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PREFACE

Within recent years a number of highly significant con-
tributions have been made to logical science. The extant
elementary textbooks, however, though in many respects
admirable, were written ten to thirty years ago, and such
revisions as have been made have not been thoroughgoing
enough to take this new literature into account. The teacher
of logie 18 thus confronted with the anomalous necessity of
having to use books which are too obsolete to prepare the
student for advanced work 1n this field. My general aim has
been to give a fresh treatment of the subject, utilizing, and,
as far as possible, bringing within the reach of the begin-
ning student, this valuable new material. For the most
part, however, I have 1gnored the new symbolie logic, since
an adequate presentation of i1t demands a separate course
and a separate textbook The material I have i mind 18
the rather extensive body of non-symbolie logical literature,
which has been accumulating for several years.

In my judgment the central tendency in all this hterature
is a new theory of the nature of inference. The best ex-
‘position of this theory is to be found in the logical writings
of the late Dr. Bernard Bosanquet (died 1923). Wrting
about this great logician’s large two-volume Logic and his
Implication and Linear Inference, Dr. John H. Muirhead
has recently said - ‘‘Taking them together what I think may
be claimed for them 1s that they embody a view of the
nature of inference bound sooner or later to revolutionize
the entire science of logic’’ (Mind, October, 1923). Using
the technical phrases implicative system and infereniial
whole as short deseriptions of this theory of inference, I

vii
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have attempted to rewrite the traditional logic so as to make
it clear that the operative unit 1n all intellectual proeesses
is the implicative system. And in the chapter on the nature
“of inference I have suggested that Bosanquet’s theory of in-
ference 1s essentially the same as the late Professor Royce’s
theory of order. But as a matter of fact this theory of in-
ference 1s really independent of any particular type of
metaphysies, and more and more 1t is being adopted by
logicians of other sechools than that of the idealistic tradition
to which both Bosanquet and Royce belonged.

Some of the material has been presented in a semi-contro-
versial manner in order to provoke discussion 1n the class-
room, as well as mdividual thought, and to make the student
realize that there are some live problems that are awaiting
solution in logical science. The charge of sterihity so often
hurled against logie can only be met by putting the student
up agamst some of the vital modern issues. Even though
this may result in making him think that the subjeet 1s m
an uncertain state, surely this 1s better than giving him
the impression that it 18 all cut and dried. Too many
courses fail to stimulate reflection and discussion. Surely
logic should not fail to do this. I have made an honest
effort to choose thought-provoking material and to present
it ;n a thought-provoking manner.

In addition to this general aim of utilizing new material
in such a way as to make the subject really live, I have had
three special purposes 1 view 1n writing this book. They
are rooted 1n my conception of what an elementary course
in logic can reasonably be expected to give to the student.

In the first place 1t should lay some sort of a foundation
for further work i philosophy, as well as for advanced
work 1 epistemology and logie. In my judgment ele-
mentary logic can be made an excellent beginning course
for other philosophical subjeets. Throughout this book I
have introduced material which I thought would orient the
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student in the general field of philosophy. For instance,
the coneluding section on ‘‘Recent Tendencies in Logical
Theory’’ 1s especially mtended for this purpose, although
it falls strictly within the provinee of loge.

No other subject has contributed more terms to the gen-
eral vocabulary which cultured people use than logie. And
they are, for the most part, terms which ean only be under-
stood by learning them in their context. For this reason
alone, if for no other, the attitude of some teachers toward
the traditional logie 18 greatly to be deplored Throughout
I have tried to present intelligible and interesting defini-
tions and explanations of logical doctrines and terms which
have become part and parcel of our educated common
sense. It s for this reason that I have given so much atten-
tion to Aristotelian logic. However, I hope I have sue-
ceeded m giving 1t a fresh treatment in accordance with
the general aim of utilizing recent discussions.

Then, too, an elementary course m logic should give the
student a fair general knowledge of the various methods
which are bemng so fruitfully employed mn scientific research
nowadays. My treatment of inductive logic 15 dommated
by this consideration, and teachers will find it different
from that of any other elementary text. While retaining
the valuable content of the traditional induective logie, espe-
cially as presented by John Stuart Mill, I have added con-
siderable new material. Although I have not hesitated’to
emphasize induective theory, my primary aim has been to
present the whole subject as an applied logic or method-
ology.

In faet, throughout the book the more difficult and theo-
retical have heen kept separate from the easier and more
practical discussions, for the convenlence of the general
reader as well as in order that teachers may omit such
theoretical portions as are beyond the reach of freshmen
and sophomores. For relatively immature students it micht
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be well to reverse the order of presentation and begin every
topic with concrete exercises, illustrations, and discussions,
taking up the more theoretical parts later. Thus in Part I
some may find it better to begin with defimtion and divi-
sion, and then pass to the immediate inferences, omrtting
the paragraph on the nature of judgment. This may be
followed by a diseussion of the syllogism and its rules.
omitting the chapter on the nature of inference, and then
with the hypothetical syllogism, including the dilemma.
This will give the class a sufficient background for a con-
sideration of the more theoretical paragraphs and chapters
which have been omitted. Similarly in Part IT 1t might be
well to begin with Mill's methods, then to take up brefly
the general nature of induction, following with a discussion
of the methods of probability and explanation. In classes
contammng few mature students 1t may be found advisable
to omit the controversial parts of the concluding section on
‘‘Recent Tendenecies in Logical Theory.”’ Since 1t 1s easier
for a teacher to omit material than it 1s to add what has
been omitted by the author, I have thought best to include
some theoretical discussions which are really beyond the
powers of the average freshman or sophomore, who has
had no previous work m philesophy. Part II 1s likely to
be more interesting to the student than Part I, and hence
some may prefer to begin with it.

Tn preparing this textbook I find myself under obligation
to so many that I refrain from specifically mentioning any
particular persons. However, in all places where 1 have
used material from other writers, I have tried to give
credit. The selected Bibliography in the Appendix in-
cludes all of the works from which I have quoted. I hope
that 1t may prove valuable to teachers and to those who wish
to do further reading in this field. Although I have added
some carefully selected exercises, my own experience leads
me to believe that students should be required to exemplify
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the various logical operations from their own life and
reading.

In conclusion, I venture to suggest that it is time for the
pendulum to swing back toward a revival of interest in
traditional logic. Undoubtedly every logician owes it to
himself and to his profession to be enough of a reformer of
logie to keep his science abreast of the best thought in other
fields of knowledge. In this sense every teacher of logie
should be a reformer. But too many self-styled reformers
of logic are making the mistake of eviscerating the content
of the elementary course in logic. In some institutions the
whole of traditional logic 1s covered in a few recitations,
while 1 others it is entirely omitted. Eventually teachers
of elementary logic will discover the necessity of reviving
traditional logie, for it will always remain the only door
open to the begimner by which he can enter into possession
of the priceless treasures of this age-old, yet perennially
interesting, throne room of the temple of knowledge. Hence
teachers who have the ultimate welfare of logic at heart will
be guided by the watchword ‘‘the revival of logic’’ as much
as by that of ‘‘the reform of logie.’’

Excerpts from copyrighted books are printed by permis-
sion of, and by special arrangement with, the following
publishers, whose courtesies are hereby gratefully acknowl-
edged: A. and C. Black, Ltd., the Clarendon Press, Hengry
Holt and Company, Houghton Miffin Company, The Mac-
millan Company, Macmillan and Company, Ltd. (London),
G. P. Putnam’s Sons, Charles Scribner’s Sons, and the
Yale Umiversity Press.

Danmn SomumEr RoBINsoN
Oxrorp, OHIO



PREFACE TO THE SECOND EDITION

In addition to numerous minor corrections and changes
throughout the text, considerable new material will be found
in this edition. A discussion of the relation of the pattern
eoncept of Qestalt psychology to the implicative system will
be found near the end of Chapter I. An account of the
Dewey Decimal System of classification has been added to
the chapter on Defimtion and Division. The chapter on
Statistical Methods has been rewntten to distmguish
natural from artificial sampling and to include an exposi-
tion of the Pearson formula for determining the coefficient
of correlation. The diseussion of Mill’s method of residues
is extended, and the chapter on Analogy now ends with a
discussion of circumstantial evidence Three new sections
have been added to Chapter XXIV, one dealing with the
ways of verifying deductions from hypotheses, one with
the historical method of explanation, and one with sub-
sidiary explanatory processes The quotations, econtaining
various definitions of logie by distinguished logieians, which
face page one, and the chart on page 162, appear for the
first time in this edition. Each set of exercises has been
replaced by what I hope is a better get, and the bibliog-
raphy has been brought down to date

I am greatly indebted to many teachers who have used
the book and to my publishers for helpful suggestions. I
hope that the book may now be found to be better adapted
to the purpose for which it is intended.

Danter SoMmEr RoBINSON
BroomiNgroNn, Inpraxa
xii
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Aristotle, who founded the study, offers no deflnition of logie,
and, at the outset of our mqury, it 15 safest to adopt a broad
deseription of the subject and not to attempt a more preecise
or detalled defimtion Some wnters, for example, J S. Mill,
make inference the main subject of logie Yet m Mill’s work and
1n the ordinary textbooks there are topies other than inference,
and those not treated merely 1n relation to inference Hence we
find wider deflmtions. Whately, for instance, calls logie ‘the
science and the art of 1easoning,’ and Mill, at one place, ‘the
seience of the operations of the understanding which are sub-
servient to the estimation of evidence’

Whatever their differences, however, all accounts seem to
mply that thought as such 15 the special object of logieal 1n-
quiry and that thought owes 1ts existence and 1its difference from
the sciences to some sort of distinetion between thought and
things
—J. Coox WILSON, in Statemeni and Inference, Vol. I, p. 32

In the broadest sense, any thinking that ends 1n & conclusion
is logical—whether the conclusion reached be justified or
fallacious, that 1s, the term logical covers both the logieally
good and the illogical or the logieally bad In its narrowest
sense, the term logical refers only to what is demonstrated to
follow necessarily from premises that are defimte in meamng
and that are either self-evidently true, or that have heen
previously proved to be true Logical, however, is used m
a third sense, which 1s at once more wital and more practical,
to denote, namely, the systematic care, nmegative and positive,
taken to safeguard reflection so that 1t may yield only the hest
res(ults under the given conditions.

—JorN DEWEY, 10 How We Think, p 56

V'Logie 15 a normative science It deals, namely, with the norms
whereby sound or correct thinking 1s distingwshed from 1n-
correct thinking It consists of two parts,—a general part, called
Formal Logic, which defines the umiversal or formal normative
prineiples to which all thinking must conform, and a special
and very extended part called Applhed Logie, or Methodology,
which deals with the norms of thought in their application to
the methods used in vamous special sciences.

—Josiar Rovce mn Ruge’s Encyclopedus of the Philosophical

Sciences, Vol. I, Loguc, p. 67.
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CHAPTER 1
THE GENERAL NATURE OF LOGIO

Definition of Logic

JThe term logic 15 the antique and classic name of that
branch of human knowledge which studies the intellectual
processes involved in reaching any defimite truth. The
word is derived from the adjective of the Greek word logos
(Aéyoc), which means either a thought or the word used in
expressing a thought:, But in combination with other words
logos has been given the Enghsh form ology, which means
science, Thus, b1ology is the science of hife, psychology is
the science of the mind, and geology is the science of the
earth. Following out this idea, the technical term epis-
temology has been formed, and nowadays 1t is frequently
used as synonymous with the term logie. It is a combina-
tion of ology with the Greek word episteme (émotiun),
which means knowledge. Hence',' logic may be defined as
the science of kmowledge, or more exactly, as the science
of the intellectual processes operative in the acquisition and
in the creation of kmowledge. Some of these processes are
those used in proving one statement true by relating it to
others or to another, already known or assumed to be true.
The study of these constitutes a branch of logic designated
by such various names as formal logic, deductive logic, the
logic of proof, Aristotelian logic and traditional logig._ In
1
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this textbook, Part I is an exposition of this branech of
logic.

¥* On the other hand, accompanying the growth of experi-
mental science there was a development of methods of
reasoning wlueh brought to light the actual connections
embodied 1 concrete facts and formulated them as laws of
nature. Smece the days of Francis Bacon, who vigorously
advocated turning avway from assumed deductive prufclples
to the actual facts of nature, that branch of logic which
deals with such processes of reasoning has been known as
inductive logic. But to contrast 1t with the logie of proof
this branch bas occasionally been called the logic of dis-
coveryd, To-day, however, 1t 1s more commonly referred to
as scientific method, or sxmply as methodology. This branch
of logie 1s sketched m Part I of this textbook, under the
title of Induction or Scientific Methodology ?

It is well to recognize at the outset that the logician
18 somewhat at a disadvantage, in comparison with the
natural seientist, in indieating to the beginning student the
precise subject matter of his science. For whereas natural
scientists deal with visible or tangible objects, the logician
deals with non-visible and with non-tangible, or i general
with non-sensuous objects. This fact that the material of
logie is of such a mature that 1t eannot be sensed makes 1t
advisable to explamn somewhat in detail just what that
material 1s. , This can best be done by approaching the
matter from two different angles. .

v 1. The Subjecitwe Approach. No student ean have
reached the stage 1n his educational development where he is
admitted to a course 1n logic who has not done some thinking
for himself, and who has not accumulated a certamn amount
of knowledge which 1s peculiarly his own. * Your thinking,
and the kmowledge in which it results, is the subject matter

1 For a fuller discussion of the development of deductive and of
1nductive logic, see Ch. XXV.
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of logic. When you prove the theorem in geometry that
the opposite angles of two intersecting straight lines are
equal, you have to think or reason. That and all other
thinking or reasoning is the subject matter of logie. Think-
mg is always of some objcet, but the object whlch is thought
about is not the subject matter of logie, save only as 1t enters
mto and becomes a part of the thinking. When the matter
18 approached subjectively or from the angle of the indi-
vidual thmker, the science of logic 1s the systematic display
or exhibition of the intellectual processes 1nvolved 1n one’s
own thanking. «

v2. The Objectrve Approach. Every student must have
some conception of what 18 meant by the whole body of
knowledge, sinee he 1s attempting to make some of 1t his
own.* All the various seiences form a system of knowledge
which 1s independent of the individual thinker. For while
1t cannot be said to be your knowledge or mine, that it 1s
real 1s none the less mndubitable. Now, from the objective
point of view, knowledge as knowledge 1s the subject matter
of logie. Logic attempts to discover the structure of the
whole system of knowledge. *
* To make this clearer let us use an illustration. The httle
one-celled animal known as an ameceha 15, as a form of
animal life, a part of the subject matter of zoology. But
the ammba may also be considered as a chemical entity,
since 1t 1s composed of chemical elements. And as such 1t
18 2 part of the subject matter of chemistry. From
still another point of view, an ameba can be regarded as a
known object or as constituting & part of the system of
knowledge.® As such the amceba is a part of the subject
matter of logic.” And so of every other known object, let 1t
be what 1t may. To study logie is to study the structure of
knowledge, and to study the structure of knowledge is to
study the structure of all objects as parts of the whole
called knowledge, whereas other seiences deal with the same
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objects as parts of some other whole. Logie 1s interested in
the ameeba, and 1 the whole called physical hife, and in all
other objects of whatsoever kind, as parts of the whole
called knowledge.

The Relation of Logic to Psychology

If we define the subject matter of logic as thinking—
vour thinkmng, my thinking, any thinking—we are in
danger of 1dentifying logic and psychology. But it can be
shown by two considerations that these two sciences are
really quite distinet- (1) Logic deals only with that part
of mental content known as thinking, whereas psychology
deals with the content of mind in 1its entirety. Psychology
18 the science of all mental phenomena, normal and ab-
normal, and even of bodily behavior, whereas logic has for
1ts subject matter mormal thimking only. (2) The pomnt
of view of psychology 1is entirely different from that of
logiec. Psychology 1s only interested m thinking as one
among many other features of finite experience. Logie,
on the contrary, 1S interested in thinking, not as a bare
existent mental faet, but as an intellectual activity which
culminates or fruectifies ;n valid knowledge. One deals
with thinking simply as an existential fact, while the other
looks away from the existence of thinking to 1its goal, pur-
pose and meaning.

T'reating logic as psychology, dealing with thought
processes 1n the purely descriptive manner of psychology,
is a mistake too often made by logicians. Such a proce-
dure always results in making logic a mere adjunct of psy-
chology, and logicians who do this have justly been called
‘‘psychological logieians.’’ Psychologizing logie or other
sciences is the name the great German logicians, Husserl
and Meinong, give to this too frequent habit of introducing
the psychological viewpoint into a subject matter in which
it has no rightful place. Logic is logic and psychology is
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psychology, and nothing 1s gained by reducing either of
these sciences to the other.?

The Relation of Logic to Language

If we define the subjeet matter of logic as that system
of knowledge which forms the content of all the seiences,
we are 1 danger of 1dentifying the subject matter of logic
with language. This 1s true because all knowledge, from
the human pomt of view, 18 necessarily embodied in and
transmitted by language. While it 18 an undeniable fact
that ‘‘thought could make no progress without embodymg
itself 1 language,’’ 1t 1s nevertheless a fatal mistake to
treat language as the subject matter of logic. The fact
that language and knowledge are really entirely distinet
has frequently bcen pomnted out, but nowhere has i1t been
made clearer than i John Locke’s famous tirade against
mere verbosity: ‘‘For he that shall well consider the
errors and obscurity, the mistakes and confusion, that are
spread 1n the world by an 1ill use of words, will find some
reason to doubt whether language, as 1t has been employed,
has contributed more to the improvement or hindrance of
knowledge amongst mankind. How many are there, that,
when they would think on things, fix their thoughts only
on words! . .. Who can wonder that such thoughts and
reasonings end m nothing but obscurity and mistake, with-
out any clear judgment or knowledge?’’® Knowledge, not
language, is the subject matter of logic. Language is only
the sensible embodiment of thought. What logic is con-
cerned with is the naked body that is clothed mm language.
The logician is not studying words, sentences and parts of
speech, but the meaning behind words and sentences. That

2 Bernard Bosanquet gives a difficult but sound discussion of the
relation of logic and psychology, with special reference to Husserl,
in Ch VII of his Implicatron and Lanear Inference.

8 John Locke, Essay OComnverning the Human Understanding,
Bk, III, Ch. XI :
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is to say, the logician is studying the parts of knowledge
and not the forms of language.

The Irreducible Unit of Logical Science

The suggestion that logie studies the paris of knowledge
raises the interesting question: What is the least comn-
cervable bii of knowledge or the minimum possible amount
of knowledge? If we can tell what this least part of knowl-
edge 15, we shall have what may well be called the irredue-
ible unit of logical science. An analogy may make the
matter clearer. All the physiecal sciences reduce the ob-
jects dealt with to the least possible unit. The umt of
biological science 15 the cell. The umt of physies is the
atom, or, according to a more recent theory, the electron.
The unit of chemistry 1s now generally agreed to be the
ion. Now is there anything in the science of logiec which
can be regarded as the irreducible unit of thought or
knowledge? Is there a logical electron, or 1on, or cellf

The great English logician, Stanley Jevons, taught that
the logieal 1dea is the irreducible unmit of thought, an idea
being a meaning and not a mere psychical image. ‘‘An
1dea or concept 1s not an image, though 1t may make use
of images. It 15 a habit of judging with reference to a
certamn identity.”’* Let us use agaimn the 1llustration of
the ameba. Think emaeba, and you have an example of
an 1dea in the meaning which your thinking gives you.
But you may well answer that you cannot think just
ameeba by itself, without $hinking of some quahty which an
ameba has, or of some relation of an ameba to something
else. And that faet suggests the unanswerable criticism
of the view that an 1solated idea 1s the irreducible unit of
Imowledge. For 1deas are not found ‘‘lymng apart as words
lie on a page.’”’ Ideas are themselves very complex systems

4 Bornard Bosanquet, Logic, Vol I, p. 41 (lst ed )
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of thought, as 15 shewn by the statement given above: ‘‘An
idea 1s a habit of judging with reference to a certain iden-
tity.”” For if every idea 1s a habit of judging, it neces-
sarily involves numerous other ideas. The attempt to think
of an 1dea by 1fself, mn isolation from all other 1deas, turns
out to be futile. One cannot avoid going beyond the idea
to something that s more complefe. The 1rreducible unit
of knowledge must be something which 1s capable of stand-
ing alone as knowledge, and this no single 1dea can do.

Well, then, perhaps judgment, or a single judgment or
proposition, 1s the real umt of knowledge. This is imphed
in the statement that an idea is a habit of judging. Thus
the judgment that an amceba is a one-celled animal 18 some-
thimg more than a mere idea. It is several ideas forming
together a single meaning When we know what an amaeba
18, the 1dea amwmba expands into the judgment- *‘The
ameeba is a one-celled animal.’”” Now the fact that every
1dea expands into a judgment when 1t 1s reflected upon,
or reveals an act or habit of judging at its source when it
is analyzed, has been held to prove that the judgment is
the irreducible unit of logical science.

