Deduction are only two aspects of the Inferential process
we must also observe, while admitting thenr distinction.
that the principle of Induction is precisely the inverse
of that of Deduction.

6. The Method of Induction.—The analysis and in-
estigation of phenomena is conducted by the method
of Induction, which involves the following steps :—-

(¢) Perception of connexion between phenomena in
some particular case or cases.

(¢7) Formation of a Hypothesis as suggested by such

observation.

(i) Deduetion of the consequences of this Hypothesis.

(iu) Testing of these consequences with reference to

a carelul study of phenomena, and the exact
formulation of the hypothesis, which, after
verification, 18 accorded the dignity of a
theory or law.

DeMorgan describes this Method as follows :—

“ Modern discoveries have not heen made by large collec-
tions of facts with subsequent discussion, separation, and
resulting dedunetion of a truth thus 1endered peiceptible.
A few facts have suggested an Ziypothesis, which means
a supposition proper to explain them. The necessary
results of this supposition aie worked out, and then, and
not till then, other facts are examined to see if these
ulterior results ave found in nature. The trial of the
hypothesis is the special object ; prior to which hypotheses
must have Dbeen staited, not by rule, but by that
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sdaacity of which no description can be given, precisely
Pocawse the very owners of 1t do not act under laws
perceptible to themselves.  The inventor®of hypotheses,
if presseds to explain his method, must answer, as did
Zerah Colburn, when asked for his mode of instantane-
ous caleulation.  When the poor boy had been bothered
for some time in this manuer, he cried out in a huff,
“God put it into my head, and 1 ean’t put it into yours’
Wrong hypotheses, rightly worked from, have produced
more useful resuits than unguided observation.”

7. Bacon’s Pure Inductive Method.—Dacon and his
followers adopted, in conducting their investigation of
Nature, & method known as the Pure Induetive Method.,
It was a reaction against the aathority of dogma in the
days of Scholasticisim.  The tendency to allow facts to
speak for themselves served as the origin of this method,
which aims at strict Fidelity to Fact by avoiding
Hypothesis altosether.  Creighton deseribes this method
thus 1 —“ Knowledge, then, must begin with observation
of particular facts ; and only after we have made a great
nwmber of particular observations, and have carefully
classified and arranged them, taking account of all the
negative cases, are we able to discover in them the
general Taw.  No hypotheses or guesses are to he made ;
but we must wait until the tabulations of the pmticular
phenomena reveal the general “form” or principle which
belongs o them  all”* Tv is a laborious method by
which we keep on compiling statisties till the gencral
“form” is revealed by dtself.  We are not vequired to
frame anv hvpothesis, in order to remain strietly within
the arena of facts.

Jut this comparatively primitive notion is rejected by

Yef Budyet of Par~dores, p. Hh.

Creighton, du Introductory Logic, New York, 1909, p. 29.
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madern logicians.  Hypothesis is now held as an
absolutely necessary accessory to  Induction. Frlekty
to facts, though good in itsell, 18 not everything  “The
mind cannot collect facts methodically unless it also
selects them.... It is not enough to he faithful to
fact.  Science must be faithful to ofs oirn facts, to the
facts relevant to 1ts own ideas.  What Induction needs
as 168 gunding prineiple is not a vague Fidehity to Fact,
bhut Fulehity to Relevant Fact.!  Thus, accordimg to the
modern conception of ITnduction, mere empinical collee-
tion of facts is not enongh : the mind must know the
purpose for which tho collection 15 made.  Hence the
use of Hypothesis is indispensable. Tt is  IHypothesis
which gives meaning to IFact. Bacon’s Pure Inductive
Moethod is, therefore, not suitable for the progress of
seienee, and 1s incompatible with the most modern
conception of Induetion, which makes Hypothesis a most
indispensable step in the inductive process

SUMMARY.

All syllogistic reasoning is based on the assumption
of the formal truth of the major pemise.  The Problem
of Induction is to inquire how we anive at the major
premiss; in other words, to find out the grounds of
generalisation.  Kxperience can give us knowledge of
the particulur only. Iow, then, do we derive from it
wniversal principles, how do we generalise from concrete
facts 2 That constitutes the Problem of Induection.

Induction is the most adequate and necessuy in-
strument of Science, which aims at the establishme&t
of universil liws.  For that reason, Inductive Logic
has also been called the Logie of Science.

' W. R. B. Gibson, The Problem of Loqe, London, 1908,
p. 314,
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To Aristotle Induction signified the establishing of a
general proposition by showimg that 1t is true in each
particular case.  The doctrine of Inductfon, though not
unknowne to the ancient Greek or the medueval
scholastic logicians, has been elaborated only in modern
times.  Roger Bacon, and three centuries later Francis
DBacon, laid the foundations of the Induetive Method, but
the doctrine did not reeeive very great mpetus il the
appearance of J. 5 Ahll, who held all inference to be
imductive, reasoning from particulars to particulars,
from the known to the unknown.

Induction is most intimately related to Deduction
m fact, they are two aspects of the inferential process.
Induction by 1tself is never complete without deduction ;
while deduction starts with the generalisation which can
only be reached through mduetion. But a useful dis-
tinction could be drawn between these two aspects, if we
do not lose sight of their essential relation.  (See p. 8).

Aristotle had attempted to bring Induction in the
form of a syllogism, and defined Induetive Syllogism as
an argument that proves the major term of the middle
by means of the minor, thus—

8., S, S, (minor) are S (major),
S, 8, 8y, alone are M (middle),
~All Mis P

If we substitute “are all” in place of “alone are”
the syllogism becomes inadmissible. The Inductive
Syllogism in the form given above is the inverse of the
Deductive  Syllogism. Its transformation into the
deductive form is  unnatural, since the inductive
“haracter survives the mere outward change.

The method of Induction comprises the following
steps :—(1) Observation of connexion hetween pheno-
mena, (2) Formation of hypothesis, (3) Testing the
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hypothesis, (4) Verification and Explanation. Bacorn's
Pure Inductive Method proposed to eliminate Hypathesfs
altogether and to discover the geneial form by a
methodical study of facts themselves.  But radevaney is
very essential to science; a mere collection of facts is
uscless ; hence the use of hypothesis cannot but e
admitted as absolutely necessay, consequently Dacon’s
Method must be rejected as unsound and erroneous.

QUESTIONS AND LXERCISES.

1. Distinguish  between  forwal  and  malerial  truth.
Which of the two is aimed at in Induetion !

2. State the general problem of Induction.

3. Why has Inductive Logic been called the “Logic of
Scienee 1

4. Give Avistotle’s definition  of Induetion.  Was  the
problem of induction discussed at any length by formal
logicians?

5. Discuss the relation hetween Induction and Deduction.
6. In what sense is the inductive process opposed to the
deductive?

7. “Induction is alwaysasvlogism ", Is this a true analysis
of the process of inductive reasoning

8 tInduction proceeds from facts to reasons : Deduetion
from conditions to consequences. " Explain this statement,

9. “Induction is a hvpothetical deduction.”  How  far
does this statement explain the relation between Induction
and Deduction?

10, Indicate very briefly how Induction is never complete
without Deduction, and how Deduetion is hased on Induetion.

11, Explain:—*“In the actual conduet of scientific inquiry
there is a constant alternation of the processes of induction
and deduetion.”

12. Critically examine the following observations :—

(#) “Induction is really the inveise process of
Deduetion.”

(1) “Induction and Deduction are continuous
opcrations.”

S
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{7y “The Third is distinctively the Inductive
figure”

13. What is common to the inductive and deductive
pracesses of reasoning? In what do they ditfer?

1. Compwre and discuss the views of Mill and vaotw
regarding the nature of Induaetion,

15, Criticise the attempts to state inductive reasoning
syllogistieally ?

16. Point out the futility of Whately's attempt to forco
Indluction into the Deduction form.

17, Aualyse the general Method of Induction, and set
down the various stages in the induetive process.

18, Characterise Bain's Pure Inductive Method and point
out its chief drawbacks.

19.  Criticallv consider the various views that have heen
advanced respecting the logieal form of Induetion

20, “What is true of cach is true of all.”  Iistimate the
value of this principle.



CHAPTER 11
CPERFECT ” AND *“ IMPERFECT ” INDUCTION

1 Perfect Induction.— An Induction is « Perfect ” *
when all the instances covered by a rule have been
examined and found true.  This form of Induction
exhausts all the possible cases, and therefore depends on a
complete wumeration.  Thus, if there are 100 students
in my class, and none of them is able to answer a few
simple questions in Geography, T am led to assert that
my class is ignorant of Geography. .\gain, when I see
that each of the twelve months of the year contains
more than 27 and less than 32 days, 1 may at once
assert that all the months contain more than 27 and
less than 32 days.  Here the enumeration is complefe, as
all the possible instances have heen examined before
framing the rule.

Many modern logicians  question  the right of
“ Perfect ” Induetion to be classed as inference at all,
since the conclusion, instead of being more general than
the prewises, merely sums up what is alveady stated in
them. They look upon it as Induction improperly so-called
or apparent Induction. Others,® however, hold that
the true road to certainty lies in complete enumeration.

'* Porfect ” Induction is the only ‘formally valid’ Induction.
according to Aristotle, while according to Mill it has no right to
be clussed under Induction at all. since it fails to lead us on to the
unknown.

*eg. Jevons cf. his Principles of Science, 20d ed. 1. pp. 146-152.
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2. Imperfect Induction.—This type of Induction
requires the examination of a few iustances only. It
rests on the assumption of similarity between the
examined and the unexamined cases! Sometimes eveu
a single case is enough to form the basis of such
Induction. By an acufe analysis we understand its
essential natwe and are led to assume similarity in like
cases unexamined by us.  The superiority of the
“ Imperfect” over the * Perfect” type of Induction lies
in the fact that by the discovery of an inner connection
between phenomena or the instances examined it does
away with the necessity of examining «ll possible cases.

LIinperfect  Induction may be subdivided into ()
Induction by  Simple  Examination (Inductio  per
simplicene enemerationent) and (i2) Scientific Induction.

3. Induction by Simple Enumeration.—1This kind
of induction consists in establishing a universal truth oun
the ground of mere enumeration of iustances, without
any attempt to explain any causal connexion. We
examine several cases, and finding that none of these
contiadicts our hypothesis, we argue that what is true
of these instances is also true universally.  For example,
[ go to inspect a school, and put a few questions to
some students indiseriminately @ if the first four students
answer correctly, 1 expect the fifth also to give me the
correct answer. I infer that all boys of that class are
smart and intelligent.  In the case of Perfect Induction,
1t was necessary to question ecach boy before drawing

VY fmperfect Induction merely unfolds the information
contained in past observation or events; it merely rendeis
explicit what was implicit in previous experience. It transmutes
knowledge, but certainly does not create knowledge " (ibid T,
168 f7.) ‘“In inductive. just as in deductive reasoning, the
vonclusion never passes beyvond the premisses.” (Gbid 1. 251),

B
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any conclusion about the whole class: it required
complete enumeration.  Dut Induction by Sanple Enuiner-
ation  differs from  that by Complcte  Enumeration
(“ Perfeet ™) in that its conclusion is not “a  mere
compendions  statewment of its premisses but is more
veneral, referring to more than what is covered by the
instances actually examined.  Moreover, we make mno
attempt to show that the conclusion we have drawn
from the instances examined is the only one which the
facts in question allow; if we do so, it becomes
Scientitic Induction, of which we shall speak presently.

How do we arvive at the conclusion that © All men
are mottal”? Ouly by simple  enwmeration.  The
conclusion canmot be arrived at by DPerfeet Induction,
sinece in this case complete enwmeration is out of the
question.  We know some men who died and those who
are dying; and finding that our experience is not
contradicted in these instances, we rise to the conelusion
that * a/l men’ (past, present and future) are ‘mortal’
Similarly, we meet a few Frenchmen, find them very
hospitable and amiable, and we infer that ¢ All French-
men are hospitable and amiable”  The leap from
“some’ to ‘all’ is based on our faith in the Uniformity
of Nature, in the existence of universal relations and
interconnexions in Nature. The following are the steps
usually taken in establishing a universal truth by
inductio per simplicem enwmerationem —

(i) We observe that a few instances, viz. @, b ¢, d,
possess a common characteristic .

(%d) But the instances in question bLelong to the
class Z; thevefore, perhaps al{ instances
belonging to the class Z possess the charac-
teristic .
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(¢2i) We may verify this generalisation by applying
it to other instances, o', ¥/, ¢/, d" . . ..,
which also belong to the clags Z.

We dp not attempt at any complete enumeration of
cases but examine only a few instances and infer a
certain general trath on the stiength of mere enumera-
tion. It is obvious that there is always the possibility
of an incomplete elimination in this method, hence the
conclusion is not absolutely eertain hut only probedle!
Its principle is that what is to be will prebably be like
what has been in similar eirecumstances.  DBut if the
number of instances examined is Jarge enough, the
unessential elements are more easily eliminated and the
chances of error reduced.®

Induction by Simple Enumeration “ which proceeds by
merely citing instances, is”, according to Bacon, “a
childish affair, and being without any certain  principle
of inference it may be overthrown by a contradictory
istance.  Moreover, it usually draws the conclusion
from too small a number of instances, taking account
only of those that are obvious”3 It is called “a

P Nature is to us like »n infinite ballot-box, the contents of
which are being continually drawn, ball after ball, and exhibited
to us  Science is but the careful observation of the succession in
which balls of various character usually present themselves ; we
revister the combintions, notice those which seem to e excluded
from occurrence, and from the proportional frequency ot those
which usuallv «p ear we infer the probable character of future
drawing ™ Jevons, ibid, T, 169 ; also cf. 1. 202 ff

20n the counting of instances is hased the statistical Method
usually applied to sociological problems there days. Irof.
E. W. 8cripture tef.  The New Psychology, pp 16 fL.) gives the
following rules of this method :—(1) The f'henomeron to be
¢ unted must be a countable fact that can serve as » unir, 2@ All
things which are to te counted shall correspond completely and
exactly to the state! definition of the counted ubject, and nothing
that dees so eorrespond shall 1 e omitted.

3 Norum Orvanum, Bk, 1. aph. cv,
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childish  thing” (wes  puerilis), because it merely
assumes a uniformn interconnexion of two phenomens,’
without attempting to analyse them as parts of a
coherent system, but until that is done we have merely
empirical knowledge of a certain fact but no adequate
explanation. It is Scientite Induetion which under-
takes to carry on this deeper analysis in the search after
true explanation.  Hence the fundamental limitation of
this type of Induction is that it fails to establish any
causal connexion between phenomena but only states
a fact of uniformm connexion.!  Enumeration is, however,
not entirely useless. It is always the starting-point of
an inductive inquiry and is of great help in the first
stages of induction,

4. Scientific Induction.—A conclusion arrived at by
simple enwmeration can never he perfectly certain, unless
we further attempt to establish a causal connexion ; and
when that is done, we have Scientific Induction. Mere
enumeration may give us an idea of superficial connexion
between things, hence its value is not much after all:
but in Scientific Indnction, which is the highest fonn
of “Imperfect” Induction, we seek after some real
connexion. It goes bevond factual relation established
on the strength of mere enumeration, and aims at
establishing a universal law whose validity may be
independent of the citation of instances. Thus, if we
know that certain men died, we may attempt to under-
stand the reason why as men they died. If we under-
stand that mortality is one of the attributes of humanity,
we may at once state with confidence that < All men ae

Pef. "It can do no more than verify a “that’. It cannot
verify a ‘how’. Given the observed fact that p, ¢ are, in a certain
number of cises, accompanied by «x, the induction at best can only

verify the suggested fuct that p, ¢ are in all possible instunces
accompanied by «".—Boyce *-ibson, ep cit. p 356.
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mortal . The certainty of this proposition follows more
from establishing a causal relation between  humanity’
and “mortality” than from the factual relation based
on  thee simple enumeration of one or more cases.!
Scientitic Induction, therefore, claims to give us * certain’
knowledge.  Ounly one case, if thoroughly analysed, is
sufficient to warrant the truth of a universal proposition.
True scientific explanation, whiech is based on the
discovery of the laws of causal counexion, is only
possible  through  this type. of Induction. While
Induction by Simple Enumeration merely states a fact
of uniform connexion but fails to deal with apparent
exceptions to a generalisation, Scientific Induction over-
comes the difliculty by attempting by a thoronghgoing
analysis to establish a universal law of e«wsal connexion.
This  Dbrings out the proper function of Scientific
Induction : it is to explain the Zow and not merely the
that of phenomena.

The essential steps in Scientific Induction are :—

(#) Preliminary observation of facts.

(if) Supposition as to their cause.

(ii2) Verification of the hypothesis.

(¢¢) Explanation of the iaw.

(v) Application of the established law.

The remaining types of Induction are discussed in
the following Chapter, where a complete scheme of
Induction is outlined.

N

'* The name Scientific Induction is something of a contradiction
in terms.  Induction is meant to mean the treatment of instances.
Scientific analysis as such, however, does not deal with instances,
but only with contents. When we speak of a scientific treatment
of instances, we mean a precise determination and skilful resolu-
tion of their contents.’ Bosanquet, Logic 11, ch. IV,
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SUMMARY

An induction is said to be “Perfect” when all' the
instances cmnin?_g under the supposed rule have leen
examined and found to he truly cases of it. It requires
complete enumeration of the instances covered by a rule.
According to  Avistotle, Perfect Induction is the only
“formally valid 7 induction ; while according to Mill this
process is merely a shorthand registration of facts known
and cannot be called induction. It is not an inference
from facts known to facts unknown but merely the
swmming up of known facts.

An induoetion is said to be “ Imperfeet 7 when only a
few instances are examined. It 1ests on the assumption
of similarity between the examined and the unexamined
cases.

There are two principal kinds of Tmperfect Induction,
(0) Iuduetion by Simple Enumeration and (1) Seientific
Induction.

Induction hy Simple Enwmeration consists in estab-
lishing a universal truth on the ground of mere cnmera-
tion of instances, without any attempt at  causal
explanation, It differs from Perfect Induction (based
on complele enmmeration) in that its conelusion is not
a mere summing up of the known facts hut is much
more general.  This type of induction is hased on the
principle that the future will probudly resemble the
past.  Thus it ends in probability and not  eertainty.
It can only state a fact of untlorm counexion hut cannot
establish any causal connexion. It mercly explains the
“that” and not the “how’ of phenomena.

Scientific Induction undertakes to discover principles
of universal eonnexion through the analysis and com-
parison of instances. Sowmetimes even a single instance
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is enough to establish a causal relation; all depends on
the completeness and adequacy of ouy analysis. The
proper function ol Scientitic Induction is to explain
the “how’ and not merely the “that’ of phenomena.
The statement of the fact of a uniform connexion is not
enough for purpeses of science.  That connexion itself
must be explained.

QUESTIONS AND EXERCISES

1. Distinguish between Perfect and Imperfect In-
duction, and consider the value of the distinction.

2. What eflicacy was attributed to induction by
complete enwmeration (* Perfect Induction ") by Aristotle?

3. State very briefly Mill's criticism of “ Perfect
Induction ”.

4. How far and in what sense is it true to speak of
the superiovity of  “Impeifect” over ¢ DPerfect”
Induction ?

5. Discuss the relative worth of Induction by Simple
Enumeration and Induetion by Complete Enumeration.

6. State the chief limitations of [nductio per
Enwmerationem Simplicem.

7. Explain the distinction between Induction by
Enwumeration and Induction by analysis.

8. Wherein lies the essential value of Scientific
Induction ?

9. What is the aim of Scientific Induction and how
does it seek to realise it ?

10.  Explain and discuss the doctrine that induction is
based upon the theory of probability.
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11. Explain and illustrate the following statement :—
“ Logical induction concludes from vcach one to all:
induction prnpe‘rly so called concerns the matter of
thought, and concludes from some to all’—- Bowen.

12, Is it possible to arrive at a universal proposition
without actually olserving all the individuals denoted
by the subject of the proposition ?  If so, how ?



CHAPTER TII
MILL'S INDUCTIVE SCHEME

1. Scheme of Inductive Inferences.— In Book I1T of
Wis System of Logie Mill gives a detailed account  of
Inductive Inferences.  He first distinguishes * Inductions
properly so called” from * Inductions improperly so called.”
Unless there is an inference, e, unless we proceed from
the known to the unknown, there is no induetion.
Hence all those processes in which this characteristic is
wanting are to be put aside.  Mill mentions three of
these, viz. (1) Perfect Induction (2) Parity of Reasoning.
and (3) Colligation of Facts.  All these are types of
Inductions improperly so called.  Under the head of
Inductions properly so called, Mill reckons two types,
iz (1) Imperfect Inductions, and (2) Scientific Indue-
tion.  The former has again two forins; (7) Imperfect
Enumeration, and (/%) Analogy. The complete scheme
may be drawn up as follows: —

Inductions.

Improperly so called. Properly so called.

Perfect Induction. Parity of  Colligition
Reasoning. of Facts.

Imperfect Inductions.  Scientific Induction.

Imperfect Enumeration. Aualog;.
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Under the head ‘Inductions improperly so called’
Mill puts the three processes which cannot be called
[nduction in the‘wrue sense.  Induction is generalisation
from experience. It “consists in drawing inferences
from known cases to unknown”,...“in inferring from
some individual instances m which a phenomenon is
observed to occur, that it ocems in all instances of a
certain class; namely, in all which 2esemble the former,
in what are regarded as the material chrcumstances.”
All those processes, therefore, in which theie is no pro-
gress to facts unknown or in which the general truth
obtained 'is not believed on the evidence of paiticular
instances, are not to be ¢iven the title of Induction.  We
might then consider the three types put by Mill under
the head ¢ Inductions improperly so called.’

2. Perfect Induction.—7This has already been des-
cribed as that process in which we infer a general
proposition after examining all the individuals that go to
form the class.  For instance: there are ten teachers on
the stall” of a school; we find that each has a faulty
pronunciation, and infer that the school fails to teach
correct pronunciation.  Again, if a family consists of five
girls and three boys, and none of them is married, we
infer that all members of that fannly are unmarried.
According to Mill, the characteristic quality of Induction
18 wanting in such inferenees, since there is no transition
from the known to the unknown. It is nothing more
than ‘a mere shorthand registration of facts known’
and caunot be called induction in any sense of the word.

3. Parity of Reasoning.—This is another type of
reasoning, used in-Mathematics, which bears a certain
resemblance -to induction but lacks in its characteristic
quality.  For instance, we examine a particular triangle
A BC and find that the sum of its two angles is gieater
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*than the third angle; then we assert the same of all
trinngles,  The generalisation in this case is not bused
on the particular fuct about the triangle A B C but on the
seme reason which convineed us of this truth in the case
of A BC. This process is known as ¢ Induction by Parity
of Reasoning’.  Mill puts it aside as an apparent in-
duction for the simple reason that even though we arrive
at a universal conclusion, we exawine only one instance,
and the truth of the conclusion is not grounded in the
evidence of the particular instance but in the 7recson
which guided us to the discovery of the truth in that
one case.  Parity of Reasoning is, thierefore, not essentially
different  from  ldentity of Reasoning, which does not
involve any transition from the known to the unknown
facts.  The diflerence between Induction and Mathe-
matical Reasoning rests on the character of the evidence.!
In Induction, we exanmine X, y, z, cte, and discover a
common property of ecach, but our knowledge of the
unexamined individnals is not such as to enable us to
say that they must have this property.  But in Mathe-
matical  Reasoning  owr  knowledge of  the common
property of x, y, z, ete rests on defimition and demonstra-
tion, not on any inductive leap.  In the former, the evid-
ence is o posteriori, in the latter a poiord.

To sum up: Mill would not allow certain mathematical
generalisations—in which we wmigue by pavity of reason-
wny—rto he classed as  Inductions Proper.  In them
“the characteristic quality of Induction is wanting,
since ‘the truth obtained, though really general, is not
Jbelieved on the evidence of particular instances”
(Mill).

4. Colligation of ®acts.— This term, originally used
by Whewell, means ‘the act of bringing a number of

! ¢f. Croke, Logic, London, 1906, pp. 246 ff.
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facts actually observed under a general description’:
v, we gradually discover an island to be an island by
sailing all round it.  Kepler's discovery of the orbit of
Mars furnishes another typical example. He could not
pussibly observe its progress continuously, so he noted
down a nwmber of observations on its successive posi-
tions and guessed that the line joining these points
would make an ellipse.

Whewell nintains, while Mill denies, that Colligation
18 Induction,

MAs View :—Colligation of !'u(-l;s 15 a wete deseription
of a set of observed phenomena, and must not be con-
founded with Induction. It may be looked upon as «
process subsidiary to Indnetion but not identical with jt.
Whewell is “ mistaken in setting up this kind of opera-
tion, which according to the old and reeeived meaning
of the term is not induction at all, as the type of Induc-
tion generally : and laying down throughout his work,
as principles of Induction, the principles of mere colliga-
tion . The scientific stndy of facts may be undertaken
for three different purposes, riz., (+) their simple descrip-
tion, (¢7) their explanation, (i77) their prediction—z.e., the
determination of the conditions under which similat
facts may be expected again to oceur.  According to Mill,
only the first of these three operations may be called
Colligation, but it is not Induction : the name luduction
properly belongs to the other two operations.

Whewell's Defenee :—Colligation is more than a mere
summation of facts, since it introduces a principle of
conunexion, which is to be derived from the mind and_
not from the facts as such. Kepler's statement about
the elliptical orbit of Mars ‘was not the sum of the
observations merely : it was the sum of the observations
seen under a new point of wiew, which point of view
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Kepler's mind supplied . Had it been a mere summary
of facts, it could have been arrived at bywadding together
the differgnt observations.

Critictsm :—Both views contain partial truth. Colliga-
tion is certainly more than a mere summary of facts :
so far Whewell is right.  But, at the same time, Mill is
right in disallowing it the title of Induction. 1t is
mdeed a generalisation, but not yet verified or univer-
salised.  Induction involves not only colligation but
also an appropiiate test of proof.  Thus, Colligation is one
of the stages in the process of  Induction.  Every
imduction cowdd he viewed as a colligation of facts but
every colligation of fuets, is nof an induction.  Induction
aims at causal explanation, while colligation does not go
heyond deseribing a set of observed phenomena in general
terms.  Colligation cannot, therefore, be identiied with
Induction.

5. Induction Proper.— Now we come Lo the second
main head, 7wz, Inductions propetly so called, under
which Mill places (1) ©hmperfect Inductions and (2)
Scientific Induction.  The latter has aheady been con-
sidered in the last Chapter. The former has two forus,
() Imperfect Enumeration. which is the same as Induc-
tion by Simple Knumeration, also discussed above, and
(b) Analogy, which we now proceed to explain,

6. Analogy.— Argument from  Analogy originally
meant (in Aristotle), ‘an equality or identity of ratios’.
‘ Thus, if we infer from the relation e : b: : ¢: d that what
is true of the relation between « and b will also be true of
that between ¢ and d, we are said to aigue from analogy :
¢ g.—As the parents are to their children, so is the
Government to its subjects ; hence, as children must obey
their parents, the subjects must also obey their Govern-
ment. So we may argue—
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As flame: fuel : : light : flame,

.. As the flamé dies out with the fuel, so does the light
with the tlame.  (Stock). .

But the wmodern sense of the term is ‘an inference
based on resemblance or similarity between two things’.
The form of the argument is—

Two things A and B resemble in one or more properties,

X, ¥,..-

B possesses a certain other property P
- A also possesses the property D
In other words, if two things resemble cach other in
several respects, they will also resemble in one point
wore.  Wedo not connt instances here, but we analyse
the character and weigh the properties of the particular
instances observed.  We kunow that hare identities or
bare differences are mere abstractions; and that when
we compare any two objects they can never be completely
identical or totally ditterent.  There must be resemblances
as well as dilferences—and Analogy picks out the points
of resemblance.  Its value, therefore, vests on the iinport-
ance of the resemblances, and it is neeessary that such
resemblances should be  essentind. Thus we use the
Analogical argument when, for instance, we say :  The
Earth and Mars vesemble in several important respects,
¢ ¢., in atmospheric and temperature conditious ; therefove,
they will also resemble in another respeet, viz, habit-
ability, re., as the Earth is inhabited, Mars should also
be inhabited. .

Mill rightly insists on the importance of weighing
rather than counting the points of resemblance between
any two ohjects. He says—

“Since the value of an analogical argument, inferring

! Analogy is ‘‘ resemblance of relations™ (Whately); it is ‘* the
similarity of ration or relations’ (Thomson).
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one resemblance from other resemblances without any
antecalent  evidence of a connexion between them,
depends on the extent of ascertained resemlYance, compared
first with®he amount of ascertained diflerence, and next
with the extent of the unexplored region of unascertained
properties ; it follows that . . . il after much observation
of B, we find that it agrees with A in nine out of ten
of its known properties, we may conclude with a pro-
bability of nine to one that it will possess any given
derivative property of A1

The number of resemblances is not so important
as the reasons which lead us to connect the resemblances
with the property in question.  Without such reasons
Analogy is no better than guess-work.  Its cozency
depends on our ability to show that the Jundamentvm
relutionis, the cirenmstance commmon to the two cases, is
the material circumstance, and that on it depend the
rest of the circuimstances.®  Analogy cannot be a conclusive
argument unless verified by scientific Experiment. Tt is
not proof; many conclusions arve verified but many are also
rejected as false” By itself it can only yield probebility
vather than cerfwinty, unless a causal conmexion  can  be
established between the common qualities of the two
objects compared. The Farth has, for instance, several
resemblances with the Moon ; but, as Mill shows, a single
essential difference. #iz, the absence of atmosphere in the
nmoon, is enough to set aside those resemblances, and
we cannot, thercfore, infer the habitability of the moon.
When even one important difference is observed “all
the resemblances which exist become presumptions
dgainst, not in favour of, the moon’s Leing inhabited ”

Vef. Mill, 4 System of Logic, Bk TT1. ch. 20 sect. 3.
2 ef. Croke, op. cit, p. 249 note.
3 cf. Lotze, Louik. sect 214,



32 INDUCTIVE LOGIC

(Mill). There is, therefore, no evidence to show, as has
been supposed by several critics, that Mill based Analogy
on a mere enumeration of resemblances.

Analogy cannot take the place of complete ‘induction.
Where the latter is attainable, analogy should only be
treated as a process through which further suggestions
for the establishment of scientific laws are obtainable,
As Mill said, analosy has the highest scientific value
when it is used as “a mere guide-post, pointing out the
direction in which more rigorous iuvestigations should
he prosecuted . Boyce (ibson has rightly pointed out
that the true place of Aunalogy is in the service of
Seientitic Induction.  “ In relation to a complete scientific
inquiry its logical function is heuristic. 1t plays an
important part in the Logic of Discovery, but has no
place in the Logic of Verification ™' It is never complete
proof but a stage on the road to exact knowledge or
demonstration. It does operate in Induction, and becomes
Induction when * fortified by negative and precise deter-
mination’.  This leads us, by the way, to institute a
comparison between Analogy and Induction to see how
far the former shares the latter’s characteristics %

Induction Analogy
1. Principle:  What belongs 1. Principle : If two things
to many individuals of a species agree in many respects, they
probably belongs to all the rest probably agree in some other
of that class, respect as well.
2. Procedure by wav of exten- 2 Procedure by way of
sion. intension .

Y Op. cit. p. 361.

? On thir point refer to Bowen's Logic, p. 381 ; also Croke's
Logic. p, 249.



MILL’S INDUCTIVE SCHEME 33

Induction A‘nalogy
L]
3. Based  on  comparison, 3. Based on resemblance
climination and generalisation. discovered by comparison.
4. Reasoning from some
4. Reasoning  from one in in two to some more in two.
nany to one in all. 5. We conclude from the
known agreement of two
. We conclude from many things in several qualities
things to all others of the same their agreement also in some
species. other quality not directly
known.
6. Quality pexistsin a, b, e, 4. @ and b agree in possess-
cle ing the common qualities-
D oq, r, ete.
p. exasts i the whole class .. they also possess the
constituted by «a, b, e, cte. further quahty «.
7. Erplicitly  we  argue
7 We arcue from Particular from Particular to Particular,
to Universal. buat implicitly from Particular
to Universal.

Thus, it is clear that Analogy cannot be identitied with
Induction. It is only one of the accessories of Induction :
and, although we speak of Inductive Inference by Analogy,
we must carefully note its peculiarities and limitations.

Many analogical arguments are usually couched in
metaphorical  language, and it is found that their
unsoundness is sometimes due to the use of metaphor.
While on the one hand, analogy is, as a rule, very con-
vineing, it is, on the other hand, often misleading. We
have cases of Fulse Analogy, ' whenever we argue from
certain resemblances to certain others, which are neither
essential nor important.  The following may be taken
as fypical examnples ;—

'* The term False Analogy 1s applied only to those cases of
analogical inference in which there exists no gronnd whatever for
any analogy (cide Fowler, Inductire Logie, Ch. VL)

C
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(1). On account of his exceptional bravery, Ranji'tg
Singh was known as “the Lion of the
Punjab”. Therefore, he could also roar
like the lion. )

(2). Daisy and Stella resemble each other in
physical features. Daisy is an expert in
cookery and needlework. Therefore, Stella
is also a good cook and a gocd needlewoman.

(3). A and I resemble each other in possessing
skill in witcheraft. A is further addicted to
opium-eating. Therefore B is also an opium-
eater,

(4). A and B are logicians of great reputation.
They resemble each other in possessing
an extraordinary skill in dialectic disputation.
But A never sleeps before midnight.  There-
fore B also never slecps before midnight.

(5). States are, like individuals, subject to decay.
(Mill says: “DBodies politic die, but it is of
disease or violent death: they have no old
age.”)

(6). A and B are millionaires. But A is a robber.
Therefore B is also a robber.

It is truly said, that ‘ analogy never walks on four legs.’
We must always note the essential points of resemblance,
viz., those which constitute the fundamentum relationis. 1f
a doctrine is accepted as true, sometimes people draw
from it conclusions which have not the remotest con-
nexion with it. All that leads to False Analogy.

In its modern sense, Analogy is sometimes known as
Ezxample.  An Example is ‘an argument which proves
something to be true in a particular case from another
particular case’ Aristotle calls it “ oratorical induction ”,
since it is so frequently made use of by orators in order
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to add to the effect of their speech. Analogy, however,
Iy *proceed from one class to another on the basis of
resemblance, but Kxample always m'g!ues from one
particular®or individual case to another such case.

SUMMARY

A complete scheme of Inductive inferences may he
drawn up, after Mill, as follows :—
I. Inductions <mproperly so called :—

(1) Perfect Induction :—Consists in examining all
possible cases before arriving at a generali-
sation, Here there is no transition to the
unknown cases, but only a summing up of
all the known cases. Hence it is not Indue-
tion in the true sense.  Vide Ch. 1T supra.

(2) Tarity of Reasoning,—This is also an apparent -
induction, like the first. Although we arrive
at a universal conclusion, we examine only
one instance, and the truth of the conclusion
is grounded in the reason which guided us to
the discovery of the truth in that one case.
Mathematical reasoning, as a rule, proceeds
by Parity of Reasoning.

