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PREFACE

At the request of many Professors who teach the sub-
ject to the Intermediate classes in our Colleges, I have
written this Introductory Text-book of Inductive Logic.
I have tried to exclude from it all that would be un-
intelligible to those who begin to study the subject
without any special scientific knowledge. The book
presupposes only an elementary knowledge of Deductive
Logic and an acquaintance with the phenomena of
Nature, which a schoolboy acquires or may acquire in
the ordinary course of his life. My object throughout
has been to produce a book which would promote the
study of a subject which has been rightly regarded as an
Introduction alike to Science and Philosophy. I trust
that the study of this book will be a good preparation
for a student, for his subsequent course, whether it be
Philosophy or Science.

The Introductory Text-book is completed in sixteen
chapters specially designed for junior students. The
Appendix contains additional matter for advanced
students. In the Note (pp. 93-96) I have referred to
certain points which should not. I thought, be entirely
overlooked even in an Introductory Text-book.

My best thanks are due to Mr. K. C. Bhattacharjeg,
M.A,, P.R.S,, Professor of Logic and Philosophy in the
Bethune College, Calcutta, who has made many valuable
suggestions in the course of perusing the manuscript and
correcting the proof-sheets. 1 should be obliged if the
Professors who may use this book, would communicate
to me their suggestions for its improvement.

P. K. Ray.

7, BaLLYGUNGE CIrcuLAR RoAD,
CALOUTTA,

Agpril, 1916.
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THE DIFFERENT KINDS OF INDUCTION. 31

from the observed to the unobserved on the ground of
the Uniformity of Nature. In the case of a perfect in-
duction there is no such transition ; there is, according
to him, no inference at all. The so-called general propo-
sition or induction is merely a summary of the indivi-
dual observations. A perfect induction is not. according
to him, a generalisation but merely a summary state-
ment of the particulars already known individually. It
is true that, in a perfect induction, there is no inference
from some to all individuals of a class as in the case of
an imperfect induction, but in both there is reliance on
the Uniformity of Nature. That all the known planets
will continue to move round the sun, that all the known
metals will retain all their properties and continue to
conduct heat and electricity, are inferred on the ground of
the Uniformity of Nature and the perfect inductions may
therefore claim to berecognised as inductions. Tn an im-
perfect induction, the principle of the Uniformity of Na-
ture forms the ground of the transition from some to all as
well as from the present to the future. Both perfect and
imperfect inductions therefore depend for their validity on
the Uniformity of Nature. The inference that the sun
will in future daily rise in the cast and setin the westisan
induction drawn from the instances of its rising in the east
and setting in the west. That a particular tree will in
future years bear fruit of the same quality as it has done
in the past is an induction founded on the Uniformity
of Nature. It will bear fruit of the same quality if the
conditions of the soil and the atmosphere continue the
same as before, but if either of these conditions changes,
the fruit of the tree may be of a much inferior quality.
The induction is drawn from the instances of its bearing
fruit of the same quality in past years. We thus have
inductions in regard to an individual thing as well as a
class.



CHAPTER VI.
Tae METHODS OF INDUCTION.

§ 1. The different methods by which inductions are
established are

(1) The Method of Simple Enumeration,

(2) The Methods of Elimination by which the un-
necessary circumstances can be excluded and the neces-
sary or relevant circumstance or circumstances dis-
covered as cause of a given effect or as effect of a given
causc. Mill’s methods of experimental inquiry are me-
thods of elimination.

Given a phenomenon, it is required to find other
phenomena connccted with it. The phenomena connec-
ted with it may be (1) those coexisting with it, (2) the
antecedents or the consequents of it.  In the second case,
the phenemenon is given as an effect and it is required
to find its cause; or it is given as a cause and it is re-
quired to find its effect. In the first case, it is required
to find the phenomena coexisting with the given pheno-
menon, no distinction being made between antecedents
and consequents.

§ 2. The Method of Simple Enumeration.

The Method of Simple Enumeration is the most an-
cient as well as the most popular method of induction.
The earliest knowledge of mankind in regard to natural
phenomena and human life and society is founded on
this method. Children acquire their knowledge of
things from a very early period of their life by this
method. They instinctively believe that what has hap-
pened once will happen again under thc same eireum-
stances. The burnt child dreads the fire.



THE METHODS OF INDUCTION. 33

The Method of Simple Enumeration consists in infer-
ring a general proposﬂ:ion from instances of a pheno-
menon, observed in Nature or in human affairs, without
any systematic attempt at “the analysis of the pheno-
mena and the discovery of the true cause or the true effect
by the elimination of the circumstances which are irrele-
vant or unnecessary. It does not seek and consider
the negative instances, that is, instances in which the
phenomenon is absent. It simply states the instances
in which the phenomenon occurs and generalises on the
basis of those instances. The validity of the induction
thus drawn depends on the number of the instances ob-
served and the possibility or probability of there being
contrary instances. If the induction, as in the case of
the proposition *all animals are mortal,”” is confirmed
by all our experience, it is accepted as true. If, on the
contrary, it is contradicted by some contrary instances
as in the case of the proposition ¢ all plants have flow-
ers,” it is modified and limited in extent.