Yet it must be admitted that a single isolated judgment
1s as far from being knowledge as a single isolated 1dea.
A bare assertion certainly is not knowledge any more than
a bare i1dea. Neither a single judgment nor an idea can
hold within 1its four corners emough of the content ‘of
thought to be knowledge. Behind the judgment, as well
as behind the idea, is a system of ideas or judgments. You
do not get knowledge until you understand the underlying
ground of the judgment. For Armstotle, logic was the
science of proof or evidence, dnd it should be the same for
us to-day. But if Jogie is the science of proof, the irredue-
ible unit of kmowledge must embody in itself the essentials
of its proof. To refer again to our illustration: ‘‘The
amaba 18 a one-celled animal because, when examined under
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a high-powered microseope, nothing can be discerned but
a nucleus embedded in a mass of protoplasm.’”’ Here the
judgment is expanded into an inference. You have traced
the connections 1 that fainy httle system of reality which
1s known as the ameeba, and 1n so doing you have consti-
tuted a tiny thought-system which 1s knowledge. Nothing
less than such a thought system is knowledge. This sys-
tem is behind every 1dea or judgment which refers to the
identity in question, for example, the ameba. The mere
isolated 1dea and the single judgment are not knowledge.
Only a thought system, burlt up by tracing the actual con-
nections within that portion of the real world wilh which
you are dealing, 1s entitled to the name of knowledge. It
18 convenient to name such a thought system an wnferential
whole or an implicatwe system. In recent years logicians
of every school have come to recognize that the inferential
whole or the impheative system is the mimimum possible
amount of knowledge and therewith the irreduecible unit
of logical science.®

This conception of an inferential whole, or an implhea-

5 Although the view that the implicative system 1s the umit of
knowledge or the mimimum possible amount of knowledge has never
been defimitely stated, it 1s 1mplicit 1n and can be read between the
lines of many recent writings on logic Professor Mellone correctly
states the view of the idealistic logicians, Bredley and Bosanquet,
when he writes “The pomt of view adopted 1n modern logic 1s,
that 1n the formation of 1deas, 1n judgment, 1n reasoning, we have
not three separate processes hut a development or expansion of one
and the same process” (Iniroductory Temtbook of Logio, p. 12).
This 18 equivalent to saying that the real underlying umit of knowl-
edge 18 the immphecative system Indeed, Letbnmiz appears to have
recognized this, as 18 indicated by his statement “The least thought
of which we are conscious involves variety m 1its object” (Monad-
ology 18) The exceedingly important articles entitled The Princi-
ples of Logic, by W Windelband and Josiah Royce, in volume ome
of Ruge's Enoyclopedia of the Philosophical Sciences, are best
understood from this point of view, as are also the Bssays in Popers-
mental Logio of John Dewey, and the Iniroduction to Reflective
Thinking, of the Columbia Associates in Philosophy.
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tive system, is employed again and again throughout this
textbook, and the student will do well to grasp it here at
the outset. Since exact knowledge consists in a careful
organization and correlation of concrete facts into a definite
system, it follows that the functional unit of logie must be
such a system, howsoever tiny 1t may be. Each 1dea which
refers to, and each judgment made about such a system,
are best conceived as various aspects of it. Moreover, the
attempt to fathom the meaning of any particular i1dea will
carry the investigator deeper and deeper into the impli-
cative system which is in question. The following quota-
tion from John O’London’s Weekly is an excellent 1llus-
tration of a thinker being carried back into an implicative
system in answering a correspondent’s question as to the
precise meaning of two related words

““The distinetion between ‘egoism’ and ‘egotism’ is this:
‘Egoism’ describes a condition of mind, ‘egotism’ the habit
of expressing that condition Hence Meredith’s title The
Egoist, not The Egotist. The egoist loves himself exces-
sively and sees everything colored by his own thoughts,
interests and moods. The egotist is also an egoist, but the
word is applied to him in respect of his spoken or written
manifestation of this trait of character. The two words,
however, have been used more or less indiseriminately by
many writers.’’ .

This is & good example of an inferential whole. The
facts are the thoughts, interests and moods of a human
being. All of these varied facts are synthesized and ordered
by the ideas, ‘‘condition of mind,’’ and ‘‘habit of express-
ing that condition.”’ Egoism is simply one way of referring
to this system, and egotism is another. Hence the writer
was correct in adding the further comment: ‘‘Strictly
speaking, there is no difference in meaning between these
two words, but there is a difference in their application.”’
For each refers to the same implicative system, but each



10 THE PRINCIPLES OF REASONING

expresses a different aspect of that system. Now it goes
without saying that various other ideas and judgments
could be, and many times actually are, used in reference
to this same implicative system.

The Relation of the Implicative System to the Pattern
Concept of the Gestalt Psychology

The doctrine of the impleative system is essentially the
same as the conception of a configurational pattern so fruit-
fully employed in the new Gestalt psychology to explain
the reasoning processes. Three of Professor Wolfgang
Kohler’s now classic experiments to determine the extent
to which chimpanzees can reason may be briefly deseribed
as involving implicative systems of the very simplest type.

1. The Integration Experiment. The problem was to
determine whether a chimpanzee could complete a pattern
which lacked but one link, by iniroducing a stick or other
long object to pull a banana, which was outside and some
distance from the cage, near enough for the animal to reach
it, the stick not being arranged so that the animal would
naturally connect 1t with the banana If the animal ean
ntegrate, that is, see the pattern as completed with the
stick inserted, before he actnally uses the stick, he has a
comprehension of a simple implicative system. The be-
hdvior of the chimpanzees mdicated that they did grasp
the completed situation in thought before performing the
act of filling the gap. If they did first comprehend the
pattern, and then complete it, they had a rudimentary
knowledge and it was an implicative system

2. The Analysis Ezperiment. In this experiment the
animal had to discover a way of getting the banana from
behind a wooden frame with no back side, which was in-
serted between the banana and the cage The experiment
was especially designed so that 1n solving 1t the ape would
have to go agamnst his natural tendency to pull the banana
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towards him. For in order to get it clear of the two ends
of the wooden frame, he had first to push 1t away and then
sidewise before pulling 1t towards the eage. I call this the
analysis experiment because the animal had to analyze the
situation with reference to the removal of the difficulty.
Kohler’s chimpanzees found this harder. Only one of them
was able to solve the problem without the frame being turned
at an angle Here, again, the solution indicated that the
animals first had an insight into the pattern involved and
then performed the action which that insight suggested

3 The Synthesss Experiment. This was designed to
test the ability of chimpanzees to fabricate a tool with which
to reach a goal. Two sticks, which conld be jomed like a
jointed fishing pole, were put inside the cage Only one
ammal was able to solve this sitnation. He ehanced to get
one stick 1 one hand and the other in the other, with the
ends that joined so near that he could see that they would
go together As soon as he made the discovery he jammed
the two ends together and rcached for the banana The
sticks fell apait as he pulled on the banana and he 1mme-
diately put them together agam. The ape dad not at once
eat the banana after he obtained it, but pulled in other
fruit and even inedible objects, and the next day he made
a longer pole by joiming three sticks together

These experiments mdicate that simple perceptual situa-
tions ean be solved by chimpanzees, and that the solution
depends upon the animal comprehending the way the pat-
tern 1s to be completed before be performs the action to
complete 1t. If this is true, apes do have a very rudi-
mentary knowledge, and it 1s in the form of an implicative
system. But as Kohler rightly says- ‘‘Even behavior with
msight which indicates intelligence must not receive an
interpretation too highly intellectualistie.’’ @

8 See Wolfgang Kohler's The Mentalsity of Apes for a detailed
account of the experiments Consult also his The Gestalt Psy-
chology and Kurt Koffka’s The Growth of the Mwnd.
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Logic as an Art

It is customary in an introductory textbook or logie to
discuss the question as to whether logic 1s an art In con-
sidering this question we cannot do better than to quote
from H, W, B. Joseph’s An Introduction to Logic, pp. 9f.:

It is sometimes held that logie 1s rather an art than a science,
or at any rate that 1t 1s an art as well In considering this ques-
tion, we must remember that there are two senses of the word
art. We may say that a man understands the art of navigation
when he is skillful 1n handling a ship, though he may be unable
to explam the prineiples which he follows o1 we may say that
he nnderstands it, when he 1s famihar with the prineiples of
navigation, as a piece of book-work, though he may never have
navigated a ship. Thus an a1t mav either mean practical skill
in domng a thing or theoietical knowledge of the way in which
1t is best done. In the laiter sense art presupposes science, the
rules of navigation are based upon a knowledge of astronomieal,
mechameal, meteorological and physical laws, and presupposes
much Jmowledge of mathematical and other sciences It 1s 1n this
sense thaf logie 15 called an art, and hence 1f 1s clear that if there
15 an art of logie, there must first be a selence, for the study of the
nature of sound thinking must precede the giving of instructions
for thinking soundly. .. The logician’s business 15 not to give
rules by following which others or he himself may alter their
thought about things, their geometry or chemistry or biology . ..
His business 15 to become eonscious of the natme of the thinking
carried on 1n those sciences Logie studies the way in which we

already think about things

In recent years many criticisms have been made of logie
on the ground that 1t has no practical value. Some of the
values a student may hope to get from a study of this field
of knowledge are briefly summarized in the Preface, but
further consideration of these criticisms is postponed to
Chapter XXVIII, since 1t seems best to discuss them after
the student has attained some understanding of the subjeet.
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CHAPTER IT
THE ACT OF NAMING AND THE KINDS OF TERMS

The Intellectual Act of Naming

Looked at from the point of view of an individual thinker
the act of naming is the first step in knowledge. At the
very beginning of modern logic Thomas Hobbes rightly
said - ‘‘Reason is attained by industry, first 1n apt 1mposing
of names.”’

Naming is that intellectual act, or that thinking process,
which takes a particular word or sign and uses it to refer
to some identifiable object or quality or relation. As was
pointed out in the last chapter, this process depends upon
there being in nature a grouping of things, qualities and
relations which ean be recognized. The act of naming
begins with a given econtent and elaborates 1t into an intelli-
gible thought system or inferential whole. Every name
depends upon or, more accurately expressed, s, 1n 1ts essen-
tial meaning, such an inferential totality Thus in this very
first act of knowledge the inferential whole is operative.
This is what Windelband meant when he wrote- ‘‘ Every
idea, at every stage in its development, has a multiplicity
of moments, however limited, which, while distinct from
one another, are yet connected with one another by some
sort of relation into & unity.”’* Thus a single idea or name
158 already a complex whole, and is best deseribed as an
inferential whole or implicative system.

The objective element involved in an act of naming, that
is to say, the content of the name, may be a definite object
or thing, for example, chatr, desk, iree. From the point of

1 Wilhelm Windelband in Arnold Ruge’s Hnoyclopedia of the
Philosophical Scienres, Vol 1, p 21
15
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view of logic every such object 13 an 1mplicative system.
Or the content of a name may be a quality or attribute,
thought of as distinet from any object and regarded as
possessing mndependent reality like unto a conerete thing
or object, for example, redness. Or the content of a name
may be a relation, thought of apart from the group to which
it belongs, for example. greater than, gwer of, brother of,
or resemblance.?

Now to give a name to an implecative system, whatever
it may be, radio, television, entrophy, relativity or what not,
mvolves knowing 1t as a distinet unified whole. Thus even
m this first stage of knowledge, thought 15 at work dis-
tingwishing definite qualities and relations, ordering them
ito a system and identifying this system with some Lin-
guistic element, for all others as well as for the individual
domg the thinking. So through future time that word
means that definite impheative system. Bosanquet has
rightly emphasized the overwhelming importance for secien-
tific knowledge of this intellectual process of naming. He
writes -

The value of this first step is only to be estimated by experi-
ence, now necessarily exceptional, of the attempt to attain knowl-
edge wathout 1t . . We find such an instance 1n our attempts to
deal with any new region of knowledge of which we have not
mastered the rudiments and 1n which we have neither hooks nor
teachers to gwde us . It 1s probable that we think too httle
rather than too much of naming as a first step in knowledge To
g1ive names which endure 18 with few exceptions the prerogative of
gemus The number of terms which we inherit from Plato and
Aristotle 1s among the most strking proofs of the immense
advance which they won for the human intellect.®

2 The various types of nameable objects themselves have names,
and they form together the categories of thought Here all that
we are concerned with 18 the fact that the content of any name
is always a complex system See the next chapter, on the categories
and predicables

3Bernard Bosanquet, Logic, Vol I, pp. 8f (1st ed ).
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In laboratory work in physics, chemistry, biology or
psychology, the significance of the act of naming 1s brought
home to the student, n that he is set to perform essentially
the same experiments and observations which were em-
ployed by the scientist who first discovered and named the
object under consideration. The student never forgets
what he can be made to discover for himself, becouse he
goes through the miellectual act of naming 1n making the
discovery. Our example of the ameba 18 a case in point.
Once a student has found for himself in the field of a
miscroseope this tiny animal he knows once and for all the
reality to which the name amceba refers. And why? Be-
cause he has gone through the intellectual activity which
that observer went through who first isolated and named
the ameba. Without any question the value of the act of
namig underlies the value of the laboratory method in
education To put oneself through the process of renaming
an object 1s really to think the thoughts of master minds
after them.

The Name Equivalent to the Logical Term

Names, viewed as distinet from the act of neming, may
be defined as words or groups of words used to designate
a definite meaning or inferential whole. But the term word
must not be taken to restriet names to verbal language,
since various symbols are frequently used as sigmificant
names. Not only are mathematical symbols examples, but
so also are the brands which mark animals, and the signs
used by hoboes to mark houses. When a name is first
given, the particular word or sign or symbol used 1s re-
garded as a mere convention. This was the view of Aris-
totle. But we must be on our guard against overstating
this arbitrariness of names. As William James has well
said : ‘‘Names are arbitrary, but onee understood they must
be kept to. We mustn’t now call Abel ‘Cain’ or Cain
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‘Abel.’ If we do, we ungear ourselves from the whole book
of Genesis, and from all its connections with the universe
of speech and fact down to the present time. We throw
ourselves out of whatever truth that entire system of speech
and fact may embody.’’ *

In a single assertion or judgment many different names
may oceur. But there 1s a sense in which all of these may
be reduced to two. They are the subject and the predicate
and they are called terms. A logical term 1s either the
subject or the predicate of a logical proposition or judg-
ment Henece, the sumplest way of concewving of a judg-
ment 1s to think of 1t as consisting of two logical terms
united by a copula, that 1s, some form of the verb fo be,
preferably 1s or are. Take for example the proposition:
““The rose 15 a beautiful flower used for decorative pur-
poses.”’ 'We have here the log:cal term the rose as subject
and the logical term a beautiful flower used for decoratie
purposes as the predicate term. But each of these terms
is really a single name, even though more than one name
is used 1n each. The word the is 2 name and so is the word
rose, yet the words taken together form only one name.
Consequently the logical term is really equivalent to a
name And many times a single name is a logical term,
as 1 all judgments where the subject or predicate is a
smgle word, for example, ‘‘Vermalion 15 poisonous.”’
Names, then, become logical terms when used in judgments
so that, for the purposes of logie, it is better to use the
word term to designate them. In a judgment we have two
separate thought systems, brought together into a single
system by virtue of the fact that each is really in the nature
of things only a fragment of the larger system. The judg-
ment or proposition is in turn only a complex name of a
single implicative system.

4 Willlam Jamces, Pragmatism, p. 214 For an excellent discus-
sion of symbols see R M. Eaton, Symboltsm and Truth, Ch. I,
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Kinds of Terms

4.1’ Concrete and Abstract Terms. There are two entirely
different meanings of the words conecrete and abstract.. In
one sense we mean by concrete what is capable of being
perceived by the senses, for example, an apple, a patch of
red In this same sense every non-sensuous object is ab-
stract, for example, thought, goodness, love
., In the other sense a concrete term is one which includes
an object in a defimite implicative system and refers to the
entire context of that system to which it naturally belongs.
Examples of concrete names in this sense are: this desk,
the Washington elm, the man wm the moon, the centaur, the
absolute, that great Leviathan—the stale. In this same
sense an abstract term is one which isolates its object
from its natural context Sweetness, hardness, dryness,
audacity, motwn, length, absolutenass are examples.v”
It should be especially noted, and the examples given
are intended to emphasize the fact, that the object
referred to by a concrete name may be an imagmary or
conceptual object as well as a physical object So also
the quality referred to by an abstract name may be re-
garded as itself an object. Mellone gives the example,
“Unpun?:tuahty is 1rritating,’” where unpunctuality is
treated as an object. (oodness, regarded as a Platonic
form, is another example.
vIn this second signification, the distinction between
abstraet and conerete terms is only a relative distinetion.
Every name refers to some recognizable identity in the
actual world of our knowledge. Yet every name is abstract
in the sense that what it refers to is, to a eertain extent,
viewed in separation from the total system to which it
belongs®” Human knowledge is always fragmentary for the
individual thinker. Every name refers to a definite im-
plicative system, but the human mind views it as inde-
pendent of other implicative systems of which it is really
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a member." In the former sense every name is conerete,
and in the latter sense every name is abstract.~ .
This explains the so-called equivocal or ambiguous names
of which many logicians make so much Such names refer
to two or more different implicative systems. For example,
the word spade 18 the name of a playing card and of an
instrument used in digging Here a confusion between the
two implicative systems involved is hardly possible. But
an ambiguous abstraet word such as law or freedom must
be carefully considered to avoid confuston. For instance,
consider the two 1mplicative systems mmvolved in the phrases
‘‘law of nature’’ and ‘‘law of the land.”” Such names are
ambiguous until the actual inferential whole intended in
the context in which the name 1s used 18 understood. Some
words are abstract in onc context and conerete in another
because the underlying implicative system 1s different or
viewed from a different angle in each case. Many discus-
sions in logie, as well as 1n other subjects, are little more
than mere verbal quibbling because the underlying inferen-
tial whole 1s not kept 1n mind by the disputants. After a
long and heated argument a theologian 18 said to have
remarked to his adversary ‘‘Oh, I see, your God is my
devil.”’ Ambiguity does not attach to the inferential whole
which the name designates, but to the use of words. Con-
sequently 1t is a matter of language rather than logic.
v 2 Singular end Gemeral Terms. A singular name is
one which designates one and only one entity. If there is
more than one object exactly hke the one being named, and
the name given is of such a character as to apply to these
other similar objects, 1t 15 not a singular term Every
singular name 15 restricted in its meaning to a single in-
stance. Examples are: the death of Queen Victoria, the
center of the material universe, the treaty of Versailles,
the Russian Soviet Govermment, and all proper names.
Even proper names such as John Smith or Tom Brown are
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still regarded as singular although there are numerous
individuals, human beings, pets, fictitious characters, wh
have the same name, since every indiadual 1s viewed a
unique and distinctly different from every other havingi
that name. The only case in which a proper name loses
1ts singular character 15 when 1t 18 used to refer to a class
of objects as m the statement: ‘‘A Daniel come to judg-
ment.”” But a general name may also become a singular
name Prefixing the, this, that always makes a general
term singular, because 1t himits the meaning to a definite
object.
v A general or common term is one that may refer equally
well to any one of a number of individuals because the indi-
viduals are near enough alike that, for practical purposes,
it is convenient to 1gnore their differences. Such names
really refer to the whole class of objects having certain
definable attributes without specifying any particular ob-
ject belonging to the class. Examples are book, war, sub-
marine, sailor, farr, a long trai, a flying trip to New York.\
3 Distributwe and Collectwe Terms. Whenever a term
is used 1n reference to each 1ndividual of a class separately,
and not to those individuals as making up the whole class,
1t is said to be a disiribulive term. All general terms are
ordinarily so used. They are the names of a number of
separate objects, but they may refer to each one of this
number separately.y Distributive terms are applicable ‘in
the same sense equally to eny one of an indefinite number
of objects which resemble each other in certamn qualities’’.
(Jevons). Polwey, planet, rope, automobile and university
are all distributive terms.
v- Collectwe terms, on the other hand, are those which
refer to a group in a sense which is not applicable to the
individuals making up the group. A good example is herd.
The individuals in a herd eannot be referred to as indi-
viduals by this ferm, but must be referred to by some other
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term such as sheep or buffalo. For this reason sheep and
buffalo are distributive terms, whereas herd 1s a collective
term.v’ One cannot speak of a simngle buffalo as a herd,
Nevertheless the term herd may be either singular or gen-
eral i usage, because it may mean a definite herd—ihat
herd, or 1t may mean any herd or any lkind of herd, for
nstance, herds of wild reindeer m northern Canada, herds
of goats, herds of cattle. Thus in the sentence: ‘‘The
dwellers of the deep, in mighty herds, passed by us,”’ the
term herd 1s collective but also general. Senate 18 a col-
lective name used as a simgular name when the United States
Senate 1s referi1ed to, but as a general name 1n the sentence-
““All the states have a senate.”” But note that the collective
term, when used as a general term, refers always to the
separate groups and not to the separate constituent mem-
bers of those groups. For instance, in reference to each
of the separate state senates, the term senate is distribu-
tive, but not in reference to each senator.

Thus, the collective name 1s logically reducible to a gen-
eral or a singular name. Many collective names have a
distributive aspect and are, therefore, general as well as
collective The word all 18 sometimes confusing because it
may mean either all taken together as a group, or each and
every member of a group. For example: ‘‘All the regi-
ments are ready for action’’ uses the collective term regi-
ment 1 a distributive sense. But ‘‘Madelon is true to all
the regiment’’ uses the collective term regiment in a singu-
lar sense, meaning the whole regiment to which Madelon
is supposed to belong as a kind of masecot But if being
true to all the regiment is taken to mean true to each and
every man, mstead of to the regiment as a whole, we have
a collective term used as a distributive term in the wrong
way, that 1s, being true to all the regiment should never
be taken to mean each and every member of the regiment,
but only the regiment as a whole. In every case the actual
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underlying implieative system determines the meaning, or,
actually 1s the meaning, and we are always thrown back
upon that when we are confronted with the problem of
. determming whether a term 18 distributive or collective.
(. 4. Absolute, Relatwe and Co:irelative Terms. An abso-
{ute ferm is the name of any object, quality or relation
conceived of as an mdependent entity As a matter of fact
no object, quality or relation is entirely independent, but
it 1s necessary to ireat many objects as absolutqe for the
purposes 1n hand. Hence, all absolute names are only rela-
tively absolute Examples are: the battle of the Marne,
Flanders Field, sky, ether, space, time, color and weight.
v Relatve terms are names of things viewed as having some
definite relation to some other individual or objeet. Rela-
tive names refer erther to the relation or relations between
such objects, or to the things which stand in that relation.
Examples are: father, cousin, betler, west, sumilarty,
equality
Corrclaltve terms are names of the two objects or end
terms of a dyadic or dual relation. Relations are spoken
of as dyadic when they have two terms, triadic when they
have three terms, tetradic when they have four terms and
polyadic when they have many terms. Ordinarily the
names of dyadie relations only are regarded as correlatives,
but 1n the broad sense of the word, correlative may include
other relations besides the dyadie. In this case one term is
called the relate and all the others are said to be the cor-
relates of it. For example, if buyer be taken as a relate,
seller, commodity, and price would be called correlates of it.
Considered together, all four terms would be correlatives.
But in the usual logiec textbooks the term correlative is
restricted to dyadic relations, that 1s, those having only one
relate and one correlate. Examples are: master and serv-
ant, prince and subject, uncle and nephew or niece, insiru-
ment and end.
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It is a much disputed question as to whether correlative
names are necessarily thought together. Herbert Spencer
called the theory that they are necessarily thought together,
the doctrine of correlatwes., Now the fact that each relate
and correlate 1s really a fragment of a system constituted
by the relations which hold them together, or since they
form an mmplicative system, it follows that the doctrine of
correlatives 1s true, providing one really thinks through the
implications of a given corrclative.