(3) Colligation of Facts.—Like the other two, this
is also a kind of Quasi-Induction. Whewell
maintains, while Mill denies, that it is Indue-
tion. It is a generalisation, but not yet verified
or universalised. Hence it cannot be identified
with Induction. At the same time, it is not a
mere summary of facts. It is one of the
stages in the process of Induction. Every
Induction involves Colligation, but every
Colligation is not Induction,
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11. Inductions properly so called ,—

(h

(2)

Imyperfect Inductions: rest on assumed similarity
between the examined and the unexamined
cases.  Two forms —

(1) Inductio per enumerationem simplicem, 7.,
induction which vests on impefect enwmeration.
This kind of induction exhausts all Zluown
cases (not all possible cases, as in “ Perfect”
induction) 17de Ch 11 supra.

(i) Analogv.— Argument from Analogy assn-
mes similarity between two things. Tt rests on
the prineiple that if two things agree in many
respects, they probably agree in some other
respeet as well. Tt 1s more important to
weigh the points of 1esemblance than merely
to count them.  The conclusion from Analogy
s only be prolable, not eevtarn.  The fallacy
of False Analogy arises when we  suppose
that resemblance in some  points I8 an
evidence of that in othey points, when actually
there is no connexion between the observed
and the unobserved points,

Scientitic  Induetion.—In - Science it s
generally impossible to examine all possible
cases. Kven asingle case, thoroughly analysed,
may reveal a o causal  relation.  Scientific
Induction is not satisfied with establishing
a uniform counexion between phenomena, but
proposes to enter into the how by sceking a
causal relation between them. It is the
highest form of Induction and is conducted by
a thoroughgoing analysis of instances—some-
times of a single instance.
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. QUEsTIONS AND  EXERCISES

1. Sketch a complete scheme of Inductive Inferences,

2. Name and exemplify Inductions improperly so
called.

3. Define Perfect Induction. In what type of
syllogism is it represented ?

4. Kxamine the truth of the following statement—

“ Perfect Induction is demonstrative and syllogistic :
Tmperfect Induction is neither.”

5. How does Geometrical reasoning differ  from
Induction ? Does it possess any resemblance to Induction ¢

6. What do you understand by the expression
“ Parity of reasoning ¢’ Give an example.

7. Give Whewell's account of ¢ Colligation of Facts.’
Also state Mill's eriticism of Whewell.

8. Is Colligation more than a description in general
terms of a set of observed phenomena ?

9. Would you identify Colligation with Induction
ov distinguish the two?  Give reasons for your answer,

10. State the distinctive characteristic of Induction
according to Mill, and name the forms of Quasi-Induction
or Apparent Induction you know of.

11.  What is Argument from Analogy? How does
it differ from Induction and how from metaphorical
argument ?

12. On what does the cogency of an argument from
analogy depend?

‘13, Distinguish between Analogy and Induction.

14. Give typical examples of Induction and Analogy.

15. Is the analogical argument syllogistic? Give
reasons for your answer,
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16. Examine the truth of the following statemeuts —
(a) Itnductmn is imperfect analogy.
(b)  Analogy is imperfect induction.
(¢) Analogy is incomyplete explanation.

17. Ifall analogical reasoning yields only probability,
is not one analogy as good as another for purposes of
inference ? If not, upon what does its v«/ue depend ?

18.  Explain the fallacy of False Analogy.

19.  Discuss :—* Analogy, the most valuable of in
struments in the maturity of jurisprudence, is  the most
dangerous of snares in its infancy ” (Maine).

20. Critieise the following argument :—* There re
probably inhabitants in the moon, because there are
inhabitants on the earth, in the sea and in the air.”



CHAPTER 1V
PRESUPPOSITIONS OF INDUCTION

1. Grounds of Induction.— Induction is based on
generalisation.  Unless we generalise on  the evidence
of particular facts examined, there is no induction.
Hence the justification for generalisation furnishes the
grounds  of induction.  Such justification lies in our
helief in veality as a systematic unity of inter-related
parts.  Nature is one vast organism, in- which the func-
tions of each part are determined by the requirements of
the Whole. If Nature were not a systematic unity the
sun that rose yesterday and to-day may possibly not
rise to-morrow ; men who walk on their legs to-day
may begin to walk on their heads to-morrow : fire that
burns to-day may become cold henceforth; stones  that
are seen to fall down when thrown up may change
their mood and  bezin to hehave otherwise ;—in fact,
there would then be no guarantee why the future
should resemble the past; no knowledge would e
possible ; even life itself would become impossible.

We have, therefore, to assume that our experience is
an organiged whole, that Nature is not an inchoate
lheap of phenomena but an inter-related and coherent
totality. Hence the most general principle which lies
at the root of all induction is that of Sufficient Reason,
which postulates that veality is intelligible and can

39
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therefore be explained (to a certain extent). “There is
no difference without its reason’! Every inquiry' into
the problem‘ of Truth is based on this assumption.
The principle may be stated as—* All change must
have a sufficient reason ” or “ Kvery fact that happens
must have a sulfficient reason.” This principle is
formal as well as reul, and may, therefore, be enunciated
as follows :—
Formal : “ Whatever is judged to be true must
have a reason in our thought for being so
Jjudged,” and
Real :  “ Whatever bappens in the actual order
of being must have a suflicient reason for
s0 happening.”

We are now concerned with the »cal aspect of the
Principle. Reality is such that everything that happens
in it must have a sufticient reason. When this prin-
ciple is applied to the phenomena of Nature it assumes
the more concrete form in the Principle of Cuusality,
which says that ¢ every event has a cause.” A further
corollary from the Law of Causality is the Law of
Uniformity of Causation, also known as the Uniformity
of Nature, viz., ‘ the same cause has the same effect.’

Thus, although the Priunciple of Sufficient Leasou is
ultimately the Lasis of Induction, it is rather too wide in
its application. When applied to Nature it becomes the
Principle of Causality, which should, therefore, be accepted
as the ultimate presupposition or postulate of Induction,

While many logicians (¢/. Mill, Bain, Carveth Iead,
Welton, Croke, ete.) take the Principle of Uni'formity of

! This isillustrated in Lotze's formula * A + B=C," which means
that the subject A can only pass into a specific phase C under an
assignable condition B. The Law of Sufficient Reason “represents

the demand of intelligence for the explanatisn of everything by
something else. ” (Bosanquet, op. cit. I. Ch. VII).
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Ndture,as the ultimate ground of Induction, and view
(‘ausation as only one kind of uniformity} wiz., that of
sequence ; we, on the other hand, hold that Causation is
the ultimate presupposition of Induction and that the Law
of Uniformity (as also Reciprocity of Canse and Lffect)
is already implied and included in Causation. Since a
cause canmol be so called, unless its effect follows from
it always under like conditions.  Tf the effect follows
sometimes and does not follow at other times, its so-called
cause has no title to be regarded as Canse.  Joseph and
Mellone, among a few others, share this view of ours.
The following scheme shows the prineiple of Causation
as the foundation of Induction and its relation to the
other principles : —

[nduction i3 grounded in
Law of Causation
“ Every phenomenon has a cause.”

. ~ N
A concrete forn of Includes
Law of Sufficient Reason : (1) Law of Uniformity of
" Everything has a sufficient Nature:
reason for its being.” + Uniformity of Causation) :

“The same cause must have
the same effect,” and its
converse

(2) The Reciprocity of Cause
and Effect :

“ Every effect always has the
same cause.”

'Qur view can easily be reconciled with our mataphysical
doctrine of the inherent indentity of Cause and Effect. If we
confine Causation (in Logic) merely to sequence in time or succession
we find no way to auree with the doctrine of the identity of Cause
and Effect. Tn Hindu Logic the two theories known as Asatkarya-
vada and Satkaryavada are worked out side by side. Vide §
15 below.
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Induction is chiefly concerned with the discovery of
causes of phenomena, and we shall therefore inquire into
the meaning and implication of the principle of Causa-
tion at some length. The typical representative of the
Empirical school is J. S. Mill ; hence, before proceeding
further we must review his teaching.

2. Mill’s View of Causation.—Mill is careful enough
to preface his inquiry into the Law of Causation by the
remark that he speaks of physieal causes only, and not
of efficient causes, that he does not propose to go into
“the ultimate or ontological cause of anything.” Ex-
cluding the notion of efficiency in canses, he defines cawse
as invariable and unconditional sequence. If A is in-
variably and unconditionally followed by B, it means
that A is the cawse of B Causation 1s a Uniformity—
the uniformity of suceession—the other uniformity being
that of co-existence, under which Mill classes, ey, the laws
of number and of geometry, in fact, all generalisations in
which any two qualities A and B are found to be
inseparable, although we fail to explain their co-existence.

Causation is the law of the succession of phenomena.
“The Law of Causation,” says Mill,! ¢ the recognition of
which is the main pillar of inductive science, is but the
familiar truth, that invariability of succession is found by
observation to obtain between every fact in nature and
some other fact which has preceded.” In the section
following, he continues : “The cause is the sum-total
of the conditions positive and negative taken together :
the whole of the contingencies of every description, which
being realised, the consequent invariably follows.” Here
we have the antecedent conditions and the consequent
event distinguished. The former taken together are
called the cawse the latter the effect. The negative

Yef. Book II1, ii. 2.
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conditions are summed up by Mill under one head, viz.,
“the absence of preventing or counteragting causes.”
Thus the cguse of a phenomenon is constituted by the
aroup of antecedents, which being realised, the pheno-
menon follows.

Now, if causation were merely fnvariable sequence and
nothing more, day would be called the “cause” of night,
since it is invariably followed by night ; similarly night
could be called the “cause” of day for the same reason.
Heuce, causal sequence is more than mere invariable
succession. It must also be “aunconditronal,” hence, Mill
gives his final and “scientific ” definition of “cause” as
follows :—“ We may define, therefore, the cause of a
phenomenon, to be the antecedent, or the concurrence
of antecedents, on which it is tnrariahly and wuncondition-
«ally consequent.”  Thus the succession of day and night
cannot be called ‘ causal) sinee, although invarieble, it is
not wnconditional. 1t is determined by the occurrence of
other antecedents.

The ordinary and popular view of ¢AUsE is anything in
the absence of which a phenomenon would not come to
pass, and the tendency is to select the procimate antecedent
and give the name ‘cause ’ to that alone.  This view is
recognised in Mill's own account, but at the same time
hie improves it by his scientific view, which takes cause
as the whole group or the swm-total of conditions, positive
and negative. The latter view is usually regarded as in-
congruous with the former but to us it secems to he only
a little mdre cautious and exact statement.

3. Criticism of Mill’s Doctrine.— Various lines of
argument have heen advanced against Mill's account of
causation. The following are the chief points for criti-
cism :(—

(L) Joyce finds fault with Mill's doctrine on the
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ground that the reduction of efficient causality to a
mere time-rel~tion is totally contrary to reason. Kvery-
thing which comes into being must have not a mere
antecedent in time, bhut an efficient cause which is the
reason why it exists.?

But this ecriticism appears to us bheside the point.
Mill expressly tells us that he is not discussing the onto-
l‘ngy or metaphysics of causality, and by ‘cause’ he
means physicel and not eficirnt cause.  Joyce simply
preaches the metaphysics of causality to a logician who
is dealing with the relation of natural phenomena. The
following point would, therefore, he more relevant in criti-
cism of Mill :

(2.) If causality is mere succession in time, Mill
cannot with any justification speak of the wnconditional
character of the connexion. We can only speak of B
following A, and not as to Zow the causal tie between .\
and B exists.  DBut unless we know something about the
how, the reason why B must follow A, we cannot speak
of A as the unconditional antecedent of B, To know it
we have to transcend the mere sequence of phenomena in
time.

3.) In defining cause as the sum-total of positive
and negative conditions indispensible for the production
of the effect, Mill wrongly identifies cause with ‘condi-
tions.”  Cause must be distinguished from condition. *

' ef. Joyce, Principles of Logic, 1908, p. 242.

2 A cawuse is that which makes a thing to be what it is, while
a condition is that which in one way or another enables the causes
to act in the production of the effect, but which does not make the
thing what it is " (Joyce, p. 220). A condition, although reces¥ary
for the production of the effect, does not positively contribute
thereto. For instance, powder must be dry in order that it may
have its effect in gunshot ; or, again. to allow daylight in a room
there must be some windows. In either case we have a condition,
pot the cause,
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o(;t.).‘ As an empivicist  Mill  cannot  believe in
necessaty  connexion’, yet he defines ‘pause’ as an
neariable antecedent. ¢ Invaviable " means * that which
wnnot vary’, and empiricisin means that we are not to
specilate in advance of the facts: how, then, can it have
cognizance of more than an observed absence of variation,
and how can it infer an absence of a power’ it had
declared to be an illusion 7 Clearly the transition from
“unvaried” to “invariable” is heyond its power " 1

(7)) Mill's phrase “sum-total of conditions” is mis-
leading.  (¢) 1t mdicates a special way, which may be in-
appropriate, of combining the factors. ¢ The totality of the
telations” would he a better phrase than ‘the sum of the
conditions’ (Bosanqguet). (/7) 1t is not clear whether it is
lmited to relecont conditions or not.  If it is, it becomes
quite meompatible with Mill's doctrine of the Ilurality
of Causes, (m2, that an elfect may be produced by many
cuses). I, however, the phrase is not hmited to
relevant causes, it may be compatible with ¢ Plurality of
Causes ’, but it loses its real meaning and thereby eon-
fuses *cause’ and “condition.”  There would then be no
analysis: it would be meaningless tautology to speak  of
Ccanse” and ‘effect.

(5)  The notion of cause implies efticiency, which
even Mill —so careful to avold efficient causes—has to
admiy in speaking of the wnconditional character of the
causal connexion.  Moreover, such unconditionality can-
not be proved in the case of physical phenomena.?

(6.) +The idea of cause as an event in time prior
o the effect, ir, the time-sequence of cansation, is

P Rchiller, op. rit. p. 288,

Zef. " Mill sets out by discarding “efficient’ causes, and yet
he finds cause in a set of conditions whose existence necessitates
that of the effect ; greater efficiency than this no one would wish
to establish.” —Welton, op. ¢it, T1, p. 19,
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unsound. As this is of particular importance, we shall
discuss it in the following section.

4. Causation as Sequence in Time : Criticised, Mill’s
doctrine  contains the erroneous implication that
Hme-sequence is an essential character of causation. This
seems to be due to the natural tendency of translat-
ing distinctions in thought into separations in fact.
Mill speaks of the antecedent as cause, and the con-
sequent as ‘effect,” but the statement is false, if taken
seriously. Causality is a process, it is a change, and
there is no stage at which we could say that the cause
has ceased, and the effect has begun.? The immediate
cause co-exists with the immediate effect. The process
of real change is one, and if the cause ceases to act,
the effect also ceases to be produced. Change does
take place in time, but it is one continuous process and
its moments are not separated by time.  In other words,
cause and effect are not divided by time, in the sense of
duration, or lapse, or interspace : they are separated n
time by an ideal line which we draw across the indivi-
sible process.?  Mellone rightly observes: “Cause and
effect are divided by a simple mathematical line—a line
destitute of breadth -—which is thrown by our thought
across Lthe current of events; on one side we have the cause,
on the other the effect. There is no pause in reality ;

'One might refer to a case in which a man takes poison now,
and the result death comes long after. But it wounld be wrong to
argue that between the taking of poison and the occurrence of
death nothing has happened. In fact the poison begins to act as
soon as it is taken, cause and effect co-exist, and it is only one of
the last links in the long chain of events that we call death.
Poison goes on acting, each stage is imperceptibly linked up with
the following and it is quite arbitrary to take no notice of the
many proximate causes of death lying between the taking of
poison and the event of death.

3¢f, Croke, op. cit. p, 311.
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the whole process is continuous; the immediate cause
comes into full action only at the very mgment when the
effect begins to be produced. The point, to be borne in
mind is the continwity of cause and effect.”? Causation is,
therefore,  something that is not in succession, though it
remains through succession’. Mill is aware of dis-
creteness only, he is blind to the continuity of the process.
“Cause as an event in time,” says Dosanquet, “is an
imperfect conception. Indeed it is hardly possible to
formulate the idea of one event in time, as the cause of
another that falls, in time, wholly outside the first.
Cause is always taken to be more or less of a complication
of relations and circumstances ; and these as acknowledged

to bear on one another, are not mere events in time.”
b

5. Our View of Causation.—Criticisin of the empi-
rical theory of causation leads us now to state our
own view in brief. It seems to us that Mill's account
of cause as the invariable and unconditional antecedent
states only hall the truth, and taken by itself it cannot
be accepted as a complete theory. Mere succession, as
we have already observed, explains nothing. The effect
may follow the cause unvariedly, but on strictly empirical
data we cannot predict the future. The senses do not
reveal any real connexion between two phenomena known
as cause and effect.  They give us only a stream of
perceptions, and from the empirical standpoint we have
no right to assnme the existence of any necessury connexion
Letween them. On this point Hume (1711-1776), who

'S. H. Mellone, op. rit. p. 273, cf. Bradley, Principles of Logic,
P 488.

?Logic I, ch. VI. " The temporal succession, which seems the
natural differentia of causation, disappears in the reference of
the effect to a positive and continuous system. Mere temporal
relation is negative, is nothing. 1t is only the unity behind the
temporal relation that can bind cause to its effect.”’—ibid
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pointed ont the hankruptey of empiricism, was nnanswer-
able. His position may be summed up very Diiefly
as follows :—

The idea of causility has a purcly subjective sizni-
ficance. The necessary connexion which we postulate
hetween cause and effect can neither e demonstrated nor
felt. Tt is not true to say that the idea of causality can
be derived from experience ; since experience only gives
us a mere suceession of sensutions, a4 merve  sequence  of
isolated events without any interconnexion.  * We have
no idea of connexion or power at all, and these words are
absolutely without any meanmg.”  Causation is nothing
more than customary succession. By themselves all
events are loose and separate.  They seem conjoined but
never connected.  From the mere repetition of any past
impression even to infinity, there will never avise the
idea of necessary connexion. 1t is in our own mind and
we erroneously project it outwards and thereby  create
an illusion.

All this goes to prove that on the basis of experience
we can only speak of the mere sequence of two phenomena.
But causation implies much more than mere succession
in time.

The idealistic theory, on the other hand, also goes to
the other extreme and is blind to half the truth, In
its anxiety to state the trath from the wmetaphysical
standpoint it ignores the logical distinetions of cause and
effect due to succession in time. It declares causation
to be co-existence, not sequence.  Canse and efleet are
viewed as merely two aspects of the same process. They
are also pronounced to be identical in their essential
nature.  When they are veferred to a complete system,
the idea of temporal succession disappears, and cause is
identified with the complete ground or “ the totality of
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systematic relations which constitute its necessity "
(Bosanquet) The -idealistic theory rightly maintains
that the temporal order of cause and effect should be
treated as the expression of a plan or unity. ¢ Ezcept
as the expression of such a unity,” writes Boranquet,
“ causation disappears : but us the expression of such a
unity, the causal relation ceases to he in time, because
the positive connexion between cause and effect being
made manifest, the two are united in the complete
ground ” (ibid). Now, it is unquestionably true that
the process is not chopped up into bits of phenomena
succeeding one after the other. There are no breaks
in the process. Causation is ‘ the ideal reconstruction of
a continuouns process of change’ but such reconstruction is
in time, and the continwum is not in any way broken by
an ideal line that distinguishes cause and effect. As
Bradley observes: ¢ Detween the coming together of
the separate conditions and the beginning of the
process, is no halt ov interval. Cause and effect are
not divided by time in the sense of duration or lapse or
interspace. They are separated in time by an ideal line
which we draw across the indivisible process. Kor if
the cause remained for the fraction of a second, it might
remain through an indefinite future”1 It is, howéver,
sometimes forgotten that although causation is an
indivisible process, yet in order to speak of cause and
effect an ideal line must be drawn separating the two
in time? If you refuse to allow that, the reference to
a, distinctionless and continuous process serves no
purpose for us and is altogether meaningless.  Therefore,

! Bradley, op. cit p. 488 note.

*c¢f. *‘ Granted that time and sequence are continuous, yet they
are also discrete. There is indeed no interval in which we can stand
and say ‘The caunse is past and the effect is not begun.’ But un-
questionably we can make a stand at any point in the continuous

D
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if the effect is to have a beginning, the cause must also
have a beginniug. To produce the effect it becomes a cause,
and becoming is change ¢n time. This truth is sometimes
ignored while speaking of eausation as co-existence.

Thus, the true view of causationis to regard it as a
continuous process of change in time. Causation is co-
existence, but as a cause cannot exist without producing
its effect, we speak of the beginning of cause and effect,
which implies their succession in time. It is, therefore,
not wrong to say that the effect succeeds the cause.
It should only be added that it does so dmmediutely,
without any halts or breaks. In this way, the continuity
of the process is not affected, and at the same time we
do mo violence to the ordinary view of causation as
temporal succession.  We only explain the sense in which
we can speak of temporal suceession. In content, cause
and effect co-exist, but in their form or manifestation in
phenomena, there is time-sequence This scems to be
the only way of hringing together the elements of truth
in the two theories.

6. Plurality of Causes: Mill's Doctrine.—The term
 Plurality of Causes’ was introduced by Mill, who wrote
as follows :—“ It is not true . . . that one effect must be
connected with only one cause, or assemblage of condi-
tions; that each phenomenon can be produced only in
one way. There are often several independent modes in
which the same phenomenon could have originated.
One fact may be the consequent in several invariable
sequences : it may follow with equal uniformity, any one
of several antecedeuts, or collections of antecedent}s
sequence and say ' so much is (or has been) :eal, the rest is not yet
real’”  And what is not yet real cannot be the cause of what is or

has been real. This appears to be the root of our whole conviction
about cause and effect in time.” Bosanquet, Logic, 1. ch. VI.

Yef. Welton, op. cit, IT. p.25 also.
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*

(11T x. 1). Thus, according to this doctrine, although the
. L] . . .
same cause, under similar circumstances, always produces
the same effect, nevertheless, it is not true to say that

Y . .
the same effect is always due to the same cause. Many
causes may bring about a certain effect. To take Mill's
own example: death may be caused in several ways.
We cannot speak of the “invariable antecedent” of
death. It maybe due to one or more of a multitude of
causes. It may, eg., be due to poisoning, plague, heart-
failure, suffocation, suicide, shooting, smallpox, cholera,
old age, etc. That the same effect may be produced by
a plurality of causes is further shown by medical theory.
The physician knows that a disease may be due to one or
more of so many causes and he is anxious to determine ke
cirwse in each individual case he examines.  Take Fainting
or Syncope.  There is no one, fized, invariable antecedent
to bring about this phenomenon. Thus Moore writes :-—
“Fainting or Syncope ocenrs from nwmerous eauses.
It may result from loss of blood, or from fright or sudden
shock ; it may be produced by a blow over the stomach,
or by intense pain; ... It may be caused by a disordered
stomach, or may arise from certain diseases of the heart.
It may even arise from great heat, or the vitiated air of
crowded rooms; bad smells or unpleasant sounds.”
Thus—
Iffect DPlurality of Causex.

Loss of blood.

Fright.

Sudden shock.

Blow over the stomach.

Intense pain.

Disordered stomach.

Diseases of the heart.

Excessive heat.

Vitiated air.

Bad smells.

L 11. Unpleasant sounds,

* Fainting (due to) ... <

_
SErNsTamr -
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These facts seem to support the doctrine of cth?‘
Plurality of Causgs. Mill concludes :  “It is not true that
the same phenomenon is always produced by the same
cause, the effect ¢« may sometimes arise from A, some-
times from B, .... Many causes may produce motion ;
many causes may produce death” (éid).

7. Oriticism of Mill’'s Doctrine.— Mill took pains to
distinguish the popular and the scientific meanings of
the term ‘cause’, and finally defined ‘canse’ in the
scientitic sense as ‘the invariable and unconditional
antecedent of a phenomenon’: yet, in emphasising his
doctrine of the Plurality of Causes he either entirely
overlooks this distinction and uses the term ‘cause’ in
the popular sense or else expresses a view totally in-
congistent with his own definition of cause. We must
curefully distinguish the Plurality of Cuauses from the
Composition of Canses, which means that a single complex
phenomenon may have dilferent causes acting together
on one occasion. Such partial causes co-operate and
jointly contribute to the production of the complex
phenomenon, which we call one. For instance, a person’s
death may be brought about by a complication of diseases,
of which no one could have singly proved fatal. In
such cases, the term ‘cause’ is not given to any single
‘partial ' cause but to their composition. But the
Plurality of Causes means that one and the same efiect,
e.g., death, may on different occasions, he due to entirely
ditferent total canses, e.g., puison, old age, explosion, etc.

But we hold that the same phenomenon cannot. have
different causes on ditferent occasions. A cause, as
defined in its scientific sense, would cease to be ‘cause’ if
the same effect could have a plurality of causes. If,
according to Mill himself, the essence of causation lies in
‘invariable and unconditioned sequence’, it means that
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%uch sequence is independent of everything else, hence
& cértain sum-total of conditions can only produce just
one effect, and that no two or more ¢ WISOS can ever bring

. . . . .
about exactly the same effect.  Therefore, in this strict
sense of the term ‘cause’, it is not true to say that
phenomenon may have a plurality of causes.  The
Plurality of Causes has only a semblance of reality @ it is
more apparent than rveal. s Joseph says: “the alter-
native ‘causes’ of a phenmmenon, which make up the
plurality, are none of them causes in the strictest sense,
but rather events which agree so far as the production
of the phenomenon requires, though taken as a whole
they ave very different.”

It the ‘cause’ is, in its striet sense, “ the snm-total of
the conditions, positive and negative, taken together’
it is easy enough to see that the negative condifions —-

Yef. " There are. as Mill observed, many cuuses of death ;
and though he was referrme to men, 11 is also true of rats. But
death is not the same thing whenever 1t oceurs : and the doctor
or the coroner knows this  The many different causes  of death
do not altogether have the same ceffects; if you shoot a man
and if you behead him, the difference in the result is visible : if
you poleaxe an ox and if you poison him, he is not equally edible
Ag soon as we begin to be interested in the particular variety of
death produced, we find the number of causes that  produce the
result in which we ave mterested dimmish rapidly ; if we carried
our interest far enouch into detail, we might say that for death
of a particular kind there was only one cause possible.  But since
much of this detail is quite unimportant, we treat as instances of
the same event events which in some respects are different and
then say that the same event has divers causes . —Joseph, op. cit.
p. 447.

" There are many causes of death only because there are many
kinds of death.”—Mellone, op ef. p. 260,

“If only the effect is given in all its detail, there will never he
more than one possible cause to account for it. The reluion
between Cause and Effect is thus, ideally, reciprocal or reversible "
—B. Gibson, op. ¢it. p 384.

¥ Joseph, op. cit. p. 455.
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which imply that ‘nothing in the absence of which a
phenomenon occurs can be its ‘cause’—can never le
fulfilled if the doctrine of the Plurality of Causes is also
true.  If one and the same effect can have different
causes on different occasiong, we cannot view ‘cause’
as that in the absence of which a phenomenon occurs’.
It cannot be called ‘canse’ in the particular instance
in which it is absent, Dbut it may be on another
occasion, when it is present.  The relation between cause
and eftect is reciprocal : and as it is true to say that
‘the same cause has the same elfect’, it is no less
true to add ¢ the same effect has the same cause.

At the same time we must bear in mind that the
doctrine is true only if we use the term ‘cause’ in its
popular sense; <. e, not “the sum-total of positive and
negative conditions,” not “the invariable and uncondi-
tional antecedent” hut ¢ conditions suficient though not
indispensable’ for the production of an effect.  In this sense,
the same effect may be produced by different causes.!

Thus the doctrine of the Plurality of Causes is wholly
incompatible with Mill’s definition of ‘cause’ in its scientific
or philosophic sense. If < Cause’ is merely the ‘sum of
condations’ the Plurality of Causes is plausible, but if it is

! The doctrine holds good *“as long as the "cause ' is understood
. =
in the popular way. 7The plurality disappears before any eract
seientific investigation. The subtraction of any factor from the
“total cause ” in this strict scientific sense, or the addition of any
new factor to it, must necessarily modify the effect: no other
factors or combinations of factors could produce this sort of effect
exactly and identically ".—Coffey, Seience of Logie, 1912, 11, p. 86.

The witcr conception of *cause ’ which allows the ‘plurality of
causes’ to hcl ! good, is, however, ‘'the most serviceable for
purposes of induciive logic ” (Venn, Empirical Logic, p. 71).

Properly speaking, to give the cause of anything is to give every-
thing necessary, and nothing superfluous to its existence. But our
practical aims cannot be satisfied by that much alone * What we
want to know is not by any means always the recipro . ting cause of
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.. . ey .
_deﬁ‘ned in its sense as the ‘sum of the conditions, there is
nothing to support the doctrine. In this sense, as we said
above, there is always a reciprocity between the cause and
the effect.

8. Cause Distinguished from Reason or Ground.—
We have spoken of the reciprocity of cause and effect.  In
this strictly philosophical sense, cause is identical with
ground.  We know that the hypothetical judgment, with
its content composed of ground and consequent, is a
reciprocal judgment, when ideally complete “If A is B,
it is €’ is a hypothetical judgment. When it is ideally
complete, we should be able to infer “I1f A is (', it is B’
The relation is reciprocal, A cannot cohere with B, unless
B coheres with Al

Canse and Ground cannot, therefore, be distinguished
in their perfect stage. The Cause is the Because. Com-
plete Ground—which is ultimately not other than Real
Ground—is identical with Cause as ‘the sum of the
a determinate phenomenon : the phenomenon under investigation
is often highly complex, and subject to all sorts of variation on
the different occasions of its occurrence, through varviation in the
objects or events contributing to its production ; not the whole
nature of the objects or events under whose influence it occurs is
relevant to its occurrence, but only certain particular properties
or modes of action ".—Joseph, op. ¢it. p. 445.

“ Sometimes what is practically most important is scientifically
least important; it may be of great importance to know what
circamstances will produce an event without knowing Zow they
produce it. For instance, it may be of importance to clear the
premises of rats ; traps, strychnine, phosphorous and terriers are

various ' causes ' between which we must choose : but we do not as
a rule hold post mortems on dead rats.”  Mellone, op. cit. p 275.

! “The relation of Ground is thus essentially reciprocal, and it
is only because the grounds alleged in everyday life are burdened
with irrelevant matter or confused with causation in time that we
consider the Hypothetical Judgment to be in ite nature not
reversible’. " Complete Cause, like Complete Giround, corresponds
to a Hypothetical Judgment, whose condition and consequent are
reciprocal . — Bosanquet (ibid)
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conditions”  In other words, as Cause and Ground are
completed, they tend to coincide, “and the striking
differences hetween them depend on a comparison of their
imperfect amd ultimately self-contradietory forms.t  In
their imperfect stage, cause is to be distinguished from
ground.  As such Cause is a species included in a common
genus with the incomplete forms of Ground.

It is only by identifying Cause and Reason that the
following paradox, referred to in the previous section, can
be met : “ What is merely essential to the effect is always
something less than any combination of real “things”
which will produce the effect, hecause every real thing
has many properties irrelevant to this particular effect.
So, 4 e cause means something real; as a material object
is real, 1t cannot, e invarable and essential. I it is not
something real, and is essential, it fines down into a
reason  or law —the antecedent  in a hypothetical
judgment.”2

Causation 1s known by reasoning.  The cause, as we
know it in its complete form, is always the Reason or
Ground.  But the Reason is not always the (fause of the
consequence.  As Bradley says,  In some cases, no doubt,
it (the reason) does appear as the canse, but in others we
cannot see how this 1s possible”?  The cause, as we
know it, is always a because ; Iat every because does not
appear as a cause.

Sometimes Cruse and Reason arve distinguished with
reference to the order of reality and the order of thought
respeetively.  Thus * Cause” is said to be that on which
something depends in the real order, and < Reason’ that

' Bosanquet (ihid) " Ground and Cause arve thus not co-ordinate
but convergetit conceptions.”

* Bosanquet, Essentials of Logee, Macmillan, 1895 p. 165,

3 Bradley, op. cit. p. 497.
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on which something depends in the order of thought.!
This distinetion also explains that between Causa Essends,
the ground of existence, or that which explains why a
change Is what it is, and Cawsa Cognoseendi, the ground of
knowledge, or that which explains how we know a
certain event.  For instance, I am riding in a tram-car
in Caleutta, and sce from some distance that a smashed
up hackney-carriage and motor-car are obstructing the
line. This is the Cuuse Cognoseend? to me that the
tram-car will stop, but really the tram-car will stop by the
application of the brake, which is the eausi essendi,
Cause corresponds to the cowse essendi, and Ground or
Reason to the cewse cognoscende. The  former  refers
to change as real, the latter as knowable.  The relation
of Canse and Lffect can thus be distinguished from that of
Ground and Consequence, but the distinetion does not
imply any opposition.  This distinction is, however,
“ more one of usage than of theory 7.2

In ordinary usage Cause is taken to imply time
sequence. In this sense, it may be contrasted with Ground
or Reasou.  Cause refers to operation in ime, Reason does
not.

9. Quantitative Aspect of Causation.—Science always
aims  at accuracy and  precision.  In o physical and
mathematical sciences and other departments of knowledge
which allow of quantitative measurement, this aim is
realised ; but facts of our mental and moral life, which
are always unique and qualitative, baflle all attempts of
science to view them quantitatively.  For that reason, we
cannot, strictly speaking, have a scienee of Psychology
or a science of KEthics. When we speak of them as
sciences we only imply their methodical and genetic

! ¢t. Joyce, op. cit., p. 119,

2 Bosanquet, op. cit. I. p. 265.
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treatment. Now, Causation admits of quantitative treat-
ment only in physical sciences, and it is in their reference’
that the following remarks of Sir John Herschel' are
applicable: “ Numerical precision .. . is the very'soul of
science; and its attainment affords the only criterion,
or at least the best, of the truth of theories, and the
correctness of experiments . . . . Indeed, it is a character
of all the higher laws of nature to assume the form of
precise quantitative statement.”  Thus, where possible,
science seeks after numerical acouracy.®

In its quantitative aspect, Causation is viewed as Con-
servation of Energy, an idea supposed to indicate a great
advance in the scientific view of causality. The principle
amounts to saying that energy has various forms, all
mutually convertible, and that no energy is lost in such
mutual conversion. Force that is extinguished in one
form is created in another form. Clerk-Maxwell defines
the Lrinciple of the Conservation of Knevgy as follows :—

“The total energy of any material system is a
quantity which can neither be increased nor
diminished by any action between the parts
of the system, though it may be transformed
into any of the forms of which energy is
susceptible.”

We can make this statement in reference to conerete
material systems only, and no equation hetween the total
possible energy of the Universe as a whole can bhe

! Herschel, Discourse on Natural Philosophy, §§ 115, 116.

2ef. " If we are to speak accurately we cannot say that eating
stills hunger and drinking thirst, for a mouthful or a sip is no
good ; nor can we say that arsenic kills or quinine reduces fever,
for it depends on the dose ; it is inaccurate, again, to say that
common salt is dissolved by water, for it is not true that any
quantity of salt is dissolved by any quantity of water.”—Sigwart,
Logic ‘Eng. trans.), pp. 346. 347.