§ 3. Symbolical Statement of the Method of Simple
Enumeration.

(1) Let the given phenomenon be represented by A
and the phenomena or circumstances coexisting with it
by B, C, D, E &c. Observe the phenomenon A in a
number of instances in which it happens, and let the
instances be represented as follows without any distine-
tion of antecedents and consequents :-—

ABCDE
A FQGHE
AKLME

These instances prove that 4 and E are connected :
both may be joint effects of a common cause or one may
be cause and the other effect. Other instances of A
may be observed and the connection of A4 with E con-
firmed by them.

(2) Observe the phenomenon 4 in a number of in-

D
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stances in which the antecedents are distinguished from
the consequents, the former being represented by capital
letters and the latter by small ones.

Let the instances be as follows :—

ABC pgr

ABD pgs

ADE pst
etc. ete.

Here A is the antecedent given and p the consequent
found connected with it in the above instances: p is
therefore an effect of A. In the reverse case, in which
the phenomenon given is a consequent, represented by
p, the above instances will indicate that A is a cause of
the effect .

The instances in both cases may be multiplied with-
out any attempt at elimination or exclusion of unneces-
sary or irrelevant consequents in one case, and of un-
necessary or irrclevant antecedents in the other case.
Other instances may be observed and may be represent-
ed as follows :—-

ABK pgn
AC L nrn
AEH pto

ete. etc. ;

A standing as before for the given antecedent pheno-
menon in one case and p for the given consequent pheno-
menon in the other case.

§ 4. Concrete Examples.

(1) The given phenomenon is the presence of flowers
in plants ; it is required to find the other phenomena
with which it is connected. Taking some instances of
higher plants, it is found that the phenomenon of flow-
ers is connected with the phenomena of the presence of
leaves, branches, roots in the same plant, and the induc-
tion drawn from them is that all these phenomena co-
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exist in all higher plants. Do they coexist in all plants ?
The instances of lower plants such as ferns and mosses,
which are flowerless, show that those phenomena do not
coexist in all plants. Are they connected causally ?
Are flowers cause or cffect of roots, branches and leaves ?
Are they all joint effects of a common cause? These
questions come under the investigation of a Botanist.
The popular answer would be that all those parts of a
plant are connected and produced alike by the plant
which is the result of the germination of a seced. At
first only a little root and two leaves arc produced from
the seed under proper conditions of soil, air, light and
heat, and this little plant grows and gradually produces
all the parts including the trunk.

(2) The given phenomenon is the backbone of an ani-
mal : it is required to find out the other phenomena with
which it is connected in an animal.

Taking some instances of animals having a backbone,
it is found that it is connected with a head, limbs, a
heart, a nervous system and organs of sense, etc., and
the induction is drawn from these instances that these
parts coexist in all animals possessing a backbone. On
further observation it is found that all fishes, all amphi-
bia (frogs, ete.), all reptilia (snakes etc.), all bnds and all
mammalia including man have these parts coexisting in
every individual. Are they causally connected ? [s the
backbone the cause or effect'of the others? Are they
joint effects of a common cause? These questionscome
under the investigation of the comparative Anatomist
and Embryologist. The popular answer would be on the
same lines as in the preceding example.

(3) Given the yellow colour of a piece of gold as the
phenomenon wunder investigation. The connected
phenomena would be the chemical and physical (other
than the colour) qualities of gold possessed by each
sample. They all coexist with the yellow colour in every
molecule of gold. They are, as we say, inherent in it
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and cohere in the substance gold. Are they causally
connected? Can we say some are cause and some
others are effect? Are they all joints effects of a com-
mon cause ?! These questions belong to the sciences of
Physics and Chemistry.

(4) Take the phenomenon of a lighted spirit lamp given
as an antecedent and observe the instances of its heating
and expanding water, oil, mercury, etc.. in a flask.
Here the antecedent phenomena are the lighted spirit
lamp, a liquid (water, oil. mercury), and a flask. The
consequent phenomena are the liquid expanded in the
glass flask over the lighted spirit lamp. From these
instances, it may be inferred that the expansion of
the liquid is the effect of the given antecedent, the
lighted spirit lamp. Taking the expansion of the liquid
as the given phenomenon it may be inferred that the
hghted spirit lamp is the cause of it. The induction
is that heat expands liquids. Another phenomenon
common to all the consequents, which could be easily
observed by touch or by a thermometer, is the rise of
temperature of the liquid. This is also an effect of the
given cause, the lighted spirit lamp. The induction, is
that heat raises the temperature of liquids. What is the
relation of the two effects, expansion and rise in tem-
perature of the liquids, to each other ? Are they co-
existent or one antecedent and the other consequent ?
They take place simultaneously and appear to be joint
effects of the same cause, heat.