It should also be mentioned that the name of the relation
itself, as distinet from the terms of the relation, may be
taken as an absolute term. For example, the relation of
sovereignty which underlies the correlatives prinece and
subject may be so taken.

. 5. Positiwwe and Negatiwwe Terms. A posttwe term is
usually defined as one referring to the presence of any
quality or qualities, whereas a negatwe term 1s defined as
one referring to its absence.s’ Thus John Locke wrote:
‘“We have negative names which stand not directly for
positive ideas, but for their absence, such as msipid, silence,
nihil, ete., which words denote positive 1deas, for example,
_taste and sound, but with a signification of their absence.”
Present-day logicians generally agree that names are never
purely negative 1n the sense of referring to the absence of
‘a quality.v As Joseph wittily puts it: ‘“The Irishman’s
receipt for making a gun, to take a hole and pour iron
around 1t, is not more difficult to execute than 1t would be
to frame a term whose meanmg consisted simply in the
fact that a particular quality was not meant A term must
yhave some positive meaning 1n order to be a term at all.”’®

SH W B Joseph, .in Introduction to Logic, p 41 Royee and
Bosanquet teke the same position Royce's detailed setting forth of
the meaning of what he calls the not-relation 1s very suggestive.
See his aiticle entitled “Negation” m Hastings’ EBncyclopedia of

Relgion and Ethics (Scribmers). The quotation from Royce below
18 from this article.
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‘What is the positive basis of negative names? Or, to put
it differently, what 1s the fact, the factual content, the part
of the nature of things, referred to by a negative name?
Logicians used to answer this question by saymg that 1t is
literally everything else 1n the universe except that which
is referred to by the corresponding positive name.” For
every positive name there is a corresponding negative or
opposite, and the two are said to divide the whole of reality
or the whole umiverse between thems To get the exact
opposite of a given positive term the best way 1s to prefix
the word non or mot to the positive term in the cases where
it is a single word, and to put the word not into a relative
clause when the term consists of several words. Thus the
opposite of black is not, as we usnally think, white, but non-
black. And the opposite of, ‘‘food which 1s good for an in-
valid”’ is, ‘‘food which 18 no¢ good for an invahd.’’” The
exact opposite of a positive term 1s 1ts contradictory or true
negative. Many supposed negatives are really not op-
posites but only different in degree. These are called con-
traries.,, White 1s the contrary of black because it differs
from black only m degree and there are many shades of
gray m between. But non-black 1s the absolute or exact
opposite of black. "Now what is the actual content of one
of these real contradictory or negative terms? Is it all the
rest of the universe except what 1s mecluded in the positive
term of which 1t 1s the negative? To take a specific ex-
ample. Is the positive basis of the term non-man chairs,
canoes, lakes, all imorganic objects, all plants, all lower
animals, hiterally everything except man? Strictly speaking,
the only answer to this question s ‘‘yes.”’ The positive basis
of a negative term 1s everything except that object. Such
negative terms are known as infinile negative terms.

Yet even a logician must admit that it sounds like pure
unadulterated nonsense to speak of a lake or a canoe as a
non-man. This is because the infinite negative term is
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rarely, if ever, actually used in practical life. In our con-
stant use of terms in everyday reasoning we tacitly restriet
their seope to some definite circle of facts. This comes to
expression m the retort, which 1s frequently made when
some one takes exception to what 1s said: *“Yes, but I did
not intend to refer to that when I used the words, I was
confining myself to so and so.”” Now this so-and-se, to
which we tacitly limit ourselves mn using terms in ordmnary
Iife, 1s called by logicians the untverse of discourse,® and
1t has a special value, mn that it enables us to explain what
15 meant by the positive basis of negative names without
resorting to the infinite term For 1n every usage of a term
there 15 always some fairly definite universe of discourse
which is tacitly implied. And this is the positive basis for
both the positive and the negative terms used in reference
to 1t. The universe of discourse may vary almost without
limit. As Venn says, 1t may be extended ‘‘to embrace the
sum total of logical existence,’’ and then the negative term
will embrace ‘‘the unlimited myriad of entities which peo-
ple that heterogeneous realm.”’ Or, on the other hand, it
may be narrowed to include only a few objects of a similar
nature, and then the negative term will have for 1ts positive
basis just the ones among those few which are not desig-
nated by the positive term. Thus, to use one of Venn’s
suggestive examples, ‘“We might limit our apphieation of
the terms good and non-good to the London eabs with odd
numbers.’’ Here the universe of disecourse would be Lon-
don cabs with odd numbers. Those fit for service would
be called good and those unfit for service would be called
non-good. From this point of view positive and negative
terms do not divide the whole of reality between them, but

¢ This fruitful conception was introduced into logic by the great
Englhsh logician, De Morgan John Venn devoted a chapter to its
elaboration 1n lus Symbolic Logic (Ch IX), and thereby brought
the expression into general logical usage.
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only the universe of discourse—that region of facts which
is under consider ation 11 the discussion where the two terms
are used. This makes possible a far more definite inter-
pretation of the meaning ot the positive basis of a negative
term than can be given with the coneeption of the infimite
term.

An excellent 1llustration of what is meant by a positive
basis for negative names, based on an interpretation of
Hamlet’s sohloquy, 1s given by Royce:

In the opening words of Hamlet’s sohiloquy, “To be or not to
be, that 15 the guestion,” “not to be” involves a negation of “fo
be”, both the expressions “to be” and “not to be” refer to possible
modes of action “To be,” as Hamlet explains, includes in 1its
meaning “to bear the ills we have”, 1t names a mode of action
which any man who chooses to continue his hife deerdes to adopt;
“pot to be” 1nvolves a course of aetion, namely, commtting sui-
cide, which 1s treated by Hamlet as the negation of continung
to live.

Thus, i the universe of discourse kmown as human exist-
ence, committing suiexrde 15 the positive basis of the nega-
tive term ‘‘not to be.”” In like manner, every megative
name has a positive basis It 15 not ecasy to state what it is
in every case, but nevertheless 1t 1s real.

v Prwatiwe terms are sometimes distinguished from nega-
tive terms by the fact that they refer to the absence of a
quality which would naturally be present in normal cases,
but for some reason does not happen to be present in the
case under consideration. The absence, or privation of s
positive quality, offers the only explanation for such names.
But even privative names have a positive basis over and
above this absence of a quality. Blindness is an example,
and such a name has a very definite positive content. Mil-
ton’s immortal description of his own blindness is an ex-
cellent account of the positive basis of this particular
privative term. «~
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. Thus with the year
Seasons return; but not to me refurns
Day, or the sweet approach of even or morn,
Or sight of vernal bloom, or summer’s rose,
Or flocks, or herds, or human face divine;
But cloud wstead, and ever-during dark
Surrounds me. . .

Thus all negative terms, including the so-called privative
negative terms, have a positive basis. They always mean
something more than the mere absence of a quality.

Exeroise 1

1. Clessify the following terms according to whether they are
abstract or concrete in the first sense.

(f) sn

(g) glue

(k) a unicorn
(+) twoness

{7) triangularity

(a) scissors

(b) entropy

(o) local

(d) this copper coin
{e) the firmament

2. Use each term in the following List 1n a sentence so that
it will be absiract in the second sense, and then use the same
term 1 a sentence so that it will be concrete 1n the second sense.

member of the Kiwams
Club

satellite

(o) card

(d) hexagon

(e) picture

(a) (f)
(9}
(k)
(¢)
(7

(b)

spectrum
Indian custom
Nirvana
eugenics
murder

3. Distinguish the singular from the general terms in the

followang hist:

(¢) The Apostle Peter

(b) pope

(c) solar eclipse

{d) the tomb of Tutankbhamen
(e) admiral

(f)
(g)
(k)

(4)
(7)

rainbow

triumvirate

The Laving Buddha of
Thibet

equator

constellation of Orion

4. Use each of the following collective terms in a sentence so
that it wall be distributive, and 1n another sentence so that it will
be singular.



ACT OF NAMING AND KINDS OF TERMS 29

(a) parliament (f) college

(b) legion (g) league

(c) flock (k) drove -
(d) battalion (t) monastie order

(e) team (7) congress

5. Make another set of sentences referring to the members of
each of these collections, taken as separate individuals.

6 Give the relate or relates of each of the following cor-
relates:

{e) aunt (f) foreign exchange for dol-
(d) giver lars
(¢) plus (g) question
(d) husband (h) interpreter
{e) daughter (1) photograph
(7) captamn

7. Give the contradictory of each of the terms in the lists
under questions 1 and 2

8 Select from any of the ahove lists four terms, and place
each 1n a definite umverse of discourse. Then give the Limited
negative within the universe of disecourse you selected.

9. Make lsts of five each of the following kinds of terms:
contraries, correlatives, singulars, collectives, absolute terms,
contradictories, abstract in the first sense, comerete in the first
sense, and general terms.

10. Use the word all 1n a sentence where it is ambiguous. Then
use 1b to mean only eack and every Then use it to mean only
a collective whole.

11, Note that the same term may fall into several of the
classes of terms. For example, the term elephant is concrete in
the first sense, may be either concrete or abstract in the second
sense, is general, distribufive, absolute, and positive. Put each
of the following terms into each of the classes to which it logi-
cally belongs, as has just been done with the term elephant.

(a) dumbness (f) pmk

(b) hopeless (g) sickness

(o) holhneas (h) centaur

(d) nephew (¢) Senta Claus

(e) non-deciduous trees (§) public school



CHAPTER IlI
THE CATEGORIES AND THE PREDICABLES

"What a Category Is

In distinguishing between the various kinds of terms in
Chapter II we had to make use of fundamental noticns
such as object, qualify, and relation. These are certain
basie kinds of reality which are dealt with i knowledge.
Now the question arises whether they constitute the only
kinds of existence there are, so that ultimately every name
can be referred back to one of these three. What are the
different types of knowable entiuies ? 1s the question we have
to answer in working out a list of categories  Hence we
may define a category as the most general kwnd of ezist-
ence or reahify which any mentonable object can have.
‘When the thought content of any term whatsoever has been
referred back or placed under its proper category, think-
ing about that particular thought content has reached its
culmination

Or we may regard the categories from the point of view
of their function or use in thinking. For we use them in
every act of thought. They are the indispensable prerequi-
site of any thinking whatever. Thoroughgomng analysis
always brings to light certain field tdeas which constitute
the background of all thought. Long before an individual
becomes conscious of them as facts he is using them in his
thinking. That is to say, in every-day life we use them
without knowing that we use them, without separating them
out and making them definite objects of thought. We
think with them long before we think about them. Thus,

for example, the conception of substance gnd attn'buta.
30
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enters 1 some {ashion or other.into practacally every item
of human knowledge. ‘‘We use the conception of sub-
stance and attribute at every step, but we do so uncuxg
sclouﬂy” (Lossky) Now 1t 18 the busmess of logie t
1solate these field 1deas called categories. The logician must
bring the mstruments of thought before the mind so that
they can be made objeets of study
How absolutely fundamental categories are, can be made
clear by an analogy In the zoologieal laboratory you study
microscopie animals and parts of animals. To enlarge these
tiny organisms, so that their activities and structure ean
be accurately observed, an instrument kmown as the miero-
seope 15 indispensable. You are not studying the micro-
secope when you are lookmg through it at an ameba, but
you are studying the ameba and its activities in the drop
of water which constitutes the field of vision. You have
to disregard the instrument which makes the ameba visible
in order to study the behavior of the animal. Yet without
that instrument yon conld not know what microscopic ani-
mals are, because vou could not ser them. you could not
observe their unique structure and their interesting habits.
Now the categories stand in_a similar relation to all objects
lwhatsoever as the microscope stands to these tiny animals.
Wathout field 1deas or_categories, no one can think about
an object. They are the forms or structural beams that
run throurh all reality, as well as through all thought about
reality. They give order and shape to whatever you think.
Indeed it is literallv true that they give ““to airy nothing
a local habitation and a name.”” The objects of our
thought simply eannet_be objects of thought without
taking on the form_of some definite category. With this
statement of what a category is we are ready to return to
the question from which we started: How many categories

are there? Are subsiance and atiribute, quali
tion the only categories or field-ideas necessary, ﬁllt'
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Can everything we think about be reduced to one or the
other of these?

Aristotle’s List of Categories

Now m answermg these questiors, it must be admitted
that different logicians give different lists of the categories.
‘What one logician regards as a basie category another will
subsume under something else. So 1t is very dafficult to
give a list which cannot be criticized as containing Yoo
many or too few. But suppose we hold that there are other
ultimate kinds of existence or being than substances, qual-
ties and relations What are the other kinds? To answer
this question it smits my purpose best to give the list worked
out by _Aristotle, even though his list has been severely
criticised by Immanuel Kant and others

1. Substance. Anything thought of ‘as relatively inde-
pendent of everythlnrr else, and as holding within 1tseB:'
various differences or modlﬁcatlons called attributes, is a a
substance _All sense objects, that 1s, ammals plants, manu-
factured ob,]ects like chairs, desks houses, all chemieal
elements, ete., are thought of as belonging to the category
of substance. Anstotle regarded this as the most funcla:'
mental category. Certan 1t 1s that we eannot thmk with-
out 1t. The expression reality, which has been used often
in this textbook, may be regarded as synonymous with
the category of substance 1n 1ts widest extent, In this sense
the category of reality may be regarded as the one gbso-
lutely ultimate category. Now substances are of_two dif-
ferent _kinds. I have mentmnedwoncrete _sense ob;ec}g
But we commonlv treat all names oﬂuycmds or types of
objects as belonging to the category of Substance. For
example, the superdreadnaught, U. 8. 8. Tezas, belongs to
the category of substance, but so also does the kind name
shyp. Endless disputes are mdulged in by logicians over
the nature of substance, both as to individual substances
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and as to kinds or universals or fypes. But this is really
a question of systematic philosophy or metaphysics, or at
least of advanced rather than a question of elementary
logie. It is sufficient here to remark that there are about
every object aspects which do not belong to the category
of substance, either in the sense of individual substance or
in the sense of kind or universal substance. All thaf ean
be taken away from a substance 1s regarded as being some-
thing other than substance.

2. Quantily. The measurable aspeet of substances is
called quantity. This category 18 exceedmﬂly fundamental.
We cannot get along in practical life without usmg the
category of quantity repeatedly. Thus large and heavy,
and all degrees of these and all degrees of anything what-
ever are thought with the category of quantity. What is
a pound? We seem to be at a standstill when we say that
1t 1s a certain definite quantity.

3. Qualiy. Much of an object reduces on analysis to
sensible qualities. Synonyms for quality are characterstic,
atiribute, or merk. Every substance may be said to con-
sist of a number of different aspects or attributes, and these
are called 1ts quahties. Hardness, sofiness, solidily, blue-
ness, aguaty, swifiness are examples of qualities. When
we are asked to tell what these are we cannot go further
than to say that they are just qualities. They are not sub-
stances and they are not quantities, although they may
admit of degree and hence may be measurable or have a
quantitative aspect. But in general quantity and quality
are regarded as opposite kinds of existence.
= 4. Relation. A relation 15 a character which an object
has as a member of a collection or whole. In modern logie”
this category is universally recognized as of primary im-
portance, and some logicians would reduce most of Aris-
totle’s categories to this one. Our_ discussion _gﬁ___glatwe

Terms in. Chapter 1T was really a discussion of this category,
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and the student is referred to that section for examples
of relations,

5,6. Timeand Place (Space). Here again we have diffi-
cuIty 1 defining what 1s meant. To paraphrase St. Augus-
tme s words. ‘“We know what space and time are, when no
'one asks us what they are, but 1f any one has the audaeity to
ask us to say what they are, we do not know what they
are.”” That 18 because they are really ultimate ideas m
terms of which other things are defined, but which can-
not themselves be satisfactorly defined. “But modein
logicians are at one m reduemg space and time to rela-
tions, the relation of extension 1s space and the relation
of duration 18 time Thus, space and time are really the
same as spatial and tempoial relations. But even though
we admit that this does not enlighten us as to what space
and time m themselves are, we all know that many things
cannot be defined exeept as being either a space or a time
Thus, yesterday belongs to the category of time, and the
north pole 1s a place. Again, when falls under the category
of time but where and there fall under the category of
place.

7. Siuaiion When we speak of an objeet bemng mn a
certain situation we really mean something different from
bemg m a certain place, although situation obviously in-
volves bemg m a place. A perfectly round sphere, for
example, 1s always 1n the same situation. no matter what
place 1t 1s m, whereas a man may be regarded as either
erect or recliming while oceupying exactly the same place
For this reason Aristotle distinguished the category of
situation from that of place. 'What 18 horizontal and what
18 perpendicular? You can only answer by saying that
they are situations.

8. Rtate or Condition. The manner in which a thing
capable of change exists af a certain time, as distinet from
the manner 1 which 1t exists at another time, is called its
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state or condition. Thus fce 15 a state or condition of

water, war and peace are states or conditions of nations,
and fever is a state or condition of the body. State or coE-_
dition Aristotle regarded as an ultimate form of being.

The only way you can define fever, when you go as far as

vou can go, 1s to say that 1t is a state or condition.

9, 10. Activity and Passwvity. A great many names
have to do with motion. Cutling, fighting, running are all
reducible to the category of activity. We can hardly define
motion except as an ultimate category of our thinking and
of existing things. Many logicians reduce the category of
motion or actiity to the relation of duration or time.
There 1s no question but what motion and the stream of
time are closely related, but are they really identical?
Pussunty refers to an object as a recipient of activity.
Henee both these Aristotelian categories can be reduced to
motion or change Xxamples of the category of passmivity
are bewng horsewhipped, or bewng tarred and feathered.

‘We realize the great significance of this list of categories
when we take a simple sentence such as ‘‘Bill’s bay horse
18 runnmng at breakneck speed down Main Street, hitched
between the shafts of a new buggy,”’ and refer each of the
names m 1t to its proper category For this shows how
much we use the Aristotelian categories in every-day life
without being conscious of the fact. Thus, the word Bl
belongs to the category of substance.in the individual sense
because it is the name of a man, but the possessive mndi-
cates a Telation between Bill and the horse, namely, the
relation of ownership BaJ is a quality, horse 1s an indi-
vidual substance, running is an activity, breakneck speed
is a state or condition of the horse, down is a relation, Marn
Sireet is a place, hifched is passivity or condition, and
beiween is a relation. The shafts are individual substances,
but of defines their relation to the buggy, which is another
individual substance. New is a guality and the word 4s
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has in it a temporal meaning, which places it under the
category of time. We never utter a statement of any kind
in which we do not employ a certamn number of these field
1deas or categories.

The Predicables

In addition to the categories, there is another set of
terms whach are of special importance in traditional logie.
They are known as the predicables. The best approach to
an understanding of them 1s to take any individual suk-
stance and analyze 1t 1nto 1ts various qualitzes and relations,
For instance, a desk may be analyzed as follows. table,
especially adapted for convenience i writing, having a
smooth top surface, made of wood, five years old, i a cer-
tain office, between two wmdows, ete., etc. Each of these
separate names, including the name desk itself, may be re-
ferred back to one or another of the Aristotelian categories.
But over and above the relation of each of these to 1ts
category, there is a relation between each of them and the
wndwidual substance, desk, It is this later relationship
which 1s expressed by the predicables. They are the names
of the dufferent possible types of relations between the vari-
ous parts into which an individual substance can be ana-
lyzed and that substance itself. Or we may also say that
they are the names of the most general relations which a_
predicate (a quality, relation, ete.) can have to its subject
(the individual substance 1n question). The names of the
predicables are- gemus, spectes, deﬁmt@on, property and
accrdent. For species we sometimes use the expr expression
dz]ffere'ntue meaning the differentim of the species. Now
the genus and the differentie of the species constitute to-
gether the definition of a thing,_and these three are to be
_distinguished from property and aceident by the fact that
th\y_ are the essentwl attributes of the thmg_in question,_
whereas the property and accident may both be conceived
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as absent without the object ceasmg to be. Strictly speak-
ing, an mdividual“substance 1s its definition. For genus
means the qualities which the substance has in eommon
with other substances of the same general type, and dif-
ferentiz of the species means the qualities which dlstm-
gussh 1t from other objeets of the general class, and these
two sets of characteristics are the definition, and constitute
together the individual substance.