3 J. Clerk-Maxwell, Matter and Motion, Ch. V., p. 60.
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established on empirical grounds. As James Ward says,
“Those who insist that the quantity of this energy in
the universe must be constant seem to me in the same
position” as one who should maintain that the quantity
of water in a vast lake must be constant merely because
the surface was always level, though he could never reach
its shores nor fathom its depth.”*  The prineciple simply
means that energy is not lost in transformation from one
form into another in a limited system.  If we know the
amount of energy lost, we can find it in some other form.
1f a kettle full of water being heated for half an hour is
found empty, the water has simply assumed the form of
steam through heat.  Force is indestructible.  The forms
of Heat, Chemical Force, Electricity, ete., may interchange,
but no amount of energy is destroyed thereby. Trans-
ference of energy is the final solution of change offered
by science.

Now, (‘ausation, viewed as Conservation, is the trans-
ferring of a definite amount of energy.? DBain explains
it by means of the following examples :—

“When a ship is propelled by wind or by steam, the
motion is said to be caused by those agents, which expend
themselves in producing the etfect. The expansiveness of
steam is due to heat operating through the medium of
water. The heat arises from the combustion or chemical
union of coal and oxygen. The coal was the carbon of
plants of former ages, whose growth demanded an
expenditure of solar heat.

The numerical equivalency between Cause and Effect
can be measured in terms of a fixed unit. For instance, if
an effect is measured to contain twelve units, and if the

' James Ward, Natwralism and Agnosticism, vol.ii. Lecture xiii,
pp 76-77.
2 ¢f. Bain, Logic: Induction, 1896, p. 30.
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amount of work created by the known agents or causes
iy ten units, it follows on the principle of the Conservation
of Energy that we have still to find out causes having
the capacity of two units to make up the total twelve units
of the eftect.  The capacity of the cause must be the
same as that of the effect.  This principle is particularly
useful in testing the adequaey of our explanations.

But one difhculty cannot be overcome.  The principle
explains Causation as the transfer of Force or Energy ;
but  causation is not so simple a process, it involves
(ollocation as well, which cannot be explained by this
principle. By Collocation is meant co-existence of causal
tendencies in certain 1elations or the eircumstances which,
though not the determining cause, are yet necessary for
the production of the effect. It is defined by Bain as ‘the
completing arrangement’ or ‘the new arrangement of
materials’.  For instance, a mill is tnrned by the energy
created by a waterfall.  But unless the water is brought to
bear on the mill and the sluices are regulated, the mill
will not work. These two circumstances ave, therefore,
not energy but collocation, similarly, if a ceiling-fan is
properly fixed and its machinery is quite in order, still
1t will not move and give the much-desired breeze unless
the electric wire is also conneeted with it.  Here the
prime mover is the electric enrrent, but the completing
arrangement or collocation includes the connecting of the
machinery with the electiic wires and allowing the
regulator to move from the zero point onwards.  Thus it
is said that the principle of Conservation explains
Causation but has nothing to say as to how the completing
arrangements (Collocation) are brought about.

10. Causation Derived from Experience: Mill's Proof
oithe Law of Causation.—We have seen that the Law of
Causation is the Inductive Postulate or the Ground of
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Tnduction. Now the question is, can this Law be proved
“on the basis of experience ? The Rationalists say in reply
that it cannot be so proved, that it is a’necessity of our
thought; a self-evident and intuitive truth. The other
answer, given by the Empiricists, like Mill, is that the
Inductive Tostulate is decidedly « generalisation fromi
experience.
Jefore criticising Mill's view we had hetter state it
briefly in his own words. He states the principle thus—
“ Kvery event, or the beginning of every phenomenon,
must have some cause, some antecedent, on the existence
of which it is invariably and unconditionally consequent.”
Mill argues—* 1f we suppose. . . the subject-matter of any
generalisation to be so widely defuscd that there is no time,
no place, and no combination of circumstances, but must
aflord an example either of its truth or of its falsity,
and if it be mnever found otherwise than true, its truth
cannot be contingent on any collocations unless such as
exist at all times and places, nor can it. be frustrated by
any counteracting agencies, unless by such as never actually
oceur. 1t is, therefore, an empirical law co-extensive
with all human experience, at which point the distinetion
between empirical Jaws and laws of Nature vanishes.”
KElsewhere he argues while speaking of Induection by
Simple Enumeration: It is “delusive and insufficient
exactly in proportion as the subject-matter of the observ-
ation is special and limited in extent. As the spherc
widens, this unscientific method becomes less and less
liable to mislead : and the most universal class of truths—
the law of causation, for instance, and the principles of
°number and of geometry—are duly and satisfactorily
proved by that method alone, nor are they susceptible of
any other proof.” !

1" 4 System of Logic,” Book III. ch. xx1 §3.
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Thus, Mill attempts to prove the Law of Causation
on the basis of Induction by Simple Enumeration. -

11. Oriticisin of Mill’s Proot.—But  the  method
of Simple Enumeration cannot give us the categorical
certainty that is implied in the Principle. The defects
of this method have already been pointed out. Unlike
Scientific Induction, it is unanalytic, and eannot, therefore,
lead to the discovery of the regularity and interconnexion
which underlies  the variation and looseness  of
phenomena. It is powerless to determine the uniformity
which transcends the apparently infinite variety of
phenomena. It cannot explain the existence of negative
instances andd a horde of exceptions that are met with.
Hence the Principle of Causation cannot be established by
inductio per enumerationem stmplicem.

But, it may be contended that possibly Mill had in mind
the analytic method of Secientific Induction by which to
prove the Causal Law. That would certainly be less
open to objection, since the drawbacks of Simple
Enumeration vanish in Scientitic Induction. On its
basis, the proof will be satisfactory. But there is one
serious  objection. If the DPrinciple of Causation is
proved by Induction, we have no right to set it up as
the Standard or Ground of Induction. Whatis itself
an induction cannot, at the same time, be the Criterion
of Induction.! As the Standard of Induction, the
Principle guides us in distinguishing between a genuine
and a spurious induction, between legitimate and
illegitimate inductive explanation. That being so, how
could the Principle itself be derived from Induetion ?
The inconsistency is obvious enough. '

Again, Scientific Induction proceeds on the assumption
that the exceptions we meet with are more apparent

'W. R. B. Gikson, op. cit. p. 456
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than real, that there is more of law and inter-relation
in' phenomena than appears to us at first. But this very
assumption, the Inductive Postulate, is, ucc()rdiug to Mill,
a generalishtion from experience. EKvidently, it is an ex-
ample of the fallacy of petitio principri. While attempting
to prove that the principle of causation is derived from
experience, he is compelled to assume that it is found
in the facts in order to make Induction possible. Dut
Hume had clearly pointed out that the causal connexion
could not be found in the facts of experience. The
empiricists first read it 2nfo the facts before extracting it
from them. Hence, the fallacy is obvious. On strictly
experiential grounds the causal connexion turns oul
a mere ‘fiction.” Kxperience furnishes us with no ground
whatsoever to extract the principle of causation.

12. Causation as a ‘Necessity of Thought.'—If
causality cannot be derived from experience, it must he
explained as an a priore principle, which exists in
the mind as an intnitive or self-evident axiom, and
accepted as an ultimate necessity of thought. It
is that principle which makes our experience possible.
According to Kant, it is a structural necessity of our
mental constitution. Acecording to Schopenhauer, causal-
ity is no less a pure perception than Space and Time :
without Space, Time and Causality our experience 1is
impossible. This, however, leads into the intricacies
of Metaphysics, which we need not discuss here. We
have shown how it is impossible to derive this notion
from experience, which means that it is not a posteriori.
If so, it must have existed before experience, in the sense
of making our experience possible. Logic has to accept
it as an a priort axiom without inquiring into its
ultimate significance. This is the rationalistic explana-
tion of the origin of Causality, and appears to us as sound.
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But from the pragmatic standpoint, there is roo'm
for eriticising this theory.  Dr. Schiller, for instance,
assails it on the following grounds!: —

(1.)  The theory is no explanation of our ‘procedure.
Why assume an wlfimale necessity of thought implying
thereby a limit bevond  which no  further discovery
was possible ”  [s this not dogmatism 2 1t is quite
possible that our ultimate fact’ may turn out to be
wrong. “ Hence such things as © intuitions,” < necessities
of thought “ultimate facts of mental structure, ete.,
should only be regarded as provisional halting-places
of the scientific analyst and permanent  structures  of
dogma should not he built on them.”  Now, we may
say inrveply that this criticism is perfectly true on the
pragmatic basis of * provisional and relative truths
but  we view  themr as partial  aspeets of - Absolute
Trath : hence, our standpomt beiug quite different, this
criticism does not touch us. The pagmatist is one with
us in holding that the causal principle is not derivable
from experience : this leaves only one other alternative,
riz, o regard it as an o« priore principle. 1t is more
than a were postulate: it is an axiomatic truth, derived
from Reason and corroborated hy Experience.

(2.)  Drooschiller admits the ability of the apriorist
theory to account for some points in our causal analysis
that nonplussed theempiricist * 1f we are so construeted
as always to dmport the idea of causation into our
experience, it is a matter of course that we shall regard
it as universal, and have the utmost confidence in it,
until at least we learn from experience to distrust it
But, it 1y alleged, the rationalist theory fails to account
for several facts, e.y., the following i—

Yof. Schiller, ap. cet. p. 200 ft.
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(¢) Tt fails to. explain the distinetion between
casual and erusal sequences, . How to explam
‘¢ chance’/

Our ahswer is, that although we admit the distinetion
in popular language, there is no room for it philosoph-
ically.  There i1s no such thing as ‘chance’.  What
appears ‘casual’ to a limited view turns out ‘causal’
if viewed in the complete scheme of reality. If
Aristotle enumerates ‘chance’ in his list of “causes,
such inclusion is more from the ovdinary than the
strictly philosophical standpoint.  We hold that the
rigour of causality is such as not to allow auything
to happen by ‘chance.’

(¢7) * What about the future ? What is to gunarantee
on this theory either that our mental structure
will remain unchanged so as to continue
to import cansality into its view of experience,
or that the course of nature will continue
to conform itsell to the nature of our mind ?
Rationalism here scems as impotent  as
ewpiricism. It can  never give us an
indefeasible assurance  so long as it dares
not deny the possibility of change.  Andif it
denied that, would its dogmas continue to be
applicable to the world of our experience /"
(1bid).

We reply that such scepticism cannot invalidate our
theory. That we shall above all continue as ‘hunan
beings,” and that nature will continue to conform itself
to our mind in order to make our knowledge possible is
guaranteed by nothing else than LReason. Rationalism is
not “as impotent as empiricism.” Empirically, there is no
necessary connecion, as Hume pointed cut, and we could not
prediet the future at all, neither could we speak of the

E
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cause as tnvariable. DBut the idealistic standpoint 1is

0
3

entirely different. We may, for iastance, compare Hunie’s
and Kant's staridpoints thus—

HoMme argued : KANT arguéd :
Experience has no necessity. Fxperiznce has no necessity.
"The Causal Principle is derived The Causal Principle has

from experience. necessity.
.. It has no necessity. J 1t is not derived from ex-
perience.

It is Reason that guarantees the truth of our universal
judgments and it is Reason that justilies our prediction
of the future  Rationalism does not deny change, but
at the same time it does not view it as ultimate
and absolute. In order to make change possible, there
must be something changeless as  its  substrate.
Rationalism, indeed, gives greater assurance than the
wholesale scepticisin of the Pragmatist.

(ite) “If it is true that human interference does
nothing but vitiate ¢ fact’, then the theory of
Causation 1is certainly one of the most
magnificently irrational parts of an ineredible
scheme of things”. (ibid)

We do not deny that human personality does to
some extent vitiate the process of analysis, bhut its effect
is reduced to almost zero, if we extend the scope of
observation, if the results are based on the observation
of a large number of persons. We regard Humanism
only as a factor within Absolutism,

13. Causation as a Postulate: Pragmatic Standpoint.—
According to Pragmatism, there is still a third alterna-
tive, Causation is neither derived from Experience nor
from the necessity of Reason but from Postulation. Al
axioms are really postulates at their root.! “ Postulation,”
writes Dr. Schiller, “is a well-defined and typically

! On this view read Dr. Schiller’s excellent contribution ** Axioms
as Postulates '" in Personal Idealism, edited by Sturt, Oxford.
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haman way of obtaining general propositions which, when
they have been sufficiently verified in use, may attain the
highest degree of certainty and be looked apon as aaioms.
The pringiple of causation is one of the most valuable
and characteristic of our postulates ”.!  He further claims
that Postulation explains all the facts, which the other
two theories failed to account for :—

(¢). This view recognises the selectiveness of our

thought.

(20). Asa postulate, the causal principle “ combines

the strength and avoids the weakuess of its
two competitors, and is far more plastic and
adaptable than either.”

(ved). Tt accounts for the distinction between casual

(iv). ¢

and  enusal succession, and recognises the
existence of the former. “ A casuual series
of events is either one to which for some
reason or other we refuse to apply the eausal
postulate, or one which we purpose to analyse
into a number of distinet causal series ”.
Chance’ is easily explained  Whatever does
not interest anyone can be left without a
“canse’, or if pressed further we may assign
‘chance’ as its cause.

(v). Postulates refer to the future and anticipate

().

further confirmation. It is obvious that we
should gain nothing by assuming that in
future the course of experience will be such
as to defy causal analysis”.

Oune serious objection to the principle of
Causation is that the causal succession can
never be said to end, and that it lands us in
a regressus ad nfinttum. This objection

lop. cit., p. 293.



68 INDUCTIVE LOGIC

vanishes only when we treat Causation as u
Postulate, ‘ Cause’ and  * Effect’ are ,both
seleitions made for human purposes and
interests : hience we can stop anywhere—as
soon as we arrive at a ‘cause’ that answers
the purpose of owr inquiry. In this way
there is no infinite regress po‘ssil»le.

14. Aristotle’s Analysis of Causation.—We have dis-
cussed the doctrine of Causation in its several aspects
and have examined various definitions of ‘cause’. One
thing is evident : there is no agrecment, even in sciences,
as to the sense in which the term  ‘cause’ is to he
understood. A cause may mean any of the following :—

(/). An antecedent, ey, lightning may be said to
be the cause of thunder : striking the hammer
or pulling the trigger, the cause of gunshot.

(). A consequent, eq, 1 take exercise for the
sake of my health: health is therefore the
cause of taking exercise. Similarly pros-
pective pleasure is the cause of my attendance
at a theatre or a musical concert.

(i), A law, eg., gravitation is the cause of the fall-
ing of bodies or of their weight.

(im. A power, rg., o running stream may be utilised
as the power to turn a mill. Similarly a
waterfall may be utilised in generaung
electricity on a large scale.

(r). A person or agent, e.g., a carpenter is the
cause of the furniture that he makes; a
sculptor is the cause of the statue that he
carves out of stone.

(). An identity, e.g., ornaments are made of gold
and mnot of clay; earthen jars and pote are
made of clay, not of gold.
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» Aristotle was aware of this confusion in the meaning
of the word “cause’; which he viewed in general as some-
thing which positively contributed to \the existence of
something else; and inorder to remove such ambiguity
he made an attempt at a logical analysis of causation.
He distinguished fosr kinds of causes; viz, ForMmaz,
MareriaL, Ererciext and Fixan, The first two are known
as dntrinsie, since they enter into the constitution of the
thing itself, while the last two arve termed estrinsic.  The
four causes may be illustrated in the typical example of
a statue.  The formal cause of the statue is the conditions
which constitute it, /e, the form or type in the mind
of the sculptor; the mu/:'ria/ cause is the matter of which
it is made, r.g., marble, bronze, ete. o the (ficient canse is the
sculptor himself, the power which changed the marble into
astatue ; and the ginal cause is the end fu! which the statue
was made, eg., honour, profit, ete. The same applies to
every material thing.  Take this book on Logic: formal
cause—the idea of the hook in the mind of the author ;
malerial canse—paper ; efficient canse—the auther himself

and jinal cause—literary fame or financial success.

Now, when the book is completed, the efficacy of the
efficient and ginal causes is at an end.  The book has
become what it 1s, through these causes, hut they are not
necessary for its mere existence.  The hook may exist
when the author is no more, and, also, after the end in
view is realised.  Hence, these two causes are called
extrinsic. The other two causes, however, vz, the formal
and the material, may he called the causes of the being of
a thing!  Without the operation of either of these causes,
‘the effect would cease to exist.  If the shape of the
book is destroyed and it is reduced to pulp—ie., if the

' This distinction was recognised in Scholasic Logic as that
between the cansa in fieri (cause of bhecoming) and the cansu in esse
(cause of being).




70 INDUCTIVE LOGIC

formal cause ceases—the book will no longer be a book.
And, if it were made of any material dther than paper it
would also no longer be a book.  With this distinction in
view, it is casy to nnderstand the meaning of the Scholastic
saying “ CESSANTE  CAUSA, CESSAT EFFECTUS™: when the
ause ceases, the effect ceases.

Mill criticised it in the following passage :—* Yet
chere were at all times many familiar instances of the
continuance of effects long aftr their causes had ceased.
+ - A ploughshare once made remains a ploughshare,
without any continuance of heating and hammering,
and even after the man who heated and hammered it,
has Dbeen gathered to his fathers” This shows how
Millfailed tounderstand the Aristoteliandoctrine.  Heating
and hammering were necessary before the ploughshare
was  brought into shape, not «after it has  lecome a
ploughshare.  The man who heated aud hammered it is
also no longer required.  But the material and the
formal causes «re necessary for the continuance of the
effect. The plonghshare would cease to exist as such, if
it were not made of iron or if it lost its specific

shape.!
The Aristotelian distinetion is also helpful in several
other ways.  For instance, when we speak of the

reciprocity of the causal relation, we are not to mix
up the formal and the efficient causes. 1t is the
formal canse to which reciprocity applies: wherever

' Joyce also considers this example in bringing out the error
in Mill’s statement and says : A thing " becomes what it is through
the final and the efficient causes. But as soon as we can say, of it
that it s, it depends on them no longer : their work is at an end.
On the other hand, the material and formal causes are what make
it to be a ploughshare Had it been made not of iron, but of
some yielding substance, it would not be a ploughshare at all ; and
if it should be melted down and lose its shape, it would cease
to be one.” op. cit., p. 247.
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\5\10!1 cause exists, the effect must also exist, and vice versa.
As Joseph observes:—“If with Aristotle we call the
conditions which constitute anything the formal cause,
and the” event whose occurrence brings those conditions
into being when they had previously not all of
them existed, the eficient cause, we may say that the
formal cause reciprocates or is commensurate with the
phenomenon (as indeed anything must which can in
any sense Dbe called the definition of it: and the
conditions into which it can be analysed may be called its
definition) ; while the efficient cause seldom reciprocates.”

Aristotle’s  fourfold distinetion is  also useful in
defining terms.  Thus we have Causal Delinitions-—those
that define by indicating either (i) the final cause,
or (11) the efficient cause. Tor instance, we define ()
a Pistol as a small weapon used for firving at a short
distance ; an EKlectric Fan as a mechanism with  two
or more blades used as a comfort in the hot weather;
(b) Ague as anillness caused by the Plasmodivim malar i
reaching the blood direet throngh the bites of mosquitoes,
or indirectly through infeeted water or air.  EKssential
Detinitions are, on the other hand, formed by the formel
cause,> by stating the genus and the differentia; and
Genetic Definitions are constructed with reference to
the material cause.

15. Threefold Distinction of Causality in Hindu
Logic.—In Hindu Logic we have a threcfold distine-
tion of causality. Causality is a 2e'afion ( ®g®me), and
may bhe viewed as Intimate or Coherent ( gagify),
Proximate or Non-Cohevent ( syg®Hzttg ), and Instru-
‘mental (fafgw ). The first kind may be illustrated in
! Joseph, op. cit, p. 451.

? of. our Elements of Deductive Legie, p. 68 ; Joyce, op. et ,
pp. 156-158.
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the case of “threads and cloth’: if there is no thread
there is no cloth : < thread ” is the intimate cause of “ cloth”.
Similarly clay is the intimate cause of jar, pot, etc,
wood, of table, chairs, ete.  Evidently it corresponds to
Aristotle’s “uaterial 7 canse.  The  second kind, viz,
Proximate or Non-Intimate cause, may be illustrated
by saying that without the ecoumjunetion  of the two
halves of a jar, a jar cannot come into existence.  Similarly
threads might exist but they cannot produce cloth unless
they are put together and arranged m the proper order.
This cause is prowimate to the TIntimate cause, and i

known as ézﬁ'n g@a . We have nothing in Avistotle’s
classification exactly corresponding to this ‘ conjunctive’
function of causality.  But as the conjunction of the two
halves of a jar, for instance, is a necessary step for
agiving the proper /orm to the effect (the jar), and as
Proximate cause is “intrinsic, we might compare it with
Aristotle’s Formal Cause. It depends on the way in
which we view the sense of conjunction.  The third kind,
iz, Instrumental Cause, is illustrated in the weaver’s
loom or shuttle, without which cloth cannot be produced,
although we may have threads and their ‘conjunction’.
In modern times handlooms have hecome curiosities,
and cloth is prepared by machinery. In that case, the
machinery itself would he the Instrumental canse.  But
even a machine cannot start itself, some agent is neces-
sary for that purpose.  Henee the agent may also be in-
cluded under the Instrumental cause.  Aristotle’s Efficient
Cause may, therefore, be placed under this category,  But
in Aristotle such causality rests in human skill or the
agent himself, while in Hindu Logic the Instrumental
Cause may refer to scveral other things besides, as we
have illustrated above. In illustrating the Instrumental
cause, we may alsu take the stock example of the jar.
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l\(hi!p clay is its material cause, the conjunction of its two
halves (Futa& &4, its proximate causey the stick (IW)
with whigh the potter moves his wheel, is said to be its
instramental cause.  This kind includes all things iustiu-
mental in the production of an effect other than those
covered by the Material and the Proximate causes. In
that sense, Aristotle’s Efficient and Final causes may all
be included in the ¢ Instrumental’ Kﬁl’ﬁ:ﬁ"{) cause of the
Nyaya-VaiSeshiha school. Like Aristotle’s ‘Efficient” and
“Final, the Justrumental Cuuse 1s extrinsic amd does not
enter into the constitution of the effect produced.  Thus
an elfect may survive the destruction of its Instrumental
cause.  For instance, after weaving a picee of cloth, the
loom may be thrown into five, or the weaver himself might
die —still the cloth as such will continue to exist.  On the
other hand the effect necessarily ceases with the destrue-
tion of either of its « Material” and * Proximate’ causes.

Towards the end of Kanada's Vi seshika-Darédan,
we have a further exposition of the thiee kinds of cause.
The question is taken up: how do we know that a sub-
stance is an Intimate (Coherent) canse 7 The answer is
that such knowledge is derived from the co-inhesion of
the elfect, ¢.r., substance is inlimalely velated to effects,
viz,, compound substances (gap, qualities (@, and actions
(AL Thus the Intimate Canse must always refer to a
substaner ; it can therefore be called the * Material * cause.

As regards the second kind, «iz, the Non-Coherent or
Proximate Cause, Kanida explains that such causality
resides’ in artion ( A ), that actions are  Non-coherent
causes.> It is through co-herence in the co-herent

Vs Kanada's sutra : raatata ;”Qi\ Eﬁ'['a‘ﬂ'n‘a(mrc]" (X.2.1).

*ef. “HITW WAIMETY FAT@ ™ (X. 2.3 Here the word
mi'ﬁﬂ' means FFRITETRTEAE,



74 INDUCTIVE LOGIC

cawse that such causality is recognised.! It is therefore
¢ Proximate * with reference to the Co-herent cause.
Then, again, Non-Coherent causality resides in quality
J@@ as  well, since qualities coinhere in the same
substance.?  The last kind, 4z, the Instrumental or
Efficient Cause, is illustrated by him in the production
of colour, cte, by haking on fire.  The diflerentiating
character of tire, e, heat—which is a special
attribute of fire—is (tlhhough co-inherence with the con-
junct) the Efficient cause of colour, cte., produced by
baking#  The general definition of this  fafaw
kind of cause is a cause other than the Co-inherent
(Material) and Non-Co-inherent causes,

15. Principal Theories of Causati~n in Hindu Logic.—
We have already discussed the views of Causation as
sequence and coexistence respectively. It may be of some
interest to sce how this problem was treated in IHindu
Logie.  The Nyaya-VaiSeshiha systems of Gotama and
Kanada adopt the empirical standpoint, whilethe Sankhya
and the Vedinta of Kapila and Vyisa elaborate the
idealistic point of view.* Thus there are two principal
theories : the one maintained by Gotama and Kanala
is known as the doctrine of the non-reality of eflect’
(Asatkiryaviada Wﬂm‘z}m\, that of Kapila and Vyasa
as ‘ the doctrine of the reality of effect’ (Satkiryavida

Tef. “HIW FAITEY ﬂ.'ﬂﬁ'ﬂ', yeg’’ (X.2.5), ie, Conjunc-
tion through ‘o-inherence in the Co-inherent cause is the Non-
Coherent cause of an effect, such as a piece of cloth.

. Q v

fof. “TYT &Y AARTTERATATE” (X. 2. 4).

of. « Wy WHITLTEW aq{Fwq’ (X. 2. 7).

* Bach of the Hindu Systems of Philosophy contains Logic,
along with Epistemology, Metaphysics, Psychology, etc. cf. our
Elements of Deductive Logic, Appendix IL. p
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garaae . The following is a very Urief statement
of these views :—
Kanada and Gotama’s Empirical Theory of Causation :—

Thesis : Cause and Elfeet stand in the relation of
sequence and can never he identical !

Proofs :—

(1.) Cause and Lffect appear in our consciousness
as  separale (ﬁﬁﬁmﬁfsmq ).  We never
identify a picce of cloth with the threads
of which it is made.  When so made we do
not look upon it as < threads arranged in a
certain order’ but as ‘eloth.  So too, a
jar is not identical with its cause clay.

(2)  They are denoted by different words 9 =17 ).
No one speaks of < threads’ as < cloth’, and
riee versa. o

(3) Their functions are different ( HTFAITF ). Only
a jar and not a lump of clay can be used
for carrying water ; and a wall can be built
of clay and not of jars.

(4) They are characterised by sequence in time
(wradRTy ). Cause is always the antece-
denb(ﬁa‘a\f)mul Effect the consequent, (qgaar).
This is taught by our everyday experience.

(5) They ave distinguished as to their form SR
{'IF . Clay exists in clodsand lumps, but its
effect, the jar, is round and hollow.  Besides,
the jar may be destroyed, while the clay con-
tinues to exist.

(6) Also as to their number (dEawsatg ) Many
threads produce one piece of cloth.

1 FOAMEHTTFAAE @ AT FaEr;
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(7) 1f cause and elfect were identical, the efficiéncy
of the Agent in bringing about an effect
would  be useless.  Without  the © instru-
mentality of the potter, clay  will never
mould itself into the form of a jar.

The fundamental point of controversy is discussed
as follows—

Asat-karya-vada: The effect ( T ) s non-
existent (- ®/F ) hefore  its  creation.
The activity of an agent creates a kind
of new effect, from the ecause, in which it
did not exist before the operation of the
agent.  For instance, a jar, although made
of clay, is non existent qud jar before the
potter moulds the clay into this form. The
potter ereates a new effect (w2 ) from the
clay (RfE®D.  Hence, prior to its production,
the effect as such is non-eristent.!  This view
is rejected by the idealistic school :-—

Sat-karya-vada: The effect ( ®UT) does exist (8F)
even before its manifestation as such.  Cause
and Effect are identical.

' This is the doctrine of the Nyiya-Vais'éshika.  c¢f. Kanada's
sittra ATXLTLD. fﬁh‘ﬂ"[{r‘!l' 3W%§Hma‘mﬂrmq which means * An

effect is non existent before its production, since actions and quali-
ties are not asserted of it.” If the effect were existent during that
time, actions and qualities would be predicated of it, as they are in
the case of an effect «fter its production. But there is antece-
dently no such assertion of qualities and actions, as is after the
production, c.q. of the jar. such as ' the jar is at rest”, * the jaris in
motion”, it is of a Dblack colour’, etc. Hence the Idealistic
Doctrine of the pre-existence of an etfect in its cause must be

rejected. Thus ﬁ'a':"ﬁ"{!\‘, ‘1.'3' mmﬁ‘&a’z@ﬁ q 9
yiFarfems, FgaYl FRETAEEE SYRE T §IeeuE,



PRESUPPOSITIONS OF INDUCTION I

. Nen-existence can never be transferred into existence.
If the effect were absolutely non-exissent before its
productiqn, it could by no means be brought about. We
can, for example, extract oil  from  mustard-seeds, but
never from sand.  Every effeet exists potentially in its
material cause, and is only manifested as such  through
the activity of the agent.  The jar in question exists in
clay even prior to 1ts being moulded as such; the
potter’s activity is only a suitable oceasion for its
manifestation as  a jar. Being and  Non-being are
not mutually reciprocating : one cannot be transformed
into the other.

The Empirical school would again reply :— A sat-kdr yu-
nide: The abova argument is unsound. If the effect
exists in the cause prior to its production as such, the
agent's activity would become quite purposeless. If it
is said in reply that such activity is divected towards

the manifestation ( FAFaATH ) of the cffect which s
lateut in the cause, it means that in addition to the
effect “jar”, another effect, viz, “manifestation” has
also come into being through the agent’s activity—in
case it is denied, it is impossible to perceive the
wanifestation of the jar. Well, then, this will lead us
to an infinite regress, since we can demand “ manifesta-
tion” of “manifestation”, and again a * manifestation ”
of that, and so on. If on the other hand the “mani-
festation ”’ of “ manifestation 7 is denied, then doubtless

2fret w21 wlragdtate gawmatn ey aeEafe
In this way the antecedent non-existence (‘Sﬂ'l}]ﬁ) of | is
proved. This sums up very briefly the Nyiya-Vaiséshika stand-
point of Causality.

! Neither non-existence is brought into being nor 1s existence
ever made non-existence : ¢ Wﬂ'ﬂgiwa, 9 ¥ €9 ﬁ[ﬂmfa ”
also of. @A) faz@ Wiy awEy Gagd@ =wa)” (i)



78 INDUCTIVE LOGIC

there is no infinite regress but then we should aluays
perceive the jar qud etfect ; but that we do not—hence
the effect does not co-exist with the cause.

This is again answered by the Idealistic school as
follows :—

8at-karya-vada.— But there is no special law regulat-
ing the *manifestation” of the jar through the agent’s
activity. For instanco, a lamp, which is admittedly the
agency by which the formms of various objects are
manifested in a dark room, observes no special rule in its
operation—anything that is near it is manifested—
similarly the potter's.activity is not necessarily connected
simply with the manifestation of the jar: while the
activity is present, the form of the jaris itself manifested
out of the clay. Hence, the effect is identical with
the cause.!

We shall not follow this Discussion further, as it is
more of the metaphysics of Cansality.

16. Principle of the Uniformity of Nature.—It is
usnally maintained that besides Causation there is another
prineiple, called the Uniformity of Nature, which is also
a necessary assumption of Induction. DBefore discussing
the relation between the two principles, we shall first
explain the meaning of the ‘ Uniformity of Nature, which
is also called the Uniformity of Causation.

The Principle may be variously enunciated as
follows : —

(?) The same cause will always produce the same
effect.?

L cqremafalfes’  ®d M@ AwETEawEag”
(Rutm)

? Its converse is the Reciprocity of Cause and Effect :
‘ Every effect has always the same cause’ (i.e., reciprocates with
the cause).
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(#1) Nature repeats itself : it is always uniform.

(ii1) The future will resemble the past. s

(tv) Nature is governed by Laws.

Now, is it true to suy that Nature is uniform? In a
sense, Nature is never uniform. It is a continuous fiux,
an uninterrupted flow of happenings, whose movement
cannot be arrested at any point even in thought except
by picturing a false view of it. The cinematographic
representation of the process of change is eutirely false
and misleading. No two movements are ever alike, no
two men are absolutely similar, no two leavesor pebbles
are an exact prototype of each other, the past never
repeats itself, and you cannot jump in the same river
twice. That is perfectly true so far as it goes, but mere
change cannot explain the phenomena of nature; it
cannot exist except on the basis of identity. If change
were the ultimate fact, and no <entity existed, nature
would be entirely without any system or law, and at
every step we should Dbe confronted with novelty. For
want of identity all recognition would be impossible; a
brother will not be able to recognise his brother, the
father hisson; water which is cold now may burn my
finger at the next moment; and all knowledge would be-
come impossible. The factis that change and identity
are relative terms.  With mere change the universe would
be a place of mere surprise and novelty, and with bare
identity it would be a block universe, lifeless and petrified
as it were. There is identity in change—or systemalic
identity.  The general conditions in which change realises
itself do not change themselves; if they did, the very
notion of change would vanish. The past does not
repeat itself in the absolute sense; since an absolute
recurrence of facts is impossible. From the standpoint of
Absolute 1dealism the distinction between past and
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future does not hold ; they belong tc one system. What
the Principle of Uniformity maintains is that so far as
things are qualitatively the same they have the same
attributes, and so far as conditions precisely the same m
kind oceur, they must, if there is such a relation as
cause and effect at all, have the same effect” As Joseph
aptly remarks :—“To suppose that the same cause-—
other things being equal-—can have different effects on
two oceasions is as much as to suppose that two things
can be the same, and yet, so far their attributes
different .}

Without the assumption of Uniformity, the organisation
of all our knowledge and experience would be impossible,
and the universe would be unintelligible and irrational.
Mach makes the following observations on this point :

“In the infinite variety of nature many ordinary events
oceur; while others appear uncommon, perplexing,
astonishing, or even contradictory to the ordinary run of
things.  As long as this is the case we do not possess a
well-settled and unitary conception of nature.  Thence is
imposed the task of everywhere seeking out in the
natural phenomena those elements that are the same, and

Yop. it p. 378 :—"To say that the same thing acting on the
same thing under the same conditions may yet produce a different
effect, is 1o say that a thing need not be what it is. But this is
in flat conflict with the Law of Identity. A thing, to be at all,
must be something, and can only be what it is .. [t may be
replied that no two things ever are the swme, and that no one
thing ever is the same for two successive moments. The fact of
change is not disputed, nor the difficulty of finding two things
that are qualitatively the same. But if the effect of the second is
different, that must be because of its qualitative differenze from
the first, and not merely because it is a second : and so far as it is
qualitatively the same, the effect must be the same also : It being
understood of course that to sameness of effect qualitative
sameness is equally necessary in all the material conditions. To
deny thisis to deny the posaibility of reasoning altogether.”

(ibud.)
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that awmid all multiplicity are ever present. By this
means, on the one hand, the most econumicgl and briefest
description and communication are rendered possible :

and on the other, when once person has acquired the
skill of recognising these permanent elements throughout
the greatest range and variety of phenomena, of secing
them in the same, this ability leads to a  comprehensice,
compucel, consistent, and facile conception of fiels.  When once
we have reached the point where we are everywhere
able to detect the s«me few simple  elements, combining
in the ordinary manuer, then they appear to us as things
that are familinr. we are no longer surprised, there is
nothing new or strange to us in the phenomena, we feel
at home with them, they no longer perplex us, they
are explained. ™!