§ 5. According to Mill the Laws of Thought, the Ax-
ioms of Geometry, the Principles of the Uniformity of
Nature and of Causation, etc., arc generalisations from ex-
perience by this method. They are regarded and accepted
as universally true because there are no exceptions to
them, because they are confirmed by all our experience.
(1) The axiom that things equal to the same thing are
equal to one another, is a generalisation from the innumer-
able instances in which we find that two things equal to
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the same thing are equal to cach other. (2) The Law of
'Thought, that a thing cannot have two contradictory
attributes-—that 4 cannot at the same time be B and
not-B—is a generalisation from our experience that B
and not-B are never found coexisting in one and the
same subject, that the presence of B in a thing means
the disappearance of not-B, and the presence of not-B
the disappearance of B, that the two ideas B and not-B
cannot in any case exist together. (3) The proposition
that every phenomenon is preceded by another pheno-
menon, is a generalisation by this method. In all in-
stances of phenomena in the external world, we find that
a phenomenon has always another phenomenon for its
antecedent. The induction is confirmed by all our ex-
perience of physical phenomena. It forms the basis of
Mill’s Law of Causation which he applies not only to all
physical but also to mental phenomena.



CHAPTER VII.
(2) Tur MuTiHons oF ELIMINATION.

§ 1. Mill's Methods of Experimental Inquiry are
methods by which the cause of a given effect or the
effect of a given cause is determined by the elimination
of the irrelevant or unnecessary circumstances.

Let p be a given effect : it is required to find its cause.

Observe or produce by experiment an instance in
which p occurs. Analyse the antecedent circumstances
of the instance and represent them by A, B, C. In this

case the cause of p may be the ag(rreo'ato of the three
circumstances 4 B C or a combination of any two of
them, 4 B, or A C, or B C, or any single circumstance
A, or B, or C. The effect p may be of such a nature
that it requires the interaction of all the three circum-
stances to produce it. On this supposition the cause of
p will be the sum of the circumstances A B C. Or the
effect p may require the interaction of only two circum-
stances and these may be either A B, or A C,or B C.
Or the effect » may be produced by one circumstance
only, and this may be 4, or B, or C.

§2. In Nature we have instances of phenomena
which are produced in the several ways noted above.
For example, the sensation of light is produced by (1) a
luminous ob]ect (2) the organ of sight, and (3) the
faculty of seeing. These three are necessary to produce
any sensation of light. They must therefore be taken
together and regarded as the cause or indispensable con-
ditions of the effect—a sensation of light.

The growth of a plant by the germination of a seed is
brought about by the interaction of agents such as the
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soil, the moisture, the heat and light of the sun, the air of
the atmosphere, the vitality of the seed itself—all of
which should be taken together and regarded as cause or
indispensable conditions of the phenomenon In chemical
actions, the elements producing a compound must jointly
be mgarded as the causc of the compound produced.
The effects in these cases are quite unlike the effects of
the individual circumstances or agents which jointly by
their interaction produce them. There are, again, in-
stances of phenomena in which the effect is the sum of
the effects of the several antecedents which jointly pro-
duce it. In these cases each of the several antecedents
produces the same kind of effect. The simplest example
of such cases is the action of two forces on a body in
the same direction, producing an effect which is the sum
of the effects of the two forces. Two forces acting on a
body in opposite directions will produce an effect which
is the difference of the cffects of the two forces. Two
forces acting on a body at an angle will move the body
in a direction which can be determined by the parallelo-
gram of forces, the sides representing the two forces
and the diagonal representing the resultant motion as
the effect. A liquid may be hcated by three different
lamps of spirit, kerosine and mustard oil; the effect
will be the sum of the effects produced by them, as each
antecedent produces the same sort of effect, namely, the
expansion and rise in temperaturc of the liquid. - A
room may be lighted by ten candles, the effect produced
by cach candle being a certain degiee of luminosity ;
the total effect is the sum of the effects produced by all.
In these cases, some of the antecedents may be removed
without changing the nature of the effect.
Indetermining the causes of phenomena, it must, there-
fore, be remembered that the causc of a phenomenon
may consist either of antecedents which jointly produce
an effect which is quite different from the cffect of each
of them, or of antecedents which produce an effect which
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is of the same nature as the effect of each of them.
Mill calls the former Chemical or Heteropathic Intermix-
ture of effects and the latter Mechanical or Homogeneous
Intermixture of Effects. In the Mechanical, the effect is
the sum of the effects of the several antecedents: and
the cause is equivalent to the effect. To this fact is due
the idea that the cause and its effcct are identical or
equal. This is true in the causation of the phecnomena of
Physics where all the causes produce some sort of
motion. This is hardly true in Chemistry, and much
less in Biology and not at all in Psychology. In Chemis-
try the weight of the constituent substances taken to-
gether is found, by expetiment, to be equal to the weight
of the compound produced; and this is the only pro-
perty in which they agree: in other respects the proper-
ties of the compound are quite different from those of
the constituent substances. For example, the proper-
tics of water are quite different from those of hydrogen
or oxygen. In Biology, the form and the qualities of the
plant produced by the germination of the seed are quite
different from those of the antecedent agents. So are
also the forms and qualities of the leaf, the flower, the
fruit, etc., which the plant gradually produces, from those
of the ingredients of the soil and atmosphere, under the
influence of the sun. In Psychology, the sensation of
light is quite unlike the antecedents. So are also other
sensations unlike their antecedents. The mental pheno-
mena are quite different from their physical antecedents.
As biological phenomena are to a great extent determined
by the vitality and nature of the seed, so are also the
phenomena of the mind determined mainly by the na-
ture and faculties of the mind itself. Some philosophers
maintain that they are entirely due to the mind itself
and that the relationship between the mental pheno-
mena and the corresponding physical antecedents is
merely one of concomitance, while others hold that there
is interaction between them—-that in sensation, for
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caample, a psychical phenomenon is produced in the mind
hy some physical antecedents and that in voluntary
action, on the other hand, a physical phenomenon is
produced by some mental antecedents. In any case the
inind itself must be regarded as an essential condition
of every mental phenomenon.