Our example of the desk will make this clearer. The
genus is table and every desk must have the essential at-
tributes of a table in order to be a desk. The differentim
are: Especially adapted for comvemence m writing and
‘having a smooth top, and these characteristies are just as
csSential to a desk as are the attributes of a table. Now a
property is a characteristic which every objeet of the
species in question actually has but which is not ‘2bsolutely”
essential to 1t. Henece, before the use of other materials
came into vogue, made of wood could have been regarded
as a property of a desk. An accident, on the other hand,
is a non-essential attribute which 1s sometimes present and
sometimes absent. Thus, five years old is an accident of
desk because a desk may be a hundred years old or be just
newly made and still be a desk. Now, in the same way,
we can say of every predicate whatsoever, meaning bL|
predicate the various eomponents of the individual sub-
stance 1 question, that 1t 18 either a genus or a differentia
of the species or a property or an aceident of the subJect
This is the meaning of the Aristotelian predicables. To
be sure, one may question whether any attribute is really
non-essential to an object, and msist that property and
accident be made a part of the essential attributes. This
would break down the rigid separation which Aristotle
makes between essential and non-essential attributes. But
in praectical life we need to distinguish between the essence
of an objeet and 1its relatively unimportant features, and
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for this purpose the predicables of Aristotle serve very
well.

The Relation between Aristotle’s Categories and Predi-
cables and the Modern Conception of Class.

We can best understand the relation between the
Aristotelian categories and the Aristotelian predicables by
noting that the predicable called the genus always becomes
a category when the analysis of the objeet in question is
carried to the limit. As was pointed out above, the end
of thought 1s reached when a given object is fully analyzed,
and each part is placed 1n its proper category or categories,
This 1s what 1s always involved 1n stating the essential at-
tributes of an objeet. It follows that the forming of general
or umversal conceptions, such as are the names of the
Aristotelian categories, 1s one of the most 1mportant fune-
tions of human thinking, and the ultimate goal of all
scientific research.

Modern logicians use the term class for the Aristotelian
term category ! To think 1s to form classes, and to place
mdividual objects in their proper class or classes Hence,
the relation of a member of a class to the class takes the
place of the Aristotelian notion of a eategory whose nature
18 embodied in objects which belong to 1t. It follows that
modern logicians treat the genus as a class. By so doing
the distinction between categories and predicables is
blurred. In fact, the conception of class and of membership
m a class takes its place, and this is held to be a decided
improvement over the Aristotelian logie.

In answer to this contention it is well to point out that
the conception of class is not only highly ambiguous but
positively misleading, and for these reasons it is a very
poor substitute for the term eategory. For a subject to

—_—

1 8ee Introduotion to Reflective Thwmking, Ch. II, Secs. 3 and 4.
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b@ng to a certain category ome thing is essential, namely,
that it embody 1n 1itself the nature of that category, but_
for an object to belong to a class any one of three dlﬁerent
relations 1s satisfactory. For by a class is meant some sort
of totality of things, and three different meanings of memn-
bership 1n a class satisfy this motion,

In the first place, membership in a class may mean in-
closure, to be melosed in a contamer, just as apples are in
a barrel or pigs in a sty. In that case the relation is wholly
external. That is to say, the container has no actual inner
conmection with the things contained in it, because they
can be taken out without ceasing to be what they are and
without the container ceasing to be what it is. Pour the
apples in a pile on the ground and they are still apples,
and the barrel is still a barrel To put i1t in Aristotle’s
terminology, the mclosure relation 1s an accident of the
apples They can be apples without being inclosed in any-
thing. Now if membership in a class means this and noth-
ing more, the real logical relation between an individual
object and its category or eategories is not grasped at all.
By the relation between an object and 1ts category or genus,
Aristotle meant something other than mere inclosure.

In the second place, membership in a class may mean
forming a part of an aggregatiwn. The aggregation or
collection in question may be the most homogeneous or the
most heterogeneous group of objects conceivable, A pile
of apples or bricks is a good illustration of a homogeneous
aggregate, and a miscellaneous collection of articles on a
bargain counter in a department store may serve to illus-
trate the heterogeneous type of aggregation. Such a total
aggregation would disappear if all the members were taken
eway from it, so that the relation between a class and its
members in this sense is more fundamental than in the case
where membership means inelosure. The barrel remains
after the apples are taken away, but the pile vanishes into
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nothingness when the apples are put back into the barrel.
Nevertheless, the real logical relation which Aristotle had
in mind in s conception of belonging to a category is
missed entirely, when membership in a class is interpreted
to mean forming a part of an aggregate.

The third meaning of membership m a elass is the real
logical meaning. It involves the notion that the member
embodles,\l_l}__some particular manner, the nature of thé
class 1 question. Thus, every apple 1 a barrel belongs
to the class of apples as well as to the barrel. and every
apple 1n a pile belongs to the class of apples as well as to
the collection which we call a pile. It 1s the relation be-
tween an apple, any apple you please, and those numerous
characteristics or attributes which we think of as essential
to an apple, which 18 the logical relation Aristotle was
tryimng to grasp. All these characteristics constitute the
class apple. Any particular apple 18 what 1t 1s, by virtue
of the fact that 1t possesses by nature the general charac-
teristies which constitute the class apple.

‘When we use the conception of membership mm a class in
this third sense, 1t is equivalent to the Aristotelian notion
of belonging to a category or being in a certan genus. But
the word class 1s so certain to ecarry with 1t one of the other
meanings that 1t is a poor substitute for the Aristotelian
notion of category. The logical meaning of category is
difficult to grasp, but it is at least free from the ambiguity
with which the word class is infected. Consequently, the
modern substitution of class for category is really a step
backward.

Exercise 11
1. In the following verses and sentences reduce each term to the
proper Arnstotelian ecategory:

{e¢) A shipwrecked sailor buried on this coast,
Bids you set sail.
¥ull many a gallant bark, when we were lost,
Weathered the gale. —@reek Anthology
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(b) Mind is the total collection of events in the response of
an orgamsm to the stimuli striking the sense organs of
the agent concerned.

(o) Is true freedom but to break
Fetters for our own dear sake,
And with leathern hearts forget
That we owe mankind a debt?
No, true freedom 1s to share
All the chains our brothers wear,
And with hand and heart to be
Earnest to make others free.

—LowELL

(d) Enstein’s theory of relatiity has already revolutionized
physics and astronomy, and Mr Bertrand Russell believes
that 1t will eventually meriously affect our whole philoso-
phy of nature and of human life, which is probably & true
estimate of the significance of this epoch-making discovery.

(e) Inspiring addresses are seldom made by distinguished phi-
losophers since such thinkers deal too much with pure
and airy abstractions to be able to sway the average
audience.

(f) E'’en as a mother watcheth o'er her child,
Her only child, as long as hife doth last,
So let us, for all cieatures, great or small,
Develop such a boundless heart and mind
Ay, let us practise love for all the world,
Upward and downward, yonder, thence,
Uncramped, free from 1ill-will and enmity.

—BunprIST POEM

In the follomng passage Immanuel Kant suggests a number
of erticisms of Aristotle’s hist of categores. State each of
these criticisms 1n a single sentence 1n your own words.

It was an enterprise worthy of an acute thinker like Aristotle
to try to discover these fundamental concepts, but as he had
no guiding principle he merely picked them up as they occurred
to him, and at first gathered up len of them, which he called
categories or predicaments Afterwards he thought he had dis-
covered five more of them, which he added under the neme of
post-predicaments. But his table remained imperfect for all
that, not to mention that we find 1n it some modes of pure
sensibility (quando, ubs, sttus, also prius, simul), also an em-
piricel concept (motus), none of which can belong to this genea-
logical register of the understanding. Besides, there are some
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derivative concepl~, counted among the fundamental concepts
{actio, passio), wlule some of the latter are emtirely wanting,
—Ontwque of Pure Resgon, translated by Max Muller (The
Maemillan Company), p 67

3. Following 1s Kant’s own table of categories. Mention at least
three differences between Kant’s hist and that of Anstotle
Do you think that Kant avoided all of the eriticisms he made
of Anstotle 1n the above passage? Explamn your answer.

TABLE OF CATEGORIES
1. Of Quantity III Of Relation

1. Unity 7 Of Inherence and Subsistence
2, Plurality (substantia et accrdens)
3. Totahty 8. Of Causality and Dependence

(cause and effect)
9. Of Community (reciprocity be-
tween the active and the passive)

IL Of Qualsty IV. Of Modality
4. Reality 10 Possibility, Impossibility
6. Negation 11 Existence, Non-existence
6. Limitation 12 Necessity, Contingency

4. Select from the Iist of verses and sentences under question 1
at least one example of each of the Kantian categories

5. Jeremy Bentham gave ihe following definition of a community

A community 1s a fictitious body composed of individual per-
sons who are considered as constituting, as it were, 1ts members

Thig definition has been erticised by Iverach as follows

No body of any kind 1s constituted by the members alone, Any
unity has to be looked at from two pornts of view, and 1s never
the sum of its parts Regard must be had to the wholeness of
the whole a3 well as to the parts Society or a commumty 1s
not a fictitious body, of which individuals are the fictitious parts

or members, a people 15 a umty, an organic whole, and the indi-
viduals are so 1 relation to the whole

What idea of class dominates Bentham’s definition? What
idea of class domumates the eriticism of Iverach, and his own
definition as expressed in the last senfence? Is either of these
1dentical with the impheative system? If so, which and why?



CHAPTER IV
THE INTENSION AND THE EXTENSION OF TERMS

What Intension and Extension Are

We have just discovered an important dual character
of the term apple. For we have seen that it may mean
apple wn general or, on the other hand, it may mean any
or all partwcular apples. Now, this 1s true of every term
whatever. Every term has both of these aspects. It means
certain definite qualities or attributes and it also refers to
certain objects, or, 1n the case of a singular term, to one
object which has those qualities When we think of any
one or of all of these qualities which constitute anything’s
essence, without especially thinking of an existing object
in which these qualities are embodied, the term in question
is used infensively. On the other hand, when we refer fo
an object having those qualities, without any special refer-
ence to the qualities themselves but only to the actual con-
crete objeet in which they are embodied, we use the term
eztenstvely. For example, if I say, ‘‘an apple is the frusl
of a pyraceous tree,’’ 1 use the term apple intensively, be-
cause no particular apple is intended but the nature of
apple in general. But if I say, ‘‘These apples are de-
licious,”” or ‘‘All the apples in Corso’s fruit store are
cheap,’’ or, ‘““All the apples raised in Ohio last year have
been sold,’’ I use the term extensively, becaise I am mnot

fteling what an apple is, but only that there are certain
objects ealled apples.

This distinction between the specific meaning of a term
and the embodiment of that meaning in one or more con-
crete examples is one of the most important distinetions in
logic. It may be made clearer by an analogy. Inventors

and artists use models to give body to their ideas before
43



44 THE PRINCIPLES OF REASONING

they actually make the object for public use or exhibition.
Thus one sees 1n Saint Gaudens’ studio at Cornish, New
Hampshire, the model the great sculptor used when he
produced his famous statue of Abraham Linecoln. When
an artist finally gets the model so that it fittingly embodies
his coneeption of his subjeet, he 1s ready to cast the statue
in bronze, and, needless to say, as many different statues
can be made as he wishes. The model may be regarded as
analogous to the mtensive meaning of a term, whereas the
various statues that are actually cast are comparable to its
extensive meaning. Or to come just a hittle closer to the
real meaning of intension, let us say that the completed
model 15 the first extension of the Saint Gaudens Lincoln,
and that the conception of the statue in the artist’s mind,
from which this completed model was constructed, corre-
sponds to the intension. Then all the replicas of that
statue, the one 1n Lincoln Park in Chicago, the one in front
of Bascom Hall at the University of Wisconsin, and any
others there may be would form the rest of the extension
of that term—the Saint Gaudens Lineoln. In the same way
those qualities essential to the constitution of any object
whatsoever form together the complete intension, and those
objects in the real world which embody those qualities in a
particular way form together the complete extension. Each
object of the kind in question may be, nay, must be, unique
and different from every other. Nevertheless each em-
bodies in 1itself the characteristics of its kind. The ability
to grasp 1n 1its fullness this distinetion between the intensive
and the extensive meaning of a term may be said to be one
of the first and most necessary stages in the development
of a logical mmd.

In order to tie up this discussion of intension and ex-
tension with the diseussion of definition and division which
is to follow, it should be stated that the intension of a log-
ical term is equivalent to 1ts definition. Logical division
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is in like manner connected with extension. For by the
complete 1ntension of a term we mean all the essential at-
tributes, qualities and relations involved 1n the constitution
of any object which 1s properly designated by that par-
ticular term. There may actually be just one or an in-
numerable host of such objects, and extension has reference
to this exient of the objects. The complete extension means
all of the objeets having the essential attributes necessary
to constitute an object of that kind. Whether the term is
used to refer to one, or some, or many, or all of the objects
constituting 1ts complete extension it is still said to be used
extensively. Sumilarly, whether the term 18 used to mean
one or many of the essential attributes involved 1n the con-
stitution of an objeet, it 1s still used in intension. But in
each case complete mtension and complefe extension means
all.

A synonym for intension 1s connotation. While some
logicians attempt to distinguish the intension from the
connotation, the terms are generally regarded as synony-
mous. And a synonym for extension i1s denotation. The
advantages of these synonyms is that they each have verbal
forms. Hence we can say that the term apple connotes
certain attributes and denofes certain objects Conse-
guently these terms are frequently used instead of inten-
sion and extension, and the student must remember that
they are equivalent terms.

Alleged Non-Intensive and Non-Extensive Terms

It must be especially emphasized that every term what-
soever has both an intensive and an extensive meaning,
both a connotation and a denotation This has been denied.
It has been held that there are non-connotative terms and
it has also been held that there are non-extemsive terms.
Let us begin by considering the alleged non-connotative
terms,
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Jobn Stuart Mill argued at some length to prove that all
prbper names are non-connotative. In other words, he held
that such names really have no meanmg. This seems true
when they are taken 1 abstraction from the object which
they name, usually a human bemg, or an animal, or an
important place. For instance, the term Jokn Jones ap-
pears to have no intension until it is used to refer to some
particular person, but when 1t is once so used its mtension
is supplied to 1t by the nature of that person But there is
a sense 1n which the term John Jones has an intension, even
when not used to refer to a definite person. Its intension
then 1s not the qualities of any person, but the qualities of
proper names. Thus, the mtension of John Jones, when
no particular person 15 meant, would be ¢ name which 1s
frequently employed to deswgnate a human being. Even
though the intension of a proper name differs when it 1s
used n abstraction from any particular person, neverthe-
less 1t has an intension even then. But it is true that the
mtension of a proper name differs for every person who
happens to have 1t. Thus the mtension of John Smuth
is one thing when the name meaus Captain John Smith of
our colonial history, and quite another thing when 1t means
one of the boys who fought in Belleau Woods Conse-
quently proper names have a different extension for each
individual who is known by them. In other words they
have but a single extension because they are really singular
names. This is one reason why they have been supposed
to have no intension

On the other hand, names of imaginary or fictitious ob-
jects have been denied an extensive meaning, This denial
15 due to a failure to grasp the full sigmficance of the
distinetion. Take as an illustration the term fawry. TIts
intension is: imaginary beings or spirits, generally repre-
sented as of a diminutive and graceful human form, but
capable of assuming any other, and as playing pranks,
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frolicsome, kindly, mischievous, or spiteful, on human
bemngs or among themselves. Now, it is urged, that since a
fairy is an imaginary being there can be no actual object:
having these qualities and hence no extension. But the
expression playing pranks among themselves indicates an
extensive meaning. And this extensive meaning would be:
all fairies which have even been imagined to exist, or all
the fairies mentioned in the story of Cinderella. As Bosan-
quet has well said:

Imagnary ideas, the content of absolufte fictions, have their'
extensions 1 the mstances, particulars, or units, or 1n the aspect
of umty which they naturally yimply Chimeras, four-dimensional
space, Gulliver’s voyage to Lalliput, have all the same complemen-
tary aspects of meaning and particularity (intension and exten-
sion) that are involved 1n man, horse, or triangle (Vol. I, p. 48).

The Distribution of Terms

Another very important logical distinetion is eonnected
with the distinetion between mntension and extension, and
it will be better understood when we come to apply 1t later
on 1f it 18 taken up here. It is the distmetion between a
distributed and an undistributed term The distinetion
really refers primarily to extension but terms that are used
intensively have to be given a definite distribution in order
to perform the logical operations to which we are coming.

he rule is that all terms which are used in intension, in-
stead of in extension, are treated as bemg undistributed,
because there is no way of determining the extent of a term
which 1s not used in extension. Henee, to be sure that we
are not saying more than we should say, we have to assume
that terms used in intension are undistributed For undis-
tributed means terms used to refer to only a part of their
extension, and distributed means terms used in their fullest
‘or complete eztension. Thus, the term, all apples is dis-
tributed because none are left out. but the term, some apples
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is undistributed because a part of the class of apples is
not included by the word some. Now let us take an example
of a term used in intension, instead of in extension, and
show why 1t must be taken to mean some rather than all,
or mn an undistributed rather than i a distributed sense.
In the proposition, All equilateral triangles are equiangular
the term all equalateral triangles 1s obviously used in exten-
tion and 1s distributed. The word all shows this. But
the term equiuangular 18 not used extensively. Nothing is
said to indicate whether 1t means some or all because the
term 1s used intensively. We know from geometry that it
means all, but we do not know this in logic and we have to
treat +f as meaning some. For the purposes of formal
logic every term which 1s used 1n an infensive rather than
in an extensive sense has to be treated as undistributed,,

Since singular terms have only one object to which they
refer, they are always distributed, no matter whether they
are used intensively or extensively., Thus, the center of
the material unverse 18 a distributed term. And smce, as
we saw above, every proper name 1s a smgular term in the
sense that 1t has a different intension for every object to
which 1t refers, these terms, too, are always distributed.
One can never say, some Socrates. We shall use this dis-
tinction between distributed and undistributed terms many
times. But now let us return to mtension and extension.

The Alleged Inverse Ratio between Intension and Ex-
tension

Generally speaking, the less the intension of a term the
greater the extension. If only one or two attributes are
needed to constitute an objeet, there are likely to be a great
many more such objects than where there are a number of
qualities essential to constitute the objeet. Now the in-
tension of a term may be inereased by adding some new
characteristic. When this is done the extension tenda to



INTENSION AND EXTENSION OF TERMS 49

decrease. For example, the term man 18 relatively rich in
mtension, that 1s to say, 1t would require a great many
qualities to express completely the nature of man. But
when the attribute ciwilized 15 added to the ferm man the
intension is increased enormously. Now what happens to
the extension in that case? It becomes much less. There
are far fewer civilized men than there are men. Now an-
other set of qualities may be added to the term evilized
man, namely educaled, civilized man. This still further
increases the complexity of quahities necessary to the ob-
Jject, and consequently there are far fewer objects which
can be comprised under the term. The number of edu-
cated, civilized men is much less than the number of eivil-
ized men, so that while the intension 18 greater, the extex-
sion is less.

The question arises as to whether this is always true.
Do intension and extension vary inversely? The answer is
‘“no.”” A very shight increase 1 the 1ntension may decrease
the extension enormously. Thus, add to baoks the attribute
bound, and very little addition 1s made to the mtension,
whereas the extension 18 very greatly modified. Moreover,
qualities ecannot be measured mathematically, but objects
can be enumerated. Hence 1t 15 possible to get a definite
figcure for the variation m the extension of a term, but it 18
not possible to determine the precise amount of variation
produced by adding a particular quality or set of qualities.
There can be no mathematical ratio in the variations. All
we can say is that generally speaking, when intension 18
increased, extension is decreased. On the other hand, to
merease the extension may not have any effect on the m-
tension or it may modify 1t only slightly.

Some logicians make the mistake of thinking that men.
tioning the kinds of objects is giving the extension of a
term. For instance, they say that the extension of man is
Caucasian, Mongolian and Negro, instead of saying that the
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extension is all men of all kinds. This is a mistake because
using terms such as Mongolian is giving another intensive
term, the extension of which would be all Mongohians. This
blurs the distinetion between intension and extension. The
extensive meaning of a term 1s not another intensive term,
but all of the objects having the qualities specified by the
original term. The intension of man is simply increased
by adding the term, Mongolian.

To the elementary student the intension of & term is hard
to grasp because we usually tell what a thing is by giving
an example of 1t, instead of analyzing it into 1its specific
attributes. To define accurately 1s exceedingly difficult,
but to point out is comparatively easy. This was Socrates’
problem 1n ancient Athens. When he asked for a definition
of justice, he was given an mstance of an act of justice.
He asked for the intension and he was given the extension
of the term in question. Now we know the objects before
we know their full nature. Only a student of botany knows
fully the nature of a leaf, its intricate structure and its
constituent elements. But every one supposes that he
knows what a leaf 1s, because every one has seen leaves all
his Life. It 1s comparatively easy to tell what a leaf 1s by
pointing to one, and saymng: ‘‘That is a leaf.”’ It is very
difficult to tell what a leaf is by giving all of the essent:al
attributes 1n the constitution of a leaf, because we can only
learn what these are by a careful study under the mero-
scope of the structure of a leaf. Hence Mackenzie is en-
tirely right in saying: ‘‘The denotation (extension) of a
term may be sufficiently apparent without any definite
apprehension of its connotation.”’* Few, indeed, are those
who know the essential intensive meaning of the commonest
words of everyday lLife. Yet every one assumes that he
knows what they mean, because he has in mind instances

1J 8 Mackensie, Blements of Construotive Philosophy, p. 69.
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of the things. One of the greatest values of logic 1s that 1t
teaches us how himited 1s our knowledge, and how prone
we are to decerve ourselves mnto thinking that we know
what an object is because we have seen instances of it.