17. Mill on the Uniformity of Nature.— Mill holds
that the Principle of the Uniformity of Nature is implied
in all inductive inference.  He writes :— We must first
observe that theve is a principle implied in the very
statement of what Induction is ... namely, that what
hiappens once will, under a suflicient degree of similarity
of circumstances, happen again ™ (Bk. L Ch. 3 §1). e
further tells us :—- “ Every induction may be thiown into
the form of a syllogism, by supplying a major premiss.
If this be actually done, the principle which we are
now considering, that of the uniformity of the cause

Y Mach, Science of  Mechames, Eng. trans, pp. H-6. quoted by
Welton. op. et i, p. O

On  the various interpretations of  Uniformity of Nature
see also Bosanquet, Loge, 1. Ch. VIT. There the parely mechani-
':ﬂ, the quasi-teleological and the really teleological views are
distinguished. T. H. Green, Dr. Bosanquet and several others
speak of the Uwily of Nature instead of the [wiformity. They
hold that wwity implies wuiformity.  The view is quite consistent
with Absolute Idealism.
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of nature, will appear as the ultimate major premiss
of all inductiors.” (¢bid.)!

According to Mill the Uniformity of Nature consists
of several uniformities. These he divides under two
heads : (1) of Coexistence, and (2) of Succession, Of the
first he instances the laws of number and space; and all
uniformities which do not come under the second head.
Natural phenomena coexist in space. The law that
all fluids have buoyancy is an induction of coexistence ;
so also the law that all metals are good conductors
of electricity. This means in general that the attributes
of a thing coinhere in it, or coexist with it. Water has
certain properties ; wherever there is water, the proper-
ties will also be there—this is a uniformity of co-existence.
Then again, in Geometry, for instance, we have the truth
that any two sides of a triangle are together greater than
the thivd.  Thus wherever a triangle is formed, the law
will hold good.

On the other hand, the Uniformities of Suceession are
those in which a certain phenomenon is universally fol-
lowed by another phenomenon.  To these is given the
name of  Cawsation®  According to Mill, therefore,

' Whately also declared that every induction was a syllogism
with the major premiss suppressed ; and, when supplied, the major
premiss lays down : ‘what holds true of this, that, and so on,
holds true of all similar cases.” cf. *‘The universe, so far as
known to us, is so constituted that whatever is true in any one

case, is frue in all cases of a certain description ; the only difficulty
is to find what deseription " [Mill, op. eit. TIT. 3].

* According to Bain, the Uniformity of Nature may be distri-
buted under three heads, (1) Coexistence (as Coinherence of
Attributes), (2) Succession (Causation), and (3) Equality. Induc-
tion has to deal with these three cases only, and we are further
told that in the actual working of Indunction, we find it to be
almost entirely absorbed with Causation, Vide Bain, Logic ;
Induction, ch II.
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€ausption is only one kind of uniformity, and is not
synonymous with the Uniformity of Natiwe.

Mill dgrives the Principle of the Uniformity of Nature
from experience. He sayvs, the Principle * is itself an
instance of induction, and by no means one of the carliest
which any of us, or which mankind in general, can
have made.  We arrive at  this universal law Dy
generalisation from many laws of inferior generality. . .
As, however, all vigorous processes  of  induction
presuppose the general uniformity, onr knowledge of the
particular nniformities from  which it was first inferred
was not, of course, derived from vigorous induetion, but
from the loose and uncertain mode of induction per
enumeral ionem simplicen.” !

This means that first we discover ‘¢ particular uni-
formities’ as enumerative inductions, which are, for that
very reason, bound to be more or less hazardous generali-
sation, not of much value for science. And then we
ascend from them to the “general uniformity.”  Thus,
Mill teaches that our belief in the Uniformity of Nature
is ultimately derived from observation of facts.

But the inconsistencies and difticulties of this position
are obvious.  We have alveady treated themn in connexion
with Causation. The same objections practically apply
to Mill's derivation of Uniformity from observation.
Mill’s attempt breaks down. The Principle cannot le
derived in this manner, and if it were an induction itself,
how could it be taken as the ground of induetion.
Sigwart says :—“If we had needed merely to open our
gyes in order to see ‘uniformity in the course of Nature’
everywhere before us, belief in the thorough going con-
stancy of the way in which causes act would not have
been so slow to arise nor have been still only a scientitic

Yop. cit., Bk. IIL ch, 21 §2
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and not a popular belief. nor would the tendency to
make capricieus powers, demons and gods, responsible
for what happens in the universe have heen  so deeply
rooted,”t

From the Pragmatic Standpoint it is claimed that the
true meaning of the Principle makes it quite unnecessary
to assume the task of explaining how it could be derived
from experience.  The Principle should not be taken
for more than the statement of the inductice problem,
“how to find a correct. general deseription for all cases
to which a given particular inference should be extended ?
Further, as Sidgwick says, the Principle can hardly he
treated as an wriom, since “it is indisputable only because
it carefully avouds making any assertion which can
be tested in experience.”™

18. Relation of Causation to Uniformity of Nature.—
Logicians, as a rule, declare these two Laws to be two
different things.  We have already seen how  Mill,
Bain and others look upon Causation as a species of Unifor-
mity ; e, all causation is uniformity hut not all uniformity
causation —only that of  sweeession is so. 1t is usually
said that the Principle of Causation is by itself in-
sufticient as the Ground of Production, and rests on that

U Sigwart, Logic (Eng. Trans. ii. p. ni.)

* A, Sidgwick, op eit. p. 122, also ef. 7 The Uniformity of
Causation, though it enunciates a sound methodological rule, is by
no means the absolute and intractable principle that has been
supposed. Instead of gnaranteeing the uniformity of events, it

is the latter which gives it a meaning and a status 1 the world of
reality.”"—=Schiller, op. ¢it., p. 303.

" The whole value of the Principle of Uniformity consists jn
its furnishing a formula for the extension of our other beliefs
beyond our actual experience. Transcendentalists, indeed, call it
a form of Reason, just because it is presupposed in all knowledge:
and they and the Empiricists agree that to adduce material
evidence for it, in its full extent, is impossible "—Carveth Read,
op. cit., p. 264,
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of ® thes Uniformity of Nature.  That is to SV, We may
grant that < every event has a cause” (Cauration), but it
does not, fodlow from it that * the same canse must always
produce the same eflect’ (Uniformity of Nature), and
that * the effect reciprocates with the cause” (Reciproeity).

We, however, hold that the fundamental axiom of
Induction is the Principle of  Causation, which covers
that of Uniformity of Nature as its corollary, and that the
two priuciples cannot. be treated independently of each
other. Instead of * Causation’ vesting on ¢ Uniformity,
it is the latter which depends on the former.  To prove
our contention we have to point out the serious inconsis-
tencies that follow from the position that ‘the same cause
need not always produce the same effect, neither may the
same effect be always produeed by the same canse)  In
other words, we have to examine the position that a
cause may not act uniformly.!

We maintain that the very notion of cause necessarily
involves the idea of uniformity : that a cause must neees-
sarily act uniformly. To deny this is to deny causa-
tion itself.  The cansal connexion is a necessary con-
nexion, and therefore a universal connexion also.  1f A
and B are causally related, it follows that A wust
produce B, and B must be produced by A, 1f they were
not necessarily connected, the words < wust” and © produce’
would be emptied of all meaning.  Anything would
produce anything, the universe would be without any
reign of law or order. If causation did not involve
uniformity, no universal laws could be arrived at and
generalisation would be impossible.  There would be no
reason to connect a change with any one rather than
the other thing. The truth is that if A is the cause of

'This point has been admirably worked out by Joseph
op. cit. p. 380 ff. We agree with him in taking Causation to imply
Uniformity necessarily.
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B now, it must be so always, For, as Joseph -puis it,
“1if it can ba the cause now, and not another time, how
am I even to tell whether it is the cause now or not.” 1
If a cause did not act uniformly, that is to say, if the
same cause under the same conditions could produce
a different effect, it wonld amount to saying that nothing
possesses any determinate nature, which would contradict
the Law of Identity. As Joseph observes: “ A thing, to
be at all, must be something, and can only he what it is.
To assert a causal connexion hetween « and 2 implies
that « acts as 1t does because it is what it is: because,
in fact, itis a.  So long therefore as it is @, it must act
thus; and to assert that it may act otherwise on a sub-
sequent occasion is to assert that it is something clse
than the @ which it is declared to be ™. (ihid). Again—
“So far then from the causal character of a  sequence
being derived from its uniformity, its uniformity is
derived from its causal character. We avail ourselves
of the uniformity which must characterise causal sequences
so far as they are repeated, to determine which of the
sequences that we observe are causal: and that is why
the repetition of an event under diversity of conditions is
of such assistance to us in determining what conditions
are essential, or material, to its occurrence””  (p. 377).
The Law of Caunsation is otherwise called the Law of
Yop. it p 375 Joseph thus sums up his position. * There is
no need then to distinguish the Law of Causation from the
Uniformity of Nature ; for a cause which does not act uniformly
is no cause at all ; and if we are looking for the presuppositions
of inductive inference, it is plain that the only connexions whose
existence would justify such inference are uniform connexions.
But two cautions must be given here. First, it must not be
imagined that uniformity is the fundamental element in the concep-
tion of causal connexion, but wecessity or law:. Secondly, we must be

careful not to confuse a conditional with an unconditional necessity.”
(p. 376).
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Uyiversal Causation, svhich correctly conveys the idea
that causation must be universal, and it can possess that
character only if it operates waiformly. It seems to us a
contradiction in terms to speak of a cause not acting
uniformly : in that case, it could by no means be ealled
cause at all.  We therefore conclude that the Principle of
Causation and the Uniformity of Nature are not to be
treated as two different things: they are identical; the
only distinction is that the latter constitutes an aspect ne-
cessarily covered by the Law of Causation.  The ultimate
Presupposition of Induction is, therefore, nothing more
than the Law of Causation. 1t is the foundation on which
all inductive inference rests. It cannot be derived
fromt experience but is a form of our reason, presupposed
in all knowledge and without which the universe would
be unintelligible.

SUMMARY

Induction is hased ou geacralisution.  We have now
to enquire, by what right we ever generalise from
experience.

The plain answer is that induction «assumes the
existence of necessary and universal connexions in nature
and is called upon to determine the elements between
which such connexions exist.

.This assumption is expressed in the Law of Causation :
“ Every event has a cause.” This Law is only a special
application of the Law of Sufficient Reason, and covers
the Law of Uniformity of Nature (“The same cause
must always have the same effect ”) and its converse, the
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Reciprocity of Caunse and Effect (“ Every effect alwavs
has the same cause ”).
Two principal views of Causation :—

[. Empirical (¢f. Mill, Bain.)

Qualitatively : Cause is the invariable and un-
conditional antecedent of an event.

Quantitatively : Cause is equal to the Effect.  The
essence  of  Causation lies in the trans-
formation of energy.

~ Causation = Sequence in time.

Canse : Effect :: Antecedent : Consequent.

I, Rationalistic  (ef.  Sigwart, Green,  Dradley,
Bosanquet) Cause is complete ground, hence
identical with effect in a system of reality,

Caunsation = Coexistence.

In popular phraseology, Cause =anything in  the
absence  of which a phenomenon would not come to
pass: but setentifically, Cause = the sum-total of positive
and negative conditions.

In the former sense, many different causes may, on
different oceasions, produce the same effect.  That s
to say, the doctrine of the Plurality of Causes, is
consistent with the popular view of  Cansation.  But
in the scientific or philosophical sense, there 1s no room
for it.  The same event will always be brought about
by the same cause.  There are many causes of death
only because there are many kinds of death.  Mill's
doctrine of the Plurality of Causes has, therefore only
an apparens validity, and breaks down  on  scientific
analysis.  The vrelation  between Cause (as  complete
ground) and Effect is ideally reciprocal or reversible,

The Plurality of causes must be distingnished from
the Composition of Causes . The former maintains
that the same effect may at different times he produced
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by ditferent fotal ciuses.  The latter means that a
number of conditions or partial causes may together
contribute to produce a certain eflect.
Mill's Doctrine of Causation---
(1) Statement: Cause = the sum-total of conditions,
positive and negative taken together.
Cause = the invariable and unconditional ante-
cedent,  Causation = Suecession in time.
(2) (reticism
(1) Purely on the basis of experience, the future
can never be predicted.  Mill  can speak
of wwraried hut not Lneariohle antecedent,

(i) For the same reason, he has no right to
speak of any anconditionul antecedent, since
that would mean an unwarranted leap from
the mere sequence of phenomena in time,

(i) Mill's phrase © the sum-total of conditions ” is
rather unfortunate : —

(1) Because it may indicate a wrong method
of combining the factors. A better expression
would be “the sum of the conditions ™.,

(/) Because it i¥ not clear whether it is limited
to relezant conditions or not.

1 I it is, it stands in flat confliet with Mill's
doctrine of the Plurality of Causes, which
breaks down if cause refers to velevant
conditions alone,

2 If it is not so Hnited, it brings in a confusion
between ‘cause’ and ‘condition.” No
analysis will then be possible, and
Cansation will be a tautology.

(iv) Mill is anxious to discard ‘efficient causes’ but
he is forced to admit them while speaking
of the unconditionality of the causal connexion,
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(v) Causation is not mere succession in time. Tt
i a continuous process, whose moments are
not separated by time but in {ime, and
such separation is marked by an ddeal line
only.  Mill’s eonception of Cause is imperfect.
He is only aware of discreteness but is blind
to continuity.  Causation is not in succession,
though it vemains tough  suceession, It
15 the ideal reconstruction of a continuous
process of change.

Cause as complete ground is identical with Reason.
They ean only be distingnished in their imperfect stage :
Cause as a species included in a conumon genus with
the incomplete forms of Ground.  They are also distin-
guished as eause essend i and causic cognoscend i vespectively.

Mill derives the Law of Causation from experience
(by TInduction  prerenmumerationem  stmplicem). Bt
this is open to serious objections:

1. Induction by Simple Enumeration fails to give

us categorical certainty, and this is not the
method used inarntiving at seientific generalia-
tions.

2. As an empiricist Mill cannot derive universal
principles from  experience, since experience
can never vield them.

3. If the Causal Principle is a generalisation from
experience, Lo, 0f it is derived by induction,
how could it Dbe taken as the Ground of
Induction? Thus Mill commits the fallacy
of Petitio Prineipii.

Causation is, on the other hand, a ‘ necessity of thought,
a form of Reason, without which Nature and our
experience hecome quite unintelligible. Tt is not derived
from experience, but its validity is shown by its applica-
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tion'to experience. It is an @ priori principle, self-evident
to our reason.

From the Pragmatic standpoint, Causation is merely a
Postulate, apd not a self-evident axiom. It is claimed
that this view accounts for the distinction between
casual and causal suceession, and combines the strength
and avoids the weakness of the two rival theovies.

Aristotle distinguished four causes of every material
thing : e g, the causes of a statue are :—

formal cause—the form in the mind of the sculptor.
Jmaterial cause—the matter of which it is made,
e. 9., marble.

(eﬂi(-,icnt cause—the sculptor himself.
‘ltinal cause —the end or which the statue was made.

xtrinsic Intrinsic

L

In Hindu Logic three kinds of causes are  distin-
guished :—

" 1. “TIntimate,” “ Coinherent, @marﬁz‘, e, ‘clay-jar’,
“thread-cloth,  ete. Corresponds  to
Avistotle’s  Material 7 canse.

2. “Non-intimate, < Non-coinherent,”  Proximate '

( JEHIWT ), ey, conjunction of the two
halves of a jar produces a jar, conjunction
of threads produces a piece of cloth. No
S corresponding notion in Aristotle.

3. “Instrumental, ‘ Operative ' (fafqgew) eg., ‘stick-

Intrinsic.

(&}

é’ jar, ¢ shuttle-Cloth,”  ete.  Corresponds
b to, but includes much besides, * Aristotle’s
] ’

= | “ Efticient " cause.

The Law of the Uniformity of Nature, which says
that ‘ the same cause will, under like conditions, always
produce the same eflect’ is mnot to be treated as an
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additional and  separate ground of Induction. 1t s
covered by the Law of Causation.  The causal velation
is wnerersal and wecessary. 1 the cause did not  operate
mniformly it wonld cease to be * cause

The ultimate Ground of [dnduction is, therefore, the
Principle of Cansation,

OUESTIONS AND JENERCISES
1. What are the Presuppositions of  Induction ?
2. How is the Law of Causation related to that of
Suflicient Reason £
3. What variety of meaning has been assigned  to the
word Caunse
1. Distinguish between the popular and the scientitic
notion of Canse, Can you aceount for the divergence
hetween the two views !
S0 Every phenomenon has o cause " Disenss the
weaning and origin of this principle.
6. Inowhat sense is the word Cause used in
(1) " Every cause has an eftect,’
(1) * The cause is equal 1o its eflect,”
(ii1) * The eause is the eftfect.”
7. Critically diseuss Mill's theory of Causation, and
compare it with any other yvou know of.
8. Discuss the proposition that the canse invariably
precedes the effect.
9. What is the attitude of 1ecent discussions on
Yogical doctrines towards Mill's theory of causation ¢
10,  Bring out the iwplications of  Cause as the
sum-total of positive and  negative  conditions  taken

together,
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1. “ A cause is, an effect concealed © an effect is a
eifuse revealed . Examine this statement ceritically.

12, Discuss the relative merits and .sig_;nili('unoo of
Causation as (@) sequence, and (h) co-existence.

13, What is meant I sayving that cause and effect
ave only  two aspects of one phenomenon™  What is
the bearing of this view on the doctrine of the Plurality
of Causes?

14, State Mill's doctrine of the Plarality of Causes,
Distinguish  between  * Composition ™ and * Phlarality
of Canses,

15, Comment on the following  statement — As
often as the same cireumstances are repeated, the same
effect will follow, vet when the effect 1s the same we
cannot infer that the cause 15 the same too.”

16.  Distinguish hetween—(a) Cause and Condition .
(L)Y Cause and Reason (Ground). (¢) ewwsa essendr and
cawsa coqnos Cendt,

17, Distinguish the qualitatcre and guantitati re aspects
of Causation.  DBring out the meaning of  Causation as
Conservation of Energy.

18, % Cessante causa, eossul effectus™ Explain.

19.  Comment on the following views: -

(«) “ Here all things always seem the sawme.”
(h) Nature is a constant How, No two things are
ever alike.

20. Distinguish hetween the uniformities of sueces-
sion and those of co-existence,

21, Critically examine Mill's Proof of the Law of
Causation from (1) the rationalistic, and (2) the prag-
matic standpoints,

22, In what relation does the Principle of the
Uniformity of Nature stand to the Causal Principle ?
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23, Compare the following ways of expressing our
belief in the Uniformity of Nutuie :—

(«) The future will resemble the past.

(b) Nature will rvepeat itself.

(r) The unknown will resemble the known.

() The Universe is governed by Laws.

(¢) The absent is like the present.

24, Discuss Mill's view that the principle of the
Uniformity of Nature is arrived at by Induction.
25, kxplain.—

() 1t s part of the conception of Cause to act
uniformly 5 and so far, the Universality
of Causation and the Uniformity of Nature
are the same thing ”

by “ A cause which does not act uniformly is no
cause ab all 7.

26.  “The Uniformity of Natwie is the ultimate
Major Premiss in all Induetion.”  (Mill).  Discuss.

27, Discuss the statement : A vigorously exact
interpretation of causal connexion would render the law
of causation scientifically useless.”



CHAPTER V
OBSERVATION AND EXPERIMENT

1. Analysis of the Given.—Defore we consider certain
well-recognised methods of establishing causal connexion
between plienomena, it seems necessary to speak of two
of the several operations without which inductive reason-
ing cannot proceed —Obhservation and Experiment.

Induction guides us in the discovery of laws from a
close examination of facts. Dot at a first glance nature
does not present us anything like ordered and  sys-
tematically arranged phenomena; we have only a chaotie
mass of facts.  There is no possibility of escaping such
chaos except by an effort of the mind to put order and
svstem after a close serutiny.  Our faith in teleology,
our deep-rooted convietion in the regularity and rational
order of Nature compels us to regard chaos as only
apparent and we are called upon to analyse the given
facts with a view to discover law and order.  Facts
or phenomena cannot yield their own explanation ; it is
the mind which can interpret them.  Before it is possible
to discover laws, the Given is to be carefully analysed.
The object of such analysis is, in the first place, to
distinguish between relevant and irrelevant facts in any
sclentific inve-tigation, and secondly, to find out the
invariable and necessary circumstances under which the
phenomenon under study occurs.

The sifting of the relevant from the vast mass of facts

95
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presented to us for examination ‘mplies w/eetion.  We
have to isolatg those elements which are relevant to the
inquiry in hand and countine our attention to  them.
Without this no progress in knowledge i~ possible.
LEven this simplest act of perception involves selection.
Well, then, in our analysis of the Given we first of all
Iring together out of the totality of presentation only
those facts that are velevant to our purpose so that we
may later on contine onr attention to their interpreta-
tion alone.  This defines for us the facts we have to study
and is the tirst fundamental step towards the discovery
of causal connexions.

The neat step we take s the elinnnation of  those
circumstances  under which  a eertain - phenomenon
necessarily oceurs. To determine that we should also
have to find out the circumstances under which we might
have expected the phenomenon to oceur, yet it does not
occur,  This negative operation will make us doubly
sure as to the cirenmstances  which ave  absolutely
necessary for the production of @ phenomenon.  Elimina-
tion is one of the most important operations in Indnetion
and we shall have oceasion to speak of 1t further under
the Experimental Methods.  Suftice it to say here that
we must be very caveful in this part of our analysis:
we must not omit any eircumstances under which a fact
appears, otherwise our further inquiry as to which of
them 15 causally  connected with  the phenomenon
studied may be vitiated.

The first steps in the analysis of the Given, are taken
by the operations known as Observation and  Experi-
ment f-—which are usually deseribed as two  different
modes of interpreting Experience.

U Observation and Experiment are the mafersal grounds of
Induction ” (the formal ground beiug the Principle of Causation)—
Carvetn Read, op. eit |, p. 191,
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.2.  Observation.—*Observation is one of the processes

by whick we obtain knowledge of natusal phenomena.
it requires an exercise of our senses, inasmuch as we have
to note the facts as they oeeur. We cannot, however,
note the countless facts presented to us by nature every
moment: what we observe is determined by our own
interest and purpose.  Hence, Observation is always
selectice. The same work of art will appeal differently
to an artist and a lavman. The former will discover in
it much more than the latter. A student of physies will
study a rainbow differently from the boy flying the kite.
He will be intevested in the formation and amalgama-
tion of the seven colours, ete., while the other boy will
notice the phenomenon in passing and feel no interest in
the arrangement of the colours, red, orange, green, blue,
vellow and violet.  Similarly, the phenomena of wind,
ain, dew, lightning, ete., will he ohserved ditterently by
different people.  He who is equipped with more know-
ledge will Le able to discover more in the sameo pheno-
menon, and what precisely he will note will be determined
by his nferest.

Observation is also made, as a rule, in the Light of
gome hypothesis.  We first select a certain phenomenon,
mark it off from its antecedents and consequents, frame
a hypothesis as to the antecedent with which it is
causally connected, and verify the hypothesis by means
of further observation. Man cannot gaze at a thing or
a phenomenon with a vacant mind: he must needs
exercise his intelligence.  Although he sees with his
eyes, hears by his ears, he interprets his sensations all
the time. The senses are only the instruments employed
by the mind for the acquirement of knowledge. Not
they but the mind itself observes.  All observation is, in a
sense, in answer to a certain hypothesis.  No perception

G
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is possible without interpretation wkich implies inference.
There is, therefore, implicit inference involved m all
observation.

But, from this very fact, a danger arises: our ohserva-
tion may be initiated by bies, and the facts observed by
us may thus be wrongly interpreted. Sometimes we
read our own thoughts into our perceptions. Sometimes
the investigator may fall into another danger, viz., inferring
non-existence of a phenomenon from its non-observation.
We shall speak of these errors under “Fallacies” in
Chapter X.

8. Experiment.— This is another process accessory
to Induction and its function is the accurate determina-
tion of causal connexions in phenomena nnder conditions
over which we have control and which we can vary.
In Observation it is not always possible to simplify the
conditions and acquire a control over them.! DBut in
Experiment we endeavour to produce a similar phenome-
non under simpler conditions, which we can vary at will.
Thus we can easily produce the seven colours of the
rainbow by means of a spectrum, and obviously speetral
analysis is much more practicable and much easier than
the analysis of a rainhow. The rainbow may appear for
a, few minutes only : it will not wait for the completion of
our observation or analysis, and we cannot produce it at
will.  But by means of an expernment with the Spectrum
we can produce the same phenomenon and study it with
ease and leisure.

Observation may be carried on sometimes even without
any reference to any hypothesis, but Experiment is
necessarily an answer to, or a verification of, a hypothesis.

'Sometimes Nature herself produces special conditions favourable
to the study of a phenomenon. These are called Natural Experi-

ments. For instance, an eclipse of the moon shows the shape
of the earth to be round,
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There, must be somnd suggestion, or supposition, whose
truth” or falsity we may be called upon so discover by
means uf lixperiment.

4. Relation of Obseryation and Experiment.—It is
usual to distinguish Observation and Experiment as
“ Passive ” and “ Active ” experience.! We shall presently
show how incorrect this distinction is. We may refer
here to the following famous quotation from lerschel’s
Preliminary Discourse on the Study of Nutural Philosophy,
pp. 76-77 -

“To these two sources (Observation and Experiment) we
must look as the fountains of all natural science. It 1s
not intended, however, by thus distinguishing observation
from experiment to place them in any kind of contrast.
Essentially they are much alike, and differ rather in
degree than in kind; so that, perhaps, the terms passive
and acltre observation might better express their distine-
tion; but it is, nevertheless, highly important to mark
the different states of mind in inguiries carried on by
their respective aids, as well as their different effects in
promoting the progress of science. In the former we sit
still and listen to a tale, told us perhaps obscurely,
piecemeal and at long intervals of time, with our attention
more or less awake. 1t is only by after-rumination that
we gather its full import ; and often, when the opportunity
is gone by, we have to regret that our attention was not
more particularly directed to some point which, at the
time, appeared of little moment, but of which we at
length appreciate the importance. In the latter, on the
other hand, we cross-examine our witness, and Dby
Lompaunﬂ one part of his evidence with the other, while
he is yet before us, and reasoning upon it in his presence,

”

' " Observation is‘passive ecxperience Experiment is active
experience " — Stock, op. cit. p. 160.
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are enabled to put pointed and sedrching questions, the
answer to which may at once enable us to make up our
minds.”

Thus Observation and Experiment are compared as
follows :—

OBSERVATION EXPERIMENT

1. " Passive " experience. 1. " Active " experience

2. Under nature’s conditions 2. Conditions under our own
(natural). control (artificial).

3. Conditions invariable. 3. Conditions can be varied.

4. Conditions may never be 4. Conditions reproduced at
repeated. will.

5. We are slaves of nature. 5. We are masters of nature.

5. The phenomenon to be 6. The phenomenon to
studied can hardly he be studied can  be
isolated. isolated.

7. Has a wider scope. 7. Has a narrower scope.

8. Less precise and subtle 8. More precise and subtle
than Experiment. than Observation.

9. From effects to causes. 9. From causes to effects.

{

|

Where experiment is possible it is decidedly superior
to observation as an instrument of discovery. But
unfortunately it cannot be applied to all departments
of nature.  For instanee, in Astronomy, Geology, ete.,
we have more to wateh the course of natuve than to
mstitute experiments.  In sciences of the human nature
also experiment has very little scope.

Experiment has, however, the following advantages
over observation :-—

1. We can vary the circumstances at will angd
produce several suitable instances of the phenomenon
under study.

2. We can isolate and control the phenomenon by
simplifying the conditions.
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,3.  We can produce new phenomena similar to those
found In nature. ’

5. Observation Essentially Active.- We have already
alluded t8 the common distinction between observa-
tion and experiment as passice and actire operations. It
is said that in the former the mind is passive; it simply
receives a certain information about the phenomenon
under study, but in the latter it is distinetly active.
Now, this distinction is doubtless erroneous. 1t is based
on a false theory of knowledge, wviz, the passivity of
the mind.  The truth is, as psychology has convinced us,
that the mind is never entively ‘passive” It may be
passive in the sense of ‘assimilation’, but there is no
mental state in which the mind does not work.  When
we are observing a certain phenomenon  the work of
interpretation as well as apperception is going on all
the while, which clearly points to mental activity. We
may characterise pure sensations as entirely “passive”,
but in our adult life we never have these sensations :
they are psychological abstractions. The actual units
of our mental life are ‘ perceptions’ and not ‘sensations’,
and in an act of perception the mind is always active.
Hence Observation which is of any use to science must
Le characterised as essentially active.!

Scientific Observation, as we have already said, is
always selective and purposive, hence it must essentially
be an active process. Besides, as Dr. Schiller puts it

1" The goal of Observation is to see a fact as a fact-under-law.
ceeeenenTo see a fact scientifically is to see it in the light of an
idea. Observation expresses a form of scientific endeavour which
cap be satisfied only when the fact is observed as fulfilling some law.
The merely passive assimilation of fact is only the first stage in the
complete process of Observation. ... We may observe just
as passively with our fingers as we can with our cyes or ears.
Observation is passive just so long as it is purely assimilative "—

W. R. Boyce Gibson, op. cit. pp. 389, 393-394.
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forcefully : “(food observation is *anything but passive.
It involves aciive watchfulness. It demands enormous
coneentration of the attention on the point of the inquiry,
enormous indifference to, and ruthless abstraction from,
everything else. 1t is therefore subject to the same
risk as experiment, and as apt to go wrong, if misdirected.
Indeed it is only another sort, or perhaps another stage,
of experiment. In both we begin by changing the con-
ditions experimentally before observing, even if in ¢ observ-
ation’ the change is merely that of taking up an attitude
of watchfulness towards certain objects.  And conversely,
experiment. would be useless if it were not  aceompanied
by observation.”!

We conclude, therefore, that there is no such thing as
purely passive observation, and even if it were possible
it would be quite useless for scientilic investigation.
The difference between observation and experiment is
one of degree only: the mind is active in both the
operations.

6. Positive and Negative Instances.— Scientitic in-
vestigation aims at the greatest possible precision and
accuracy. Hence Causal lxplanation requires the fulfil-
ment of two sets of conditions («) that a particular cause
has always a particular effect, and (#) that in the absence
of the particular cause, the particular effect does not come
about, 7.e., this particular effect never oceurs unless the
particular cause also oceurs. Thus if a phenomenon
called E (effect) vesults from the cause (', the true
cause will be that which satisfies :—

(«) that whenever (') then K.

() that whenever E, then (.

or that whenever not (', then not k.
Instances which illustrate («) are called Positive
! Schiller, up. cit. pp. 338-339.
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,
Ingtances, those illustfating (&) are known as Negative
Tnstances'.  They are sometimes calledy Positive and
Negative Faperiments.

Negativ® Instances may e distinguished from Exeep-
tions  The former prove w causal relation, while the
latter disprore it.  The two arguments may be compared
thus —

NEGATIVE INSTANCE ! EXCEPTION
L o
‘Whenever C, then E. Whenever C, then K.
Whenever not C, then not K. Here (s, but E is not.
. Cmay be causally connected | .7 (Cis not causally connected
with E. with K

Exceptions or Exceptional Instances arve, if real, incom-
patible with the hypothesis we seek to establish and
lead us to give up or modify such hypothesis. Some-
times one exception alone is suflicient to disprove our
hypothesis. A real Ixception compels us to so modify
our hypothesis as to make it consistent with facts,
The popular aphovism “Hreeplio probod regulom”™ 2 when
applicd to Induction can only mean this: an exception
“proves” the rule inastmuch as it requires us to modify
the wrong hypothesis so that 1t may become compatible
with fact. In this sense an exception prores the rule:
otherwise, as we have shown, the legitimate function of
Exception is to disprore a suggested hypothesis. It
tndirectly prores the hypothetical vule by direetly disprov-
ing a wrong hypothesis.

’.’Negative Instances are also called ™ Blind Experiments ™ by
chemists.

?In jurisprudence this maxnn 1x strictly true, since the very

existence of the specific cases exempted by the legislator from the
operation of a certain law proves the existence of the law,
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7. Rules for Observation and Experiment.—The
following gensral directions may be helpful in Observa-
tion and Experiment :-

(1) 1t is necessary Lhat the phenomenon to be studied
should be isolated as far as possible.  The
irrelevant should be eliminated, so that the
possibility of any disturbing inflnences may
be avoided. In experiment we can always
isolate the phenomena, but in observation
we have to wait patiently for an opportunity
when nature might do the same herself.
We sometimes insist on repeated observation
for the simple reason that nature does not
present  to us the situation as we need
precisely.  In experiment we are masters
of the situation and can easily isolate the
phenomenon.

(2) We should vary the eircumstances as much
as  possible. Try the same  phenomenon
under varying conditions, and the possibility
of error is greatly eliminated.

(3) We must always aim at precision in our
observations and experiments. In  experi-
ment  precision can  be attained  without
much difficulty, but in observation it is more
difticult.  In order to insure it in the latter
also, we must be on our guard against the
faults known as mnon-observation and mal-
observation, and should also eliminate the
personal factor as much as possible.  We
must not read our own thoughts into our
observation and must not confouml what we
obserre with what we dnfer.

(4 1n  quantitative measurement where slight
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inaccuracies in results are bound to occur, we

must always make necessary gorrections to

bring the vesults as close to precision as
“* possible.

(5) There are, in® wmathematical observations
generally, errors which cannot be eliminated
by a repetition of observations, eiz, fized,
personal and eausal ervors, which we must
always endeavour to avoid . There may be
some fault in the instiuments we use in our
experiments, or we may be deceived by our
senses or we may not he in a proper mood
to mahe accurate observations or sometimes
we may be led into hasty generalisations
and may mistake the accidentals for the
essential conditions.

(6) As far as pracvicable we should verify the
results of observation by means of experi-
ment.  Observation should be viewed as
only a stage in the complete development
of scientific experiment.  Mill wisely said :
“ Observation  without  experiment,  and
supposing no  aid  {rom  deduction, can
ascertain  sequences aund  co-existenees, but
cannot prove causation.””  To prove causa-
tion we should be able to produce artiticially
the antecedent of the phenomenon we study
and see if it uneonditionally generates the
effect.

! Vide Croke op. cit. p. 269
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SUMMARY

Analysis ofthe Given is the first essential step towards
seientific explanation, .

Observation and Kepertnenk are two Important acees-
sories of Induction.  Both are purposive and selective.
Seientific  Observation is  essentially  active, and  the
difference between it and Kxperiment is that of degree,
not. of kind.  In Observation one cannot vary the con-
ditions and isolate the phenomenon to be studied, in
Lixperiment the conditions of observation are under our
own control and amenable to interference,  Observation
has o wider scope than Experiment, but the latter is a
more neat, subtle and precise instrument of  seientitic
discovery,

Positive Instances and Experiments prove that whenever
A certain canse oceurs a certain eftect follows, Negative
Instances and  Experiments prove that whenever such
cause ig absent the effect does not follow.  Exeeptions
differ from Negative Experimeuts inasmuch as  they
disprove aosuggested causal connexion,

QUESTIONS AND KXERCISES

1. Compare the vespective advantages of Observation
and Experiment.

2. “Observation and Kxperiment (supposing no gid
from deduction) ean ascertain sequences and co-existences,
but cannot prove causation ” (Mill.)  Examine.