§ 3. Given an effect p, it may be produced by several
distinct causes. Heat, for example, may be produced by
mechanical action such as rubbing or by chemical action
such as the union of hydrogen with chlorine. Motion
may be produced by steam or by electricity. Death
may be caused by various diseases. It may be brought
about by the failure of the heart, by the decay of the
lungs or by the stoppage of the function of some vital
part of the brain. Sensations may be produced by exter-
nal objects or by subjective causes, that is, by changes in
the brain or in the organs of sense of the organism itself.
Germination of a seed may be brought about by artifi-
cial means as well as by natural causes. There are thus
many instances of phenomena where an effect of the
same kind is produced by causes which are distinct and
separable from one another. In one instance the effect
is produced by one cause and in another instance the
same effect is produced by another cause quite distinct
from the first. There is thus in Nature the fact of a
plurality of distinct causes of an effect of the same kind.
This fact must be recognised and allowed for in applying
the Methods of Elimination for the discovery and proof
of the cause of a given effect.

It has been pointed out that these cases of a plurality
of causes of a given effect arise from our overlooking
the collateral circumstances of the given effect. If all
the consequent circumstances are taken into considera~
tion, it would be found that the same consequents are
always produced by the same antecedents, that the
given effect p is only one of the many circumstances
which together form the complex effect of the many
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antecedent circumstances which together constitute
the complex cause. Death by heart failure has, for ex-
ample, collateral circumstances which are different from
those of death by the decay of lungs or by some other
cause. The phenomenon of death is common to the
several instances of dying; but the other circumstances
connected with it are different in cach case. The pheno-
menon of the production of heat is likewise common to
the different instances in which heat is produced by
mechanical or by chemical action, but the other circum-
stances connected with it are different in each case.
So the fact of a plurality of causes of the same eficet
is due to our overlooking all the circumstances of a
complex consequent, except that one which is given
as an effect and which is present not only in the instance
under consideration but in many other instances.

§ 4. The Canons of Mill’s Methods of Experimental
Inquiry.

Mill’s experimental methods of inquiry proceed on the
assumption of the truth of the two fundamental prin-
ciples of Causation and Uniformity of Nature. They
are conducted according to certain laws or rules which
he calls the Canons of the Methods, Tn Appendix D of
my Text-book of Deductive Logic, I have shown that the
canons follow from the two laws of Causation and Uni-
formity of Nature.

The law of Causation implies the two propositions—
(1) every phenomenon has a cause and (2) the cause of
a phenomenon is the invariable or, as Mill says, the un-
conditionally invariable antecedent of the phenomenon.
The law of Uniformity of Nature means that (3) the
same cause or antecedent will, under the same circum-
stances, produce the same effect or consequent. From
the second proposition of the first law follows (4) * what-
ever antecedent can be left out, without prejudice to the
effect, or whatever antecedent can be present, without
the effect being present, can be no part of the cause ”’; (5)
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“when an antecedent can not be left out, without the
consequent disappearing, such an antecedent must be
the cause or part of the cause”; (6) ‘“ an antecedent and a
consequent rising and falling together in numerical con-
comitance are to be held as cause and effect’; (7)  if
two or more instances of a phenomenon under investi-
gation have only one circumstance in common, that cir-
cumstance is the cause (or effect) of the phenomenon ’;
and (8) “if an instance where a phenomenon occurs and
an instance where it does not occur have every circum-
stance in common except one, that one occurring only
in the first, the circumstance present in the first and
absent in the second, is the cause or a part of the cause
of the given phenomenon.”

The proposition marked (7) is the canon of the Method
of Agreement. The proposition marked (8) is the
canon of the Method of Difference. The proposition
marked (6) is the canon of the Method of Concomitant
Variations. The joint Method of Agreement and Differ-
ence is really a method of agreement both in presence
and absence. The canon consists of the two proposi-
‘tions marked (7) and (5). The Method of Residues is
an experimental method which is aided by the Method
of Deduction. The propositions marked (4) and (5) are
the rules respectively for the elimination of irrelevant
and unnecessary circumstances and for the detection
and proof of the cause of a given effect. '



CHAPTER VI

THE METHOD OF AGREEMENT AND THE JOINT
METHOD.

I. Method of Agreement.

§ 1. The canon of the Method is:—If two or more
instances of a phenomenon under investigation have
only one circumstance in common, that circumstance is
the cause (or effect) of the phenomenon.