Exercise IIT

1. Indieate first the intension and then the extension of each
of the following terms

(¢) proton (d) gnffin (g) radio (§) Ford
(3) Hindu (e) brass (k) Cam (k) Mhiplane
(c) seam (f) cord (1) statie (I) ton

2. Increase the intension of the following. How 1s the exten-
sion affected 1n each case?

(a) style (d) pole (g) televigion (7) money
(&) athletics (¢} hail (k) tamk (k) ore
(¢) tauff (f} pm (s) conversion (!) namber

3 How far 1s the statement “intension and extension vary in
inverse ratio” true of the following sets of terms.

(2) machine, motor vehicle, arship, biplane, Spirit of St Louis

(b) home, children’s home, Masonic children’s home, Indiana
Masonic children’s home

(¢) element, metal, copper, penny, Lincoln penny, 1930 Lincoln
penny

4 Arrange the following terms in series as in question three,
placing each term of greater extension before a term of less
extension Point out which are the terms of greatest and least
intension 1n each series:

institution, assoeiation, number, urn, being, substance, six-
teen, integer, Arabic number, Gotama Buddha’s rehgion,
fraternity, funeral urn, Hinayana Buddhism, college fra-
termity, Grecian fumeral urn, quantity, ethical religionm,
Delte Kappa Epsilon, artifact, rational number, Yale
chapter of Delta Kappa Epsilon, Buddlsm



CHAPTER V
DEFINITION AND DIVISION

The Nature of Definition

A term is said to be defined when its ecomplete intensive
meaning is given. This involves embodymg in language
the results of a scientific analysis of the constitution of
whatever 18 being defined. It assumes that every definable
object, or entity, has a complex structure the nature of
which can be ascertained by careful inspection and analysis.
A complete definition is diffienlt to obtain because it in-
volves giving an exhaustive analysis of the inferential
whole 1n question. As Mill well said:

The definition of a name 1s the sum total of all the essential
propositions which ean be fiamed with that name for their sub-
ject. All propositions the truth of which 1s 1mphed 1n the name,
all those which we are made aware of by merely heaiing the name,
are 1ncluded 1n the defimtion if complete, and may be evolved
from 1t without the aid of any other premises; whether the defini-
tion expresses them in two or three words, or 1n a larger number.
It 1s, therefore, not without reason that Condillac and other
writers have affirmed a definifion to be an analysis To resolve
any complex whole into the elements of which 1t 15 compounded,
1s the meaning of analysis, and this we do when we replace one
word which connotes a set of attmbutes collectively by two or
more which connote the same attributes singly, or in smaller

groups.!

The purpose of defining 1s to fix the universal meaning,
or the intensive qualities, of the thing defined so that they
can be communicated to another person, or so that the
individual thinker may have a permanent thought content

1]J. Stuart Mill, Logic, Bk. I, Ch. VIII, See. 2.
b2
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with which to carry on his own thinking about objects. The
distinetion 18 frequently made between wverbal and real
definitions. The former are definitions of words and the
latter of real existing objects. The only value of this dis-
tmetion is to emphasize the fact that true definition is al-
ways real, and has to do with actual existences. The aim
of every intellectual act of defining is to express as ac-
curately as possible the actual nature of the thing being
defined, no matter what it may be. Verbal definitions are
useful as tentative or provisional deﬁmtlons but thought
‘aims to replace them by real définitions and should do so
as soon as possible. Definition 18 really valueless when it
fails fa grasp the actnal content, the intensive meaning of
what 1s being defined.

As Mill pointed out, description is not definifion, be-
cause description pictures the .object instead of giving its
actual thought content or-intensive meaning. Definition
is the result of accurate analysis, pamstaking investigation,
thorough study. Deseription, on the other hand, gives an
outside view, catches what 18 most apparent to the senses,
presents an imaginative and superficial account of the thing
being defined, and thus fails to grasp the inner essence with
which thought 1s chiefly concerned.

Kinds of Definition

1. Aristotelian Definition. In the discussion of the
predicables and of intension, we have already referred to
the Aristotelian type of defimtion. It is that method of
defining which proceeds by stating the genus nearest to
the object being defined, and by giving the essential dif-
ferentie which set this object off from others belonging to
the same genus. The object is said to belong to a class of
objects known as the species, and the differentie are the
essential attributes of the species. Here what was said
above about the real logical meaning of membership in a
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class or species must be kept in mind. The relation in
question is mternal and vital, not extraneous and unessen-
tial. Each of a number of species belongs to the genus
and has all the essential attributes of the genus, but 1t also
has unique attributes which differentiate 1t from other
species in the same genus. In Aristotelian definition a term
18 defined by simply mentioning the genus, without specifi-
cally mentioning its attributes, and then going on to a
more detailed account of the differentim. All the essential
attributes of the species have to be specifically mentioned,
but it 1s regarded as sufficient simply to name the genus.

Practically all dictionary definitions are of this kind.
The student should look through some of the definitions
given in any standard English dietionary in order to
appreciate how fundamental the Arstotehhan method of
defining 1s. The following examples may be given (a)
“A dodecahedron 1s a solid having twelve faces ’’ Here
the word sol:d is the genus, and the phrase having {welve
faces, differentiates the dodecahedron from other solids.
‘What 1t takes to constitute a solid 1s not speecifically men-
tioned. (b) ‘*A fallmg star 1s one of a class of meteors
which appear as luminous pomnts shooting or darting
through larger or smaller ‘areas of the sky, and which are
often followed by trains of light.”’ (¢) ‘“A faucet 18 a
device fixed in a receptacle or pipe to control the flow of
liquid from it by opening or closing an orifice.”” (d) “A
dendrite 18 a stone or a mineral m which are figures re-
sembling shrubs, trees or mosses.”’ Now, this last defi-
nition gives us one of the inferential wholes for which the
term dendrite stands. There is an entirely different one
brought out in the following definition: ‘A dendrite is
one of the protoplasmie processes of a nerve cell.”” Xach
of these definitions of a dendrite illustrate the Aristotelian
type of definition, and yet each is stating an entirely differ-
ent intensive meaning
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2. The Logical Comprehenswe Type of Definition. This
type of definition aims to correct the defect of the Aris-
totehan type. Merely to mention the genus, without stating
its essential charaecteristics, 1s to leave out a part of the most
essential attributes of the thing defined. Hence, every
Aristotehan defimtion 18 1 so far meomplete. Logieal
comprehension is that method of defining which, in con-
tradistinction from the Aristotehan type, gives a complete
list of essemtral marks or attributes, without using the dis-
tinction belween genus and differentia. All essential marks
are treated as being on the same level, and are aggregated
together in the definition without regard to their relations
with one another. While this type of definition is especially
serviceable in defining highly artificial classes, such as some
of those dealt with in mathematies, it is really not as good
a type of definition for general purposes as the Aristotehan.
It makes the defimition more cumbersome to include the
differentiee of the genus along with those of the species,
and it is not really possible to avord some word which may
be taken as a genus. Every definition has to assume some
ideas which are not defined and a logically comprehensive
definition 18 no exception to this rule. As a matter of faect,
it 1s simply an Aristotehian defimition which uses the most
remote instead of the nearest genus. For example, wher
I define a dodecahedron as a magnitude or quantitative
whole, having length, breadth and thickness, and twelve
faces, I give the differenti of solid as well as of dodeca~
hedron. But I am forced to use the word magnitude ov
quantity, and this becomes the genus instead of solid. Tt
ig hardly possible to give a definition which does not use
some word which may be regarded as the name of a genus.
Logical comprehension is really only an extension of Arit.
totelian definition, and in practice it is neither necessary
nor advantageous to state the essential attributes of the
genus.
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3. The Qenetic Type of Defimtrion. This is the name
given to that type of definition which traces a thing to its
origin, or tells how a thing 1s constituted or produced, in-
stead of placing 1t in 1ts nearest genus. According to this
method I define a dodecahedron when I tell how to
construct one. The rule for the production of an indi-
vidual of the kind in question is equivalent to the genetic
definition.

Mathematical definitions are frequently of this kind.
For example: ‘‘A sphere is a solid figure formed by the
revolution of a semicircle about its diameter, which re-
mams fixed.'” But many natural objects are also definable
by the genetic method. Hence it 1s frequently employed
1n the natural sciences, and 1t 15 undoubtedly occasionally
preferable to the Aristotelian type. ‘‘To define heat as a
force 1n nature recognized i the phenomena of fusion and
evaporation (this is an Aristotelian definition) tells us less
about 1ts real nature than the statement that 1t 1s a form
of energy possessed by bodies derived from an irregular
motion of their molecules (this 1s a genetie definition). To
define water as a fluud which descends from the clouds in
rain (agamn the Aristotehan type) 1s less adequate for
seientific purposes than the chemical definition of it as &
flud formed by adding one part of oxygen to two parts
of hydrogen.’’ 2

The Rules of Definition

There are five important rules which must be observed
1n formulating a logical definition. These rules have come
down through the ages, and they refer especially to the
Aristotehan type of definition.

1. The basic rule 1s that the definition must staie all ihe
essential atiributes of the object which is being defined.

2J, E Creighton, An Introductory Logiwc (New ed., Macmillan
Co), p. T4
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This rule is frequently violated. Dostoeffsky’s statement:
‘“Man is a creature who can get used to anything, and this,
I think, is the best defimition of him,”’ 18 a poor logical defi-
nition because it violates this rule Of course his purpose
was well served by this definition since this one aspect of
man, namely, being able to adapt himself to any condition,
18 the part of man’s nature in which he was most mter-
ested. But man is much more than a creature who ean
get used to anything.

2. The definition must include mo more and no less
than the object or wmplicatwe system whach is being de-
fined. 1t must neither be too broad nor too narrow, but
commensurate with that which is being defined. ‘‘To de-
fine fish as an animal that lives in the water, would be too
broad because many insects, ete, live 1n the water; to de-
fine 1t as an animal that has an air bladder, would be too
narrow because many fish are without any. Or again, if
in a definition of money you should specify 1ts being made
of metal, that would be too narrow, as excluding the shells
used as money in some parts of Africa;if, again, you should
define 1t as an article of value given in exchange for some-
thing else, that would be too wide, as 1t would include
things exchanged by barter, as when a shoemaker who
wants coal, makes an exchange with a collier who wants
shoes.”” (Whately.)

3. The definition must not be obscure and confused.
Since accuracy, clearness and precision 15 the goal of defi-
nition every obseure and ambiguous definition defeats its
own purpose. There are many causes contributing to am-
biguity and obscurity. Sometimes it 13 due to the use
of an ambiguous word or phrase, or one which is harder
to understand than the one we are defining. Sometimes it
is due to the use of figurative expressions, especially meta-
phors. Sometimes too many technical expressions are in-
corporated in the definition. Yet this latter is always justi-
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fiable, within due limits, in scientific treatises. No student
has a right to condemn a definition for being too technical
until he can give a defimifion which expresses the exact
meaning 1n non-technical language. Technieal termimology
is essential and justifiable and this rule is not directed
aganst its use. On the other hand, a scienlist who 1s
writmg for the general public or for elementary students
owes it to his readers to define each technical term when he
first introduces 1t, and this 1s too rarely done. Examples of
violations of this rule are numerous, but the following may
serve: ‘‘Architecture 15 frozen musie.’”” ‘‘Life 18 a con-
tinuous adjustment of internal relations to external rela-
tions.”’ (Spencer ) ‘‘Virtue is a passive symbol of an
idea.”” ‘‘Religion is an experience of some mystical thrill
of emotional psychology *’

4. The definition should not be circular. The term be-
g defined or a synonym of it should not appear mn the
definition. This 1s obvious and yet 1t 1s a failing that 1s
all too common. Every teacher knows how frequently stu-
dents use this device to conceal their ignorance of the true
answer to a question. When we violate this rule we come
out of the same hole we went into, as a friend of mine
wittingly expressed 1it. To define a preacher as one who
exercises the functions of a clergyman would be a eircular
definition.

5. The definition should not be negatwe when 1t can be
positwe., Now, 1t must be admitted that a good way to
lead up to a positive definition 1s to tell what the object
under consideration 1s mof. As a rhetorical device this
method is frequently very valuable, but logically it is bad
procedure. What a definition is intended to do is to tell
the actual positive nature of what is being defined. De-
fining a moral man as one who is not intemperate, does not
lie, or steal or covet is an easier way than defining & moral
man by giving the positive features which distinguish
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morality from immeorality, but it is logically a bad defi
mition because telling what a moral man js not may fail
entwrely in conveying an idea as to what he is. This is
really a corollary of rule one, smce giving the essential
attrbutes involves stating the positive nature of the thing
defined.

Sometimes a corollary of rule two 1s added for a sixth
rule as a kind of counsel of perfection. It is that the defi-
mition should contain nothing superfluous.

The Importance of Definition

It is easy to exaggerate the importance of definition, and
many make the mistake of domg so. Superficial people
often suppose that all disputes about really profound ques-
tions could be solved by laying down a definition. The
fact of the matter 15 that defimition 1s the end of knowledge
rather than its beginning and for that reason no one ean
give a good definition until he has made a thorough in-
vestigation of the nature of the entity being defined. Con-
sequently any definition with which we begin an investi-
gation 1s provisional and more or less arbitrary. It solves
no problems Tt only opens up the field of investigation.
Professor Hocking after defining religion as anticipated
attainment. rightly remarks- ‘‘This precursory definition
of religion serves the purpose of such definitions—not to
solve problems, but rather to open them.”” Most of the
definitions given at the beginning of a discussion or text-
book are of this sort.

To warn the student against the danger of exaggerating
the importance of such precursory definitions let me quote
the significant words of one of England’s ablest statesmen,
Edmund Burke. In his philosophical discussion entitled
¢On Taste,”” he wrote: .

I have no great opinion of a deflnition. . . . For, when we
define, we seem in danger of circumseribing nature within the
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bound of our own notions, which we often take up by hazard or
embraee on trust, or form out of a limited and particular consid-
eration of the object before us, instead of extending our ideas
to take 1n all that nature compiehends . A defimtion may be
very exact, and yet go but a very liftle way towaids informing
us of the nature of the thing defined, but let the wirtue of a
definition be what 1t will, 1n the order of things, 1t seems rather
to follow than to precede mnquiry, of which 1t ought to be corn-
sidered as the result.

Yet, although what Burke says is true, definition is fre-
quently highly important. Many needless disputations be-
tween emment men are due to the fact that the object under
discussion has not been clearly defined by each of the dis-
putants In such a branch of human knowledge as law,
definition frequently assumes an overwhelming significance.
In the words of a distingmished French professor of law:
““The definition dominates juridical science. It is discov-
ered in the writings of the legislator and the judge as well
as 1n those of the jurist. Its funetion is no longer simply
to clarify debate. It has become an active factor in the
formation of law. It directs the progress of the law. Defi-
nition 1s an imtellectual and rational force m juridical de-
velopment.”’ To be sure, definition has often been over-
emphasized by lawyers. ‘“When the definition had con-
quered the domam of the law, when it had foreced itself
upon the lawmakers, as well as upon the lawyers, it be-
haved hke an absolute monarch, who may have the last
word when he wishes, but whose authority is at the same
time lax and capricious. It has the air of governing every-
thing; in reality, it allows itself to be governed by ecircum-
stances. It 18 supposed to be obeyed, but provided that
proper forms are observed, many liberties ean easily be
taken with it.”’® Thus to the lawyer who knows how to
use it, definition is admittedly a most effective instrument.

$ Tourtoulon. Philosophy in the Development of Law, pp. 328, 343.
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This is just as trone 1n general as it 35 of legal science.
Although definition is not a cure-all and end-all, and is
really enly a subordinate part of logical doctrine, still
‘“there 15 no need to throw to the dogs all that 15 not fit for
the altar of the gods.’’

What Logical Division Is

Just as definition has to do with the intensive meaning of
a term. so division has to do with its extensive meaning.
Now. obviously division 1s practically restricted to those

+ terms which comprise a large variety and a comparatively
large number of objeets in their extension And this means
that m division we are really dividing the genus mto its
species and the species mto subspceles. Logieal division
1s thus practically restricted to naming the different species
which make up a certain genus and naming the different
subspecies which make up the separate species or. as they
are also called, genera. The subspeeies with which a divi-
sion stops are called infime species, the genus with which
1t starts the summum genus, and the intermediate species
are called subaltern genera because they each constitute a
new genus i respect to the subdivisions into which they
are further divided. The proxumum genus of any species
18 that next above 1it. Every genus is said to be superordi-
nate to those below it, coordinate with those on the same
level with 1t and subordinate to all of those above 1t m the
series of species or genera. We gnay, then, define logical
division as the mtellectual process of breaking up a genus
mto its subordinate genera.

Breaking up 1s analyzing, and we seem to have the same
process here that we had m definition And there is &
gense in which this is trune. For each separate genus in the
series of genera has a separate intensive meanmg as well
as an intensive meaning common to all the genera. Hence
1t is true to say that logieal division is separating out of a
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complex group of qualities the respective constituent dif-
ferences, and since these are intensive, division seems to
be the same as definition. But since the purpose of division
18 to arrange the actual objects having those differences in
some sort of orderly manner, we are justified in holding
that the chief concern in division is the extensive rather
than the intensive meaning.

We meet 1n division a distinetion similar to the one we
met with m definition, under the name of verbal and real
defimtion. Here we distinguish ariificial from real divi-
sion. In the former we simply arrange things in any way
that happens to smit our purpose, or to be convenient for
us. Many very useful divisions are of this purely arbitrary
and artifieial character. But in scientific research into the
nfinite variety of nature the aim 1s to get at the real dis-
tinetions m nature. Since thought should always delve for
the actual existing differentiations between various natural
or real objects, a purely artificial division is only of relative
and transitory value, whereas a real division, although the
complexity of nature makes it most difficult even for the
scientific genius to reach, is nevertheless of permanent and
eternal value.

The Chief Kinds of Division

1. Dichotomy. The method of division which Plato
used 1n the investigations carried on in the Academy was
dichotomy. It is based on the law of excluded mddle
which we considered when we dealt with the basic laws of
thought. Dichotomy assumes that the whole universe can
be satisfactorily divided by prefixing the word non to a
given term, so that the positive term forms one side of the
division and the negative term forms the other part, after
which the positive term is further divided into a positive
and a negative side, and so on indefinitely. This type of
division is also called binery classification. An illustration
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will make the process clearer. I use for that purpose the
famous Tree of Porphyry. It comes down to us from the
great Neo-Platonist logician of that name

Bubstance
R I
1 l
eorpc]:real ncorporeal or non-corporeal

1
ammate 1nanimate or non-ammate

hI i

rational 1rr 1 or mnon-rat 1

Rl

or non

|
mortal 1mmortal or non-mortal
| | 4
Peter James and others

Here, starting with a term, our first division is into its
negative and positive aspects; the negative aspect is left
to one side and the positive aspect is further divided into
positive and negative aspeet This is contmued until the
purpose of the division in question 1s aceomplished.

There are two bad features of binary classification, or
dichotomy. In the first place, it restriets the division to
two coordinate classes, and many times division demands
that there be several coordinate classes. Moreover, there is
no way of knowing whether the two classes really are co.
ordinate, since we do not know what may be included under
the negative term. It is one of the infinite negative terms
which may mean anything. Or to put it differently, the
method of dichotomy is really an attempt to include in the
division what we do not know as well as what we know
whereas a real division must be based on what we know.
Henee Bacon was right when he said: ‘‘These dichotomists
would wrest whatsoever does not aptly fall within their
dichotomies.’”” In other words, the dichotomist has to make
everything come within his dichotomies whether they natuo.
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rally do fall within them or not. Consequently, the method
of dichotomy is not highly valued to-day.

Moreover, as the quotation from Bacon suggests, the log-
ical defeects in the method of dichotomy frequently lead to
serious practical consequences. Molders of public opinion,
such as politicians and clergymen, know how readily 1mma-
ture and poorly trained minds are vietimized by catchy
but superficial dichotomies. Thus the current dichotomaes,
such as Darwinian and Non-Darwinian, Fundamentalst
and Non-Fundamentalist, Bolsheviki and Non-Bolsheviki,
“‘Cluckers’’ (members or adherents of the Ku Klux Klan)
and ‘‘Non-Cluckers,’’ really become brands by which indi-
viduals are designated, even though their views may really
Place them entirely without and above either of the oppos-
mg groups. For no great man is ever bounded by the nut-
shell of a sect or party. As we grow in wisdom and reach
maturity of judgment on social, political and religious
1ssues, we come to see that ‘‘the habit of indulging in sharp
but facile dichotomies is probably the most serious error
into which we can fall.”” (M. R. Cohen.)

2. Classification. Smee 1t 15 not possible by the method
of dichotomy to express the complex relations in nature
which gradually and insensibly pass over into each other,
we are thrown back upon classification as the only scientifi-
cally valuable method of division. Here the aim is to form
separate classes according to the natural lmmes of demar-
cation 1 the subject matter under investigation. As many
coordinate classes are named as the actual structure of that
subject matter reveals to careful and exact observation,
and mn the same way these larger classes are broken up into
as many subdivisions as the nature of the objects being
classified seems to demand. Modern logicians regard classi-
fication as one of the most essential parts of logic and in
Part Two we shall see how essential it is in induetive
procedure.
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A very simple example of a classification may be taken
from the science of mathematics where comic sections are
classified as the hyperbola, the parabola, the ellipse and the
circle. Every conie section must be one or the other of
these four types. It 1s readily seen that a dichotomy here
would be worthless. For example, 1t might be hyperbola
and non-hyperbola, but non-hyperbola would leave us com-
pletely in the dark as to the character of the other conie
sections which are not hyperbolas. But when these are
given the positive designations of parabola, ellipse and eir-
cle we know precisely what they are.

Among the numerous attempts to classify the sciences,
perhaps the most famous is Auguste Comte’s so-called
hierarchy of the sciences It is an arrangement of the chief
sciences in a liear series on the principle that the order
followed in thewr historic development was from the most
abstract to the most concrete and from the most simple to
the most complex. Thus, his classification is really based
on two principles of division, but he held that the devel-
opment actually followed both of these principles in a
strietly parallel manner. Hence his hierarchy 1s as follows:

I. CosmoLroGy
(a) Mathematics
(b) Astronomy
(¢) Physies
(d) Chemstry

II. BroLogy

(a) Botany

(b) Zoology (mcluding physiology and psychology)
TI1. SocroLcey

(a) Social statics

(b) Social dynamics

IV. Ermics

Although this celebrated hierarchy hes had a by no
means msignificant influence on modern thought, it is now
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generally regarded as more speculative than scientifie,
However, Comte thought that it was strietly scientifie.®
Cuvier’s classification of the animal kingdom dominated
zoology from 1817 until it had to be revised in the hght of
the Darwinian hypothesis. In outline form it is as follows:

L

II.