3. What are the essentials of a truly scientific
shservation and a traly scientific experiment /
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4. Distinguish Olservation from Experiment.  Is the
differenice fundamental > Show the dependenee of Obser-
vation on previous knowledge, and m what sense it
always if®olves inference,

5. When has Obseration more advauntages than
Experiment? and why is Experiment usually more
advantageous than Observation /

6. Describe the function of xpernment in scientific
investigation.  How far, if at all, can we be said to
experiment (1) in Astronomy, (2) in Politics (3) in
P’sychology.

7. Acconnt for the superiority of Fxperiment over
Observation and mention the leading fallacies incident to
Observation.

8. What are Natural Experiments? Give examples.

9. Distinguish between (1) Positive and Negative
lexperiments, (2) Negative Experiments and ISxeeptions.

10, On what facts is the popular maxim “ Exeeptions
prove the rule” based 7/ How far is it valid/ Does it
possess any scientific value /



(HAPTER VI

MILL’S INDUCTIVE METHODS
1. Inter-relation of Mill’s Methods.—Mill has for-

mulated a number of methods by which causes and effects
ol a given phenomenon may be deternimed, i.e., by means
of which causal sequences may be discovered and proved.
They are the rules which guide us in our causal inquiry,
and are deducible from the very definition of Cause, as
will be shown below. Mill calls them ** Methods of
Iixperiinental Inquiry " or * Inductive (or lixperimental)
Methods.”” He speaks of four such methods, yet gives us
five canons.  These are, he further tells us, based on two
fundamental principles: * The simplest and most
obvious modes of singling out from among the circum-
stances which precede or follow a phenomenon, those with
which it is really connected by an invariable law, are two
in number. One is by comparing together different in-
stances in which the phenomenon occurs. The other is,
by comparing instances in which the phenomenon does
occur, with instances in other respects similar in which it
does not. These two methods may be respectively
denominated the Method of Agreement and the Method
of Difference.”’ Of the other three methods, one, viz.,
the Joint Method of Agreement and Difference, is simply
a combination of these two method«; while another, viz.,
' Bk. IIL. viii. 1.
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the Method of Re%ulues 1s ** in truth a peculiar modifica-
tion of the Method of Difference *’ i1 and the third, viz.,
the Method of Concomitant Varntmm may be 1denhﬁod
either with the Method of Agreement or with that of
Difference. Then, agaih, of the two fundamental
methods, viz., (i) Agreement, and (i) Difference, the
latter is said to be the more important...... in fact the only
important method...... since the former is at best a method
of obscrvation and only suggests instead of proving the
existence of a causal sequence : in Mill’s own words, ‘* it
1s by the Method of Difference alone that we can ever, in
the way of direct experience, arrive with certainty at
causes.””  Thus we observe that Mill looked upon the
Method of Difference alone as the most fundamental
method of discovering causal laws, and to it added four
subsidiary methods.

Tlsewhere Mill speaks of his Methods in the follow-
ing terms: ‘‘ The four methods...... are the only possible
modes of experimental inquiry, of direct induction &
posteriori, as distinguished from deduction. These, with
such assistance as can be obtained from deduction,
compose the available resources of the human mind for
ascertaining the laws of the succession of phenomena.’’*
These laws, although known after Mill’s name, were in
no way Mill’s original discoveries. They were borrowed
from amongst the * Nine Rules of Philosophising * laid
down by Sir John Herschel in his Discourse on the Study
of Natural Philosophy (vide Sect. 145-158), with reference
to which Mill says, that it is this book ** in which alone
of all books which I have met with, the four methods of
induction are distinetly recognized, though not so clearly

13bid. 111, viii. 5.

2 4bgd, 111, viil, 7,
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characterized and defined, nor thejr correlation so ful]v
shown, as has appeared to me desirable.’’ 1 ‘

2. Statenfent of the Methods : Mill’s Canons.—We
give below Mill’s statement of the five Canons vlong with

their symbolical formulas.
or less clumsy, we

AsMill’s statements are more
append improved versions® as well,

which are much casier to follow :—
I. The Method of Agreement :

(a) Canon :—

Mill’s Statement.

If two or more instances of
the phenomenon under in-
vestigation have only one

Improved Version.

If two events are observed
to accompany cach other...
in succession or co-existence

circumstance in common, the | —they are (probably) caus-

circumstance in which alone
all the instances agree is the
cause (or effect) of the
given phenomenon. *

(b) Svmbolic Formuls :

ABC followed by abe,
ADE ,, ade,

ally connected. *

. A and a are causally connected.

TI. The Method of Difference :

(a) Canon:—

Mill’s Statement.

If an instance in which the
phenomenon under investiga-
tion occurs, and an instance
in which it does not occur,
have every circumstance in

Vebid, TT1. vil.

Improved Version.

If the addition of an agent
is followed by the presence,
and its subtraction by the
absence, of a certain event ;
(other circumstances being

*For other 1mproved versions see Mellone’s Introductory
Text-Book of Logic, Ch. IX., and Stock’s Logze, ch. IX.
aThese methods can be applied both for discovering

causes of glven effects, or effects of given causes :
‘cause (or effect) ”” in this and the other canons.

speaks of ¢

1¢“ The probability mcrfdasl?s o
?....Mellone, b

variety of the instances

hence Mill

with the number and
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Mill's Statement.s Improved Version.

commoh save one, that one | the same) the agent is
occurring only in the former ;| causally coitnected with the
the circymstance in which | event.

alone t two instances

differ, is the effect, or the
cause, or an indispensable
part of the cause, of the
phenomenon.

(b) Symbolic Formula :—

ABC—abe.

BC—be.

. A and o are causally connected.
111. The Joint Method of
Difference !

Agrecment  and
(a) Canon:—
Mill’s Statement.

If two or more
in which the phenomenon

Improved Version.

Whatever is present in
numerous observed instances

instances -

occurs have only one cir-
cumstance in common, while
two or more instances in
which it does not occur have
nothing in common save the

of the presence of a pheno-
menon, and absent in
numerous observed instances
of its absence, is (probably)
connected causally with the

absence of that circum- phenomenon.
stance ; the circumstance in

which alone the two sets of

instances differ is the effect,

or the cause, or an indis-

pensable part of the cause,

of the phenomenon,

(b) Symbolic Formula :—

ABC—abc
ADE—ade % positive instances ;
AFG—afg J
BMN—bmn

. DOP—dop % negative instances ;
FQR—fqr J

U A and e are causally connected.

! This method is also known as the Indirect Method of
Difference or the Method of Double Agreement. Its improved
version is given after Mellone.
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IV. The Method of Concomitant Variations :—

(a) Canon :—

[
Mill’s Statement.

Whatever phenomenon
varies in any manner when-
ever another phenomenon
varies in some particular
manner, is either a cause or
an effect of that phenomencn,
or is connected with it
through some fact of causa-
tion.

(b) Symbolic Formula :—

ABC—abc,
A, BC—a, be,
A, BC—a, be,

Improved Version.
1f two phenomena always
vary together, probably they
are causally connected !

oA and a are causally connected.

V.
(a) Canon :—
Mill’s Statement.
Subduct from any pheno-
menon such part as is known

by previous inductions to be
effect of certain antecedents,

and the residue of the pheno- .

menon is the effect of the
remaining antecedents.

(b) Symbolic Formula :—
ABCD is the known cause
B

bRl
C
. D » » »
. A and a are causally

bR »

» " ”»

The Method of Residues :—

Improved Version.
i If we subtract from a pheno-
_ menon those elements which
‘ are due to known causes, the
' residue will be the effect of

an unknown ecause.
|

!

of abed.
b.

c.
d.
connected.

Before we consider any concrete examples illustrative

of the application of these methods, and their limitations,
we shall deal with an important consideration respecting

the nature of the methods and the part played in them by
Elimination.
! Mellone adds: ‘ Other circumstances remaining the

same or varying independently.’”” This clause makes the
sense more clear.
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, 3. Inductive Methods as Rules of Elimination.—We
have observed that the last three of Mil¥s five methods
are simply the combinations of the two methods of
Agreemefit and Differenge.  These two methods are
called by Mill methods of Elimination: *‘'The
Method of Agreement stands on the ground that
whatever can be eliminated is not connected with
the phenomenon by any law. The Method of
Difference has for its foundation that whatever
cannot be eliminated is connected with the phenomenon
by a law.”’!  Elimination is defined by Mill as ‘‘ the
operation which has been understood since the time of
Bacon to be the foundation of experimental inquiry......
namely, the successive exclusion of the various circum-
stances which are found to accompany a phenomenon in
a given instance, in order to ascertain what are those
among them which can be absent consistently with the
existence of the phenomenon *” (ibid). In other words,
Elimination is the process of excluston, i.e., by which we
exclude one by one the irrelevant circumstances and
thereby discover the relevant circumstances constituting
the cause of an cffect or the effect of a cause; and Mill’s
Inductive Methods are Methods of Iilimination.

The principles or grounds of Ilimination can easily
be derived from the very definition of Cause.? Cause is
that without which a phenomenon would not occur—
in Mill’s words ‘‘ the invariable and unrconditional
antecedent.”” 1f that is so, it follows immediately that—

1. That is not the cause of a phenomenon in the
absence of which the phenomenon occurs.
' Mill, op. czt. I11. viii. 3.

2cf. Joseph. op. cit. pp. 403-404 ; Creighton, Jntroductory
Logic, New York, 1909, p. 238.
H
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2. That is not the cause of a phenomenon in whose
presence the phenomenon fails to oceur.

3. That is not the cause of a phenomen&n, which
raries when 1t is constant, or is constant when
it varies, or varies in no proportionate manner
with it.'

1. That is not the cause of a phenomenon which is
known to be the cause of a different pheno-
nmenon.

These are the four principles or grounds of Elimina-
tion. They guide us as to how we are to exclude all those
relevant  circumstances of a phenomenon that do not
satisly the conditions of a cause. We entirely agree with
Joseph in taking these rules of Ilimination as the basis
of Mill's Canons.  Mill's Method of Agreement is based
on the first ground; his Method of Difference on the
second ; his Joint Method of Agreement and Difference
on the first and the second combined; his Method of
(‘oncomitant Variations on the third; and his Method of
Residues on the fourth ground of Ilimination.®  The
principles  are  simple enough and  their  application
too is by no means difficult, provided we have got the
situation we require i which we can distinguish the cir-
cunmstances under which a phenomenon occurs and those
under which it fails to occur.  But 1t is just that which
is extremely difficult. and, as, Joseph says, ‘‘ inductive

1 This principle obviously follows from the idea of
suecesston, viz., that energy gained by one phenomenon is
lost by another—which implies succession ; or from the
Equality of Cause and Effect. c¢f. Carveth Read, op. eit.
pp. 195-197.

2 Cause is used here in its strictly scientific sense of a
reciprocating cause ; in the case of a non-reciprocating cause
other principles will be necessary. cf. Joseph. op. eit.
footnote on p. 404.
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reasoning is in formn werv simple ; but the discovery of the
proper* premisses is very hard.”” '

We hold Elimination to be the very soul of inductive
inquiry. & Such inquiry, as we know, aims at the
establishment of causal refations between events. Fvents
may happen ever so many times; their causal connexion
is not revealed by itsell but has to be discovered by our
mind. This can only be done by carefully analysing the
phenomena under investigation, sifting and excluding all
those elements which do not fulfil the conditions of a
cause. By this process of Tlimination all the alternative
hvpotheses that fail to satisfv the requirements of the
causal relation are rejected, and by means of their rejection
we discover the cause. This view is admirably expressed
by Joseph :—

““ The essence of inductive reasoning lies in the use
of vour facts to disprove erroncous theories of causal
connexion. Tt iz, as Mill himself asserts, a process of
elimination. The facts will never show directly that «
is the causc of X; vou can only draw the conclusion, if
they show nothing elsc is....You do not discover what is
the cause, except by eliminating the alternatives.  Yet
it is very often impossible to do this completelv ; never-
theless the nature of vour reasoning is precisely the same,
when vou are left with the conclusion that the cause i«
either a or b or ¢, as if vou had been able to eliminate b
and ¢ also, and so determine that the cause is ¢ (p. 395).
The essence of inductive inquiries is the process of
elimination.  The reasoning is disjunctive.  And the
character of the reasoning is unaffected either by the com-
pleteness of the elimination, (i.c., the fact that there are
no alternatives left in the conclusion) or by the ground of
elimination used (p. 396)...Inductive conclusions are

op. cit., p. 406,



116 INDUCTIVE LOGIC ,

established disjunctivelv by the digproof of alternatives
(p. 408)...... Th~ inductive proof of a conclusion rests on
excluding alternative explanations.”” (p. 415).

This seems to ns the clearest statement of the function
of Flimination and the part plaved bv it in inductive
reasonine.  We hold with Joseph that Induction is
essentially a Method of Elimination and that inductive
conclusions are established through the disproof of the
alternatives that fail to satisfv certain conditions.

Fxception is, however, taken to this view bv some
logicians, among whom is Bovee Gihson.!  His main
contentions are :—

(1Y) That onlv the Method of Agreement and not that
of Difference can he called a Method of
Tlimination.

(2) The Method of Difference is emnhaticallv not a
method of loaical Toxelusion or Elimination, but
of physical Tixclusion.  Tts essence is not the
elimination of the non-cause, but the establish-
ment of the cause.

(3) Mill’s method of Concomitant Variation has a
positive character, while the third ground of
elimination on which it is said to be based is of a
negative character.

(4) Except the Method of Agreement, Mill’s induc-
tive methods are the positive verification
methods. Tt is gratuitous to suppose that
verification of a theory always rests on the dis-
proof of its rival theorics; it mayv—in fact, it
does—rest essentially on the positive value® of
the theory as a means for systematically explain-
ing the relevant facts, and disproof is only a

1 vide Gibson, op. cit, pp. 413-422.
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subsidiary and supplementary operation, in no
sense of primary inportance.

To these contentions may also be added another made

oby Joyee,! who maintains—

(5) That an argunsent drawn by the process of
elimination remains for ever inconclusive. Our
aim should be not merely to eliminate those
antecedents which are not the cause; we must
have positive grounds for asserting that the effect
proceeds from such and such a fact and from no
other.

We shall now answer very briefly each of these con-

tentions in their serial order :—

(1) There is no reason to suppose that the Method of
Agreement alone is a method of TFlimination.
Mere statement or conjecture is no proof. Mill
himself explicitly tells us that all his methods
‘“are methods of climination. The Method of
Agreement stands on the ground that whatever can
be eliminated, is not conneeted with the pheno-
menon by any law.  The Method of Difference
has for its foundation, that whatever cannot be
climinated, is connected with the phenomenon by
a law. The Joint Method is a double employment
of the Method of Agreement. The Method of
Residues  is...... a peculiar modification of the
Method of Difference,”” (III. viii. 8-5) and the
Mecthod of Concomitant Variations is ‘‘ but a modi-
fication either of the Method of Agreement or of the
Mecthod of Difference ' (ITI. xxii. 4). Thus cach
of these methods sceks to establish the relation of
causality by eliminating parts of a complex pheno-
menon.  Mill’s own staternent leaves no doubt on
the point.

(2) Hence it is entirely arbitrary to suppose, as Boyce
Gibson does, that with regard to the Method of
Difference Mill used the term ‘ elimination ' in the

' vide Joyce, op. cit. p. 331
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sense of ‘ physical exclusione’ The truth is that
nliminn%ion is a mental process, and does not'mean
physical cxclusion. By this process our mind
guides us in the discovery of causes or effacts, since
the relation of causalityecannot itself be perceived
From the quotation given above it does not appear
at all why Mill should abruptly use the term in an
entirely different sense, when speaking of the
Method of Difference. That he does so is merelv
an assumption, which is not supported by anv
arguments Again, to contend that the Method
of Difference does not propose to climinate the non-
causc but to establish the cause scems to us like
putting the cart before the horse.  We emphatic-
ally hold that the cause cannot be established
except by climinating the non-cause: there is no
other way. Otherwise, negation will have no part
to play in reasoning. We might examine a
number of positive cases to verifv a cause, but even
a single negative instance would be sufficient to
disprove our theory  Hence the proper way is to
attempt eliminating gradually all those factors
which are non-eauses, and then to discover the
eause.  Such cause could then be deduetively
verified.

(3) There is no wonder whatsoever in Mill’s Canon of

the Method of Concomitant Variations being of a
positive character, since all these rules aim at the
discovery of a causal relation.  But why should
it be necessary for its ground of climination also
to be of a positive character? How can a principle
of elimination have a positive character? Elimi-
mination implies negation, and it is through
negation that the positive aim of the discovery of
a causc is satisfied. Boyce Gibson has therefore
been struck by an illusory opposition. We hold
that there is no discrepancy on the point between
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the Method fn question and its ground of climina-
tion. .

() It Mill's Methods are ** the positive verification
ancthods,” why treat the Method of Agreement ns
an exception? Tar, by doing so, don’t you weaken
vour own contention, as three of the remaining four
methods do in same way involve that of Agreement?
Besides, the main contention is itself untenable.
We do not deny that the ultimate aim of the
inductive logician is to establish a cause rather than
disprove a non-cause, but the Methods under
discussion are corollaries deduced from the scienti-
fic conception of Cause itself, and as such lay
down practical rules for the discovery and proof of
cause (or effeet).  You cannot establish any theory
until you have been able to disprove its rivals.
This  function of  Klimination can  hardly  be
questioned. We maintain thab it is in this spirit
that the Methods were formulated, and that they
would be absolutely futile if elimination did not
play its part in them,

Bovee Gibson proposes to substitute Bosanquet’s
Method of Analvsis for the Method of Blimination, and
states the latter’s view as follows : '—TInduction is the
progressive © moulding of Hypothesis * throngh a process
which is a purifying by exceptions and a limiting by
negations.  In this process we have central importance
attached to the positive progressive elaboration of causal
connexions, with a clear recognition of the part played by
negation, and in particular by elimination.: Now, so
far as Bosanquet’s view is concerned—which is quoted
with approval by Boyce Gibson—we fail to see any
essential difference with our position.  If Induction is

Yyide Bosanquet. Logic vol. TII ¢h. iv p. 117 and ch.
v. pp. 166-167 quoted by Mr. Boyce Gibson in support of his
contention.

cf. Gibson, op. cit., p. 420.
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the progressive moulding of Hypothésis, its end can only
be 1ealised by meeans of Elimination. We do not know
of any other way in which Hypothesis could be
“moulded ™’ than by the gradual exclusion” of the
irrelevant or the non-cause. This truth is recognised by
Bosanquet himsell when he describes the process as *‘ a
purifying by exceptions and a limiting by negations.”
Is the positive verification of Cause possible without such
operation? And is it also not admitted that ‘ the
positive, progressive elaboration of causal connexions ”’
18 based on a clear ‘‘ recognition of the part played by
negation, and in particular, by elimination ’?  Bosan-
quet’s view therefore supports our position rather than
the other. The only difference may be that he shifts the
emphasis on the ultimate alm of the inductive inquiry—
which is certainly positive ; while, concerned as we are
more directly with Methods, we prefer to emphasise the
nature of the process through which alone a causal
relation can be established.

(5) As to Joyce's contention, the above statements
suffice 1o refute it.  We may only add that no
argument could be more inconelusive than that
which procecds without climination. A hundred
and cven a thousand instances may not succeed in
proving a causal connexion, while one instance
alone may sutlice to disprove it.  To assert that
““ an argument drawn by the process of elimination
remains for ever inconclusive '’ is, therefore, to
make a statement that is its own refutation.

Our doctrine that Ilimination is the essence of

Induction gains further support from an entirely indepen-
dent source, viz., Hindu logic. There the principle of

Elimination is clearly laid down, e.g., in Kanada’s Sutra :
Y RTWIATIG wtatutd, (1. 2. 1), which means:
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¢ Frgm the non-exPstence of cause is the non-existence
of effect.”” This implies that in %rder to deter-
mine the cause of a phenomenon we should
begin by negating ¢r eliminating those ecircums-
tances without which it would nevertheless exist
( 3T REANEE_ Eﬁﬁﬂﬁ: )\ and those in whose
presence it would not exist (= RICUTHIATE, ?n'ﬁﬁ'ﬂ‘[ﬁ:).‘
These principles are the same as the grounds of the
Method of Agrecment and that of Difference.  We are
also told in Hindu Togic that the establishment of a
universal connexion ( @TH ) between cause and effect is
based on our disproving the connexion with anything else
( Fat@waEay. ). The principle of Elimination
also follows from the general notion of Cause as ImE
El'd!t'ﬂ., IIHTT F=N1E, , viz., - That whose existence pro-
duces the effect, and whose non-existence produces the
non-existence of the effect.” That the positive verifica-
tion of Cause is impossible without the exclusion of the
non-cause is evident from the text : ‘&1 (=t ) @ =f«-
T =90 &7 g =3 wwd'In the proposition  where
there is smoke, there is fire,” the co-existence ( ¥€HIT)
of * smoke ’ and ‘ fire ’ is proved by the ‘non-perception
of exceptions * ( =fwwTarewa ), i.c., by disproving the
co-existence of ‘ smoke ’ with any other cause ( 8T )
The locative singular ®&fa is important as it indicates that
elimination must necessarily serve as the basis for the

' Kanada adds in the following sutra: ‘9 q Eﬁm%u'[m
AT, 7 (1.2-2), 7.e., the non-existence of cause does
not follow from the non-existence of effect.

2 wde. The  Vedantaparibhasha, 11, 4. This  explains
further how H®®IATY (co-existence) of %‘tj and |TH s
recognised.



122 INDUCTIVE LOGIC

establishment of cause. Besides, it is well-known how
great importange is attached to Flimination (Hfﬂiﬂi)
and what prominent part is played by Negation ( 3aTa
in Hindu Logic. Tt s, therefqre, superfluous, 1o dwell
any longer on this aspect of the nestion.

We might also mention that after watching very
arefully the way in which little children enquire about
the cause of several phenomena they come across, we find
that elimination is instinctively present in their arguments
as well.  If vou tell thein ** T shall not take you out for
a drive this evening because it is raining,”” you will in-
variably be met with the query ** but if it does not rain,”’
and you are compelled to say ‘‘then, of course, 1 shall
take you out.”  You say 1 will pumsh vou if you will
break this toy 7-—and at once the hittle one would say
“af T do not break i, Suelh examples can easily be
naltiphed.  We do not mean  that such like simple
statements illustrate the appheation of Mill’s fundamental
method, but that the child-consciousness and its power of
arguing develop through negation, and with the gradual
evolution of the child-mind, elimmation  comes  into
evidence more and more.  This faet Tends additional
support to our doctrine.

4. The Method of Agreement.

() Iramples :—-

(1) Heat expands a bar of iron; it also expands a bar
of silver; also u bar of lead, copper, brass, cte.
Therefore heat expands metals.  The phenomenon
under investigation is the expansion of metals.
Heat is the one circumstance present in the
antecedents of the instances, and is, therefore, the
cause of the phenomenon.

(2) T take my breakfast und begin vomiting after a
fow minutes.  What is the cause? T recolleet
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that some wecks ago 1 had taken sour milk and
begun to vomit afterwards, this®time also I had
taken sour milk; henee taking sour milk is the one
common cirecumstance present in the  various
antecedents of the two occasions, on which the
phenomenon ocenrred and is thercfore its eause.

Three white rats in iron cage were left under the

sun for a couple of hours. On returning home 1
found them all dead. 1 wondered how they all
died. Next time 1 again kept two sueh rats in the
same place and discovered that they expired them-
selves I gathered that their having been put
under the sun caused their death.

(4) T wax up last night till late hours, busy with my

(b)

studies, and in the morning 1 felt drowsy and
feverish. 1 remember about o month ago I had
been to the theatre one night and returned very
late; the next morning 1 had the same feeling of
drowsiness, cte. On another previous oceasion 1
had attended a marriage-party and was compelled
to remain there till midnight.  On getting up carly
in the morning I felt feverish.  Now, the pheno-
menon under investigation is my feeling of drowsi-
ness and feverishness. 1t may have becen caused
by a number of things but in all the above instances
the only common ciremnstance is my keeping up
late at night, which should therefore be taken as
the causc.

Its Limittations and Criticism,

(i) The Method is based on the assumption that an

(i)

effect has only one distinet cause and is not the
result of an inter-mixture of effeets of several
antccedents.  Jevons states the formula for the
discovery of the cause of a phenomenon by this
method as—** The sole invariable antecedent of a
phenomenon is probably its cause.”

It assumes the existence of one common circum-
stance in a number of instances, and from its
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symbolic formula it is no doubt evident that such
commox circumnstance may be separated from the
rest.  But actual facts are not such as to be for-
mulated in symbols. The state of thikigs pre-
supposed by the Methdd does not actually exist.
There is a great complexity of phenomena in
nature.  The common circumstance exists in
conjunction with various other circumstances, and
can only be separated by analysis which is by no
means an casy task.
(iii) It is purely a Method of Observation.—We observe
a number of instances in which a given pheno-
menon occurs and try to ascertain the only one
relevant and important circumstance common.?
It is not a method of mere agreement® but of
single  agreement.  The  genceral  distinetion
between a Purely Observational Method and  an
Iixperimental Method is that while the former
proceeds from effeet to causes, the latter proceeds
from causes to effeets.  Boyce Gibson formulates
this  distinetion more precisely as follows:--
““ Where the start is made from cffeets, i.e., from
facts or cvents viewed in the light of a causal
interest—and causal explanations are tentatively
formulated without any attempt to verify them by
appeal to positive and negative instances, the
Method is Purely Observational. Where, on the
other hand, both positive and negative instances
arc used, with a view to the verification of
suggested  causal  connexions, the method s
Fxperimental.”3
'The common circumstance selected must be ‘ relevant
and important,” as otherwise the number of irrelevant and
unimportant of such circumstances is infinite, and then no
practical application of the method would be possible.
¢ ¢f. also Gibson, op. cit., p. 396.
If it were so, it could be founded on simple enumera-
tion, instead of elimination.
3 op. cit., p. 40L
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(iv) Being a purely Observational Method the inference
yielded by 1t cannot claim ores thun tentutive
certamnty, until 1t is  contirmed by the use of
iregative instances.  For that reason we should
suy * the common® circumstance 1s  probably its
cause,’ if we want to be precise.  Lhis method,
therefore, can at best suggest a causal connexion
but cannot prove it.  Sometimes it fails to suggest
cven s causal connexion. 1t may nustake mece
concomttance for a causal connexion. 1t is the
method of proof ** for all conjunctions whatsoever—
whether Causation or Co-existence ' (Bain, p. 52).
For instance, when we see the mounted Polico
stopping general traffic in the streets of Calcutta,
we expect the Governor’s Car to follow.  Here
there 1s no causal connexion between the two favis.
Thus no safe generalisation can be based on this
Mecthod taken by itself .

(v) This Method is vitiated by the Ilurality of Causes.
We canrot lay down with certainty the only or
necessary cause of a given phenomenon; we can
only say that a certain antecedent is o cause, not
the only cause of the phenomenon.  There may.,
for instance, be as many as ten causes to produce
madness; and we cannot ascertain the cause of the
madness of a particular person by means of this
Method. 1t must be clearly understood that the
term ‘ cause ' is uscd in its popular sense in the
application of the Inductive Methods, hence the
Plurality of Causes is a legitimate obstruction in
the way of a successful working of this Method.
But at the same time it is casy enough to discover
that this difficulty is inainly due to our own super-
ticial and vague analysis. If we are careful enough in
sifting the relevant from the irrelevant the chances
of our failure arc greatly reduced. To counteract
the defect due to the plurality of causes, it is
necessary to extend our investigation over a large
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number of instances.  The force of this method
lics in 2he number and variety of the instances we
observe, since it is only then that the chances of
our failure to eliminate the circumstances that are
not common to all instances are counteracted.
Thus Mellone's statement of the First Canon is
sigmticant:  ** When observation shows that two
events accompany one another (either simultane-
ously or in succession); it is probable that they ave
cnusally conneeted; and the probability inereases
with the number and variety of the instances. 1
The Method of Difference :—

() Eaamples - —

(1) A man used to taking two meals o day tukes a

heavy lunch one day.  His subsequent illness is
ascribed to the additional meals, which his system
could not evidently digest.

(2) A blue litimus paper immersed in an acid is changed

into red  The change of colour i1s due to the
action of the acid.  Here evidently the phenomenon
under investigation is the change of colour; and it
is present in the instances in which the action of
an acid is present, while it is absent when the
action of acid does not taxe place. The two ins-
tances agree in everything except in the circum-
stance, the action of the acid.

(8) You put a little spirit in a spirit-stove and light it.

The spirit is consumed but the stove doesn’t burn.
You now pump it, und the blue flame appears with
a roaring force. You therefore ascribe the burning
of the stove to the pumping action.  Without such
action the flame did not appear; with this action it
did appear. Hence it is the one circumstance in
which the two instanees do not agree, and which
has therefore brought about the difference.

18. H. Mellone, op. cit., p. 271
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(4) While taking syour breakfast you suddenly receive
the news of the death of a deay friend. Your
countenance changes at once, you leave off your
breakfast, go into the bed-room alone, and tears
flow from your cyds spontancously. All this action
is due to the receipt of the unhappy news.

(5) You hold a cigarette in your mouth, but cannot
smoke it wunless you light it.  Henee it is the
lighting of the cigarette which enabled you to smoke
it.

(6) You load a pistol and hold it in your hand. It docs
not fire.  You now pull the trigger, and out gocs
the shot. Henee the pulling of the trigger, other
circumstances remaining the same, was the cause
of the firing of a shot by the pistcl.

(7) You enter your room at night: it is all dark. You
find your way to the switchboard and switch the
current ov.  Immediately the whole room is
lighted. The turning of the switeh caused the
Ighting up of the roon.

(8) About 60 lights and 12 fans are on in a big bungalow
and great festivities are going on. Some one, out
of ignorance or amusement, turns the main switch
down, with the result that all lights disappear and
all fans stop.

(9) You go to a doctor complaining of constipation and
foeyer, He preseribes a certain purgative.  Three
hours after taking the purgative you feel quite
vourself again; all fever and constipation have
disappeared. The purgative is the cause of your
cure.

(10) T have taken a long walk and feel very thirsty. 1
take a glass of water and at once my thirst is
quenched.

(11) ** When a man is shot through the heart, it is by
this method we know that it was the gunshot which
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killed him: for he was in the fulness of life imme-
diately (before, all circumstances being the same
except the wound ** (Mill).

Thus, it is obvious that there must be two and only
two instances of the phenomehon under investigation.
They are each of them a complex sequence but differ by
a single sequence, which is present in the one instance
absent in the other

(b) Its Limitations and C'riticism :—

(1) This method is most commonly used in our every-

day life. In Mill’s words, it is ** a logical process
to which we owe almost all the inductive conclu-
sions we draw in carly life.”  Mill regards this
Method as the eaxperimental method par excellence,
the only one by which “* we can ever, in the way of
direct experience, arrive with certainty at causes.”
It gives us ** rigorous certainty.””’

(ii) It is ossentially & method of Kxperiments. It

(i)

compares a  positive instance with a negative
instance in order to find out that there is no other
difference between the two instances except the
presence of the supposed cause in one and its
absence in the other  And this cannot be ascer-
tained by obscrvation.  Nature is not our slave.
She is not under any necessity to present to us a
state of things which will suit our purpose and
requirements.  Henee we have to produce our two
instahees by cxperiment, one after the other, and
it is only then that the one cssential respect in
which the two instances differ can be traced.

Tor the successful working of this Method it is
necessary that we should introduce or remove only
one condition at a time. Every phenomenon is a
complex whole, and our analysis attempts to iso-
late its various conditions or circumstances. Unless
we change one circumstance at a time, we are
likely to be baffled in our inquiry by the inter-
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mixture of effects. If we vary fwo conditions atl
a time, it might result in the Jntermixture of
Effects or the effect of one may be neutralised by
that of the other.

(iv) It is desirable that change should be introduced
as rapidly as possible, otherwise the effect may
mix up  with  other changes, and no definite
inference will result,

(a) Kramples:—

(1) I observe that whenever 1 take a cup of tea after
dinner I do not feel inelined to retire to bed early.
T therefore presume a causal relation between the
two facts. This presumption is further strength-
ened if T find that whenever T do not take tea after
dinner, T feel an inelination to sleep.  FEvidently
[ conneet causally the taking of tea after dinner
with no ineclination to sleep early.

(2) T observe that whenever T take fish and eggs I ain
constipated: I infer that constipation is caused by
that particular diet.  But this inference is con-
firmed and my conviction is strengthcned if I find
that whenever I avoid taking fish and eggs I do not
complain of constipation.

(8) Grapes grow in abundance on the soil of Afghanistan.
I do not find them anywhere in Bengal or Bombay.
Hence my belief is strengthened that there must
be something in the soil of Afghanistan favourable
to the growth of grapes.

(4) The formation of dew: ‘' It appears that the
instances in which much dew is deposited, which
are very various, agree in this, and, so far as we
are able to observe, in this only, that they either
radiate heat rapidly or conduct it slowly: qualities
between which there is no other circumstance of
agreement, than that by virtue of either, the body
tends to lose heat from the surface more rapidly
than it ean be restored from within. The instances,
on the contrary, in which no dew, or but a small
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quantity of it, is formed, cand which are also
extremgly various, agree (so far as we can observe)
in nothing except in not having this same property.
We seecin, therefore, to have detected the charac-
teristic difference between the substances on
which dew is produced, and, those on which it is
not produced.”” (Mill, III. ix. 8.) In this way
the requisitions of the Joint Method have been
realised.

(5) Whenever I come down and stay in Bengal I suffer

from Indigestion. The presumption, therefore, is
that my Indigestion is due to the climate of Bengal.
This belief is further confirmed if I get rid of my
indigestion whenever I am away, e.g., whenever
I visit the Punjab or Kashmir and stay there for
sometime.

(b) Its Limitations and Criticism.
(i) There are two series of instances, in the one the

(i)

(i)

causal sequence is present, while in the other it is
sbsent.  Obviously the two sets taken together
resemble a good deal the Method of Difference.
But the real nature of the Method is aptly expressed
by the title ** the Method of Double Agrecement,’’
for, as Mill has pointed cut, it consists in a double
employment of the method of (single) Agreement,
each proof being independent of the other and
corroborating it. It is a peculiar modification of
the Method of Agreement.

Rightly, as Mill observes, this method is & great
extension and improvement of the method of
Agreement, but it likewise falls short of proving
causation. '~ It does not rise up to the cogency and
exactness of the Method of Difference. At best it
cannot do more than suggest the likelihood cf a
causal connexion.

{iv) Although it leads to greater probability than the

Method of Agreement, yet it is not quite free from
the characteristic fault of the latter. Even the
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double emplgyment of Agreement fails to eliminate
the defect of the Plurality of Causes. The pheno-
menon under investigation may silow that a given
effect may on any given occasion be brought about
by a plurality ,of causes.i The agreement in
rresence as well as that in absence only suggests a
causal presumption, but is not so exact or complete
as to prove causation.

(v) It is like the Method of Agreement, an essentially
observational method. It does not require us to
prepare our instances under artificial conditions, but
takes account of such as arc available by observa-
tion.