Mill proceeds on the assumption that the phenomenon
under investigation, if it is an effect, has only one dis-
tinct cause and that it is not the result of an intermixture
of effects of several antecedents. He further assumes
that the antecedents and the consequents of an instance
of the phenomenon under investigation may be analysed
into circumstances which are simple and separable from
one another. ‘

Let the phenomenon under investigation be an cffect
represented by p and two instances of it be represented
as follows :—

(M ABC .. ..opar
(2) ADE .. .. pst

where A B C are the simple antecedents and p ¢ » the
simple consequents of one instance ; and 4 D E the sim-
ple antecedents and p s ¢ the simple consequents of the
other. The given phenomenon p as an effect is present
among the consequents of both the instances, ¢ r being
the collateral circumstances in one and s ¢ in the other.

From (1), D E cannot be any part of the cause of »,
according to proposition (4) marked in Chapter VII Sec-
tion 4, that is, the rule, “ Whatever antecedent can be
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left out, without prejudice to the effect, can be no part
of the cause.”

From (2), B C cannot be any part of the cause of p,
according to the same rule.

From (1) and (2), it may therefore be inferred that the
one simple antecedent circumstance, 4, which is com-
mon to both the instances, is the cause of p, according to
the canon of this Method.

This inference is true (1) if p has only one distinct
cause and (2) if it is not the result of an intermixture of
the effects of several antecedents.

§ 2. Plurality of Causes and Intermixture of Kffects.

(1) If p bas a plurality of distinct causes, there may be
two other instances of it represented as follows :—

() FGH plm

(2) FIK pno :
From those two instances it may be inferred that F is a
cause of p.

There may be other instances where p is produced by
other distinct causes.

(2) If p is the result of an intermixture of the effects
of several antecedents, then a combination of any two
antecedents A B, or A C or B C, or the aggregate of all
the three antecedents 4 B ¢ may be the cause of p in
the first instance of the first example. Tn the second in-
stance of the same example, 4 D, or A E, or D £, or
A D E, any one of these combinations of antecedents,
may be the cause of p. In such a case the Method of
Agreement is not applicable. The cause of the pheno-
menon cannot be found by this method. There will then
be no one circumstance common to the antecedents of all
the instances of the phenomenon. Suppose p is the
result of the intermixture of the effects of 4 B, then
there may be two instances of it as follows : —

(1) 4BC D pgr
(2) ABEH pst
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From (1) and (2), it may be inferred that AB is the
cause of p. If p has a plurality of distinet combinations
of antecedents as causes, then therc may be instances of
it as follows :—

(1) FGH K plm
(2) FGI L pno

From (1) and (2), it may be inferred that F@ is the
cause of p.

Thus p may have a plurality of causes also in the
case of its being the result of an intermixture of effects.

Mill points out that when the phenomenon under
investigation is the result of a homogeneous or mechani-
cal intermixture of effects of several antecedents, the
investigation of its cause or causes should be conducted
according to the Deductive Method.

It may be pointed out that when the phenomenon under
investigation is the result of an heterogeneous or chemi-
cal intermixture of cffects of several antecedents, its
cause may be investigated by the Method of Agrecment.
The one common circumstance among the antecedents
of the phenomenon will then be not simple but com-
pound or complex, consisting of several antecedents, as
for example, in the case of the sensation of light, or the
germination of a seed, or the production of water from
the union of hydrogen and oxygen.

When p has several distinct causes, for example, 4,
F, ete., it may be found on careful scrutiny of 4, F ete.,
that each of them is complex, consisting of two or more
simpler circumstances; and that among these there is
some circumstance which is common to them all. This
will be then a case of intermixture of effects, as p will
be produced by the circumstance common to 4, F, etc.,
plus the circumstance or circumstances in which they
differ. It may be that the common circumstance is a
merely nominal antecedent and cannot be regarded as
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the cause of p, though such an inference would be justi-
fied by the Method of Agreement. Whether such an
antecedent is the cause or not may be verified by the
Method of Difference.

§ 3. Examples:

1. Cold applied to water in an iron vessel freezes it.
Cold applied to cocoanut oil in a glass bottle freezes it.
Therefore cold is the cause of freezing. The pheno-
menon under investigation is that of freezing. Cold is
the one common circumstance present in the ante-
cedents of the two instances of the phenomenon and is
therefore its cause.

2. Heat applied to the frozen water in the iron vessel
melts the water. Heat applied to the frozen cocoanut
oil in a glass bottle melts the oil. Therefore heat is the
cause of melting.

3. Attention paid to a perception leads to its retention
in memory. Attention paid to an idea leads to its reten-
tion in memory. The phenomenon under investigation
is that of retention in memory of a mental state. Atten-
tion is the common circumstance in the antecedents of
the two instances of the phenomenon. Therefore atten-
tion is the cause of the phenomenon of retention.

4. Prove the following propositions by the Method of
Agreement :—

(i) Heat is the cause of the expansion of material

bodies. ~

(ii) A luminous object is a condition of the sensation

of light.

(iii) An organ of sense is a condition of a sensation.

(iv) Contiguity is a cause of the association of mental

phenomena.

(v) Resemblance is a cause of the assimilation of men-

tal phenomena.

II. The Joint Method of Agreement and Difference or
the Method of Agreement both in Presence and Absence.
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§ 4. The Canon of the Method is :—* If two or more
instances of a phenomenon under investigation have
only one circumstance in common, while two or more
instances in which the phenomenon does not occur have
nothing in common except the absence’of that circum-
stance, the circumstance in which the two sets of instan-
ces differ is the cause or effect) of the phenomenon,
provided both the sets of instances belong to the same
department of inquiry.”