III.

TuE CLASSIFICATION

VERTEBRATES —Ammals having a backbone
(a) Mammals

(b) Birds

(c¢) Reptiles

(d) Fish

Morruscs —Animals having a soft body protected by a
shell

(a) Cephalopods

(b) Pteropods

(¢) Gasteropods

(d) Acephala

(e) Brachiopods

(f) Crrropods

ArmiouraTa —Worms and inseets having a ringlike body,
a nervous system and respiratory organs

(a) Annehdes

(b) Crustacea

(¢) Tnlohita

(@) Arachmda

(e) Insects

IV. Rapiara —This is Cuwier’s miscellaneous class, which has

been spoken of as his “wastebasket” for animals
not included in the other three groups

(a) Echinodermata

(b) Entozoa

(c) Acalepha

(d) Polym

(e) Infusome

3For a more recent and logically superior classification of the
sciences, see the “outline map of scientific knowledge” on page 223,
which 1 have taken from J Arthur Thomson’s Outline of Science
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Aside from its historical imnterest Cuvier’s classification
has the negative value to the student of logiec of showing
that a real scientific classification can meither be made nor
fully comprehended by one who does not have a detailed
Imowledge of the field 1n question. For a full comprehen-
sion of this classification an extensive knowledge of the
whole science of zoology 1s needed. Each word in the
classification stands for countless animals, all of which have
common characteristics along with differences. These dif-
ferences would have to be expressed by further subdivi-
sions. And the greatest weakness m this famous classifi-
cation 18 1n the fourth division eoneerning which Cuvier
knew the least. ‘‘The lower groups of which he knew least,
and which he threw into one great heterogeneous assem-
blage, the Radiale, have been altogether remodeled and
rearranged’’ (Huxley).

Classification 15 extremely important in systematizing
seientific knowledge, but like definition 1t, too, 18 really the
goal of a scienfific invesfigation rather than its beginning.
For example, the table of elements in chemistry 1s really
a classification of the elements which was only made
possible by years of painstaking experimental investiga-
tions. For this reason some sciences are spoken of as
classificatory sciences. for example, zoology, botany and
philology.

The Rules of Division

There are three rules of division which a good logical
classification will not violate.

1. The division must be ezhaustive, or, in other words,
nothing that is meluded m the genus or class of objects
which is bemng divided can be omitted from the separate
genera into which it is divided. The fallacy which results
from a violation of this rule is called the fallacy of incom-
plete division. An inexperienced classifier is hikely to omit
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unmque objects which do not easily come within the main
classes, To make sure that such an omission is not made
it is sometimes a good plan to make a class called the
mascellaneous class, which 1s equivalent to the negative class
m dichotomy. An illustration of the fallacy of inecomplete
division would be a classification of the ships of the United
States Navy into battleships, transports, gunboats, destroy-
ers, and submarines. For such a division leaves out mine
layers, colliers, hospital ships etec. These might all be -
cluded 1n a miscellaneous class of ships.

2. The different species or classes included under the
genus or main. class must be mutually exclusrtve, that 1s to
say, the different divisions must not overlap. Such an
overlapping 1s usually the result of making a class coord:-
nate with other classes which should be made subordinate
to one or the other of these classes. Dr. Johnson’s amus-
mg division of the inhabitants of Seotland into, ‘‘Seotch-
men and dammed Scotchmen,”’ 15 an 1llustration of
this fallacy A division of trees into forest trees, orna-
mental trees, fruit trees and apple trees would be an
example of this fallacy, because apple trees are frut
trees.

3. A division must be based upon one fundamental prin-
ciple of dwiston. If more than one primnciple is used there
is a fallacy of cross-dwvision, since 1t becomes necessary to
divide the constituent members first by one principle and
then the same members agam by another principle. This
1s all right 1f each prmeiple 1s carried through separately,
sinee it 18 legitimate to use more than one principle in a
division, but 1t 15 illogical to use two different primeiples
to obtaimn eoordinate classes. One must be subordinated to
the other. Thus, the personnel of the United States Navy
can be divided according to rank or according to function,
but if I start out using one principle and shift over to the
other, the result is the fallacy of eross-division.
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There are some principles of classifieation which can be
used to classify many different heterogeneous eollections of

items

For example, the Dewey Decimal System of classi-

fication, which was invented by Melvil Dewey for use in
classifying books in libraries, has not only come into general
use for that purpose but it has also been widely adopted

for other purposes

As applied to libraries, the main out-

line of the system is as follows-

THE DEWEY DECIMAL SYSTEM OF CLASSIFICATION

000 General Works

010 Bibhiography.

020 Librory Economy.

030 General Cyclopedias.

040 General Collections.

050 General Periodicals.

060 General Societies.

070 Newspapers

080 Special Libraries.
phy.

090 Book Rarities

Polygra-

100 Phslosophy

110 Metaphysics.

120 Special Metaphysical Topies

130 Mind and Body

140 Philosophical Systems

150 Mental Faculties Psychol-
ogy.

160 Logic

170 Lthics.

180 Ancient Philosophers

190 Modern Philosophers.

200 Religion

210 Natural Theology.

220 Bible.

230 Doctrmal Theology.

240 Devotional and Practieal.
250 Homiletic. Pastoral.

260 Church. Institutions. Work.

270 Religious History

280 Christian Churches and
Sects

290 Non-Christian Religions.

300 Sociology

310 Statisties.

320 Political Science.

330 Political Economy.

340 Law.

350 Admimstration.

360 Associations and Institn-
tions

370 Education

380 Commerce. Communication.

390 Customs. Costumes Folk-
lore.

400 Phslology

410 Comparative.
420 English.

430 German,
440 French.

450 Italian,

460 Spanish,

470 Latin.

480 Greek.

490 Minor Lenguages.
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500 Natural Science
750 Pamting

510 Mathematics. 760 Engraving.
520 Astronomy. 770 Photography.
530 Physics 780 Music.
540 Chemistry. 790 Amusements.
550 Geology.
560 Paleontology. 800 Isterature
570 Biology.
580 Botany. 810 American.
590 Zoology. 820 English.
830 German.
600 Useful Arts 840 French.
850 Italian.
610 Medicine. 860 Spanish.
G20 Engineering. 870 Latin
630 Agriculture. 880 Greek.
640 Domestic Economy. 880 Minor Languages.
650 Commumeation.
660 Chemical Technology. 900 Hisiory
670 Manufacturers,
680 Mechanic Trades. 910 Geography and Description
690 Building 920 Biography
930 Ancient History.
700 Fine Aris 940 Europe.
960 Asia
710 Landscape Gardening 960 Africa.
720 Architecture 970 Modern< North America.
730 Sculpture 980 South America
740 Drawing. Design Decora- 990 Oceanica and Polar
tion Regions

Try to classify books on athletics, engenics, and measles,
and you will find amusing violations of rule 2. It would
be practically impossible to avoid violating that rule when
dealing with large aggregates of miscellaneous objects.
Another system of classifying books is the alphabet system
used in the Inbrary of Congress, but it is not as useful as
the Dewey Decimal System. Professor Pickering’s alpha-
bet system of classifying the stars, however, 18 now more
widely used than the old system of classifying them accord-
ing to magnitude, for Pickering’s system is based on the
stage of evolution of the various stars Alphabet systems
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of classification are widely used for other purposes also.

Sympodial classification is the name given to classifiea-
tions based on the successive branchings of phenomena.
Genealogies are good examples. Phylogenetic classification
corresponds to genetic definition. It is a classifieation based
on the prineiple of common descent and is frequently used
m classifying plants and animals. Such a classification
might also be sympodial, but it would not be necessary for
a sympodial classification to be phylogenetie.

ExEeroise IV

1 Define by the Anstotehan method:
(a) cow (d) rebellion
(b) square (e} poverty
(¢) chemical warfare () haste

2. Define by the genetic method
(a) barp {c) basket ball
(b) parallel hnes (d) book

3. Define by the logically comprehensive method :
{(a) ticket (b) campanile (e} horseshoe

4 In the following passage what do you think Hoecking
means by the generic sense of right? Suggest other subdivisions
of nght besides legal right, all of which mght eome under this
generic sense of the woid, and differentiate each from the
generic sense What fallacy 1s 1mplied 1n Hocking’s statement:
“those who thus argue from defimtions forget,” ete ¢ Do you
think that this illustiates the statement of Tourtoulon in the
text that definition sometimes 1ules the law? Why or why not?

There can be no legal right against political society, by the defini-
tion of a legal night as something created by society (how mighty
are defimtions') By the same sign 1t would be inaccurate to speak
of political society itself as hawnng legal mights, since legal rights
are something which 1t confers on its members. But those who thus
argue from defimitions sometimes forget that the legal right is a
specified form of a more generic relatjonship; and that under this
generic sense of right, questions of right may arise between two
such unlke persons as state and individual, or society and indi-
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vidual—W. E Hocking, Human Nature aend Its Remakwng (2nd
ed.), p 212, note (Yale Umversity Press).

6 David Hume defined a miracle as “a transgression of a
law of nature by a particular vohtion of the Deity, or by the
interposition of some invisible agent” He calls this an accurate
definition Do you think 1t 1s? Does 1t violate any of the five
rules of a good defimtion? If so, which rule or rules do you
think 1t violates?

6 Construct two defimtions to wiolate each of the five rules,
telhng 1n each case which rule you are violating.

7. Examine the following defimitions and indicate which rule
or rules each violates

(a¢) Spiritual convictions are experiences produced by atavistie
emotionalism

(b) Heroism 1s that quality of character exhibited 1n not running
away from a danger

(c) Man 1s a creature who 1s domiciled 1n mutilations

(@) A corrupt person 1s one who 18 duped by the sophistry of
worthless bigness

(e) Theophobra 1s a form of insamty

(f) Bankruptcy 1s the inability to pay one’s debts

(g) A kleptomaniac 18 o male of the species homo sapiens who
appropriates to his own use the property of others

(k) A dilettante 18 a woman who selects religion as the region
of her casual hohday

(¢) A Frenchman 1s one who wears his heart on the Left and his
pocket on the Right

(7) The bourgeois is a social class, especially hated by Bolsheviks.

(k) A Catholic 18 a religiomist who acknowledges authority.

8 Name three fundamental principles of division which mJght
be used 1n making a classification of the students in your uni-
versity Make such a classification which will exmit the fallaey
of using two fundamental prineiples of division (cross-division).

9 Make a detailed classification of the forms of athleties.

10. Study your college catalogue, and explain how the courses
of instruction offered last year are classified. What seems to you
to be the fundamental principle of division?

11. Use the Dewey Decimal System of classification to classify
any large aggregate of phenomena, for example, various food
produets or all lands of merchandise, including food produets.

12. Construet a division to 1illustrate incomplete division.
In(im;ets what your division fails to include, what should be
inelu
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CHAPTER VI
JUDGMENT AND THE KINDS OF PROPOSITIONS

The Nature of Judgment

In the last section on naming and the doctrine of terms
we had to make use of a precursory definition of judgment
1 order to make clear what logic means by terms. That
definition was that a judgment consists of two logical
terms, known as the subject and predlcate“rés'ﬁgctﬁely_aiz
s&b_ol]z_ed_b} S and P, united by a copula which is always_
some form of the verb to be, preferably s or are. Al-
though this is a good prelimmary defimtion of judgment,
and one which will be frequently used below as a working
formula, nevertheless 1t must here be supplemented by a
deeper analysis of the real nature of the logical judgment.

From the point of view of the mdividual human being,
ludgment may be defined as an intellectual activity, a

<Process_of differentiating and putting together agamn the
ifacts of experienge. In this sense, judging involves all of
the following mental processes: comparison, resemblance,
dentity, difference, and relation in general. Any act of
comparing or identifying or discriminating or establishing
a relation would be included under the intellectual activity
of judging. Such a conception of judgment throws the
emphasis on its psychological aspect, Every human being
18 continually making judgments in this sense. Indeed, a
person’s mind may be said to consist primarily i his
judging activity. Analyze your own mental life, and you
will find thet you are always making judgments when you
are mentally alert. Of course much of our waking life is
spent in mere daydreaming, in the haphazard associating

of ideas, and this must not be compared with that alertness
75
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of mind which characterizes judging. But for a man to
play football, box i a boxing bout, fly an airplane, conduet
a business, manage a social settlement institution, a uni-
versity or a church, or to do well any of the other manifold
deeds which constitute the very stuff of life, nothing is
more 1mportant than the intellectual ability to size up a
situation, and to propose rapid and sure solutions of the
difficulties which that situation mvolves. This quick and
sharp mental alertness, which is behind all efficient action,
18 judgment in the subjective sense, as is shown by our
common expression concerning an efficient person “‘So-
wnd-so is 2 man of good judgment.”” The term judgment
is used in this sense in the following remarkable passage,
in which John ULocke distinguishes the witty man and the
man who has a good memory, from the man who has good
judgment :

There 15 some reason for that common observation that men
who have a great deal of wit and prompt memomnes have not
always the clearest judgment or deepest reason; for, wit lymg
most 1n the assemblage of i1deas and putting those together vath
quickness and variety wheremn can be found any resemblance or
congruity, thereby to make up pleasant pictures and agreeable
visions 1n the faney, judgment on_the contrary hes qute on the
other side, 1n separating carefully one from another, 1deas wherein
ean be found the least difference, thereby to avoid being misted
by sumihitude and by affinity to take one thing for another.®

‘While the above conception of judgment is important in
logic, from the point of view of knowledge as a whole,
judgment is rather the final and eclearly formulated prod-
uet of such a sustained intellectual activity. And fre-
quently it is the product, not simply of the intellectual
labors of one man or one generation of thinkers, but of a
long line of great thinkers. The body of judgments which

1 John Locke, Bagay Oonoerning the Human Understanding, Bk. II,
Ch XI, Sec 2
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make up scientific knowledge are the products of untold
mental exertion on the part of countless thinkers, many of
whom are nameless. In this sense, a judgment 1s a state-
ment of fact which 1s independent of the individual thinker,
The product of a judgmg activity has a stability and an
mdependence of its own. Sometimes this meaning of judg-
ment is expressed by the word proposltwn, instead of by
the word judgment. This 1s a useful term, because it
throws the emphasis on the logical aspect of the judgment
rather than on the psychological aspect.

Take as an 1illustration of a judgment or propositiont
‘‘He is one who had belter consult a physieian.’”” This may
be looked at as the act of somebody’s mind, an act of ob-
servation let us say. But it is also a statement of faect.
As such it is a logical proposition. It expresses an actual
connection between a given mdividual’s health and an.
other person, called a physician, who 18 supposedly able
to alter the condition of the man’s health. This content
is tied together mnto a definite system by the judgmg aec-
tivity, and the content as so tied together mto a definite
system 1s the judgment or logical proposition. Thus, any
particular proposition 1s an expression in language of an
actual connection or relationship withm a systematie whole.
The complete set of propos tions necessary to express the
full nature of that system would be what we have so often
called an inferential whole or an implicative system.

This notion of systematic eonnection is the essential ele-
ment n the nature of judgment, and m the following list
of definitions of judgment it comes to expression in each
defimtion. “‘Judgment discloses a relation between two
things (Avicenna) Judgment connects together or sep-_
arates from each other two_notions. (Wolff). Judgment
connects many possible cognitions into one (Kant). Judg-
ment conneets the attributes commoted by terms (Mill)
Judgment connects subject and predicate in definite form
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(Lotze) 7?2 The mmost essence of judgment is this tying
“of discrete or separate elements into a unity.

Three other important characteristic features of logical
Judgments or propositions may be briefly mentioned. (1)
Necessity. The intellect 1s subject to constrammt when it
Judges. This is what really distinguishes judgment from
mere daydreaming. The objeetive fact determines the na-
ture of the judgment or logical proposition, and the mind
is constrained to judge the way the fact 15. As Bosanquet
has well remarked, this constraint comes to expression in
such popular expressions as ‘‘I am obliged to thmmk,”’ and
‘I eannot but believe.”” And 1t also comes to expression
i the well-worn formula The logie of the situation was
ignored by the writer or speaker. (2) Unwersality, Every
judgnient 1s also universal in the sense that any intelligent
bemng would make the same judgment, given identically
the same facts. The logical proposition 18 mdependent of
human spontaneity and prejudice. Ifis a kind of objective
standard, and every mtelligence must recognize 1t as being
demanded by the situation. This universality of judgrment
follows as a direct corollary of its necessity. (3) Trufh.
Every judgment claims truth. Unless a man in making an
affirmation or demial aims at truth the judgment in which
the affirmation or demal 1s expressed is not really a judg-
ment. No proposition 15 a logical proposition which does
not claim truth.

The Chief Types of Propositions

There are a number of different ways of classifying
propositions, but 1t suits my purpose best to make the
following division.

Categorical propositions are straightforward assertions
or denials: ‘‘Towser is Fred’s dog.’”’ ‘‘The moon is made

2S8ee J Brough’s article entitled “Judgment,” in Heastings’ Hn-
cyclopedia of Relgion and Ethwcs
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up of elements.”” ‘‘No comets have ecircular orbits.”
‘“Some dogs are vicious animals.”” ‘‘Some Turks are not
fanatical.”’ These are examples of categorical propositions.
The distinetion may also be made between pure and modal
categorical propositions. \The above examples are all pure”
categorical propositions. For a modal proposition qualifies
the assertion or denial by stating the mode or manner in
which P is connected with S. For example- ‘‘All that
lives must die.”’ ‘It may ramn to-morrow.’’ ‘‘He might
come yet.”” ‘‘An iniemperate man will probably be
sickly.”’ The itaheized words are the qualifymg modal ex-
pressions. We shall not deal further with modal judg-
ments, since they ean readily be reduced to pure categori-
cal propositions by putting the modal expression in the
predicate term.

Over against categorical propositions stand conditional
propositions, These make an assertion or demal subject
to a condition or proviso. There are two kinds, hypothet-
tcal and disjunctwe. The usual sign of the hypothetical
proposition is- ‘‘If so-and-so, then so-and-so.’’ ‘‘If he is
mtemperate he will be sickly > There 15 a categorical ele-
ment m every hypothetical proposition. | For to use the
example just given, while it is not asserted that he is in-
temperate nor that he will be sickly, 1t 1s asserted that there
is a connection between bemng intemperate and being sickly.
Thus, although the ,hypothetlca.l proposition does not af-
firm or deny its antecedent or consequent, these being the
names of the two parts of an hypothetical, nevertheless ¢t
does affirm a relation between them. In this sense it is
categorical. In fact, any categorical proposition can be
expressed hypothetically, and any hypothetical proposition
can be expressed categorically.| The disjunctive proposition
is usually expressed by the words either this or that. Its
parts are called alternatives. Here, too, there is a cate-
gorical element. Neither this nor that is asserted, but one
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or the other is asserted, so that other alternatives are ex-
cluded. For example- ‘‘Either the policeman shot the
student, or the testimony of the witness is unreliable.””
Here 1t is not asserted that the policeman shot the student,
and 1t 1s not asserted that the witness’s testimony 1s un-
rehable, but 1t is asserted that one or the other alternative
is true. Which one 1s not asserted. When the separate
alternatives of a disjunctive proposition, or the antecedent
and consequent of the hypothetical, are either affirmed or
denied, each of the various affirmations and demals is a
pure categorical proposition. We shall postpone further
consideration of conditional propositions until we take up
hypothetical syllogisms 1n section four.

Returning, now, to pure categorical propositions, we
must subdivide them aceording to two different prineiples:
quality and quantity. By quality we mean the character-
istic of a proposition as affirmative or megatiwe. Thus:
““Socrates was the wisest man m Athens,”’ 1s an affirma-
tive proposition. ‘‘No Armenians can escape the Turkish
massacres,”’ 18 negative in quality. By the quantity of a
proposition we mean 1ts extent This 18 determmed by
whether the subjeet term is distributed or undistributed.
Propositions are called unwversal when the predicate is
affirmed or denied of all of the subject, and they are called
particular when the predicate is affirmed or denied of only
part of the subjeet. Thus- ‘‘All horses are quadrupeds,”’
is a universal proposition, whereas, ‘‘some horses are quad-
rupeds,”’ is a particular proposition.

*\ Singular propositions are propositions having singular
terms for subject and predicate Since there 1s only one
object 1n the extension of such a term, all singular propo-
sitions are treated as universal. Thus the proposition:
““The sun is the center of the solar system,’’ is universal
because S and P as here used are singular terms, and
obviously all of each is meant. It follows that there are
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no particular propositions mn which a singular term is the
subject.

Both universal and particular propositions may be either
affirmative or negative m qua.hty.) This gives a total of
four kinds of propositions, which are extremely important
in traditional logzie, and we shall be dealing with them ex-
clusively through the rest of this and through the mext
section, or down to Chapter XII They are symbolized
as follows: The universal affirmative 1s called the A prop-
osition and the particular affirmative 1s called the I prop-
osition. These symbols are the first two vowels In the
Latin word affirmo, meaning to affirm. The universal neg-
ative 1s called the E proposition and the particular nega-
tive is called the O proposition These symbols are the
vowels 1n the Latin word nego, which means to deny. The
A proposition 1s affirmative in quality and universal m
quantity, the E 1s negative in quality and universal mn
quantity, the I 1s affirmative in quality and particular m
quantity ; and the O 1s negative 1 quality and particular
m quantity.

The followmg classification 1s a schematic summary of
the kinds of propesitions:

ProrosrTIiONs '
I. CowprrioNnan M
A Hypothetical (If...... then . . ..)
B Disjunctive (Ewther ....or....)