7. The Method of Concomitant Variations :—

(8) Examples:—

(1) On a dull and sultry day in summer I do not feel
disposed to eat anything. On the other hand, on
a cool and breezy day my appetite is much in
evidence. By the Method cf Difference it may be
proved that the cold is the cause of my appetite for
food. But if we find that as winter sets in my
appetite gradually increases, and that during the
summer months it again decreases, we apply the
Method of Concomitant Variation and infer that
the increase or decrcase of my appetite for food is
due to an incrcase or decrcase of the cold.

(2) Suppose there are four electric bulbs of 50 e.p.
each fixed up in my study. I switch on one light,
the room is lighted; I put on the second light, the
light is irereased; I do so with the third, the light
is still further increased; and with the fourth on, it
becomes very brilliant. If I were to measure the
gradual increase in the intensity of lights (by means
of a Photometer) I would find that the increase in
such intensity was determined by the increase in

1¢ The reason is that the effect to be accounted for is
as unprecisely conceived in the second application as in the
first ”’...Gibson, op. cit. p. 400,
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the number of lights used. Thus l‘>y the Method of
Comcomitant Variation 1 could establish & quan-
t'tative Folation between the amount of electrie light
and the degree of illumination of my room.

L order a jug of hot water.  The servanf heats a
litre of water over a spirit-lamp and brings me a
jugful in about 10 minutes.  But on  another
ocension when 1 want hot water for my tea, which
is getting cold, T cannot wait so long; 1 order him
to feteh me the same amount of hot water within
some five minutes.  He suceceds in doing so, but
only by using two spirit-lamps of the same power.
The inferenee is that the rise of temperature of the
water in cach case is due to the corresponding
increase in the heat applied.

(1) Vhe more you use your physieal or mental powers,

the more developed they become. Therefore, the
use or exercise of a power is the cause of its
development.

(5) We fix an electric bell on to an air-pump under the

receiver.  You can hear the bell ringing. It will
keep on ringing so long as the electric current is
on.  Now, without breaking the current, begin to
work the air-pump.  With each stroke of the pump
some air will be exhausted from the receiver, and
the sound of the bell will gradually become fainter,
until at last it will altogether cease, when no air is
left in the recciver. lf the air is allowed to pass
back into the receiver, the sound of the bell begins
to be heard, it becomes clearer and clearer till the
original intensity is resumed. Thus we prove that
there is no sound in a vacuum.

(6) This Method is also illustrated in determining the

relation between the ebb and flow of the tides and
the waxing and waning of the moon.

(7) The weight of a body varies directly as its mass and

inversely as the square of its distance from the
centre of the earth. That is to say (a) as the mass
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of & body itereases, its weight also increases, and
(b) as the distance of a body frony the centre of the
earth increases, its weight decreases.

(8) JLhe more 1 attend to an idea, and the more often
L repeat it, the greater is its retention in memory.

(9) The rise and fall of the mercurial colummn of a
thermometer varies with the increase and decrease
of the temperature of the medium to which it is
applied.

(10) Mill's example of the first law of motion—that all
bodies in motion continue to move in a straight line
with uniform veloeity until acted upon by some
new force. We eannot prove this law by the
Mcethod of Difference, sinee it fails to overcome the
difficulty of permanent causes, (i.c., causes whose
ageney cannot be climinated, ¢.g., gravitation.)
Nature does not present any instance of perpetual
motion, but the various obstacles, e.y., friction,
atmospherie  resistance, ete., encountered by a
nmoving body, may be taken into consideration. We
cannot, however, produce an instance in which
these obstacles would be entirely absent—in other
words, the method of Difference is  inapplicable.
All we can do is to modify what cannot be altogether
cxcluded, the modification of a condition meaning
according to Mill, ©* change in it, not wnounting to
its total removal. b I we modify the obstacles
to perpetual motion, i.e., diminish in this way the
resistance to a moving body, we find a correspond-
ing increase in the thne for which a motion

1 ““ 1t is a methodical modification of this kind which
constitutes the Method of Concomitant Variations,; and the
most striking application of this method, as Mill points out,
takes place in the cases in which the Method of Difference is
ruite inapplicable, e.g., in establishing laws of heat,
gravitation, friction. We here make a serics of partial
experiments, in which we proceed by a gradual quantitative
modification of the constituent which cannot be whollv
withdrawn,”’—Gibson, op. cif., p. 405.
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continues. By suchlike experiments alone can the
law be astablished.

(b) Its Function, Limitations and Criticism :—
(i) The Mecthod is an cxtension of the Method of

(ii)

(iii)

(iv)

Agreement or the Method of Difference, or of both,
as the case may be. The inference drawn by this
method is thercfore affected by the limitations of
those two methods, and its principle does not
essentially differ from them.

It cannot prove a causal relation, particularly
when the variation cannot be exactly mecasured.
Morcover, the two phenomena varying together
aceording to some numerical relation may not be
rclated to cach other as cause and effect.  They
may both be joint-cffeets of a single cause.

It is a wuscful supplement to the qualitative
methods, and is usually employed to determine a
precise quantitative relation.  We first ascertain
by the Mecthod of Difference that a certain cause
produces a certain cffeet, and then use the Method
cf Concomitant Variations to determine the
quantitative relation between them.

There is a particular danger in the empleyment of
this method. One is tempted to imagine that the
Concomitant Variation which holds good within
certain limits will always hold good. But such a
universal law cannot be framed. Variation is not
always continuous.  TFor instance, (a) As we
increasc the temperature of water at the sea-level
continuously from 0°C. we mark a corresponding
increase in its density up to 4°C, but after that
point, although the temperaturc may be continu-
cusly increased ‘1p to 100°C, the density decreases;
(b) In tropical climate, the greater the rain-fall the
greater the wheat or rice crop; but if the rain-fall
is exccssive, the crop fails altogether. Thus
variation holds good within some definite limits.
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(v) Where the Method of Difference cannot be applied,
this Method can be applied o determine the
qualitative or the quantitative relations between
two or more circumstances of a phenomenon, when
they cannot be®separated from it. In such cases
this method is particularly uscful and is, in fact,
the only method that can be employed.

8. The Method of Residues :—

(a) Examples:—

(1) In a room usually lighted by 4 cleetriz bulbs, of
50 e.p. cach, an additional light-point is fixed, to
which is attached a bulb of 100 c.p.  When all
the five lamps are ligchted, the illumination of the
room is much more intense. Subducting from this
intensity the degree of illumination 1 had so far
with 4 lamps, I can infer by the Method of
Residue that the remaining degree of illumination
is caused by the fifth lamp, newly put.

(2) Subdueting from the phenomena of living things
thosc effects that are due to physical or chemieal
forces, we have to account for those which are left
behind and this leads us to the inference of vitality
as their cause.

(8) By the same method is proved the existence of the
mind; the phenomena of the mental world cannot
be explained in terms of matter. Subducting all
that can be so cxplained, a residue is left pehind,
which cannot be accounted for except on the
assumption of a mind.

(4) A and B can build a wall in 10 days; A alone can
build it in 15 days. We can find by this method
how long it would take B to do the same work.

(5) You ascertain the weight of a tin of ghee by first
weighing the ghee and the tin, and then subtracting
the \Vel"ht of the empty tin, known already.

(8) vJe can find out how much of the spring tides is
due to the attraction of the Sun. By previous
inductiors we know the average height of the tide
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due to the moon. Subtracting®this from the whole
height, we get the remaining part of the spring’tide
due to the attraction of the sun.

(b) Its Function, Limitations and Criticism :—

(i) Mill regards this method s a peculiar modification
of the Method of Difference.

(ii) This method can only be applied when we already
know a great deal, i.e., it rests on previous induc-
tions and consequently partakes of a deductive
character.

(i) The analysis of the phenomena  effected by this
method is mental rather than actual.

(iv) The method can be applied in cases both of
observation  and  experiment.  In experimentul
cases it is a quantitative method, (e.g. in chemical
analysiz)  In cases of observation it is a qualitative
method and sceks to find out a cause qualitatively
adequate to account for the observed cffect.

(v) It is found particularly useful in Astronomy. !
For instance, the planet Neptune was discovered in
1846 by Adams and Leverrier (working independ-
ently) by observing the residual effects of the
motion of Uranus. After allowing for the perturb-
ing influence of known planets and the attraction
of the Sun, a residual effect was noticed as due to
the perturbation of some unknown planet, which
was found to be Neptune.

(vi) By the use of this method remarkable discoveries
in Chemistry (where exaet measurements are as
necessary as in astronomy) have also been made
For instance, Argon was discovered as a cons-
tituent part of atmosphere by Lord Rayleigh and
Professor Ramsay in 1894, Tt was found that
nitrogen cxtracted from the atmosphere was 1 per
cent. heavier than its usual density.  Various

1 “ Almost all the greatest discoveries in astronomy have
resulted from the consideration of residual phenomena of a
quantitative or numerical kind.”’—Herschel.
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L] . . .
hypotheses were put forward to explain this residual
phenomenon, and at last tle new  chemical
clement, known as trgon, was discovered.

(vi®) This method is used as a ** finger-post to the un-
cxplained.” It is thus a method of discovery
rather than of proof; in other words it is a source
of hypothesis rather than a means of testing them.

(vili) The method is applicable only to cases of homogene-
ous intermirture of effects.’ To make it clear, we
have to explain what we mean by the Intennixture
of Effeets.

9. Intermixture of Effects.—Causation is a complex
phenomenon, in which, as a rule, various agents co-
operate to bring about an effect. 1f the effects of those
agents do not intermix, each is distinguishable separately.
But when there is an Intermixture of Liffects, duc to the
interference and conjunction of causes, it is, as Mill has
pomted out, either (i) Homogeneous, or (ii) Heterogene-
ous. "It 1s homogencous when the concurrent causes,
whilst more or less modifying, or even counteracting, cach
other’s effects, still exert their full efficacy, each according
to its own law—its law as a separate agent.*

It s heterogencous or heteropathic when * the
agencies which are brought together cease entirely, and
a totally different set of phenomena arise: as in the

"In cases of ¢ heteropathic intermixture of effects,’ we
must resort to experiment alone in order to find out the
separate influence of cach, and the different effects it will
produce in combination with others.

* Mill cites the following example to show the mutual
interference of homogeneous effects resulting in complete
Counteraction :—‘* A stream running into a reservoir at one
end tends to fill it higher and higher, while a drain at the
other extremity tends to empty it...... Even if the two causes
which are in joint action exactly annul one another, still the
laws of both are fulfilled : the effect is the same as if the

drain had been open for half an hour first, and the stream
had flowed in for as long afterwards ”’ (vide I11. vi. 1.).
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experiment of two liquids which, when mixed in cextain
proportions, 1nsmntly become, not a large amount of
liquid, but a solid mass’.”!

A homogencous intermixtura of effects is due to a
Composition of Causes,: the total effect in this case being
of the same kind as the effects of the single causes acting
separately. A heterogencous or heteropathic intermixture
of effects is, on the other hand, produced by a Combina-
tion of Causes, 1 which case the total effect is of a
different hind from the single effects, the co-operation of
the different causes having undergone mutual modifica-
tion. When the full consequence of a Law are modified
or neutralised by other Laws, it is called a tendency.
“ All laws of causation, in conscquence of their liability
to be counteracted, require to be stated in words affir-
mative of tendencies only, and not of actual results.”’3

Iscamples :(—

Homogeneous Intermixture . —

(1) Four students, cach with a pair of oars, cnter a
racing boat.  ISach rows separately in turn, and
the boat moves slowly. Now all the four begin to
row simultaneously, and the boat moves like a shot.

(2) If two ropes of cqual length are fastened to a boat
and two men pull it from the opposite shores of a
stream and run in the same direction, the boat will
move in the middle course, along the diagonal
dircction of the parallelogram of forces thus
formed.

(8) If two forces of cqual magnitude are exerted in
opposite dircctions on the same particle, it will not
move.

'Gibson, op. cit., p. 375.

2+ 1 shall give the name of the Composition of Causes
to the principle which is exemplified in all cases in which the
joint effect of several causes is identical with the sum of their

separate effects ”’ (Mill).
3 vide Mill, III. x. b.
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(4) A man’s choice of alternatives in the course of his
conduct depends on various facto®s, such as his idea
of pleasure, utility, environments, education,

» instinet, ete.

Heterogeneous cr Héteropathic Intermixture:—

(1) A man takes bread, butter, milk and vegetables.
This food is assimilated and digested according to
certain organic laws, and is converted into flesh and
bone.

(2) Common salt is a chemical combination of sodium
and chlorine, whose individual properties disappear
in the compound.

Conjunction of Causes.

Composition of Causes ‘Combination of Causes

I

Hotnogencous Heterogeneous or Heteropathic

Intermixture of Effccts.

10. Criticism of Mill’s Inductive Methods.—The
following are the characteristic defects of the Inductive
Methods :—

(i) The state of things presupposed by the Induetive
Methods does not actually exist.  OQur ordinary
experience is a continuous flow of happenings, and
it is only after its raw materials have been organised
into ‘ antecedents,” ’ conscquents,’ ete., that the
Methods are applicable. ‘* They take for granted
the very thing which is most difficult to discover,
the reducticn of phenomena to formula such as are
here presented to us ” (Whewell).! They are
therefore of no use in the initial stages of any
science, where the given is always very complex.
‘“ Even if they argue from facts at all, they do not
argue from crude facts, but from a material which
has already somehow been cut into definite scienti-
fic shapes. They do not, therefore, begin at the

' Schiller, op. cit., p. 266. Also cf. A. Sidgwick, op. cit.,
p. 188 ff.
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beginning of Induction, nor do they adequately
deseribe %he whole of the inductive process,’1
(i) The Methods may be applicable to an abstract
universe but not our ordinary world of experience,
where their demands can never be complied with.
The principles involved in the Methods are, as Mill
holds, summed up in the Method of Agreement and
the Method of Difference.  The former demands
two cases which have ‘ no circumstance in common
but one,” but experience does not offer such a
situation literallv.  The latter demands two cases
which * differ in nothing but the presence of one
circumstance.”  But where are we to find such
cases?  How could we possibly know ** every cir-
cumstance " and what meaning could we give to
“one 7 circumstance?”  Both these demands are
impossible  Taking into consideration the remaining
Methods also, we find the same remarks applicable
to themi The Joint Method or the Method of
Double  Agreement  demands instances * having
nothing in common save the absence of a cireum-
stance © This additional demand is alike impossi-
ble. . The Method of Concomitant Variations speaks
of any one phenomenon varving whenever another
phenomenon varies in a particular manner, and
thereby demands a universal connexion between
the two even before the Method is applied.
Lastly, the Method of Residues admits knowledge
arrived at by previous inductions and is really
deductive in character.
(iii) The methods aim at establishing laws of causation,
but the invariability of sequence is already assumed
by the canons.

"cf. ““ The position from which we are thus invited ¢
set out is very far from the beginning of experimental
enquiry : the clear-cut instances supposed are possible only
in an advanced stage of scientific research,”’—Laurie, Mind
(N. 8. Vol. ii),

IR

5
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@v) Mill himself confesses that the Methods are based
on false assumptions. *‘ We hav® regarded abcde,
the aggregate of the phenomena existing at any
*moment, as cons‘isting of dissimilar facts a, b, c,
d, and ¢, for each of which one and only one,
cause need be sought...... But the supposition does
not hold, in either of its parts. In the first place,
it is not true that the same phenomenon is always
produced by the same cause...And, secondly, the
effects of different causes are often not dissimilar,
but homogeneous, and marked out by no assignable
boundaries from one another.””'

(v) They are inadequate as methods of Proof and can
ot best suggest hypotheses.

(vi) ** Considered in themselves, and apart from the
previous knowledge which gives us the material
for them, and from the discretion which leads us to
regard their results as tentative and unfinished, the
rules for corrcetly interpreting a piece of observed
causation are about as valuable as the rule that in
business ‘* All you have to do "’ is to buy cheap
and sell dear. The important question always is,
How are we, with the best intentions in the world,
to recognise before the event the wrong steps we
may take in trying to follow these excellent
principles? '’ ?

(vii) The Methods fail, in spite of their attempted
strictness and  precision, to avoid error in their

rasults.  They cannot give us wmore than merely
empirical generalisations, by no means universal
principles.

(viii) But a meaning could be given to these Methods,
if we substitute * relevant facts '’ for ‘‘ facts '
alone, since, as Dr. Schiller has remarked, they
‘“ were not so far wrong in what they meant.
Only it is clear that they do not mean what they

tMill, ITT. x. 1.

* Sidgwick, op. cit., p. 188,

[
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say......The reference to relevance will then af once
transfortn the Methods, and render them scientific-
ally workakle.”t While it may have been
altogether impossible to find two phenomena

‘“ having only one circdmstance in common * or
‘* differing only in one circumstance,” we can
easily find them having only one relevant, (i.e.,
important for the purpose in view) circumstance in
common, or differing only in one relevant point.
But at the same time, it must be observed that
the reference of relevance cannot altogether save
the formal validity of the Methods. * To admit
relevance is to rencunce the ideal of Formal
validity ** (ibid).

11. Whewell’s Criticism of Mill’s Methods.—Whe-
well questioned the utility of Mill’'s Methods and the
aptness of his illustrative examples. Mill has examined
such objections in the last seztion of Chapter IX of Book
IIT of his Logic. We shall only set down the main points
of the controversy.

Whewell remarks that Mill's Methods only come
into operation after the crude facts of our actual experi-
ence have been arranged in neat formule, such as are
required by the various canons. In any set of complex
facts offered to us by Nature, where are we to look for
our A, B, C,and a, b, ¢?

Mill answers that Whewell’s criticism of the
Methods is similar to that advanced against the Syllogism.
It was said that the chief difficulty lay in obtaining the
syllogism, and not in judging of its correctness when
obtained. But although both objections are true, they
are unimportant.  For, says Mill, if we try to reduce
phenomena to formule without knowing what they are
to be reduced to, we cannot make much progress.

'Schiller, op. cit. p 268,



MILL’S INDUCTIVE METHODS 143

Inductive Logic proVides us with rules and models to
which arguments must conform in order % be conclusive ;
and the Methods do not profess to be anything more than
such rulés and models. |,

Again, Whewell says that no discoveries were ever
made by the Inductive Methods. In this objection too,
as Mill points out, Whewell was anticipated by the
assailants of the Syllogism, who said that no discoveries
were ever made by syllogism. But Whewell’s objection
would apply to all inference from experience. ‘‘In
saying that no discoveries were made by the Four
Methods, he affirms that none were ever made by obser-
vation and experiment ; for assuredly if any were, it was
by processes reducible to one or other of those methods *’
(Mill).

In reply to Whewell’s charge that the Methods take
for granted the very thing which is most difficult to dis-
cover, Mill says that in the initial stages men do not
make use of the Methods in their strict form but of some
other form, simpler and looser. For instance, by observ-
ing a number of barking dogs, we infer by the Method of
Agreement that ‘‘ Dogs bark.””  Then, again, I touch
the fire and am burnt, I do not touch it, I am not burnt;
hence, we infer by the Method of Difference, that ‘‘ Fire
burns.”’

Both these examnples are, however, faulty. The first
is an induction by simple enumeration, and in that form
none but savages and children would use Agreement.
The other example is equally faulty, as it argues post hoc,
ergo propter hoc. In the two cases of my being and not
being burnt by fire, how are we to ascertain that they
have ‘‘every circumstance in common save one '’?
These examples rather warn us against the way in which
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the Methods are liable to be applied loosely.

Whewell dves not deny that the earliest genemhsa—
tions of science may have been arrived at by some such
simple observations, but he is not prepared to accept them
as workings of the Methods in their strict form.  The
fact is that a great deal of work has to be done in the
rationalisation of experience and the organisation of
material before the Methods could be made applicable.

According to Mill, Liogic is principally concerned
with Proof as such. The Inductive Methods are ‘* the
sole methods of Proof.”” Tt is idle to contend that they
fail as Method of discovery, since discoveries cannot be
made by observation and experiment without Deduction.

SUMMARY.

Mill’s Inductive Methods :—

1. Method of Agreement (or Single Agreement).

Statement.—When observation shows that two
events accompany one another (either simultaneously or
in succession), it is probable that they are causally
connected; and the probability increases with the number
and variety of the instances.’

Formula :
antecedent consequent.
ABC - abe.
ADE —— - ade.
A —- @ is a causal sequence.

"The clumsy canons formulated by Mill are not repeated
here. The statements are enunciated after Dr. S. H.
Mellone.
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The sole invariallle antecedent of a phenomenon is
probab]y its cause. ’

Principle.—Whatever can be eliminated without
interfering with a phenomenon is causally connected with
it.

Criticism : —

(i) It is a purely Obscrvational Method.

(ii) 1t can only suggest rather than prove a causal

sequetice.

(iii) Its conclusion is only probable but not certain.

(iv) It is vitiated by the Plurality of Causes.

11. Method of Difference.

Statement.—When the addition of an agent is
followed by the appearance, or its subtraction by the dis-
appearance, of a certain event, other circumstances
remaining the same, that agent is causally connected with
the event.

Formula :
ABC —  abe.
BC —  be
S A — ais a causal sequence.

Principle.—Whatever cannot be eliminated without
interfering with the phenomenon is causally connected
with that phenomenon.

Oriticism : —

(i) 1t is a mainly experimental Method.

(i) It proves causal sequences by the verification of

hypotheses already suggested.

(iii) It requires only two instances, a positive and a

negative, which are compared.

(iv) It guarantees a certain conviction, and is regarded

as the fundamental of all Inductive methods.

T1I. Method of Double Agreement, or Joint Method
of Agreement and Difference,
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Statement.—Whatever is present in numerous
observed instamces of the presence of a phenomenon, and
absent in numerous observed instances of its absence, is
probably connected causally with the phenomenon.

Formula :
Positive Instances. Negative Instances.
ABC — abe. BMN — bmn
ADE — ade. DOP — dop
AFG — afg. FQR — fqr

;. A—ua 1s a causal sequence.

Principle.—Nothing is the cause of a phenomenon in

the absence of which it nevertheless occurs, and in the
presence of which it nevertheless fails to occur.

Oriticism : —

(i) It requires two sets of instances, showing respect-
ively the presence and the absence of the sequence.

(ii) 1t is a great cxtension and improvement of the
Method of Difference, and one would not use it if
the latter could be employed.

(iit) It falls short of the cogency of the Method of
Difference, and one would not use it if the latter
could be employed.

(iv) It is an essentially observational Method.

(v) Although an improvement on the Method of Agree-
ment, it is not free from the defect of the Plurality
of Causes.

IV. Method of Concomitant Variations.

Statement.—If two phenomena always vary together,

other circumstances remaining the same or varying in-
dependently, there is probably a causal connexion
between the two phenomena.

Formula :—ABC — abc.

A, BC — a, be
A, BC — ay be
A — ais a causal sequence.
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Principle.—Nothihg is the cause of a phenomenon
which varies when it is constant, or is codstant when it
varies, or varies in no proportionate manner with it.

Criticism : — .

(i) Itis a further extension of Agreement or Difference,
or both. It is an improved application of ** Agree-
ment ’’ when applied to phenomena which can
merely be observed; and a more exact application
of ‘“ Difference ”° when applied to phkenomena
which can be controlled by cxzperiment.

(ii) It fails to prove a causal sequence. The pheno-
mena in question may both be joint-effccts of a
single cause.

4ii) It is usually cmnployed to determine an exact
guantitative relation.

(iv) The variation of phenomena holds good only

within certain limitations.

(v) It fails tc cope with the difficulty of Permanent
Causes.

V. Method of Residues.

Statement.—Subtract from a phenomenon those
elements which are due to known causes, the residue will
be the effect of an unknown cause.

Formula :—ABCD — abed

D—d known sequences
C— ¢ seq o
B— b

.. A —a is a causal sequence.
Principle.—Nothing is the cause of one phenomenon
which is known to be the cause of a different phenomenon.
Criticism : —
(i) It rests on previous inductions.
(ii) It is deductive in character.
(iii) It is & quantitative method when applied to experi-
mental cases, and qualitative when applied to cases
of simple observation.
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(iv) It is particularly useful' in  Astronomiral and
Chem’eal research.

(v) It is applicable only to cases of homogeneous

intermirture of effects.

Characteristic Functions :—

The Method of Agreement sugyests a hypothesis, that
of  Double Agreement strengthens the suggestion; the
Method of Difference proves a causal sequence suggested
by the other methods; the Method of Concomitant
Variations determines the quantitative relation according
to which phenomena vary, within certain limits ; and the
Method of Residues, resting on previous inductions, is
most  helpful in furthering research in sciences like
Astronomy and (hemistry.

The Inductive Methods are essentially principles of
Iilimination.

Characteristic Defects : —
(i) The Methods demand neat formulae and organisa-
tion of material, which do not exist in initial stages.
They do not apply to erude facts which we actually
eneourtter in our experience.
(i) Their demands can hardly if cver be literally
fulfilled.
(i) They propose to establish laws of causation, but
themselves assume the invariability of sequence.
(iv) They are based on false assumptions.
(v) They ean at best suggest hypotheses but are in-
adequate as methods of Proof.
(vi) In spite of their strictness, they fail to avoid error
Intermixture of Effects.—It results from the co-
operation of agents which bring about a certain effect.
Intermixture of Effects may be either :—
(i) Homogeneous, produced by Composition of Causes,
or
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(ii) Heterogencous *or Heteropathie, produced by o
‘Combination of Causes.
Mechanical  Mixtures and  Chemical  Compounds
lustrate the two kinds respectively.

QUESTIONS AND EXERCISES.

1. Discuss the inter-relation of  Mill's  Inductive
Methods.

2. How are the Inductive Methods viewed as Prin-
ciples of Elimination?

3. Fxplain the Mcethod of Agreement, and show how
it differs from Simple Enumeration.

4. What are the pre-suppositions and characteristic
defeets of Mill's Method of Agreement?  What is its utility
in scientifie discovery ?

5. FExamine DMill's view that Plurality of Cuauses
renders the Method of Agreement uncertain.

6. Why is the Method of Agreement of little value,
as compared with the Method of Difference?

7. Explain why the Method of Agreement requires
many instances, while the Method of Difference is satisfied
with one precise experiment.

8. The Inductive Mcthods have been ealled Weapons
of Elimination. Discuss the appropriateness  of  the
deseription.

9. How would Inductive Logic proceed to investigate
the influence upon character of any one of the following : —
(a) elimate, (b) athleties, (¢) un artistic profession?

10. What does Mill mean by Cause? How far are his
Methods adequate for the discovery of causes in his own
gense of the word?
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11. Explain precisely the principle of the Method of
Difference, aontrasting it with that of the Method of
Agreement. In what way is it the most superior Method?

12. Distinguish between Positive and Negative Ins-
tances. Bring out the importance of the latter in experi-
mental inquiry.

13. Bring out the connexion between the Method of
Differerce and that of Concomitant Variations.

14. What are the characteristic features of the Joint
Method? How is it related to ““ Agreement *'?

15. State fully and illustrate the Method of Con-
comitant Variations. =~ What arc its special advantages?
How is it related to the Method of Difference?

16. Analyse and describe in logical terms the method
by which any important discovery of recent years was made.

17. Distingu'sh carefully between the Method of
Difference and the Mcthod of LResidues.

18. Can the Mcthod of Residues be fairly considered
inductive in character?

19. What do you suppose is the main function of the
Method of Residucs?

20. Criticise Mill’s Canons of Induction, and state in
what way they may be amended.

21. To what uses are the several Inductive Methods
appropriate? Consider the allegation that the Methods are
useless, for no discoverics have ever been made by their
means.

22 Discuss the main defects of the Inductive Methods.



CHAPTER VII
THE DEDUCTIVE METHOD

1. Limitations of the Inductive Methods.—We have
seen how the various Inductive Methods help us in
establishing generalisations, of varying degrees of
certainty, and how helpless they prove when we are con-
fronted with phenomena complex by virtue of a composi-
tion of causes having produced intermixture of effects.
Such complex phenomena cannot obviously be investi-
gated by the method of simple enumeration, which fails
in dealing with situations in which several causes concur
in bringing about an cffect. Neither can they be investi-
gated by Mill’s experimental methods ! which, although
better instruments than Simple Inumeration, are
ineffective, because in most cases the circumstances are
so very complex that it seems altogether impossible to
create a situation in which we could introduce an agent
and watch the result. We seldom, if ever, see two cases
occur which differ in all respects but one. Thus, although
the Inductive methods have their legitimate function and
use, they are unable to take us far enough in the explana-
tion of a phenomenon; and until a phenomenon is

14 When the Experimental Methods have done their
utmost, there will still remain the task of gathering up the
various threads which these methods have singly and separ-
ately laid bare, and this can be done only through Deduction
or Deductive Synthesis.”’—Boyce Gibson, op. cit. p. 407.
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explained it cannot be said to have been scientifically
investigated,osince Science aims at  ecrxplanation.  We
cannot streteh the Inductive methods too far ; they break
down as soon ax we attempt to apply them to'tle exceed-
ing complexity of phenomena.  These Methods have
their limitations, and we must not expect too much out
of them.

2. The Deductive Method.—If the Inductive
Methods fail to yield us any knowledge of the conditions
and laws of very complex phenomena, there is another
method which comes to our rescue.  This method 15 called
by Mill the Deductive Method,' or more correctly, the
Dircet Deductive Method (or the Physical Method) since
it makes use of Deduction in reasoning from the induc-
tions of science to their results in other cases; or, by
Jevons, Combined or Complete Method, since 1t combines
Induction and Deduction and is consequently a complex
method.

The Deductive Method consists in the alternate use
of induction and deduction, 1ts problem bemng to find the
law of an effect from the luws of the different tendencies
of which it is the jomt result.  We start with the induc-
tions of a science as our premises, and proceed to deduce
their results in the case before us and other cases, and
then verify such results by reference to facts. Thus, the
Method consists of three stages, viz. :—

(1) Direct Induction : i.c., the inductions already
established in a science : their truth must be assumed to
begin with.

(2) Deduction or Ratiocination : i.c., consequences

""““a strengthened Method of Causal Explanation, a
Method especially devised to deal with the difficulties arising
from Intermixture of Lffects "’—Gibson, p. 408.
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are deducted by ratiocination from the inductions with
which we began. .

(3) Verification : 7.c., these consequences are verified
by reference to facts of Natyre, through Observation and
Iixperiment.

IFer instance, if we want to explain the law A is B,
we start with the hypothesis that B is due to €, then
caleulate its consequences by deduction, and lastly com-
pare them with P> as manifested in experience. If they
agree, the hypothesis is accepted, otherwise it is rejected.

The Deductive Method has been usefully emploved
i Astronomy, Physics, Sociology, Politics and other
sciences.  The law of gravitation, for instance, is
accepted as an induction established in Physics, and then
are explained from it deductively the phenomena, such
as the movement of the planets round the sun, of bodies
on the surface of the earth, ete.  Kach of the three stages
is necessary as an essential part of the method. We
annot start unless we know some laws already established
by a science.  We aceept them as our starting-point, and
asstming their truth we argue as to their consequences,
and then verify them by observation and experiment.
Without the last stage of Verification, our Deductive
Method of Science could not be distinguished from the
Deductive Method of Geometry, in which if we start
with definitions, axioms and postulates (which are
accepted as true) we must have true consequences, and
no further verification is necessary.

Mill seems to value this Method very highly, since
he says :—'* To the Deductive Method thus characterised
in its three constituent parts, Induction, Ratiocination,
and Verification, the human mind is indebted for its most
conspicuous triumphs in the investigation of nature. Ta
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it we owe all the theories by which vast and complicated
phenomena sre embraced under a few simple laws, which,
considered as the laws of those great phenomena, could
never have been detected by, their direct study.’’!

3. Its Application Illustrated.—We shall now
illustrate the application of the Deductive Method by
means of examples. TFor instance, we want to determine
the cause of strikes. Now, we know the general law
that whenever Capital exploits Labour to a degree which
does not allow the workman a living wage, dissatisfaction
is bound to result in a strike, which is the only passive
weapon in the hands of the oppressed and the weak.
We then follow out this principle in its consequences
and discuss how far a strike can have valid grounds to
stand upon. Lastly, we obscrve the actual conditions
of the strikes we are investigating and see how far they
support the induction we started with.  Suchlike
problems are, however, very complex, and the study of
the various conditions in which such phenomena occur
as well as the causes that lead to them form a very com-
plicated problem to cause perplexity even to the most
experienced statesmen and politicians handling them.

Mill illustrates the application of this method by
the following example by which he proves the identity
of gravity with the central force of the solar system :—

‘* First, it is proved from the moon’s motions that
the earth attracts her with a force varying as the inverse
square of the distance. This (though partly dependent
on prior deductions) corresponds to the first or purely
inductive step, the ascertainment of the law of cause.
Secondly, from this law, and from the knowledge pre-
viously obtained of the moon’s mean distance from the

'Mill, Bk. IIL. xi. 3.
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earth, apd of the actusl amount of her deflection from
the tangent, it is ascertained with what erapidity the
earth’s attraction will cause the moon to fall, if she were
no farther ®off and no more acted upon by extraneous
forces than terrestrial bodies are.  That is the second
step, the ratiocination. Iinally, this calculated velocity
being compared with the observed velocity with which
all heavy bodies fall, by mere gravity, towards the surface
of the earth (sixteen feet in the first second, forty-eight
in the second, and so forth, in the ratio of the odd
numbers, 1, 3, 5, etc.), the two quantities are found to
agree.”’ !

The rise of water in the pump may also be explained
by this method. Iirst, we state the inductions already
established in Physics, wviz., (¢) that the atmospheric
pressure on a column of water is 14 Ib. to the square
inch, (b) that liquids exert pressure equally in all direc-
tions, and (¢) that pressure in any direction, if not
counteracted by an opposite pressure, produces motion.
Secondly, we calculate the consequences deduced from
these laws.  When the position of the pump is raised
removing the pressure upon the water within the
cylinder, the pressure of the air outside forces this water
to rise up. Thirdly, we verify this computation by direct
observation. 1t is found that at the sea-level the atmos-
phere supports a column of water 32 feet high, and that
such a column exerts a pressure of 14 lb. to the square
inch. Thus the computed effect corresponds with the
phenomenon to be explained.

4. Sources of Error.—It may sometimes happen
that the consequences as computed by ratiocination may
not correspond with the facts observed. This means that
error has crept in somewhere. 1f we are sure of having

'Mill, Bk. IIL xiv. 4.
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correctly observed the facts, it is evident that the error
must lie eith.r in the premisses in the first stage, or in
the ratiocination in the second stage. We then revise
the process of computation, and if the error still persists,
we must look upon our premisses with suspicion.
Carverth Read' mentions the following four ways in
which the premisses of a deductive argument are likely
to be vitiated :—

(1) We may not have accurately ascertained the laws,
or the modes of operation, of the forces present.

(2) The circumstances in which the agents are  com-
bined may not have been correetly conceived.

(3) One or more of the agents affecting the result may
have been overlooked and omitted from the estimate.

(4) We may have included among the data of our
reasonings agents or circumstances that do not exist or do
not affect the phenomenon in question.