Let p, an effect, be the phenomenon under investiga-
tion and the instances in which it occurs be represented
as follows :—

1. Positive instances—

ABC pqr
ADE pat
AFa Puv

Let the instances in which p does not occur be repre-
sented as follows :—
II. Negative instances—

CHF rwax
BDK qy=z
EGM thn

From the first set of instances it may be inferred by
the Method of Agreement that ‘“ A4 is the cause of p,”
under conditions which have been discussed under that
Method. This inference is confirmed by the second set
of instances in which both 4 and » are absent, and
which therefore show according to rule 4 given in Chap-
ter VII, Section 4, that the antecedents B, C, D, E, F, G
which are present in one or other of the three positive in-
stances as well as of the three negative instances, without
the effect p being present in the latter, cannot be the cause
of p. The inference drawn from the first set is confirmed
by the second set, by excluding all the antecedents except
A in the positive instances from the category of the
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cause of p.  There is thus agreement of A4 with p in both
presence as in the positive instances and in absence as
in the negative instances. Thenegative instances should
be selected from the department of inquiry, to which »
belongs; and if they could be madc exhaustive in that
department, the inference would be of great value. In
the symbolical example given above the common letters
show that the two sets of instances are taken from the
same department. But it would still be true only under
the conditions discussed under the Method of Agrec-
ment.
§ 5. Examples:
Prove the following propositions by the Joint
Method :—
(1) Cold is the cause of the freezing of water.
(2) Heat is the cause of the melting of ice.
(3) A luminous object is an indispensable condition
of a sensation of light.
(4) The faculty of hearing is an indispensable condi-
tion of a sensation of sound.
(5) Attention is the cause of the retention of a men-
tal state.
(6) Contiguity is a cause of the association of mental
phenomena.
(7) Resemblance is a cause of the assimilation of
mental phenomena.



CHAPTER IX.
ILI. TaE METHOD OF DIFFERENCE.

§ 1. The Canon of the Method is:—*“If an instance
where a phenomenon occurs and an instance where it
does not occur have every circumstance in common
except one, that one occurring only in the first, the
circumstance present in the first and absent in the second
is the cause, or a part of the cause, of the given pheno-
menon.”’

Let the given phenomenon be p and the two instances
be represented as follows :—

(1) ABC .. ..opgri.
(2 BC .. . qr.

Here the two instances, in the first of which p occurs
and in the second it does not occur, have every circum-
stance in common, except 4 : the circumstance 4, occur-
ring only in the first and absent in the second, is, there-
fore, the cause or a part of the cause of p.

Taking the example of lighting a match, p would be
the flame, ¢ r its collateral effects, 4 the rubbing and B C
the other antecedent circumstances, the stick and the
surface. The two instances would be (1) the antece-
dents and consequents after rubbing when the effect, the
flame, is produced, and (2) the antecedents and conse-
quents before rubbing. They agree in every circumstance
except one, namely, the circumstance of rubbing ; this
circumstance is therefore the cause of the flame. This is
a popular statement of the circumstances ; and the rub-
bing is regarded as the cause of the effect. In a scienti-
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fic statement it would be necessary to follow the se-
quence of the phenomena more closely. The rubbing
produces a little heat which brings about a union of the
chemical substances of the stick and the surface, pro-
ducing some gaseous products and more heat. This
heat raises the temperature of the gases, causing the
kindling of the stick and the flame. DBetween the rub-
bing and the flame there are several phenomena connected
as cause and effect. The flame is a remote cffect of the
rubbing. The immediate effect of the rubbing is the
production of the little heat which again acts as an ante-
cedent and produces along with other antecedents cer-
tain effects which bring about the kindling of the stick.
Scientifically, therefore, the inference which can be
drawn from the two instances is that the rubbing is the
canse of the little heat which is necessary to bring about
the union of the chemical substances and is only a remote
condition of the flame. This concrete example shows
that the two instances should be, strictly speaking, in
immediate succession—that there should be no lapse of
time and no other links between them, and that they
should be identical in all respects except in the ante-
cedent circumstance which produces the effect ; and that
this effect is the immediate change brought about by the
antecedent and not the remote consequent which may
be produced by the cffect acting as an antecedent along
with other antecedents as a cause. The flame is such
a remote consequent and is produced by the conjoint
action of several antecedents. Each of these antecedents
may be proved by the Method of Difference to be a part
of its cause.

In the case of a sensation of light, the physical con-
ditions are (1) a luminous object and (2) the eyes with the
nerves and brain, and the mental conditions are (3) the
faculty of vision, and (4) attention ; and it can be proved
by the Method of Difference that each of these condi-
tions is a part of the cause of the phenomenon of the
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sensation of light. When all these conditions are fulfilled
a sensation of light is produced ; and when any one of
these conditions is wanting the sensation is not produced.