II. CarrGoRrICAL
A Modal (may, must, probably, ete. . . .)
B Pure (a strarghtforward assertion)
(1) Umwversal
A (a) Affirmative (All, every, any, ete.)
E (b) Negative (No, and the so and so iz not)
(2) Particular
I (a) Affirmative (Some so and sp are . ...)
O (b) Negative (Some so and so are not . . ..)
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Logical Form of Propositions

In order to perform the various logical operations, which
are explained in the next chapter, 1t is necessary that the
proposttion be in correct logical form to begin with. And
that means that it must be unambiguous with regard both
to quantity and quality. Otherwise expressed, to put a
proposition in logical form is to write it so that one of
the symbols 4, E, I, and O may be used correctly to desig-
nate 1t. If the proposition has a double meanmg it will
even be necessary to reduce 1t to two or more logieal prop-
ositions, one of which may be, for instance, A and the other
0. There are various types of expression which cause
trouble. I shall consider only the four most important
types.

1. Propositions having olher verbs than is or are as
copula. Take as an example- ¢‘‘All the German battle-
ships have been destroyed by the Allies.”’ All such prop-
ositions, wncluding those mentioned above which contain
modal verbal expressions, are readily reducible to logical
form by throwmng the verb into a relative clause, and
using either 1s or are for the copula. Thus the example
just given is reduced to logical form by writing: *‘‘All the
German battleships are the ships which have been destroyed
by the Allies.”” ‘‘Socrates declared knowledge to be vir-
tue,”’ becomes: ‘‘Socrates 13 one who declared knowledge
to be virtue.”’ Note that 1t 1s necessary to supply a word
synonymous with the subject term 1n order to have some-
thing for the relative clause to qualify.

2. Propositions beginming with ‘“not all,’’ or beginmng
with ““all’’ and having ““not’’ after the copula. Take the
following examples: ‘‘Not all who mock their bonds are
free.”” ‘“All 18 not lost.”” ‘*All lawyers are not formal-
ists.”” Such propositions have the appearance of being
universal, but they are not. In reality they are all O prop-
ositions. They are neither universal negatives nor uni-
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versal affirmatives, but particular negatives. Thus, ‘‘Not
all who mock their bonds are free,’”’ really means, ‘‘Some
who mock their bonds are not free.”’ ‘‘All is not lost,”’
means, ‘‘Something 18 not lost.”” ‘‘All lawyers are not
formalists,’’ means, ‘‘Some lawyers are not formalsts.’’
Of course an I proposition, for example, ‘‘Some lawyers
are formalists,”” is also implied in such forms of expres-
sion, but the central meaning is expressed in the particu-
lar negative proposition.

3. Exzcluswe Propositions. These are perhaps the most
difficult to express m logical form. They are propositions
introduced by such expressions as ‘“none but’’ and “‘only.”’
“‘None but the wise are good.”” ‘‘Only ignorant persons
hold such opinions.”’ In the same group belongs such a
proposition as: ‘‘He jests at scars who never felt a
wound ’’ For here a part of the subject is written after
the predicate, and the statement is equivalent to: *‘‘Only
he who never felt a wound 1s one who jests at scars.”’ Now
to reduce such propositions to logical form three differ-
ent methods may be employed: (a) Take the opposite of
the subject as the subject of an E proposition, and leave
the predicate as it stands in the original assertion. Thus,
‘‘None but the wise are good,’’ becomes, ‘‘No non-wise are
good.”” ‘‘Only ignorant people hold such opions,”’ be-
comes, ‘‘No non-ignorant persons are those who hold such
opinions.’”” ‘“‘Only he who never felt a wound is one who
Jests at sears,’’ becomes, ‘‘None of those who have felt
wounds are those who jest at sears.”” (b) Another
way to put exclusive propositions into logical form
is to take the predicate as the subject of an A propo-
sition, and qualify 1t by the origmnal subjeet. That 18 to
say, the origmal subjeect becomes the predicate of the A
proposition which is taken as the correct logical form.
Using the same examples, this method gives us: ‘‘All the
good are wise,’’ *“ All who hold such opinions are ignorant,’’
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and, ‘‘All who jest at secars are those who never felt a
wound.”” (¢) A third method of dealing with such propo-
sitions is to keep both the subject and the predicate the
same and make two particular propositions: an I and an
0. Thus: ‘‘Some of the wise are good,’’ and, ‘‘Some of
the wise are not good.”’ ‘‘Some 1gnorant persons are those
who hold such opmions,”’ and, ‘‘Some 1gnorant persons
are not those who hold such opmions.”” Now this method
1s the weakest for two reasonms. In the first place, we
veally have no right to the O proposition. It may be true
that, ‘‘All of the wise are good.”” We know only that some
are. That some are not remaimns nothing but a possibihty.
The I proposition 18 really all we are entitled to take
when we use this method, because the A and the O are
erther one possitble And in the second place, 1t 1s always
better to get all you ean out of an assertion 1 putting 1t
mto logical form. Assummg that an I or an A are both
possible, we should use the method which wll give us an
A or universal proposition. For these reasons few logi-
clans recognize this third method.

4. Ezceptive Piopositions. Another type of proposition
are those introduced by such expressions as ‘‘all except®’
and ‘“‘few, save.”” For example ‘‘All of the members of
Congress from Wisconsin except LaFollette and Berger,
voted for the war.”” ‘‘Few, save the poor, feel for the
poor.’”” These are really negative: ‘‘LaFollette and Ber-
ger are not those who voted for the war.”’ ‘‘Some (mean-
g most) non-poor are not those who feel for the poor.”
The student will observe that an exceptive proposition
can easily be changed into an exclusive one: "“‘Only La-
Follette and Berger voted agaimnst the war.”” ‘‘Only the
rich fail to feel for the poor.”’

‘While this is not an exhaustive division of the vartous
types of propositions which have to be redueed to logical
form the student who masters the reduction of these more
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common and more difficult forms should have no trouble
in dealing with the others. If he finds, for instance, S and
P reversed, as in ‘‘Blessed are the merciful,’’ he will at
once recognize that this means, ‘‘All of the merciful are
those who are blessed.’”” Practice alone will make one
proficient in comprehending the real logical meaning in a
sentence in which 1t is not clearly expressed. And even
though many students mevitably look upon such exer-
cises as tedious and tiresome, and regard the intellectual
labor expended in putting propositions in logical form as
wasted energy, this i1s because they do not know how much
it may be made to mean to them. Professor Mellone is
unquestionably right when he says that such exercises,
carefully performed, constitute one of the most valuable
mental disciplines 1n the study of clementary logie.

The Distribution of S and P in A, E, I and O Propositions

The chief purpose of putting propositions into logical
form may be said to be to make explieat the distribution
of the subject and the predicate terms of each of the four
types of propositions. In the case of the subject the dis-
tribution becomes obvious as soon as the proposition 1s
put into logical form, but the rule is that all wnwersal
propositions dastribute thewr subjects, and all particular
propositions leave their subjects undistributed. It is not
50 easy, however, to see what the distribution of the predi-
cate term is, because predicate terms are used in inten-
sion rather than in extension. But the rule for the predi-
cate term 1s: All megatwe propositions disirbute their
predicate- and all affirmaiive propositbions leave thewr pred-
teates v histmbuted. The ability to determine rapidly
and sure'y the distribution of terms in propositions 1s s0
essential to an understanding of what follows that the
student will do well to memorize these two rules. Note
that the rule for the distribution of the subject is based
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on quantity, whereas that for the predicate 1s based on
quality.

This matter of distribution 1s made much clearer by
considering the formal relation of § and P in each of the
four types of propositions. The great mathematician and
logician, Euler, devised circles for this purpose. Figure

p

@ A=Al § 15 P.

Figuee 1

I represents the A proposition. Smece all of 8 falls within
P, 8 is said to be distmbuted, 1 that all of the members
of the class § are talked about in the proposition. P 18
undistributed because only those members of P which are

E == No S1s P.

Figure II

also members of § are talked about. The part of P which
falls outside of S is not under consideration 1n the A prop-
osition But m Figure II, which represents the E propo-
sition, the whole of S and the whole of P are talked about,
since all of P 1s asserted to fall outside of all of S. It 18
denied that any of the members of the class S are members
of the class P. Now for all of the members of a class to
be under consideration means that the term standing for
that class 1s distributed. Figure IIT represents the I prop-
osition. Here none of the members of the class S outside
of class P 1s talked about nor are any of the members of
the class P which are outside of the class 8. The content
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of the judgment 18 restricted o those members which are
common to § and to P. Simce only a part of § and only
a part of P are under consideration both terms are undis-

I=Some § is P.

Figrer II1

tributed. In Figure IV, however, all of P is talked about,
because when we say that some S 1s not P we always mean
that it is not any of P or not anywhere m P. Obviously
S is here undistributed because we are only conecerned with

0 == Some § is not P.

Figure IV

that part of £ which 1s not 1n P. Henee the O proposition
distributes only the predicate

There 1s danger iz using the circles of Euler to illustrate
the relation of an object or instance to its class or genus
or kaind. This was referred fo above in the discussion of
the three different meanings of membership in a eclass.
It must not be thought that the relation between a class
and 1ts members is extraneous or arbitrary, in the sense
that the members can be separated from the class without
affecting them or 1t. But 1f he 1s on his guard agamnst
this danger, the circles of Euler, by giving a visible repre-
sentation to the formal relation of § and P in the four
types of propositions, assist a beginning student in getting
a firmer grasp of the meaning of distribution.



88

THE PRINCIPLES OF REASONING

ExEroisE V

1. The following proposifions are already in logical form.
Sort out the disjunctive, hypothetical, and categorical proposi-

tions

Designate each of the latter with its proper symbol (A, E,

I, or 0) and make the distribution above each term, thus S dis.
or unds., P dis or undzs.

1

O G0N

N

8.

9.
10.
11.

12
13
14

Either a superstate must be created or war between nations
will destroy civihization.

Some stars are not Beta stars.

No mastodons are amimals now hving.

All Hindus are people who believe m the doctrine of Karme.
If the Thibetans are Buddhists, then Buddlsm exists m a
corrupt form

Some philosophers are fatalists

Either the profit motive must be eliminated from industry or
competition for raw materials will produce war

All electrons are 1nvisible

Bome postage 13 paid by the recipient of the mail.

Lake Nem: 1s the lake the Italian Government drained

No archeologist 1s a person especially interested in eurrent
events

The Soviet Government 18 not the newest government.

If tularemra 1s a bacterial disease, then it 1s preventable.
Some liars are men who can use figures.

2. Put the following categorieal propositions into logical form.
Designate each logieal form with the proper syml.l and mark
the distribution of S and P in each proposition after 1t 1s in
logical form

05 1O

All celestial objects are not stars.

Only advertisers are sophists.

Few pacifists, except certain philosophers, aie hostile to
rehigion.

None but mmeonsequential people are fundamentalists,

Not all who preach are saints

. Blessed are the meek,

Peary discovered the North Pole.
Amundsen did not fly over the South Pole.
Many criminals escape capture.

Few scientists appreciate poetry.

. Money 18 not made on every stock purchased.

To lm that hath shall be given



26.
27.

28
29
30
31
32
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He who watches the law the law needs to watch.
The whole man 1s never maiketable

Only aviators really envy Lindbergh

Many wireless communications must be coded.
Not all rockets can reach the moon

. None but experts aie competent barhers.

Few navy officers can tolerate & pacifist.
Most philosophers oppose quackery

. The King of England has recovered from a long illness
. Meanness prevents personal development.

Steel serves many useful purposes,

. All except the jumors are free from the assessments for thy

college annual

The umverse 18 no longer believed to exist by some philoso.
phers.

All war debts will not be cancelled

Nobody knows the whole truth

Every pation sometimes muddles through serious difficulties.
Few men have no enemies

None but players are admitted to the practice field.

A few fortunes were lost in the stock market crash.

Many books pay but little royalty

Some of the propositions in the above hst should be selected
to elucidate the i1mmedate inferences explained in the next
chapter. First put the proposition 1n logical form and give its
opposites. Then convert and obvert the logical form. Then
convert the obverse for the partial contrapositive and obvert
again for the full contrapositive. The inverse of the umversals
may then be obtained.



CHAPTER VII
THE IMMEDIATE INFERENCES

Deflnition of Immediate Inference

There are a number of ways of interpreting a proposi-
tion which aid in bringing to hght its underlymg implica-
tive system. These various processes are called wmmediate
inferences. Takmmg a single proposition, these processes
make divers changes m quantity or i quality or m the
order of § and P for the purpose of expressing the under-
lying implicative system in as many different ways as pos-
sible. If the process or processes are correctly performed,
the additional propositions which are thereby obtained
have as much truth as the original propesition. Some
logicians refer to these processes as purely formal imter-
pretations of the meaning of a proposition, and hold that
they add nothing to our knowledge. But since 1t 13 ther
purpose to make expheit the different aspects of the im-
plicative system which is embodied m the proposition,
they are not really entirely formal, but frequently aid the
thinker 1n getting a better grasp of the real meaning of a
given proposition. In giving a new formulation to 2
proposition, there 18 no question but what the underlying
mmplicative system is set in clearer relief.

There are seven mmmediate inferences: Y1) Immediate
1yference by opposition. (2} Conversion.v (3) Obversion.
(4) Contraposition. (5) Inversion. (6) Immediate in-
ference by added determinants. (7) Immediate inference
by complex conception. The first three are the most im-
portant. Contraposition and inversion are combinations
of conversion and obversion. The sixth and seventh are

merely verbal and are easily explained.
20
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v

Opposition and Immediate Inference by Opposition

( In order to explain what 18 meant by immediate infer-
ence by opposition we must first understand the meaning
of opposition. ( Propos1t10ns are said to be opposed when _
they have the same subject and predicate but differ m
quantity or w quality or in both. When they differ only
m quantity they are called subalterns, when they differ
only 1 quality they are called contraries or sub- -contraries,
A and E being called contraries and I and O sub-contra-
ries, and when they differ in both quantity and quality,
they are called contradictories. A singular proposition has
only one opposite, called the contradictory. The ancient
square of opposition will make these relations clearer.

>
™

Contraries

v Suba/terns
O Subalterns

Sub-conlrar/es

Ficure V

All men are mortal.

No men are mortal.

Some men are mortal
Some men are not mortal.

O~bih

We are now in a position to understand immediate in-
ference by opposition. We get such an immediate infer-
ence when we assume any one of the four opposite propo-
sitions, A, E, I or O, to be either true or false and draw a
conclusion as to the truth, falsity or doubtfulness of the
other three. If A 1s assumed true we know that I 1s true
because what 1s true of all must be true of some, but we
also know that E and O are false because what is affirmed
of all cannot be denied either of all or of some without
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violating the law of contradiection. But if we assume A
to be false, then only O 1s true since I or E may be either
true or false. Hence we say they are doubtfuly The stu-
dent can work out the truth, falsity or doubtfulness of the
opposites when any one of the propositions is assumed

true, from Table I, and, when any one 1s assumed false,
from Table II.

TasLe I
A E 1 0
is is is is
If A is true true false true false
If E 1s true false true false true
If I 1s true doubtful false true doubtful
If O 15 true false doubtful doubtful true
Tasre IT
A B I /]
18 is is is
If A is false false doubtful doubtful true
If E s false doubtful false irue doubiful
If I 1s false false true false true
If O is false true false true false

Only contradietory propositions are strict opposites in
the sense that when one 1s true the other 1s false, and wice
versa. This may be expressed in a practical maxim: *‘‘To
prove a given proposition false, establish the truth of its
contradictory.”’ Thus if you said that, ‘‘All of the foot-
ball playmg of Jimmie Johnson is stellar playmg,’’ you
would be refuted by any one mentioping a single poor
play made by Jimmie Johnson. On the other hand, if
you said, ‘“Some of Jimmie Johnson’s football playing is
stellar,’’ you could only be refuted by the establishment
of the universal negative: ‘‘None of his playing is stel-
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lar.”” A common failing of naive and inexperienced think-
ers 15 the making of hasty and loose generahzations. Those
who form the habit of measuring the length and breadth
of their assertions avord makmg sweeping universal state-
ments which are not warranted by the actual facts. and
for this reason their opwmions carry more weight They
are said to be more judicial. Here 1s 8 good practical les-
son to be learned from the study of immediate inference
by opposition.

Conversion

To eonvert a proposition is to interchange the subject and
predicate. The original proposition. which 1s known as
the convertend, must first be put in strict logical form.
Its converse is obtamned by transferring all of § to the
posttion of the predicate and all of P to the position of the
subject. The quality of the converse 1s always the same
as that of the convertend, that 1s, negatives convert into
negatives and atirmatives mmto affirmatives Thus. ‘'Ne
bacteria are harmless.”’ converts mto: ‘‘No harmless
things are bacteria *° And ‘‘Some elements are com-
posed of helium atoms.’’ converts into: ‘‘Some things
composed of helium atoms are elements.”’ Assuming the
convertend to be true the truth of the converse follows.

There are two kinds of conversion—simple conversionm,
examples of which were just given, and conversion by
limitation, or, as the older logicians called it. conversion
per accidens. The distinction between the two kinds is
made necessary by the rule for conversion: No term can
be distributed in the converse which is undistributed in
the eonvertend. Perhaps a clearer way of stating this
rule is that one is forbidden to refer to all of the members
of either § or P in the eonverse, if only some of their mem-
bers are referred to in the convertend. One ean pass from
all in the eonvertend to some in the converse, but one cen-
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not pass from some 1n the convertend o all vn the converse.
Simple conversion means keepmng the proposition the same
In quantity, and this is possible for I and E propositions
because the distribution of both § and P is the same 1n each
of these two types of propositions. That is to say, in I
both terms are undistributed and in E both are distributed.
Hence there 18 no danger of changing the distribution,
when S and P are reversed Note that the examples given
above are I and E. Now, since a singular term i1s always
distributed, the smgular A 1s also converted by simple
conversion. For example ‘‘Socrates was the wisest man
in Athens,’’ converts into- ‘‘The wisest man in Athens
was Socrates.’’

Conversion by lLimitation or per accidens applies only
to the universal A propositions, that 1s, to A propositions
having more than one member mn § and P. For example:
‘“All primitive people are believers 1n magie,’’ converts
mto: ‘‘Some belevers in magie are primitive people.’’
‘When P becomes the subject of the converse 1t has to be
limited and the proposition becomes I, for in the conver-
tend ‘“believers 1n magic,’’ being the predicate of an affirm-
ative proposition, 1s undistributed It means only some
believers 1n magie and this undistributed sense must be
retamned in the converse. Now for the same reason that
A (umversal as distinet from singular) converts by limi-
tation, O cannot be converted. For § is undistributed in
0, and when 1t becomes the predicate of the converse it
necessarily becomes distributed as the predicate of an
O proposition. Hence the conversion of is always a
violation of the rule. For example: ‘‘Some swans are
not black,”’ would necessarily become: ‘‘Seme black
things are not swans,’’ and we have no right to pass from
some swans in the convertend to all swans in the converse,
for we have already made it clear, with the eircles illus-
trating distribution at the end of the last chapter, that
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the predicate of an O proposition ineludes all of its mem-
bers. But note that the smgular E, which also has the not
after the copula and consequently resembles an 0 m form,
can be converted by simple conversion. For ezample:
““This bird 1s not the bird you intended to kill,”” converts
into. ‘‘The bird you intended to kill 1s not this bird.”’
Here, however, the subject, this turd, refers only to one
objeet and 1is therefore distributed. It 1s this fact which
makes the proposition a simgular E mstead of an 0. Now
1t goes without saymng that a wumversal E can be
converted by Limitation, since what has been denied of all
‘can be denied of some.

There 1s an indirect method of converting 0. It can
first be obverted into I, and then the I can be converted by
simple conversion. This 1s sometimes called conversion by
negation, but it is really equivalent to the partial contra-
positive and this cannot be understood until obversion
is explained.

@bversion

It will help to make immediate inference by obversion
clear 1f we remember that four of each of the four types
of propositions are possible, when we take account of both
the positive terms and their corresponding negatives or
opposites. This will be obvious from Table ITI, m which
the four possibilities for A, E, I and O propositions are
exemphfied. The student must note that an A can have
a negative subject and a positive predicate without ceasing
to be an affirmative proposition, and that an E can have
a positive subject and a positive predicate, and still be a
negative proposition. Understanding obversion is abso-
lutely dependent upon grasping this distinction between
a term being negative and a proposition being negative.
Table III is intended to bring this distinction into clear
relief.
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Quahty of

Proposition

PosrTIVE <

Nmmvxnj

PosrrivE <

NEGATIVES

L

.
r

~
r

L

Tapie III

(A, All SisP.

All men are mortal.

A. Allnon-Sis P.

All non-men are mortal.

A. All non-S isnon-P.

All non-men are non-mortal.

A. All 8 is non-P.

All men are non-mortal.

(E. No S1s P.

No men are mortal.

E. Nonon-Sis P.

No non-men are mortal.

E. No non-8 1s non-P

No non-men are non-mortal.

E. No §1snon-P.

No men are non-mortal.

I. Some S1s P,
Some men are mortal.
I. Some non-S is P,
Some non-men are mortal.
I. Some non-S 1s non-P.
Some non-men are non-mortal.

I. Some S 1s non-P

Some men are non-mortal.

0. Some S 1s not P.
Some men are not morial.

0. Some non-S is not P.

Some non-men are not morial.
0. Some non-S 1s not non-P.

Some non-men are not non-mortal.
0. Some § 1s not non-P.

Some men are not non-mortal.