5. The Inverse Deductive Method.—We have seen
that the Direct Deductive Method starts with laws or
inductions, deduces conclusions from them through
ratiocination, and then verifies these conclusions by obser-
vation with facts. But, as Mill says, ** there 1s a kind
of sociological inquiries to which, from their prodigious
complication, the method of direct deduction is altogether
inapplicable.””  The forces that operate in the deter-
mination of a phenomenon may be too intricate, too com-
plicated or too numerous to be combined in a direct
deduction.  In such cases we resort to the Inverse
Method, also called the Historical Metlhod.? Here we

'yide Logic. (London, 1898) p. 198.

?So called because it is particularly useful in explaining
the movements of history and in verifying the results of
Politics and Sociology. But its use is not necessarily con-
fined to such studies. It is also resorted to in Geology,
Biology, etc.
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do not start with’ any, generalisations or inductions but
with a sconsideration of the facts of socialy life and of
history, which yields us empirical laws of the pheno-
menon coycerned.  We then verify these laws, not by
comparison with further fadts, but by deduction from the
laws of human nature, from the nature of the cause.”
We must keep clear the distinction between the Direct
and the Inverse Method. Whereas in the ‘* method of
direct deduction *’ we compare the results of deduction
with observed facts, we here begin by provisionally
formulating empirical laws gathered from facts of obser-
vation, and then verify these laws by deducing them from
‘* the principles of human nature.”” In other words,
while in the Direct (** Physical ’’) Method, a Deduction
1s verified by comparison with an Induction, in the
Inverse (‘“ Historical ') Method, Deduction is called in
to verify a previous Induction.

But Carveth Read objects to the mere order of
occurrence of the two logical processes of Induction and
Deduction as constituting the essential distinction
between the two Methods. ‘‘ For,”” as he says, ‘‘ in
the first place, in investigations of any complexity both
Induction and Deduction recur again and again in what-
ever order may be most convenient; and in the second
place the so-called ‘ inverse order ’ is sometimes resorted
to in Astronomy and Physics...... The essential difference
between the Physical and Historical Methods is that, in
the former, whether Direct or Inverse, the deductive
process, when complete, amounts to exact demonstration ;
whereas, in the latter, the deductions consist of qualitative
reasonings, and the results are indefinite.  They
establish—(i) a priori a 1merely probable connection
between the phenomena according to the empirical law ;
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(ii) connect this with other historical or social generalisa-
tions, by showing that they all alike flow from thé nature
of races of men under certain social and geographical
conditions ; and (iii) explain why such empirica) laws may
fail, according to the differences that prevail among
races of men and among the conditions under which they
live.”’ !

The Inverse Method is more indefinite than the
Direct, both in its inductions and deductions, and
Carveth Read rightly characterises it as demanding much
sagacity and more sincerity, and proposes the precaution
to make the empirical law as nearly true as possible.

6. The Hypothetical Method.—The Inverse
Deductive Method may perhaps be viewed as the most
concrete form in which Scientific Method can develop
But even this cannot be taken as the final standpoint,
since, as Mill tells us, Hypothesis plays a very important
part in Scientific Method : “‘ the function of hypotheses
is one which must be reckoned absolutely indispensable
in science...... Without such assumptions, science could
never have attained its present state...Nearly everything
which is now theory was once hypothesis.’"?

The Hypothetical Method is adopted when we are
not aware of the causes operating in a phenomenon but
are rather anxious to ascertain them. Although a modi-
fication of the Deductive Method, it differs from the latter
in one important aspect. In the Deductive Method, the
laws which are elaborated through ratiocination are
proved by experimental methods, while in the Hypothe-
tical Method, they are not proved but assumed. Thus
the Hypothetical Method is shorter and simpler than the
Deductive, and consists of two steps only : (1) Ratiocina-

top. cit. p. 200 ff.
op. cit., Bk. IIL xiv. 6.
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tion, and (2) Verification. Mill says that the legitimacy
of this' method rests only ‘‘ on one suppegition, namely,
if the nature of the case be such that the final step, the
verification, shall amount to and fulfil the conditions of
a complete induction.” ’

The nature of this Method will become clearer after
a perusal of the following Chapter on ‘‘ Hypothesis.”
The three methods dealt with here are Methods of
Explanation, as distinguished from Induction.

SUMMARY.

Mill’s Experimental Methods cannot always be
applied : they are helpless, in particular, while dealing
with the difficulties arising from Intermixture of Effects.

In such complicated cases, a more strengthened
Method of Explanation called the Deductive Method is
employed.

It consists of three stages: Induction, Ratiocination
and Verification. ‘ Given any complex mechanical
phenomenon, the inquirer considers—(i) what laws
already ascertained by induction seem likely to apply to
it, (i) computes the effect that will follow from these
laws in circumstances similar to the case before him ; and
(iii) he verifies his conclusion by comparing it with the
actual phenomenon.’

This is known as the Direct Method or the Physical
Method.

The Inverse Method, or the Historical Method, is
used when a phenomenon is too indzfinite to be dealt with
by Direct Deduction. We start by formulating empirical
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laws on observation, and then verify these inductions by
means of Dedvction.

The Hypothetical Method is a modification of the
Deductive Method and consists of two stages only, viz.
Ratiocination and Verification. The laws developed
through ratiocination are not proved but assumed.

QUESTIONS AND EXERCISES.

1. Set down the limitations of Mill's  Jxperimental
Methods.

2. When is the Deductive Method employed? What
arc its merits?

8. Name the various stages constituting the Deductive
Method and show their inter-connexion.

4. Estimate, after Mill, the value of the Deductive
Method, and give two examples to show how it is employed.

5. Distinguish between the Direct and the Inverse
Methods of Deduction.

6. Describe the Hypothetical Mecthod in its relation
with the Deductive Method.

7. Prove, or disprove, inductively, or deductively
that—

(a) At certain epochs great men occur in groups.

(b) Revolutions always begin in hunger.

(e) Government is impossible except by the co-opera

tion of the people.
(d) No taxation without representation.
(e) Empires, like Fine Arts, pass through periods of
development, culmination and decay.

(f) Freedom means self-determination.

8. Explain the Historical Method of sociological
inquiry. Illustrate your answer.
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9. Defining Dew to be “ The spontaneous appearance
of moisture on substances exposed in the ogen air when no

rain or visible wet is falling,

1y

show how the Deductive

Method is,to be employed to establish the law of causation
of the pbenomenon from the annexed table of observa-

tions : —
Antecedents.
(1) Cold metal or stone;
Breathing upon.
(2) Hot weather ; Glass of

water drawn from deep
well ; Exposure to exter-
nal air.

(3) Inner surface of walls of
dwellings ; Long continu-
ed frost ; Thaw ; Moisture
in air.

(4) Night-time ;
surface ; Thermometric

_cold; Circulating air;
Thermometric heat.

Exposed

Consequents.

(1) Deposit of Dew on metal
or stone.
(2) Deposit of Dew on glass.

(3) Deposit of Dew on the
walls.

(4) Deposit of Dew
exposed cold surface.

on

10. How are causes discovcred which are less open to

observation than the cffects?



CHAPTER VIIL
HYPOTHESIS.

1. Meaning and Function of Hypothesis.—A Hypo-
thesis is a supposition made in order to explain facts
scientifically. It is our attempt at explanation. As
scientific investigators we must start with facts, and also
end with facts. We start with such known facts as can
suggest a provisional supposition, which is developed
further into its consequences. The truth of these conse-
quences is again put to test. If they stand verification,
the supposition is accepted as a working hypothesis for
still further tests. If they do not, it is rejected in favour
of another supposition, which too is similarly treated. A
provisional hypothesis need not necessarily be abandoned,
if it fails in its verification by observation and experiment :
it might sometimes have only to be modified. Even a
false hypothesis proves of some use in marking the lines
of suggestion to be avoided.! In fact, each hypothesis,
though rejected, tends to furnish us with a better clue to
explanation.

Mill defines a Hypothesis as *“ any supposition which
we make (either without actual evidence, or on evidence
avowedly insufficient) in order to endeavour to deduce

1 It is said, for instance, that Kepler conceived an
rejected nineteen hypotheses before hitting on a valid one,
which would explain the laws of planetory motion.
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from it conclusions in accordance with facts which are
known to be real.’’!

We are obviously concerned here with a scientific
hypothesis alone. A hypothesis, in order to be scientific,
must lead us towards explanation of facts, and must in
itself be verifiable. It must help us in widening the range
of our knowledge, rather than in making a clearer state-
ment of what we already know. Hypothesis is mainly a
weapon of discovery. Logic can hardly pretend to lay
down any rules for making a scientific hypothesis.
Much depends on one’s insight and natural gift, with
which to lay hold on Nature’s clues. This is the field in
which the genius and originality of a scientist can help
him more than anything else. To a scientifically trained
mind facts themselves casily suggest the lines of their
explanation. Newton, for instance, took a hint from the
falling apple, which led him on tq the discovery of Gravita-
tion. Hypotheses are saggested by Analegy, Erumera-
tive Induction and the ordinary classifications and
generalisations embodied in language.

The chief test of a scientific hypothesis is that it must
be verifiable.2  ‘‘ Scientific hypotheses,”’ says Joseph,
‘“ consist for the most part not in the mere coupling in
the mind, as cause and effect, of two insulated phenomena
(if the epithet may be allowed) : but in the weaving of a
large number of phenomena into a coherent system by
means of principles that fit the facts.”” 3

2. Development of Hypothesis.—A Hypothesis
admits of various degrees of probability, and cannot be
accepted as valid unless it has passed through several

Lop. cit., Bk. IIL xiv. 4.

3 ¢ But to be verifiable it must be adequately develop-
able.” Gibson, op. cit., p. 328.
Joseph, op. cit., p. 433.
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stages of expgriment.  We begin with a protisional
hypothesis, a mere supposition suggested by our know-
ledge of facts under investigation.  If this bvpothesis
works, it passes on to a higher stace of probability and
becomes a worhing hypothesis.  More than one of such
hypotheses might sometimes suggest  themselves to be
equally true.  Selection is then to be made, with appeal
to facts, as to which can ultimately help us in our explana-
tion. A working hypothesis when established becomes
a legitimate hypothesis. At this stage 1t 1s regarded as a
scientific hypothesis.  ** To work well, a hypothesis must
be both resourceful and fruitful.  To be resourceful, it
must be rooted directly (or indirectly through the medium
of a general working idea) in a reasoned system or science.
To be fruitful, it must be capable of continually extend-
ing its sphere of verification, and of bringing more and
more facts under scientific control.”” ! A working
hypothesis, in order to establish itself as legitimate, has
to be verified by means of the experimental methods, and
in particular the Method of Difference. Tt has also to
prove iteelf as the only tenable hypothesis.

A convenient distinction is sometimes made between
a hypothesis of Lew and a hypothesis of Cause. The
former seeks to give us a sort of quantitative expression
of facts, a clear description of their exact. character,
telling us how they stand in a series of other phenomena
and in what manner they happen; while the latter
furnishes us with a qualitative expression of facts, by
which we obtain an insight into their causes, and are told
not simply how they happen but why they happen as they
do. The former is also known as a descriptive hypothesis

Gibson, op. cit., p. 328.
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It has its own use in'so far as it enables us to find out a

' g . . .
coherent system to which the facts belong, which in
itself may afford us a further clue as to their final
explanatibn. A hypothesis of Cause is also known as an
cxplanatory hypothesis.

3. Conditions of Valid Hypothesis.—A legitimate
hypothesis must fulfil the following conditions :— !

(1) It must be suggested by a preliminary survey of
facts, and must, therefore, have its object a real cause, a
" overa causa.”’®  Any hypothesis which is not suggested
by facts under observation but is an imaginative construc-
tion, though helpful to a degree, cannot be accepted as a
scientific hypothesis. The scientist should scrupulously
keep out his own personal equation from the inquiry,
and try to be a faithful photographer of phen&pnena, not
projecting his own preconceived notions into them. A
spirit of impartiality in all observations and verifications
is a stne qud non of the success which may attend in the
working of a hypothesis.  Claude Bernard rightly
observed :  ““ On entering the laboratory leave your
imagination with your overcoat in the vestibule, but take
it with you again on your departure.”’® This is,b%ndeed,
a very sound advice to all students of science.

(2) Tt must be verifiable, 7.¢., it must be capable of
proof or disproof. =~ We must not, for instance, assume
the cause of a phenomenon that cannot be verified in
nature, because of its supernatural or imaginary character.
Tt must be capable of becoming an object of our experi-
ence, and definite enough to be proved or disproved in ‘'our

' Coffey, op cit, vol. IL, pp. 148 ff. Joyce, op cit p 859

*A vera causa is a real cause, a cause independently
known to exist.

3 Claude Bernard, /ntroduction & Uétude de la médecihe

expérimentale, p. 44, quoted also by Coffey, op. cit. vol. 11.
p. 149. '
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experilnental jquiry relating to facts.  Carveth Read
points out the same truth thus: ‘‘If a new agent be
proposed, it is desirable that we should be able directly
to observe it, or at least to obtain some evidence of its
existence of a different kind from the very facts which
it has been invented to explain.:

Then, again, a hypothesis cannot be accepted as
scientific unless it can adequately explain the facts in
question, i.c., can account for all the phenomena which
it attempts to explain. A partial explanation is no better
than an attempt to explain away facts, but the truth is
that a fact can never be ' explained away.’

Again, in order that a scientific hypothesis be
verifiable, it must be self-consistent, and must not con-
flict with other pre-established truths. 1f it is true, it
must necessarily be self-consistent, since truth knows of
no contradiction. Thus, a scientific hypothesis must be
{ree from any internal contradiction. At the same time,
it must not clash with other extablished laws, as other-
wise it will have no place in the system to which all truths
belong. We must, however, be on our guard as to where
there is any real contradiction. Sometimes it so happens
that only a superficial conflict with certain truths is
revealed, which is capable of elimination by a mere re-
statement or re-interpretation of those truths or laws from
different stand-points.

(3) It must stand as the only hypothesis, excluding
all other hypotheses, to explain a fact or a group of facts.
Until this requirement is also fulfilled, we cannot be said
to have formed » legitimate hypothesis. There might be
proposed a number of rival theories, but a further test
must eliminate all and prove one alone to be capable of

I Carveth Read, op. cit., p. 270.
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adequately explaining®all the phenomnena which it is
proposéd to explain.:

(4) Exceptio probat regulam.—In testing the truth
of a legitimate hypothesis Jxceptions are of great value.
They do not by themselves prove the rule but test it.
When, after the appiication of a working hypothesis, a
general law is enunciated as based on o group of observed
facts, objections might be urged against the validity of such
hypothesis in the shape of pointing out cases not covered
by the hypothesis, or those that arc apparently exceptions
to it. But *‘ every objection is shown to imply some in-
attention to the conditions of the hypothesis, and in each
case it may be said, exceptio probat requlain—the excep-
tion tests the rule. That is to say it appears on examina-
tion (1) that the alleged exception is not really one, and
(2) that it stands in such relation to the rule as to confirm
it.2 Strictly speaking, there is no room for exceptions
in scientific explanation. liither the exceptions prove to
be superficial, and thus only confirm the truth of the rule,
or they are discovercd to belong to another system,
wherein they cease to be exceptions. A scientific law
must be applicable universally and have no exception, in
the sense of a contradiction.

5. Crucial Instance.—We have observed that a
scientific hypothesis must be the only hypothesis to
account for a phenomenon. Now, when rival hypotheses
are forthcoming, we have to decide as to which of them
would prove legitimate.  This is done by means of a
Crucial Instance, one that could only be explained on only
one of such hypotheses, and which, therefore, decides the
point at issue. A crucial instance serves as a sign-post

1 On the subject of the sources of Hypotheses, vide

supra under Analogy and Enumerative Induction.
Oarveth Read, op. cit., p. 274
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to point out the direction of Truth! If it is arrived at by
experiment, iff is called a Crucial Experiment.” The
function of a crucial instance is to enable us to finally
reject one hypothesis and accept one and only orte as valid
" One single circumstance, which admits of one explana
tion only, is more decisive than a hundred others which
agree in all points with one’s own hypothesis, but are
equally well explained on an opposite hypothesis.’’!

The terin was first employed by Bacon to denote an
instance which absolutely excludes one alternative, thus
establishing the other. The metaphor is taken from the
cross-posts, which stand at the meeting-point of two
roads, pointing the way to be taken.

When a hypothesis has been established by a crucial
instance, what reason is there to suppose that no other
alternative will vet clash with 1t? Can we ever be cerlain
of having excluded all possible alternatives?  That we
can never be, in the strictest sense.® But if we be
fortunate enough to find crucial instances whenever there
is any clash of alternatives, we may rest assured that we
have arrived at that degree of probability, which is as
~cod as certainty, so long as our hypothesis is found to be
the only possible one. In this part of our inquiry logic
cannot lay down any rules, except the general directions
for adequate observation and experiment. The fact is
that Science is not a completed circle of facts but is daily
growing in its scope and contents, so that all our hypo-
theses are ultimately provisional, and they are legitimate
only so long as they work. The Ptolemaic and Copernican
hypotheses are an instance in point.

1Uberweg, Logic (Eng. Trans.), p. 513. . )
sef, ‘It is always possible that some future investi-

gator, going over the same ground, will be z’xble to .show‘r‘ that
the information given by the e)gperlment’ (crucial) *“ was
ambiguous.” A. Sidgwick, op. cit., p. 142
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6., ' Hypothesi§ non fingo.””—This was the
expression used by Newton in protest agahst hypotheses
and means ‘I do not imagine hypotheses.”” This con-
demnation can rightly be,urged against all hypotheses
that are arrived at very hastily, and are neither adequate
nor definite. They usually suggest themselves to minds
not trained in scientific thinking. When there is no
analogy to guide us in the choice of hypotheses, or when
we do not take the trouble of finding such an
analogy, we often frame illegitimate hypotheses.
Such might with reason be condemned by using
the expression '* hypothesis non fingo,”” but that is no
reason why all hypotheses as such should be condemned.
There is no progress in science without the aid of hypo-
theses.  We have to grope in the dark for a long time
before we hit at the thing we require.  Carveth Read
rightly emphasises the fact that ‘° Hypotheses are
essential aids to discovery : speaking generally, deliberate
investigation depends wholly upon the use of them.”
liven Newton himself worked with the aid of hypotheses
in discovering the Law of Gravitation. But, of course,
unscientific and gratuitous® hypotheses should always be
rejected.

7. Hypothesis: Theory: Fact.—Hypothesis is
usually distinguished from Theory by saying that while
the former is always more or less tentative, the latter is
a higher stage of explanation, no longer open to question.
That is to say, a hypothesis well established becomes a

'Carveth Read, op. cit., p. 280.

*A gratuitous hypothesis is ‘ the assumption of an
unknown cause, when the phenomenon is capable of being
explained by the operation of known causes, or the introduc-
tion of an extraneous (though it may be known) cause, when

the phenomenon is capable of being accounted for by the
causes already known to be in operation ” (Fowler).
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Theory. We speak of the theory'of gravitation,. not of
the hypothesds of gravitation, although ultimately all
lheories are hypotheses. Again, those who do not accept
a certain theory generally mrefer to speak of it as a
hypothesis rather than a theory.  This applies for in-
stance to Livolution, Klectron, Creation, etc.

A theory whose truth is established is accepted as a
fact.  The term fact is generally confined to the objects
of our experience, objects whose reality can be grasped
by our senses or by the mind. Some people narrow down
its meaning to objects that can be perceived by the senses
alone. but this is more or less arbitrary.

SUMMARY.

Hypothesis is a supposition by which we attempt an
explanation of facts. A scientific hypothesis must be
verifiable.

We may speak of stages in the development of a
hypothesis.  We start with a Provisional hypothesis,
which becomes a Working hypothesis, if it works. If it
is established by the test of verification, it is accepted as
Legitimate or Scientific hypothesis.

A hypothesis of Law is only a descriptive hypothesis,
while that of Cause is an explanatory hypothesis.

A scientific hypothesis (1) must be suggested by a
preliminary survey of facts, (2) must be verifiable, i.c.,
capable of proof or disproof, and (3) must be the only
hypothesis, excluding all others.

A Crucial Experiment is one that suggests a Crucial
Instance, like a finger-post at cross-roads, pointing the
way. A Crucial Instance is an instance which absolutely
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excludes one alternatiye, thereby establishing the other,
when there are rival hypotheses suggested,

Newton’s dictum ‘‘ Hypothesis non fingo *’ cannot
be accepted as a condemnation of hypotheses as such,
since scientific hypothes#s are essential means to dis-
covery. It could only applv to Dbad hypotheses and
hasty generalisations.

A hypothesis, when well-established, becomes a
theory; and a theory when accepted is treated as a fact.

QUESTIONS AND EXERCISES

1. What is the function of hypothesis? 1s every
supposition in scicnee a hypothesis ?

2. Explain the meaning of hypothesis as a conscious
process of scientific investigation.  Show that a rejected
hypothesis need not necessarily prove fruitless.

3. Illustrate the use of hypothesis in scientific
cxplanation.

4. State the conditions 1o which a legitimate hypo-
thesis must conform.

5. Distinguish between a working and an established
hypothesis. Give easy examples.

6. Describe the various kinds of hypothesis distin-
guished by logicians, and compare them with one another.

7. Explain and criticise:—(a) ‘* Men are now cured
of their passion for Hypotheses,” (b) ‘* Hypothesis non
fingo.”’

8. Explain the role of analogy in suggesting and verify-
ing hypotheses.

9. Taking the ‘* evolution,”” or any other proposed
hypothesis, how should one proceed (a) to show whether it
satisfies the conditions of a legitimate hypothesis sufficiently
to entitle it to investigation, and (b) to test it with a view
tq its acceptance or rejection as a truth of science?

’



CHAPTER IX.

EXPLANATION.

1. Nature of Explanation.—Explanation marks the
goal of scientific inquiry. T.iterally, the word means the
making plain or clear, so that there shall be nothing
uneven or obscure to interrupt our view.  Explanation
presupposes something to be explained, i.e., a state of
prior obscurity or perplexity, the degree of which depends
on our educational level and the state of our mental
development and partly on the progress of knowledge a<
a whole.  For instance, the phenomena of Thunder-
storm, Volcanic Eruptions, Ilarthquakes, etc., were very
much more obscure during the beginning of the last
century than they are now, as the world’s knowledge has
considerably increased since then. They might even
to-day be obscurities to those minds that are mot con-
versant with the general principles of science, especially
of Physics. Explanation seeks to answer the why "’
so deeply rooted in the human mind. Even children are
always curious to know why a certain phenomenon is as
it is. They ask so many questions about things around
them, and that is Nature’s way of educating them to
begin with.

A fact is explained when we point out its cause.
This may be done either by showing it to follow from the
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application of a ']aw,. or by pointing out its relations to
other facts constituting the same nniverse. A “‘ law *’
again suggests a ‘‘ why *’ of its own, den‘mnding further
explanation, and it is said to be explaired when we show
its connexion with certa other already known laws,
from which it can be deduced. This explanation of laws
takes place in one of the three ways, of which we shall
speak below.

2. Popular and Scientific Explanation.—We may
first distinguish the popular notion of Iixplanation from
the scientific view, since we are concerned with the latter
only. The principle is the same in both, viz., generalisa-
tion.! In popular explanation it is considered sufficient
if particular facts to be explained can be related to others
known previously. More often, we confine our attention
1o the explanation of facts rather than of laws. Bain
observes :  ** There is a special and everyday form of
explanation that consists in assigning the agency in a
particular occurrence ; as when we ask—what stops the
way? Who wrote Junius? Who discovered gun-
powder? These questions belong to our practical wants
and urgencies, but the answer does mnot involve the
process of scientific explanation. If, however, we proceed
from the * who’ or ‘ what ’ to the ‘ why’ :—why does
\’s carriage stop the way? Why did the author of Junius
write so bitterly >—there is an opening for the higher
scientific process.””*  In the popular view, therefore,
facts are explained when they cease to remain isolated
but are brought into relation with others, already known,
or, at any rate, better known.

1 Generalisation is the discovery of resemblance' amid
differences, the detection of the universal in the particular,

See below, sect. 5.
Bain, Logie (Induction), p. 116.
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In scientific explanation, our treatment of relating
particular facts to more general or better known facts or
laws is as full dnd precise as possible, and the laws under
which facts or less general laws are placed are supposed
to be the widest possible, preferably the laws of nature.

The popular mind is usually satisfied when we
substitute one mystery for another to be explained. For
scientific purposes, however, we must trace that mystery
as far back as we possibly can. On this subject we had
better quote a well-known paragraph from Mill. He
writes :—

** The word explanation is here used in its philoso-
phical sense. What is called explaining one law of
nature by another is but substituting one mystery for
another ; and does nothing to render the general course
of nature other than mysterious. We can no more assign
a why for the more extensive laws than for the partial
ones. The explanation may substitute a mystery which
has became famihar, and has grown to seem not mysteri-
ous, for one which is still strange. And this is the
meaning of explanation in common parlance. But the
process with which we are concerned often does the very
contrary ; it resolves a phenomenon with which we are
familiar into one of which we previously knew little or
nothing ; as when the common fact of the fall of heavy
bodies was resolved into the tendency of all particles of
matter towards one other. It must be kept constantly in
view, therefore, that in science, those who speak of
explaining any phenomenon mean (or should mean)
pointing out not some more familiar, but merely some
more general phenomenon, of which it is a partial
exemplification ; or some laws of causation which produce
it by their joint or successive action, and from which,
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therefore, its conditions may be determined deductively.
Every such operation brings us a step *nearer towards
answering the question which was started in a previous
chapter as comprehending the whole problem of the
investigation of nature, viz., what are the fewest assump-
tions, which being granted, the order of nature as it exists
would be the result? What are the fewest general pro-
positions from which all the uniformitics existing in
nature could be deduced?"’

Popular explanation does not give us the ‘ why ’ or
the * wherefore ’ of a fact. That is only possible in
scientific explanation, which refers to principles and
laws, priora in se, through not more familiar to us.
There 1s, of course, a limit to such references. The
ultimate ““ why ”’ of things cannot be answered by
science. It remains a mystery to furnish materials for
the philosopher’s cogitations.

3. Forms of Scientific Explanation.—There are
three modes of scientific explanation, which are oppro-
priately named Analysis, Concatenation, and Subsump-
tion.®

(i) Analysis : the passing from fact to law. The
analysis of a phenomenon into the separate
laws of its causes constitutes the first mode of
scientific explanation. Thus, for instance, to
explain why thunder follows lightening we
have to analyse it into (1) the discharge of
electricity in the air (2) distance of the
observer from the event, and (8) the law that
light travels faster than sound. Similarly, in
explaining why iron floats in mercury we have

'Mill, op. cet., IIL xii. 6.
tyvide Carveth Read, Logic, 1914, pp. 302-305.
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to resolve it into (1) the laws of flpating
bodies (2) the law of density (3) the law of
specific gravity.

(i) Concatenation: ‘‘ the discovery of ‘steps of
causation between a cause and its remote
effects ; the interpolation and concatenation of
causes.”” This is the second mode. Here we
detect an intermediate link of causation
between what was first supposed to be the
cause and what was supposed to be its effect.
We show that such supposed cause was really
the remote cauce, the cause of the cause.
For instance, we say in India ** good monsoon,
good harvest.”” Good harvest is the result of
several factors which are 1~ainly brought
about in their turn by a good monsoon.

(iii) Subsumption : the placing of several laws
under one more general expression. This is
the third mode of scientific explanation. For
instance, the laws of the expansion of solids
liquids and gases, by heat, are resolved into
the general law of the expansion of bodies by
heat.

In all these forms of explanation, facts and laws are
harmonised : a less general law is referred to a more
general law. Partial laws are unified under more
universal laws, and this goes on till we discover the most
yeneral laws.

4. Limits of Explanation.—If the line of scientific
explanation moves on towards the subsumption of partial
laws under more general ones, the question is where it
is going to end. Are there any limits to this process?
This question is asked by Mill, after he has distinguished
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derivgtive laws (those that can be resolved into more
general ones) and wultimate laws (those that cannot be
thus resolved) and has observed: *“ We are not sure
that any of the uniformitées with which we are acquaint-
ed are ultimate laws; but we know that there must be
ultimate laws; and that evéry resolution of a derivative
law into more general laws, brings us nearer to them.’’!
The question is, shall we be satisfied if we discover
those ultimate laws, or must they be further resolved into
some one universal law?

We explain the particular with reference to the
universal. But when we arrive at certain final unifor-
mities of nature, the widest generalisations of induction,
are we to stop there and treat them as self-explanatory or
try to explain them in turn by reference to a still wider
uniformity, if any? The only cvidence of their truth,
it is urged, lies in the facts of experience, since they do
not strike us as self-evident truths in the sense in which
for instance, the axioms of geometry are. We cannot
rationally account for the organisation of our experience
without such ultimate uniformities. Hence these laws
are ultimately nothing more than postulates. They
possess for us a kind of hypothetical truth, since without
their assumption we cannot explain our experience.”?
Scientific explanation is powerless to go beyond these
ultimate laws.  Philosophy alone does away with all such
‘“ hypothetical ”’ truths.

The phenomena of nature are only particular cases
of the Laws of Nature. For instance, it is erroneous to

Mill, op. cit., III. xiv. 1.

20f. ““ The belief that there are Laws of Nature, in the

plural, is the scientific assumption par excellence, and their
discovery is the unceasing concern of science.” Schiller,

op. cit., p. 313.
M
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speak of the laws of falling bodies as having been due to
the law of gravitation. The former less general laws are
not the effects but only cases of the more general law
of gravitation. They pre-suppaese a number of permanent
causes, which, as Mill says, ‘‘ have subsisted ever since
the human race has been in existence, and for an
indefinite and probably an enormous length of time
previous.  The sun, the earth, and planets, with their
various constituents, air, water, and other distinguishable
substances, whether simple or compound, of which
nature is made up, are such Permanent Causes...But we
can give no account of the origin of the Permanent
Causes themselves. Why these particular natural agents
existed originally and no others, or why they are com-
mingled in such and such proportions, and distributed in
such and such a manner throughout space, is a question
we cannot answer.”’! Neither do we expect Mill or the
methods of science to answer this question, which,
Lowever, is the most fundamental question of Meta-
physics.

Scientific explanation swings between the two
extremes of the most particular and the most general.
The following mark the limits of scientific explanation :—

(1) Fundamental states of consciousness are their
own explanation and cannot be explained further. For
instance, our feelings of colour, smell, etc., are ultimate
and unique : they cannot be resolved into any simpler
states, hence they cannot be explained.

(2) Certain ultimate principles cannot be explained,
¢.g., the atomn, matter, inertia, gravity, energy, etc.

(8) Individual peculiarities of particular objects too
cannot be explained.

'Mill, op. eit., I11. v. 8.
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5. Generalisation.—In our attempt to understand
the meaning of any fact or phenomeson we always
proceed by viewing it in relation to the whole or the
system tp which it belongs, since our experiential world
is a world of relations. * There are no isolated facts at
all. They may appear so, as long as we do not under-
stand them. All our explanation involves generalisation,
which means, in other words, that it is an attempt to
bring the particular in relation to the more general.
When we refer « fact to a law, 7.e., when we connect it
with similar other facts, all forming instances of one and
the same law, we are already generalising.!  Such law
may further be explained by a wider law, and all such
process of thought which studies the particular in the
light of the universal is called generalisation.  In this
process we have to compare facts with others previously
known, find out their similarities and dissimilarities by
abstraction, and thus proceed to the subsumption of facts
under concepts. But this process is open to two special
risks, which are mentioned by Venn :—

(i) The difficulty of clearly detecting the common
quality in a number of given instances of a
certain class, and

(ii) Fven if the quality is detected, the instances in
which it is recognised may never have been
classed together.:

180 far it is only an empirical generalisation, needing
further explanation. It is more descriptive than explanatory,
but all the same a necessary stage towards the final establish-
ment of truth, <.e., explanation. An empirical law is only
a law of sequence and co-existence and must not be relied
on beyond the range of the facts considered by it. It must
always be gained by direct observation. It points to the
need of a further systematisation.

2Venn, The Principles of Empirical or Inductive Logic,
p. 347, cf. Gibson, op. cit., p. 340,
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6. Classification.—The second-difficulty mentioned
by Venn in thet process of generalisation leads is to
consider the meaning of Scientific Classification. When
the quality common to a number of instances is detected,
or is obvious by itself, the function of Classification is
to bring all such instances together under one class-
cone2pt.  Classification is to be distinguished from
Definition in so far as the former is concerned with
generalising concepts under concepts and the latter with
generalising facts under concepts.  Thus, we see that
Definition and Classification mark the road towards
Fxplanation. Classification cannot, however, go beyond
arranging facts for us in separate bundles, as it were,
labelling them with class-names on the basis of common
affinity. By pointing out similarities and differences it
helps in suggesting the directions to be followed for
arriving at scientific explanation. “ In classifying, we
describe what is; in explaining, what must be, and why
it must be.’"

7. Natural and Artificial Classification.—Can there
be natural classification? Are there classes in Nature?
The ancient view of the immutability of species and the
rigidity of classes is now abandoned. Tt is believed that
nature is one vast organism, in which all facts or pheno-
mena are interconnected, and the various species
constantly grow into higher and higher tvpes, or
degenerate into lower forms ; in fact, there are no distinct
watertight compartments in nature. This is very true,
indeed ; but it should by no means make the process of
classification and definition impossible. It is enough if
we keep this truth in mind while treating classes and

' Hobhouse, Theory of Knowledge, p. 473.
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concepts for purposes of scientific explanation. ! We
may, therefore, lay down the following &nditions which
a Natural Classification must fulfil :—*
(i» It should enable us to make the greatest number
of general assertlons about the class.

(ii) It should enable us to infer of any other member
of a class a great part of what we knew about
any one.

(ii)) It should point out the greatest similarity in
the members of a group, and the least affinity to
members of other groups.

A classification is called Artificial, when it is based on

a single attribute or extremely limited number of
attributes. Such classification is usually resorted to for
purpose of ready references or other facilities. For in-
stance, hooks in a library are arranged according to size
or subject or language for easy access. Any one common
attribute may be selected for artificial classification ; the

tef. the following paragraph from Cairnes, Logical
Method of Political Kconomy, p. 139, quoted by Mellone in
his Introductory Text-Book of Logic, 1905, p. 142:—“To
admit of degrees is the character of all natural facts ; there
are no hard lines in nature. Between the animal and the
vegetable kingdoms, for example, where is the line to be
drawn? I reply that T do not believe that there is any
absolute distinction whatever. External objects and events
shade off into one another by imperceptible differences ; 1t
is, therefore, no valid objection to a classification, nor, con-
sequently, to the definition founded upon it, that instances
may be found which fall, or seem to fall, on our lines of
demarcation. This is inevitable in the nature of things.
But, this notwithstanding, the classification, and therefore
the definition, is a good one if in those instances which do
not fall on the line, the distinctions marked by the definition
are such as it is important to mark, such that the recognition
of them will help the inquirer forward towards the
desiderated goal.”’

1pide Mellone, #hid, See also Joyce, op. c¢it,, p. 391,
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selection depends on the purpose in view. Different
individuals guid¢d by their different interests, may classify
the same objects into different groups. For instance, a
group of pictures will be classified by an artist agcording
to the various schools of form ahd colour, by a historian
according to the time of their prodvction, by a dealer
according to their value, and so on.