In the case of the germination of a seed, it may be
proved by the Method of Difference that the conditions of
the soil, the moisture, the heat and light of the sun, and
the atmospheric air are parts of the cause of the phenome-
non. Each of these may be alternately supplied to, and
removed from, the seed and the effect observed. The
difficulty lies in making the experiments, securing all the
conditions required.

In the examples given above, the effect p is the result
either of a single antecedent as in the case of the heat
produced by the rubbing or of an heterogeneous inter-
mixture of the effects of several antecedents. In the
former case the single antecedent is the cause, and in
the latter each of the several antecedents is a part of
the cause of the phenomenon. In the symbolical state-
ment of the latter, 4 would be a complex group of ante-
cedents. and » an effect which is produced by the con-
joint action of the several antecedents. The positive
instance in which the effect is present would be repre-
sented as follows : —

ABC DE ..o pgr

where three different antecedents conjointly produce
the effect p, D E being the other antecedents and ¢ r»
being the other consequents. A negative instance in
which p is absent would be as follows :—

BCDE .. ..oqr

proving that 4 is a part of the cause of p, or as fol-
lows :—

AC DE .. .. qr

proving that B is a part of the cause of p, or as fol-
lows :—
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AB DE .. .oqr

proving that.C is a part of the cause of .

These three negative instances with the one positive
instance would respectively prove that each of the three
antecedents 4, B, (' is a part of the cause of p, while a
single negative instance D £ ... ¢ r, with the positive
instance 4 B C D E....p q r would prove that the
three antecedents 4, B, ( are jointly the cause of p.

§ 2. If pis the result of a homogeneous intermixture
of the effects of sevcral antccedents, then its cause cannot
be found by the Method of Difference. Let p be the
sum of the effects of 4 and B, ¢ r the collateral conse-
quents and ' D the collateral antecedents, then the in-
stance in which p is present will be represented as fol-
lows :—-

AB CD .. .opar

If A isabsent in the second instance and B is present in it,
p will be still partly present in it as p is the result of the
sum of the effects of both 4 and B. Thus the negative
instance in which p is entirely absent will not be avail-
able ; and the Method of Difference will be inapplicable
in such cases. Mill points out that such cases should be
investigated by the Deductive Method.

If A B be taken together as a complex or compound
antecedent consisting of two conditions or -circum-
stances, then 4 B may be inferred to be a cause of
from these two instances :—

AB CD .. ..opar
CD .. .. gr.

But in order to tind the eflect of A, it would be neces-
sary to deduct from p the effect of B ; and this would be
done according to the rules of the Deductive Method :
that is, the effect of each of the two antecedents being
known by previous inductions, the cffect of their inter-
action would be determined by the Deductive Method.



54 INDUCTIVE LOGIC.

¢ 3. Examples:

(1) Heat applied to water in a vessel raises its tem-
perature and is therefore the cause of the rise of its tem-
perature. The two instances are (1) heat applied to
water in a vessel raising its temperature and (2) water in
a vessel without any heat being applied to it. The phe-
nomenon under investigation is the rise of temperature
of the water. It is present in the first and absent in the
second. The one circumstance, application of heat, pre-
sent in the first and absent in the second is, therefore, the
cause or a part of the cause of the rise of temperature.
The two instances agree in everything except in the one
circumstance, application of heat.

(2) An external object is an indispensable condition
of a sensation. This proposition can be proved by the
Method of Difference in the case of the several senses, (1)
by having an appropriate external object affecting the
special organ of sense of a person and his attending to it
in one instance (positive) and (2) by removing the object
in the other instance (negative) so that his organ of sense
may not be affected by it. From two such instances it
may be inferred that the object is a cause or a part of
the cause of the sensation.

(3) By similar observations or experiments it may
be inferred that attention on the part of a person is an
essential condition of the consciousness of a sensation.
His organ of sense, say, that of hearing, may be affected
by a sound ; but he will not be conscious of it if he is
deeply attending to something else, that is, the con-
sciousness of a sensation of sound depends on his attend-
ing toit. A student intently listening, say, to a lecture
in the class, does not often hear the bell. A person
deeply absorbed in study does not hear even when he is
called loudly.

(4) Prove the following propositions by the Method
of Difference :—

(i) Cold is the cause of freezing.
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(ii) Heat is the cause of the melting of ice.
(iii) A special organ of sense is an indispensable condi-
tion of sensation.
(iv) Attention and repetition are the causes of the
retention of a mental state.
(v) The development of a faculty depends on its
exercise.
(vi) Life is the cause of the organisation of a body.
(vii) Mind is the cause of feelings.



SHAPTER X.
IV. Tue Meriop oF CoNcoMiTANT VARIATIONS,

§ 1. The Canon of the Mcthod is :—™ An antecedent
and a consequent rising and falling together in numerical
concomitance are to be held as cause and ceffect.”

A more accurate statement would be as follows : —

Whenever an antecedent and a consequent of a pheno-
menon vary together in a certain manner either directly
or inversely, that is, both increasing together or one in-
creasing and the other decreasing, the antecedent is
either the cause, or a part of the cause, of the conse-
quent.

A more comprehensive statement would be as fol-
lows :—

Two circumstances of a phenomenon varying together
in a certain manner, that is, either increasing together
or one increasing and the other decreasing, are causally
connected, that is, connected as cause and effect or as
joint effects of a common cause.