In science we sometimes group together classes in a
series, as will help us in the discovery of their affinities
Tor instance, we study natural history as Botany,
Zoology, Minerology, etc.  This is called Classification
by scries.  The object of such classification is, in the
words of Mill, to ‘‘ arrange those kinds in a series,
according to the degree in which they exhibit it, beginning
with those that exhibit most of it, and terminating with
those that exhibit least.’”!

8. Scientific Method.—Scientific Method is a
systematic manner of carrying on the search for truth.’
By long training and experience, students of scientific
investigation are able to mark out lines on which we
should proceed with a view to the discovery of explanation
of facts. There is, of course, method in every art and
organisation.  Its application gives us skill and power.
But we are now concerned only with strictly scientific
method. There are two fundamental ways in which our
mind works in its endeavour after the attainment of
scientific knowledge : Analysis and Synthesis. When we
start with particular facts and events, study them in their
mutual relations, classify them into groups, generalise
facts into laws, etc., we are following the Analytic
method. On the other hand, when we start with uni-
versal laws and trace them out to their consequences,

"Mill, op. est., TV. viii, 1,



EXPLANATION 183

pass from the cause to the effect, frony the law to the
particular facts, from essence to property, we follow tha
Synthetic method.  Both these methods are most
commonly used in scisnce and philosophy. Science,
however, bhas a wider scope for the application of the
analytic method, and all “our modern discoveries are
mainly arrived at by this method. In Mathematics,
however, we start with general principles, and procee1
synthetically. The two methods may best be regarded as
mutually supplementing cach other. When we start
with facts and proceed to universal principles, it is always
suggested that such principles may again be verified and
demonstrated by reference to a wider range of facts.
This, therefore, combines the analytical and the synthetic
methods.

Scientific Method not only familiarises us with the
two systems of Analysis and Synthesis, but is of a further
help to us in pointing out a few fundamental rules to guide
us in the disposition and arrangement of our materials
and argument. Obviously no hard and fast rules can be
of much utility, since there are endless ways in which
things may arrange themselves, and common sense may
be our best guide all through. DBut, none the less,
scientific training is of material help to common sense.
The Rules of Method, therefore, perform a useful
function.

Newton lays down the following ‘‘ rules of philoso-
phising *’ in his Principia :—

Rure I. ** No more causes of natural things are to
be admitted than such as are both true and sufficient to
explain the phenomena of those things.”

Ruie IT. *' And therefore natural effects of the
same kind are o be referred as far as possible to the same
causes.”’
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Ruos 111, ** Those qualities of bodies that can
neither be increased nor diminished in intensity, and
which are found to belong to all bodies within the reach
of our experiments, are to be regarded as belonging to all
bodies whatever.”’

Rure IV. ** In experimental philosophy, proposi-
tions collected by Induction from phenomena are to be
regarded as exactly true or as very nearly true, notwith-
standing any contrury hypotheses, until other phenomena
oceur, by which they are made more accurate or are
rendered subject to exceptions.”’

This is a statement of what Newton considered to be
the true method to be followed in Natural Philosophy.
A more general statement of the Rules of Method, which
could be applied to «ll Philosophy is given by Descartes in
his Discourse on Method :—

[. Never to aceept anything as true which we do not
known to be such.
1I. To divide cach of our ditficulties into as many parts
as possible (analysis.)

III. To proceed from the simple to the complex.

IV. To make our enumerations complcte.

These are not meant to be concrete rules, but only
general directions for philosophical thinking, which,
according to Descartes, must always be clear and distinct
on order to be true.!

9. Nomenclature and Terminology.—It is easy
enough to think, through images, of particular facts or
individuals. But when we are thinking of general
notions, laws and principles, we require something more

' Aldric’s Logic gives the following Rules :—(1) Nothing
should be wanting or redundant (2) The separate parts
should agree with each other (3) Nothing should be treated,

save what is suitable to the subject or purpose (4) The
separate parts should be connected by suitable transitions.
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than images.  We®require symbols to convey our ideas
about things or their properties. Clearndss of our thought
rests a great deal on clearless of language. Precise
expresston is very useful and necessary aid to precise
thought.  Much harm has, for instance, been done in
Philosophy by a confusion er misuse of expression.

What we, therefore, requirn is :—

1. A Nomenclature, or ‘‘ system of names of all
classes of objects, adapted to the use of each science.’"!
These names must not be too fluid ; they must easily and
efficiently express the definite class of objects of which
they are designed to be a symbol.  Some sciences, like
Chemistry, Music, Mathematics, etc., have their own
special nomenclature.

2. A Terminology, ‘' to describe and define the
things that constitute the classes designated by the
nomenclature, and to describe and explain their action.””
(ibid). This presupposes that there should be a distinct
name for every distinct part of an object; a name for
every quality of an object, and for its degrees and modes;
and a name for every separate process in nature. .\
careful use of terminology goes a long way in contributing
to the clearness of our thought and expression.

SUMMARY.

A fact is explained when we place it under a more
general law, and a law is explained by being subsumed
under a still more extensive uniformity. Explanation
answers the ‘ why * of a thing by tracing its cause. It
is the goal of all scientific investigation.

1Carveth Read, op. cit., pp. 348-351.
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Three modes of scientific explanition :—

(i) Analysts : passing from fact to law.
(ii) Concatenation : the discovery of the steps of
causation between a cause and its remote effects.

(iii) Subsumption : the placing of several laws under

one more general expression.

In our explanation, we cannot go beyond the
Ultimate Laws of Nature, whose truth we have to accept
hypothetically in reference to the facts of experience.
'Uhe phenomena of nature are only particular cases of the
lLiaws of Nature, not their effects.

The ultimate principles of nature, the fundamental
states of our consciousness, and the individual peculiarities
of particular objects, cannot be explained.

Generalisation is the process of viewing a fact in
relation to the whole or the system to which it belongs.
Truths are established through empirical generalisations.
Generalisation involves Abstraction and Comparison.

Classification brings together a number of instances
under one group on the basis of one or common attributes.
Artificial classification is generally based on the affinity as
to a single attribute (selected for a  definite purpose.,
while Natural classification is !ased on the greitest
number of similar attributes in the members of a group.
We must, however, bear in mind that there are no
distinet and immutable species in Nature.

Scientific Method is a systematic manner of carrymg
on the search for truth. Its two main aspects are :-
Analysis, proceeding from particular facts to their laws,
from the concrete to the abstract, from the particular to
the more general, from properties to their essence, from
effect to cause; Synthesis, proceeding from laws to their
application, from the abstract lo the copcrete, from the
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universal to the particular, from essencas to properties,
from cause to effect.

Desgcartes’ four Rules of Method :—

1. Never accept anything as truc unless known to
be such. .

2. Divide each difficulty into many parts.

3. Proceed from the simple to the complex.

4. Make enumerations complete.

For clear thinking we also require (i) a Nomenclature,
or a system of names, and (i) a Terminology to define the
exact meanings of the things forming classes designated
by the nomenclature.

QUESTIONS AND EXERCISES.

1. What is meant by ** Kxplanation ”” in Secience?
Give also the popular meaning.

2. What is the object of Explanation? Describe and
illustrate its principal forms.

3. ‘ The object of science is explanation.”

‘“ Science never explains: she only reduces complex
events to simple ones of the same kind, as when she deals
with certain phenomena of magnetism by supposing cvery
ultimate unit of the substance to act as if it were & magnet.”’

Consider these statements.

4. Indicate the meaning of the term ‘law’ as
employed in natural science. Distinguish between empirical
laws, laws of nature, and ultimate laws.

** A truly universal law is not a demonstrable truth.”
Discuss.

5. Discuss the three modes of scientific explanation,
and set down the limits of explanation.

8. What is the function of Generalisation in Induc-
tion?
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7. Explain the nature and use of Classification, the
means to, and tests of, its successful performance.

8. Discuss the value of Natural Classification as a
scientific method. )

9. Distinguish between tho aims of Classification and
Togical Division.

10, What is meant by Scwntlﬁc Method? Distinguish
between Analysis and Synthesis as scientific methods.

11. Examine the methodological relations between
Definition. (lassification and Nomenclature.



CHAPTER X.
FALLACIES.

1. Meaning of Fallacy.—The term ** Fallacy '’ has
been used in a wider as well as a narrower sense. In its
widest scnse it implies ‘any erroneous judgment or
belief,” and as crror conforms to no law and its possi-
bilities are countless, any systematic treatment of fallacies
in this sense is obviously impossible.!  More strictly,
Lowever, the term 1s applied to ' any error due to the
violation of a logical principle.” All errors cannot, of
course, be called fallacies, but only such as possess a
semblance of validity, while violating some logical
principle.

Ifallacy must be distinguished from Paralogism,
Sophism and Paradox.  Kan®% distinguished Paralogism
and Sophism on a purely psychological basis, and has
been followed by several others after him.2 He defined
Paralogism as a fallacy deceiving the person who
employs it ; and Sophism, which deceives the person to
whom it is addressed. Carveth Read says: ‘A
Fallacy is any failure to fulfil the conditions of proof.

lcf. the author’s Elements of Deductive Logic, Calcutta,
1918, pp. 347 ff.

But a distinction based on purely psychological grounds
has no value in Traditional Logic.
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1f we neglect o mistake the conditions of proof uninten-
tionally, whether in our private meditations or in
addressing others, it is a Paralogism ; but if we endeavour
to pass off upon others evidence or argument which we
know or suspect to be unsoupd, it is a Sophism.”’' De
Morgan takes Paralogisin ** to specify an offence against
the formal rules of inference,”” but in this sense it is apt
to be casily confounded with Fallacy. The term
" Sophisin 7’ has been used, since Aristotle, to signify
dialectic traps laid intentionally to deceive the opponent.

Fallacy may also be distinguished from Paradox,
which, as De Morgan observes, ** is properly something
which 1s contrary to general opinion; but it is frequently
used to signify something self-contradictory. The more
precise writers of our day use the word paradox for an
opinion so very singular and improbable, that the holder
of it 1s chargeable with an undue bias in favour of singu-
larity or improbability for its own sake.”” *

2. Classification of Fallacies.—We have mentioned
elsewhere some of the ways in which Fallacies have been
classified, and have discussed them very briefly after
Aristotle’s scheme. We give below the outlines of some
of the principal schemes of their classification.

Aristotle divides fallacies into two groups, wviz.,
fallacies ‘* i1 dictione,”’ i.e., those due to the ambiguous
use of language; and fallacies ‘‘ extra dictionem, i.e.,
those which spring from a source other than the ambigu-
ous use of language, and which can only be detected by
an examination of the matter dealt with. The first
group comprises six kinds of fallacies, and the second
comprises seven ; thus—

top. ctt., (1914 ed.), p. 385.
-2De Morgan, Formal Logic, p. 338, also quoted by Welton,
Manual of Logic, vol. 1L p. 229.



FALLACIES 191

A. Sophismata'in dictione :—

(1) Equivocatio: FEquivocation: due’to ambiguity in
a single term.

(2) dmphibolia: Amphiboly or Amphibology: due to
ambiguity in the’construction of a sentence.

(8) Compositio: Composition: due to taking together
what ought to be kept separate.

(4) Divisio: Division: duc to separating what ought
to be kept together.

(5) Accentus: Accent: due to ambiguity of accent or
emphasis

(8) Figura Dictionis: TFigure of Speech: due to ambi-
guity from the metaphorical use of words.

B. Sophismata extra dictionem :—

(1) Accidens: Accident: duc to equating subject with
attribute.

(2) a dicto secundum quid ad dictum simpliciter: due
to confusing a statement made with some limitation
with one made absolutely.

(8) Ignoratio elenchi: IRefuting the wrong point, or
mistaking the point in debate.

(4) Petitio principii: Begging the question: assuming
in some forin or other the proposition to be proved.

(5) Non causa pro causa: Deducing a conclusion from
an irrelevant premiss.

(6) Consequens: Consequent: assuming that a hypo-
thetical proposition is always and necessarily
reciprocal. -

(7) Plures interrogationes: Many questions: putting
& question in such a form that a single answer
involves more than one adm’ssion.

Whately gives us the following scheme :—

A. Logical Fallacies, ‘* where the conclusion does

not follow from the premisses,”’ including :—

(1) Purely Logical, whose mere form exhibits their
fallaciousness,
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X

(2) Semi-logical, viz., ** all the ‘cases of ambiguous
middle ‘cerm cxcept its non-distribution.”’

B. Material or Non-logical Fallacies, ‘‘ where the
conclusion does follow from the premisses,” including
Ignoratio elenchi, and Petitio principii, the latter includ-
ing Non causa pro causa.

Mill gives us the following classification of
Fallacies :—

A. Tallacies of Simple Inspection: & priori
assumption of propositions without proof.

B. Tallacies of Inference :—

(1) Inductive:

(a) Fallacics of Observation: ‘* of which the error lies
in not sufficiently ascertaining the facts on which
the theory is grounded; whether the cause of
failure be mal-observation, or simple non-observa-
tion, and whether the mal-observation be direct,
-~ by means of intcrmediate marks which do not
prove what they are supposed to prove.””  (Mill,
V. ii. 2))

(b) Fallacics of Generalisation: arising from miscon-
ception of ‘* the legitimate mode of drawing
conclusions from observation and experiment.”’
(Mill, V. v. 1)

(2) Deductive: or, Fallacies of Ratiocination: arising
from a violation of the formal rules of inference.

(8) Fallacies of Confusion, ** in which the source of
error is not so much a false estimate of the pro-
bative force of known evidence, as an indistinct,
indefinite, and fluctuating conception of what the
evidence is '’ (Mill, V. vii. 1.)

W elton has classified fallacies according to the logical

principle violated, and has set down the following scheme,’
which we consider very clear and simple :—

Vof. Welton, Manual, (1896), Vol. 1L p. 235 ff.
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Fallacies incidént to Conception.

Faulty (or imperfectly conceived) Definition.
(a) Embracing incompatible attributes.

(b) Aristotle’s Kquivocatio.

(c) " Figura Dictionis.
(d) " Secundum Quic.
(e) " Compositio and Divisio.

. Faulty Division.

(a) Change of fundamentum divisionis
(b) Non-exhaustive division.
(c) Omission of steps in division.
Fallacies incident to Judgment.
Judgment involving self-contradiction.
Misinterpretation of categorical propositions.
(a) Aristotle’s Amphibolia.
(b) ’s Acventus.
Misinterpretation of hypothetical propositions.
vs ,» disjunctlive
Fallacies incident to Immediate Inference.
False Opposition, including Aristotle’s Plure
interrogationes.
Illicit Conversion.
(a) Of an A or O proposition.
(b) Aristotle’s Accidens.
(e " Consequens.
Illicit Contraposition.
Illicit Inversion.
Fallacies incident to Deductive Inference.

Abstract.
(a) Undistributed Middle.
(b) Illicit Process of the Major.
(c) Illicit Process of the Minor.

2. Concrete.—Four Terms—including (a) the use of

a proposition involving any of the fallacies under
A, 1, (b), (c), (d), (e), and B, 2.
N
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E. Tallacies incident to Inductive Inference.
1. False Analogy, leading to wrong hypothesis.
2. Imperfect Observatton
8. lllicit Generalisation.

F. Tallacies incident to Method.

1. Taking as axioms proposxtlons which are not self-
evident.

2. Aristotle’s Petitio principii.

. . Ignoratio elenchi.

4. . Non causa pro causa.

3. Imperfect Observation.—We are not concerned
here with fallacies in general, but with those incident to
Induction alone. We shall, therefore, discuss Imperfect
Observation, Illicit Generah sation, False Analogy, and
also thos¢ incident to Method.

‘We have already spoken of the difficulties in the way
of a thoroughly accurate observation, and have also
referred tc the conditions which a perfect and scientific
Lbservation must fulfil. We have now to point out the
chief errors to which observation is liable. Mill says:
‘“ A fallacy of mis-observation may be either negative or
positive ; either Non-observation or Mal-observation. It
is non-observation when all the error consists in over-
looking or neglecting facts or particulars which ought to
have been observed. It is mal-observation when
something is not simply unseen, but seen wrong; when
the fact or phenomenon, instead of being recognised for
what it is in reality, is mistaken for something else.?!

Fallacy of Non-observation : It arises when we over-
look something that ought to have been observed. When
we are investigating a pheromenon we sometimes over-
look instances which are pertinent to our subject. This
is mainly to be accounted for by our bias. We are

1Mill, op. cit,, V. iv, 1
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naturally inclined to pass over instances that go against
our theories and emphasise those that go to further
strengthen them.  For instance, in the case of a friend
we very often overlook such instances of his conduct ae
go against the opinion we haw previously formed of him,
while in the case of one towards whom we are not well
disposed we exaggerate his faults and shortcomings and
interpret even his good actions as bad. A father
cannot form a very correct op'nion of his son’s character,
since he sees only one side of it, and is naturally disposed
to view some of the evil actions more leniently than
others.

In science, the fallacy of Non-observation commonly
arises when we take account of positive instances and
neglect the negative. Instances both of the presence and
absence of the phenomenon under investigation must be
considered. We spoke of it above while treating of the
Methods of Induction. *‘ The most extreme case of non-
observation,”’ says Welton, ‘‘ is the invalid 1inference
that because a phenomenon has never been observed it is
necessarily non-existent.””' Non-observation is no proof
of non-existence, unless the existence of a phenomenon
necessarily involves its observation. Observation, being
a selective process and involving implicit inference and
depending upon previous knowledge, is highly complicat-
ed, and the danger of non-observation of instances or
gome operative conditions or circumstances attending
upon or constituting a phenomenon is obvious. In
sociology, politics, economics, etc., the subject-matter
being very complex, there is always a great scope for this
fallacy. The statistical method is sometimes used to
determine the increase or decrease of a certain physical

1Welton, Manual, Vol. II. p. 263
N2
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malady or menfal disposition, but there is always a
tendency to overlook some of the conditions, other than
those pre-conceived, that may have operated in bringing
about the phenomcnon. For instance, a decrease in the
number of convictions for drunkenness does not
necessarily mean a decrcase in the number of public-
houses or of criminality itself, since such decrease may
be due to other causes, such as special legislation, special
vigilant measures adopted by the Municipality, the
Police, or to the T'craperance propaganda.

Fallacy of Mal-obscrvation: The term means
misinterpretation of the things of sense.  The fallacy
arises from a wrong observation of the instances pertinent
to a subject. ‘‘ The rustic who takes a tombstone
brightened by the rays of* the moon for a
ghost, or who interprets a donkey’s bray as the voice of
a departed ancestor '’ commits the fallacy of Mal-
observation. Illusions in general furnish a further
example of Mal-observation. Tooking at a tree from
some distance, I mistake a cluster of leaves for fruits; or
entering a dark room, I mistake a piece of rope for a
snake. Such instances could easily be multiplied.
Some common instances are given by Herschel :  “* If
we plunge our hands, one into ice-cold water, and the
other into water as hot as can be borne, and after letting
them stay awhile, suddenly transfer them both to &
vessel full of water at blood-heat, the one will feel a
gensaticn of heat, the other of cold. And if we cross the
two firct fingers of one hand, and place a pea in the fork
between them, moving and rolling it about on a table, we
shall (especially if we close our eyes) be fully persuaded
we have two peas.”’* Logic cannot help us much against

1Herschel, Natural Philosophy, Sec. 72. cf. Welton,
Manual, Vol. I1. p. 266.
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such fallacies; it can at best warn ug against their
existence. This part of the subject, connected as it is
with Illusion or mister-interpretation of sense-date,
belongs to Psychology. -

4. False Analogy. ———Ana,lorry suggests a hypothesis;
consequently, false analoﬁy will lead to a false hypo-
thesis. This error chiefly arises when superficial likeness
between two things is mistaken for essential resemblance.
Sometimes an analogy does exist, but its force is wrongly
estimated, and the inference based on it is taken to be
more probable than it really is. This happens when the
points of resemblance have been exaggerated to the
detriment of the points of difference. When, however,
no analogy actually exists, but we only assume its
existence, the result will be an utterly wrong hypothesis,
calculated to vitiate the whole scientific inquiry. We
need not repeat here what we said above on the use of
metaphorical language being a frequent source of false
analogy. Analogy must also never be taken as strict
proof.!

5. Tlicit Generalisation.—All inductive fallacies
involve illicit generalisation, since all induction involves
generalisation. This is a most common form of fallacy.
We gencrally argue about a whole class, when we mean
only *‘ some "’ or ‘‘ most.”” We are disposed to be hasty
in generalising from only a few observed cases, and
assuming an assertion to hold good universally. When
an exception is brought to our notice, we simply ignore
it by saying that a rule may have exceptions. ~As De
Morgan aptly puts it : ““ A rule may have exceptions, it
is said; but this is hardly a correct statement. A rule
with exceptions is no rule, unless the exceptions be

1See ch. IIL. supra.
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3 . . . o -
definite and determinable : in which case the exceptions
are exclusions by another rule.’’!

Again, this fallacy arises when we treat our empirical
generalisations—which should aever claim more than a
high degree of probability—as universal laws. An
empirical generalisation is' based only on a partial
analysis of our subject; hence, if it is treated as a law,
its function is clearly misused. The subject of an inquiry
must be analysed in its entirety before we can arrive at
any universal law abont its nature or behaviour. Again,
when we study social and political phenomena, we can
at best study only one or the other striking feature. But
this gives us only an empirical generalisation, which has
no right to be extended to other features or conditions
not examined by us. 1f we do se, we have another case
of Illicit Generalisation. A complete analysis of all
conditions, positive as well as negative, is necessary to
guard against this fallacy.

6. Undue Assumotion of Axioms.—Now we proceed
to a very brief consideration of fallacies incident to
Method, and the first is that of Undue Assumption of
Axioms. We know that all proof ultimately rests on self-

Yop. eit.,, p. 279. cf. “In our day nothing is more
common than to hear and read assertions made in all the
form, and intended to have all the power, of universals, of
which nothing can be said except that most of the cases are
trre. If a contradiction be asserted and proved by an
justance, the answer is ¢ Oh! that is an extreme case.’ But
we assertion had been made of all cases. It turns out that
it was meant only for ordinary cases; why it was not so
stated must be referred to one of three causes : a mind which
wants the habit of precision which formal logic has a tendency
to foster, a desire to give more strength to a conclusion than
honestly belongs to it, or a fallacy intended to have its
chance of reception. The application of the extreme case is
very often the only test ky which an ambiguous assumption
can be dealt with . (ibid., p. 270.)
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evident truths called axioms or first principles. Axioms
cannot be demonstrated, we can only convince ourselves
of their truth by our own intuition. It is very difficult
to determine which truths can be caiied axioms and
which not, since some truths may be self-evident to some
and not to others. Thus sothe peopte will go on rejecting
axioms unduly as not self-evident.  But, at the same
time, there is also a tendency of accepting hastily certain
truths as axiomatic which on further consideration have
to be rejected. This tendency is more common than the
opposite one, and a false assumption of axioms is largely
due to a confusion as to the relation of thought and reality.
This is, however, a question that leads us into
Metaphysics.

7. Petitio Principii,—This 1is also known as
* Begging the Question,” and is committed when we
assume the truth of that which we want to prove: in
other words, when we take for granted the very proposi-
tion in dispute. This, according to Aristotle, is done in
five different ways : (1) by assuming the very proposition
to be proved, (2) by assuming a universal which involves
it as a particular case, (3) by assuming a particular in-
volved in it, when the conclusion is universal, (4) by
assuming the proposition part by part, and (5) by
assuming another proposition “which necessarily implies
the one to be proved.

A common example of this fsllacy is to be found in
the hypothetical adoption of a fa'se line of argument,
leading to reductio ad ebsurdum. We assume the con-
clusion to be proved, and starting with this as our
premiss proceed to show that all other suppositions are
thereby made absurd. ISuclid too adopts this method in
his Geometry. DBut he assumes what he wants to
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disprove, and shows that his assumption makes other
propositions absurd or conflicts with self-evident truths.
Such indirect proof possesses its own utility, but it always
falls short of the validity of a dircct proof. ‘

Two sub-forms of this fallacy may be noted, (1) the
hysteron proteron, and (2) the circulus in demonstrando.
The former is the case when the fallacy of petitio
principii is committed in a single step of inference, e.g.
* A heated body expands, because the molecules move
away from each other.” The fallacy sometimes lurks in
the use of synonyms, e.g., * opium induces sleep, because
it has a soporific quality.” Sometimes the use of a single
question-begging epithet gives rise to this fallacy, e.g., a
new measure is called an innovation to prove that it ought
to be opposed and rejected. .

When, however, more than a single step separates
the assumption of the conclusion as a premiss from its
statement as a conclusion, the fallacy is called circulus in
demonstrando, circulus vitiosus, or arguing tn a circle.
As a typical example, we quote Whately: *‘ Some
mechanicians attempt to prove, (what they ought to lay
down as a probabl: but doubtful hypothesis), that every
particle of matter gravitates equally. Why? Because
those bodies which contain more particles ever gravitate
more strongly, t.e., are heavier. But (it may be argued)
those which are heaviest are not always more bulky.
No, but still they contain more particles, though more
closely condensed. How do you know that? Because
they are heavier. How does that prove it? Because all
particles of matter gravitating equally, that mass which
is specifically the heavier must needs have more of them
in the same space.’’!

\Whately, Logic, p. 25 ; also quoted by Welton, Manual,
Vol. IL. p. 282.
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8. Ignoratio Elenchi.—This is the fallacy of proving
the wrong conclusion!  When, instead%of proving the
exact contradictory of our opponent’s thesis, we prove
something elss which is mistaken for it, we commit this
fallacy. This is the Aristotelian sense' of the term, but
at present it is used in a more modernised sense to include
all arguments which are ‘ beside the point,” which * prove
the wrong conclusion * and which ‘miss the point at
issue.” By itself the argument may be perfectly valid,
but inasmuch as it evades the point at issue it is fallaci-
ous. For instance, we commit this fallacy when we say
that the study of the classics or fine arts is useless because
it serves no practical purposes, since such study may be
defended on other grounds. It is not a complete answer
to the thesis that such study is useful.

Zeno's famous paradox of Achilles and the Tortoise
is a classical example of this fallacy.  Achilles and a
tortoise run a racs. Achilles runs ten times quicker than
the tortoise, conseguently accepts a handicap of 100
yards. Now, it is stated that Achilles will never overtake
the tortoise ; for when the tortoise has run 10 yards,
Achilles will still be 10 yards behind him, when these 10
yards are caught up, he will be 1 yard behind. When
this one yard is caught, he will still be 1/10 of a yard
behind the tortoise, and when this 1/10 yard too is caught
up, 1/100 of a yard will still separate the two, and so on

1¢“ the fallacy of surreptitious conclusion, the mistaking

or obscuring of the proposition really at issue, whilst proving
something else instead ”’ Carveth Read, op. cit., p. 398.

24 The ‘ elenchus’ was the technical name given to the
final syllogism, in which the contrary or contradictory of the
opponent’s thesis was shown to be true and the thesis there-
by disproved. Hence Ignoratio Elenchi is literally the
ignorance of the syllogism required for ‘ clinching ’ a point i
this special way.” Gibson, op. cif, p. 291
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to infinity. Hence, it is proved thdt Achilles will never
overtake the tortoise.

Aristotle criticises this argument by bringing out the
fact that it involves a confusicp of infinite length with
infinite divisibility of length. “The tortoise has the
advantage of 100 yards. Achilles must cover this space
before actually overtaking the tortoise. The argument
aims to establish that this space is an infinite magnitude,
hence it can never be completely covered by Achilles.
But instead of proving that this space is infinite, it only
proves that it is divisible ad tnfinitum. 'Thus it fails to
prove the point at issue, and therein lies the fallacy of
Ignoratio Lilenchi.

This fallacy is also committed when, instead of
proving or disproving the whole proposition, we prove or
disprove only a part, and emphasise that to the exclusion
of the remaining part. The part selected is generally
that which appears as the principal weak point in the
adversary's argument.

Again, when we use an tllustration intending thereby
to make some difficult point easier, it generally happens
that a wrong point, not intended to be connected with
the illustration, is taken by the reader to be the meaning
intended by the person using the illustration.  Unless
the point of analogy is clearly made out by the user of
the illustration, and distinctly understood by the reader,
the use of illustrations creates the fallacy of tgnoratio
elenchi.

One frequently comes acrcss various examples of this
fallacy in the law courts, where counsels usually resort to
this mode of argument when they are called upon to
support a weak case. If there is no case, they sometimes
begin to abuse the plaintifi’s attorney or enter into all
sorte of details and arguments which are entirely
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irrelevant to the point at issue. Political debates, news-
paper controversies, theological anli philosophical
discussions, are the usual field for the employment of
such fatlacious arguments.

The following are some of the minor forms of this
fallacy :—

1. The argumentum ad balcum.—This is only
an appeal to physical force. When people have no case at
all and are convinced of the futility of reaconing out the
point at issue, they sometimes appeal to physical force.

2. The argumentum ad ignorantiam.—This is an
argument employed by the speaker who trusts to the
ignorance of his hearers for the acceptance of his own
statements.

3. The argumentum ad populum.—This is an
‘“ appeal to the gallery,”” not an appeal to reason. The
mob-orator usually appeals to the feelings, prejudices
and passions of the crowd instead of relevantly reasoning
out the point under discussion.

4. The argumentum ad verecundiam.—An appeal
to the people’s vencration for authority, or to the dignity
of those who hold the opinion.

5. The argumentum ad misericordiam.—An appeal
to the people’s sense of pity ; 1.e., instead of proving the
innocence of a person we try to show that he deserves
pity. In murder cases, for instance, the defence counsel
usually employs it when he cannot prove the defendant
‘* not guilty.”

6. The argumentum ad hominem, or ** tu quoque *’
argument.—In which a reference is made to the previous
history of a man to shew that he could not consistently
hoid certain views. Not only the charge of inconsistency,
but recrimination and personal abuse are also sometimes
resorted to. 1f, however, the personal! character of a
party is relevant to the truth of its statements, this
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fallacy is not committed, and the counsel can have full
liberty in impeaching its veracity by a reference to the
personal character.

9. Non Causa Pro Causa.—This fallacy, also‘known
as ** False Cause ’’ consists in assuming without sufficient
proof that one thing is the caase of another. It usually
occurs in cases of the reductio ad impossible, or indirect
proof. In this mode of proof we endeavour to show that
the statement of our opponent leads to an absurd con-
clusion. ~We either disprove a statement by showing
that its assumption would lead to an absurd conclusion,
or prove it by showing that the assumption of its falsity
would lead to absurdities. =~ When these absurdities do
not follow from the statement actually made but from
some other irrelevant proposition put into the argument,
we commit the fallacy of non cauda pro causa. For the
same reason this fallacy is also called by Aristotle non
per hoc, non propter hoc, t.e., '‘your conclusion is
absurd, not because of your assumption about my thesis,
but quite independently of it.”’

This fallacy includes, according to Aristotle, all cases
in which a conclusion is drawn from irrelevant premisses;
in other words cases of Non Sequitur.! In the Aristo-
telian sense, this fallacy was peculiarly applicable to
dialectical disputations; and in modern times it occurs
under another form known as post hoc, ergo propter hoc.
Instead of establishing a real connexion between the
cause and effect of a phenomenon, we mistake for a cause
something which is not really so. This generally results
from our shirking the long intellectual process necessary

!'"That is, ‘ arguments so foolish and inconsequent that
they cannot even be said to simulate cogency ; these cannot
be positively characterised, but must be lumped together by
the mere negative mark of inconclusiveness.” Joseph, op.
ct., p. 529.
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to establish a true relation of cause and effect. We
hastily assume that events which happen together in our
experience a number of times are causally connected.
Professor Creighton rightly traces this fallacy to ‘‘ a
particular form of mental sluggishness.”” ‘° Two events
occur in close conjunction vvith each other, and it is then
assumed without further investigation that they are
related to each other as cause and effect. Many popular
superstitions are examples of this fallacy. Some project
begun on Friday turns out disastrously, and it is inferred
that some causal relation existed between the fate of the
enterprise and the day on which it was begun. Or
thirteen persons sit down to dinner together, and some
one dies before the year is out.”’* Thus the fallacy of
post hoc, propter hoc arises when we confound sequence
or coexistence in time with causality.

SUMMARY.

A Fallacy is an error violating a logical principle and
possessing a semblance of validity.

Several schemes of classification of fallacies have
been proposed. For Aristotle’s, Mill’s, Welton’s, etc.,
(see above).

The principal fallacies incident to Inductive Infer-
ence are Imperfect Observation (Non-observation and
Mal-observation), Illicit Generalisation and TFalse
Analogy; and those incident to Method are—Undue
Assumption of Axioms, Petitio Principii, Ignoratio
Elenchi, and Non Causa pro Causa.

1J. E. Creighton, Introductory Logic, (Macmillan),
1909, p. 310.
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Non-observation.—Overlooking facts or operating
conditions which' ought to have been observed. Due
mainly to bias or prejudice.

Mal-observation.—Observing.  wrongly.  Illusions
furnish a common example. Sense-data are misin-
terpreted. o

False Analogy.—Mistaking superficial or partial
resemblunce for essential likeness. Use of illustration a
common source of this fallacy. It leads to false
hynothesis.

Illicit Greneralisation.——Generalising for a class when
we really mean ** some,”” and treating empirical generali-
sations as universal laws.

Uniue Assumption of Axioms.—Hastily accepting
certain truths as self-evident, when they are not
actually so. ‘

Petitio Principii.—DBegging the question : taking for
granted the very proposition to be proved. (Note its
five forms, supra).

Ignoratio Elenchi.—Proving the wrong conclusion ;
mistaking or obscuring the proposition really at issue,
and proving something else.

Non Causa pro Causa.—Assuming without sufficient
proof that one thing is the cause of another. More
common form “* Post hoe, ergo propter hoe,”” the mis-
taking of temporal sequence or coexistence for
causality.

QUESTIONS AND EXERCISES.

1. Distinguish between error and fallacy. Bring out
the meaning of sophism, paralogism, paradoz.

2. Describe the classifications of Fallacies by Aristotle,
Mill and Welton, respectively. Give any other classifica-
tion, of your own, if possible.
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8. Name the fdllacies incident to Induetion, and give
examples to illustrate them. K

4. Tllustrate the various forms of the fallacy of Petitio
principii, and Ignoratio elenchi.

5. What fallacies are to be avoided in observation,
generalisation, and analogy?

6. Examine logically the following arguments, point-
ing out the fallacics, as the case may be:—

(a) ** If it be said that there is an evil in change as
change, I answer that there is also an evil in discontent as
discontent.”’

(b) ““ I speak not from mere theory. There exist at
this moment practical illustrations of my asscrtions.”

(c) An adverse decision, my lords, will seriously pre-
judice the political prospects of my eclient. I beg vou
therefore to weich well a decision which, if unfavourable,
will spell disaster for an honourable man.

(d) Who can deny that this measure will ameliorate the
lot of our fellow-citizens when we reflect that it will raise
the standard of comfort in every home.

(e) ‘“ He has spoken of that noble person and of his
intellect in terms which, were I disposed to retort, T might
say show the hon. gentleman to be possessed of an intellect
which would justify me in passing over in silence anything
that comes from such a man.””

(f) No man can witness the daily misery and oppression
of the poor in our land without being stirred to redress their
wrongs. I need say no more. That will be sufficient for
all enlightened men to support this reform which has no
other aim than to relieve their distress. (Welton).
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