Let A4 be an antecedent and p a consequent, the two
rising and falling together as represented in the following
instances :—

I
(1) ABC pqr
(2)2 A B C. 2 pq
3)3 AB" 3 pqg’r”
ete. etc.

In these three instances, p increases as 4 increases: A
is therefore the cause of p. The collateral circumstances
of p change with the connected antecedents of 4.
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There may, however, he instances where they remain
unchanged as represented below :—

T1.
(1) ABC .. .. pqr
(22 ABC .. .. 2pgqr
3y 3ABC .. . 3 pgr

Ln the two sets of instances given above, a consequent
and an antecedent rise together. When the antecedent
is doubled, the consequent ix doubled. The relation be-
tween the two may not always be so simple. All that
the Canon requires is that the two should vary together
according to some definite numerical relation.

The Method of Concomitant Variations may be regard-

ed as an extension of the Method of Agreement in the
case of the first set of instances, and as an extension of
the Method of Differcnce in the case of the second set
of instances. The inference drawn by this mecthod is
therefore subject to the conditions discussed under those
two methods.
. It is sometimes stated that the Method of Concomi-
tant Variations is a method for determining the quanti-
tative relation between an antecedent and a consequent,
when a qualitative relation between them has been estab-
lished by the Methods of Agreement and Difference.
These two methods may prove that a particular ante-
cedent is a cause or a part of a cause of a particular con-
sequent and the Method of Concomitant Variations may
then find and prove the quantitative relation between
them.

The Method of Concomitant Variations can be applied
to determine the qualitative or the quantitative relations
between two or more circumstances of a phenomenon,
when they cannot be separated from it and when the
Method of Difference cannot therefore be applied. In
the first four examples given below, the gravity, inertia,
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attraction and weight of a body cannot be separated from
it and the Method of Difference cannot therefore be ap-
plied to determine the effect of any one of these circum-
stances. In such cases the Method of Concomitant
Variations is of great use and is the only method which
can be applied to them. It may then be regarded as an
extension of the neglected Method of Simple Enumera-
tion by combined observation and experiment.

¢ 2. Examples:

(1) The attraction of a material body for another
varies directly as its mass; that is, as the mass of a
body increases, its attraction for another body also in-
creases : therefore, the antecedent, the mass of a body,
and the consequent, its attraction for another, are cause
and effect.

(2) The weight of a body varies directly as its masson
the same part of the surface of the earth, that is, as
the mass of a body increases, its weight also incrcases in
the same place : the antecedent, the mass of the body,
and its weight are cause and effect.

(3) The weight of a body varies inversely as its dis-
tance from the centre of the earth. In this case, as the
distance of the body increases its weight dccrea%s and
as the distance decreases the weight increases : therefore
the weight of a body and its distance from the centre of
the earth are causally connccted.

(4) The attraction of a body for another varies inverse-
ly as its distance from that body ; that is, as the dis-
tance increases the attraction decreases: thercfore the
attraction of a body for another and its distance from
that body are causally connected.

In these examples, a certain antecedent and a certain
consequent vary in a certain manner: in some cases as
one increases, the other increases ; in some others as one
increases, the other decreases : the inference drawn by
the Method of Concomitant Variations is that the ante-
cedent and the consequent are causally connected,—that
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the antecedent is the cause or a part of the cause of the
consequent.

If the circumstances of the phenomenon of the attrac-
tion of a material body for another arc regarded as co-
existing and therefore incapable of being distinguished
as antecedents and consequents, then the circumstances
of its mass, its attraction, its weight and its distance from
the centre of the earth., varying together in a certain
manner, may be the joint offe( 48 of a4 common cause.
According to the law of gravitation, two material bodies
attract cach other invet‘sely as the square of the dis-
tance between them. The attribute of being a material
body and the power of attraction arc regarded as coexis-
tent and cannot be distinguished into cause and effect—
it is not known that the one is the cause and the other
the effect; but both may be the joint effects of a com-
mon cause. The weight of a body is due to the attrac-
tion of the earth and varies according to its distance
from the centre of the earth. This follows from the law
of gravitation which is a generalisation from the pheno-
mena of coexistence of the two attributes, inertia and
gravitation, found in all material bodies. The law is
established by the Method of Simple Enumeration. It
is found by observation that whatever has inertia has
the power of gravitation; and a material body is defined
by the possession of these two attributes. The mass of
a body is defined by its inertia, that is, the resistance it
offers to movement. The Method of Concomitant Varia-
tions proves that the mass and the power of attraction
of a body for another vary together, that the weight of
a body varies with the attraction of the earth upon it,
and that the latter decreases as the distance of the body
increases from the centre of the earth.

(5) A room 10 feet by 8 feet is lighted by one candle.
It is then lighted by two candles. It is then lighted by
three candles—all of the same size and quality. The
differences in the intensity of the lighting of the room
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in the three cases are carefully observed by a scientific
instrument called Photometer. [t is found that the
intensity increases with the number of candles lighted.
It may, therefore, be inferred by the Method of Con-
comitant Variations that the number of candles lighted
is the cause or part of the cause of the degree of illumi-
nation in a particular case. By th