THE PRINCIPLES OF REASONING

Quality of
Term

[ § posttive
P positive
& negative
| P positive
S negative
P negative
S positive
P negative

oW N -

S positive
P positive
S negative
P positive
S negative
P negative
§ positive
P negative

T

S positive
P positive
S negative
P positive
S negative
P negative
S posifive
P pegative

[ S U CR

|
z
{
i

S positive
P positive
S negative
P positive
S negative
P negative
§ positive
P negative

o o M

This table shows that there are sixteen propositions possible
when we take into account the varous differences 1n qualty of
the two terms. These differences are important in obversion,
since we have to substitute non-P for P and P for non-P, as the

case may be.

For example, Al obverts mnto E4.



THE IMMEDIATE INFERENCES 97

In order to obvert any proposition, we must first change
the qualily of the proposition, from A to E or vice versa,
or from I to O, or vice versa, and then substitute for the
predicate of the original proposition its contradictory, that
is to say, the ferm having the opposite quality. If in the
original the predicate term is positive we substitute non-P
in the obverse and wice versa. Obversion, then, may be
defined as asserting the some meaning in the opposite
quality.

Consider carefully the following examples of each of
the four propositions 1n which the predicate term is posis
tive:

. All good clothes are expensive.

Obverse No good clothes are non- or inexpensive.

A
E,
E. No bad eggs are edible.
A.

Obverse All bad eggs are non- or inedible

I. Some people are normal.

Obverse 0. Some people are not non- or abnormal
0.
I

Some mushrooms are not poisonous.

Obuverse Some mushrooms are non-poisonous.

Sinee, m each pair of propositions, one is the obverse
of the other, the above examples serve equally well to
illustrate the process for propositions having negative
predicate terms, if the first of each pair is treated as the
obverse of the second, instead of the second being treated
as the obverse of the first. I and O usually ecause the most
difficulty. When an O has a positive predicate it obverts
by taking the mot out of the proposition and putting it
into the predicate term. When the predicate 1s a single
word, this is done by prefixing non with a hyphen to the
term. In other cases the word not is put into a relative
clause. Thus: ‘‘Some men are not those who believe in
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peace at any price,’’ becomes in the obverse: ‘‘Some men
are those who do not believe 1n peace at any price.”’ These
two propositions are i1dentical 1n meaning, but the first is
an O and the second 1s an I proposition The first has a
positive predicate and the second has a negative predicate.
It 18 1mportant that the student grasp this significant dis-
tmection between these two statements. Now when the I
with a positive predicate 1s obverted two mnegatfives are
necessary. One of these changes the proposition from
positive to negative form and 1s written 1mmediately after
the copula The other changes the predicate into 2 nega-
tive term. It 1s either prefixed to or put inside of the
predicate 1n such a way that other words stand between
it and the not just after the copula. Take this example:
‘‘Some barns are suitable for dairy cows,’’ of which the
obverse 18: ‘‘Some barns are not non- or unsuitable for
deiry cows,’’ or 1t may also be written- ‘‘Some barns are
not barns which are not suitable for dairy cows.”” The
most natural form would be the first with unsuitable taken
as the opposite of sujtable. Sometimes, however, the
second form 18 necessary because prefixing the non or un
may make just the word to which 1t 1s prefixed negative
mstead of the whole of the predicate term.

Contraposition

Immediate inference by contraposition does not involve
anything different mn principle from obversion and conver-
sion The partwal contrapasitive is obtamned by converting
the obverse. The full contrapositive takes another step,
and obverts the converse of the obverse of the original.
There are thus two steps in reaching the partial contra-
positive, and three in reachmng the full contrapositive.
If we start with A, we get by obversion E, by simple con-
version E (partial contrapositive), and by obversion again
A (full contrapositive). If we start with £ we get by



THE IMMEDIATE INFERENCES 99

obversion 4, which converts by hmitation into I, and ob-
verts into 0. However, if we start with a singular E, we
can reach a singular E for the full contrapositive. If we
start with I we get by obversion the O proposition which
cannot be converted because of the rule of distribution.
There is, then, no contrapositive for I for the same reason
that there 1s no converse of 0. But if we start with O, we
get by obversion I, by simple conversion I and by obversion
again we get 0. This can be expressed as follows: AEEA,
EAIO, 10—, OIIO. Taking the examples given above
under obversion, let us derive the full contrapositive:

A All good clothes are expensive.
Obverse E No good clothes are mexpensive.
Partwal E No mexpensive things are good clothes
Full A. All mexpensive things are things which are not
good clothes
J&. No bad eggs are edible.
Obverse A. All bad eggs are inedible.
Partial 1. Some inedible things are bad eggs.
Full 0. Some 1nedible things are not things which are not

bad eggs.

I Some people are normal.
Obverse O Some people are not abnormal.
Partal  (Not obtainable because O cannot be converted).
Full (Cannot be reached because no partiel to obvert).

O Some mushrooms are not poisonous.
Obverse I. Some mushrooms are non-poisonous.
Partial I. Some non-poisonous things are mushrooms.
Full 0. Some non-poisonous things are not non-mush
rooms,

Facility in reaching the full contrapositive of a state-
ment comes only with practice. The student must remem-
ber to begin with obversion, and in converting, all of the
subject and all of the predicate must be transposed. The
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full contrapositive can be obtained directly by teking for
the subjeet non-P of the original, and for the predieate
non-S of the origimal, and making a proposition of the same
guality as the original. "When this is done the student must
not forget that when the original is F universal, the full
contrapositive is O, due to the fact that the obverse of E
universal, being A universal, converts by limitation into I.
After deriving the contrapositive by going through the
separate steps, practice deriving it directly.

Inversion

The inverse of a proposition is one having non-§ for its
subject and the same predicate as in the ormgmal Tt is
only obtainable when the origmal proposition 1s universal,
either A or E. I and O do not yield an inverse. It is
reached by using conversion and obversion in succession
until the desired form appears If the original proposition
is A we begin with obversion, then convert, then obvert,
then convert, then obvert, so that we have five steps In
this case we take the full contrapositive of A and convert
it into I, and then obvert the result into 0. Using the
example given above, we get the following steps:

All good clothes are expensive.

Obverse No good clothes are inexpensive.
Partial contrapositive No mexpensive things are good clothes
Full contrapositive All nexpensive things are things which

are not good clothes.
Converse of full con- Some things which are not good clothes
trapositwe and are 1nexpensive.
partal nverse
Obverse of this and Some things which are not good clothes
full wmverse are not expensive,

In this full inverse there is a change in distribution of
the term expensive. Only A singular avoids this.
If we start with £ we have to begin with conversion,
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then obvert and then convert again in order to get the
inverse. Using the example given above:

No bad eggs are edible.

Converse No edible things are bad eggs.
Obverse All edible things are things which are
not bad eggs.
Converse and full Some things which are not bad eggs are
mverse edible
Obverse and partial Some things which are not bad eggs are
mverse not medible.

12
Jmmediate Inference by Uomplex Conceptionand by
-Added Determinants

These are not especially important forms of immediate
inference. We obtain an immediate inference by com-
plex conception by usmg the subject and the predicate of
the original proposition to qualify the same word in the
inferred proposition. Thus. ‘‘Logie 1s useful,”” might
be made more complex by saymng: ‘‘Logical writings are
useful writings.”” This would be an example of an 1mme-
diate inference by complex conception. Added determi.
nants qualify both the subject and the predicate with the
same words, and claim that the truth of the origmnal im.
plies the truth of the new proposition. Thus: ‘‘A negro
is a man,’”’ might become: ‘‘The murderer of a negro is
the murderer of a man.”’ This would be true, but most
immediate inferences by added determinants and by com-
plex conception are false. It depends altogether on the
content of the proposition. Thus, to borrow an illustra-
tion from Joseph, if it is true that, ‘‘A shark is not a
mammal,”’ it 1s also true that, ‘‘The anatomy of a shark
is not the anatomy of & mammal,’’ but it 18 not true that,
““The food of a shark is not the food of a mammal.”” It
cannot be too much emphasized that real inference is
not & purely formal process, but takes into consideration
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the content as well. And, as Joseph points out, the real
value of immediate inference by complex conception, and
by added determinants, is to be found n the fact that they
show with great clearness how important the content is in
determining the truth of a proposition obtamned by these
processes. The other forms of i1mmediate inference are
far more formal, as 18 shown by the faet that they are
readily obtamned when symbols, as well as when concrete
concepts, are used as subject and predicate. On the other
hand, 1t 1s not possible to use the symbols (§ and non-§
and P and non-P) m immediate inference by complex con-
ception, and by added determinants.

Summary of Results

It is convenient and helpful to sum up the immediate
inferences in the following table, which 1s taken from the
fourth edition of J. N. Keynes’s Studies and Ezercises in
Formal Logiwc, p 140. §' and P’ are equivalent to non-§
and non-P.

TasLe IV
A I E 0
I |Ongmal proposition ..... SaP | SwP SeP | SoP
II [Obverse ..ceceenvesnnnes SeP’ | SoP’ | SaP’ | SwP’
IIT {Converse ....ccoveeernse .S PiS PeS
IV |Obverted Converse ...... PoS’ | PoS’ | PaS’
V |Partial contrapositive ...| P’aS PSS | PAS
VI |Full Contrepositive ..... PlaS’ P’oS’ | PloS’
VII |[Partial Inverse ......... S’oP ShpP
VIII |Full Inverse ......co... 8P’ S’oP’

Note that the table does not cover the exceptions neces-
sary for singular propositions, nor does it inelude imme-
dite inferences by complex conception and by added de-
terminants. But it does include the obverted converse,
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which is the second step 1n the inversion of an E. (See
the example on page 101.) Note that the obverted converse
of a singular A proposition would be a singular E, and
not an O.

Exercise VI
<
1. Gave the opposites of each of the following propositions.
Assume the omginal true and state what follows about each of
the other opposites. Assume the original false and state what
would follow about each of the other opposites.

(e) All shooting stars are beautiful.

(b) Some philosophers are agnostics

{(c) Some rodents are not harmless

(d) No mmpure water 15 fit to drink

(e) The LEinstein theory of relativity 1s not easily understood.
(f) The Aurora Boreahs 18 one mystery scientists have solved.

2. First convert each of the following propositions which ean
be converted and explain why tho<e you think cannot be con-
verted cannot be Then obvert the converse of each. Designate
each proposition with its proper symbol and mark the distribu-
tion of § and P 1n each proposition.

{(e) Some hydrogen atoms are present in water,

(b) No cultures are entirely dead.

{¢) Some molecular motion 18 physical.

{d) Some telepathy 1s mot understood

(e) The League of Nations 18 the hope of the world

(f) The Treaty of Versailles 18 not the greatest event in human
history.

3. TFirst obvert, then give the partial contrapomtive if possible
(1f not, explain why not), then give the full eontrapositive of
each of the following propositions. In this list there is one of
each of the sixteen types given in Table ITI, p. 96. Designate
each type, for example, an A of the S:P type, or of the Non-
S: P type or of the Non-S+ Non-P type or of the §: Non-P type,
and so on for the four E types, the four I fypes, and the four O
types

(z) All grease is rust resisting.
{b) Some irrational acts are not moral

(¢) Some tigers are ferocious.
() Some moonbeams are indescribable.
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{e)
()
(9)
(h)
(1)
(2
(k)
)
(m)
(n)
(o)
(»)
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No referees are infallible,

All immemorial events are non-historie.

No green houses are large gardens.

Some Indians are not uncivilized.

All honeycombs are unartificial.

No non-galaxies are 1mmense

Some 1nconcervable crimes are not unpunished.
A]l imharmonious symphonies are amateur symphonies.
Some unfurled flags are non-national flage.
Some tourists are not Asiatics.

Some merciless beings are women.

No ungenerous souls are unregenerate.

4. Taking the first proposition m each of the following lists

as the

original, state what each successive proposition 18 1n rela-

tion to the original Designate each proposition with its proper
symbol and mark the distribution of S and P in each proposition.

(a)
(b)
(o)
(d)
(e)
(f)
(g)

(a)
(b)
(¢)
(2)
(e)
(f)

(a)
(%)
(c)
(2)
(e)

Inst A

No unreasonable person is harmless.

All harmless people are reasonable.

No harmless people are unreasonable.

Some unreasonable people are harmless.

Some harmful people are not reasonable.

A]l unreasonable people are harmful.

No person who is unreasonable in science is harmless in
science.

Inst B

All modernists are irrehigious.

Some irreligious people are modernists,

No modernists are religious people

No modermsts are irreligious people.

All bad modernists are bad irreligious people.
All religious people are non-modernists.

List O
Some skies are not cloudy.
Some non-clondy things are skies.
Some non-cloudy things are not non-skies,

All skies are cloudy.
Some skies are nmon-cloudy.

5. Select two 4 and two E propositions from any of the above
lists, and derive the partial and f£nll inverse of each.
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CHAPTER VIII

1HE NATURE OF INFERENCE AND IT§ RELATION TO THE
SYLLOGISM

The Nature of Inference

Nothing in the experience of educated people is more
common than inferences. They make up the very warp and
woof, the fabrie and texture of the intellectual life. Every
book, magazine and newspaper you read is filled with in-
ferences. Every conversation, public diseussion, debate,
address, sermon, and classroom lecture is largely consti-
tuted out of them. And practical success in life depends
more than anything else on the ability to draw the right
inference at the right time. In short, examples of inference
are innumerable, but when we attempt, as we must i logie,
to turn attention to the immtensive meaning of the term in-
ference, instead of toward 1ts extensive meaning, there 1s no
term in the whole seience of logiec more difficult to analyze
or more baffling to define. There are, however, two con-
troversies among contemporary logicians whieh afford
fairly good pathways mto the nature of inference

1. In explaining the immediate mferences I pointed out
that many logicians hold that they are not real iferences.
To take a specific example, from the proposition: ‘‘Ne
insane people are normal,’’ may be inferred by obversion:
¢‘ All insane people are abnormal.’”’ Most present-day logi-
cians hold that this is not & genuine inference, because it
tells us no more about insane people than we were told in
the original proposition. Inference, they say, involves
novelty, movement of thought from what we know to what
we do not know. Thus, inference 1s held to be & movement

of thought from old facts to new facts. It is the bridge
107
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which the mind builds across the chasm which separates the
realm of human knowledge from the realm of human ig-
norance. ‘‘What we know,’’ said Laplace, ‘‘1s little, but
what we do not know 1s 1mmense,’’ and inference is the
intellectual process by which we add to the httle we know
by biting off bits from the 1mmensity of the universe which
we do not know. But the so-called processes of 1mmediate
inference all move around in the realm of what we already
know. At best they are simply interpretations of what is
already known. ‘‘It is essential to inference that there
shall be a real transition from one fact to another—that
the conclusion reached shall be different from the starting
pomt’’ (Creighton). But in the 1mmediate mferences ‘‘the
new proposition is the result of a verbal iterpretation of
the origmnal one, and restates the same fact 1n a different
way’’' (Creighton). Hence they exhibit no real movement
to a new faet, but only clarify and bying the mind to a
fuller realization of the meaning and bearngs of the
origmal proposition. It should be pointed out that callng
the immediate inferences interpretations, instead of real 1n-
ferences, does not get us anywhere unless the distinetion
between interpretation and inference is made sharp and
precise. Ior at least one eminent logician has used the term
mterpretation to designate the very highest form of in-
ference.!

However, when we fall back on our conception of the in-
ferential whole or implicative system as an underlymg
funectional umit behind the two statements involved in an
immediate inference, and of which each is an aspect or
fragment, we have to insist that real inference is exhibited
in the i1mmediate inferences, however insignificant it may
be. For 1t is by means of this underlying system that we

1 See Jomah Royce’s article emtitled “Mind,” in Hastings’ Enoy-
olopedia of Rehgion and Ethscs, from which the quotations below
are taken by permission of Charles Scribner’s Sons.
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are able to pass from the original proposition to 1ts obverse
or converse or contrapositive. Hence, in this controversy,
I agree with Rieber, who justly condemns definitions of
mference which say that the conelusion must be another,
or a new, or a different, or a fresh proposition, without
making clear what 18 meant by ofherness, newness, differ-
ence or freshness, since these terms are full of ambiguty.
He seems to me to be entirely right when he says:

“The 1mmediate inferences have been so denominated because
thought seems to pass fiom one judgment to another without the
assistance of a middle term But this conventional distinetion
belween mediate and immediaie 1nference 1s sadly defective 1n
fundamenial msight A common ground 1s required quite as
much m 1mmediate as i meciate inference, as a means of bridg-
mg the gaps between the two judgments We pass from one
particular yjudgment {o another particular judgment only because
both aie embedded 1n a tmversal All thought 1s from particular
to paiticular via the universal, and, moreover, the certainty and
value of the concluston 1n any form of reasonng—mmediate or
mediate—depends upon the giip we have upon the umversal” 2

Tt 1s this universal to which I have so often referred
under the name of the mferential whole or implicative
system  Passing from one aspect or phase of such an
underlying system to another phase or aspect. by means of
the pervading unity which orders these and all elements of
that system, 1s what 1s meant by mferring.

2. Now let us approach the nature of mference from the
controversy tnitiated by Wilham James’ famous distinetion
between knowledge by acquaintance and kunowledge by de-
seription.! The former 1s supposed to be non-inferential

2 Charles 8 Rieber, Footnotes to Formal Logic, p 111

3The history of these terms 1s obscure James evidently did not
comn them, because they are found in the form, “knowledge of ac-
quaintance,” and ‘“knowledge about,” 1n J. Grote’s Hwploratio Phal-
osophica, Part I, p 60, from which they were taken by J oseph (4n
Introduotion to Logw, p 68). Royce. i the artacle entitled “Mind,”
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and the latter 1s inferential. ‘‘In the simplest possible case
one who listens to music has ‘knowledge of acquaintance’
with the music, the musieian who listens 1n the hght of his
professional knowledge has not only ‘knowledge by ae-
quamtance,’ but also ‘knowledge about’, he recognizes what
changes of key take place and what rules of harmony are
1llustrated A deaf man who has learned about the nature
of musie through other people, mn so far as they can tell
him about 1t, but who has never heard musie, has no
‘knowledge by acquaintance,’ but 1s limited to ‘knowledge
about’ Knowledge of acquamtance 1s also sometimes
called ‘1mmediate knowledge.’ ’’ (Royee )

The distinction, which goes back to Aristotle, between
intuitive and demonstrative kmowledge represents another
attempt to distinguish a kind of knowledge whiceh 1s non-
inferential from inferential knowledge Certamn basie pos-
tulates or axioms are held to be self-evident or to be known
wmtuitively without inference. Then other conclusions are
drawn from these postulates, and inference is defined as
this process of diawing conclusions from self-evident or
intuitive principles *

There are, then, according to many modern logicians,
two kinds of non-inferential knowledge which may serve as
the starting point for iference In this way logieians
attempt to Lift themselves by their own bootstraps by set-
ting up non-inferential types of knowledge to use for the

in Hastings’ Encyclopedia of Religion and Ethics, attributes the
terms to James But the distinction itself 1s at least as old as
Hobhbes’ Leviathan He there said  “There are of knowledge two
kinds, whereof one 1s knowledge of fact, and the other knowledge of
the consequence of one afirmation to another The former 1s nothing
else but sense and memory, and 1s absolute knowledge The
latter is called science and 18 comditional” Ch IX, and elsewhere
Bertrand Russell uses the expression “knowledge by description” for
“knowledge about” Problems of Philosophy, Ch V

4 For a discussion of axaoms and the laws of thought, see Ch XXVIL
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purpose of defining inference. For however valuable the
distinetion between ‘‘knowledge by acquaintanee’’ and
‘‘knowledge about’’ may be for psychological purposes, it
1s hikely to be misleading in logie. All knowledge 1s mfer-
ential The starting pomt for inference 1s always some
fact or bit of knowledge, but this 1s 1itself through and
through nferential. The postulates of thought are them-
selves the great structural connecting links in the whole
system of knowledge. We reach them by inference and
use them in further inferences. All thinkmg is inferential.
The proof for this 1s that by no possible means can the
inferential element be taken out of knowledge without
knowledge itself being thereby destroyed. As Royece rightly
msists: ‘“In the actual cognitive process of the mdividual
human bemg, ‘knowledge by acquaintance’ never occurs
quite alone, sinee, when we know something perceptually
or by acquamntance, we also always have more or less
‘mediate’ knowledge For example, one who lhistens to
musie, but who also considers the person of the artist, the
relation of the music to the programme, the name of the
composer, or the place of this experience m his own lfe,
has m his knowledge that which 15 more than the 1mmediate
hearing of the musie '’ And that something more 1s the
universal, the mmferential whole or implicative system which
18 the very life blood of knowledge and the vital essence of
inference.

Immanuel Kant defined inference as ‘‘that fumetion of
thinking by which one judgment 1s derived from another.”
This is not a bad definition 1f we keep 1n mind that every
known fact 1s 1itself a judgment grounded in other judg-
ments In other words, every known fact is an 1mpheative
system. The process of mind or the movement of thought
by which we pass from one element to another by means of
our knowledge of their relation to the system is inference.
Therefore, the most important element in inference is the
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pervading universal which controls all of the elements of
which it 18 constituted. ‘‘The notion of inference seems to
demand on the one hand that there shall be difference be-
tween the concrete fact reasoned from and the conecrete
fact reasoned to, and, on the other hand, that there shall
be—whether dimly or clearly seen—a universal which con-
nects them.’’ 8

This definition brings out very well the two essential
elements 1n 1nference.

The meaning of mnmference, then, must be looked for mn a
pervading universal or order system. But what is a per-
vading universal? What 1s an order system? Gaven a col-
lection or assemblage of mmdividual objects of any kmnd
whatsoever, be they existential such as an army, or purely
conceptual such as the whole numbers of arithmetie, 1t 18
said to be an order system or an array, if a thinker 1s able,
from a knowledge of qualities and relations of some of the
members of the collection, to tell somethingz about the
characters of some or all the other members, without having
to examine each separately and mdividually Orderliness
1s possessed by any group of objects of which a knowledge
of some enables one to pass to a knowledge of others in the
group. This 1s the simplest and the most general definition
of an order system recognized by modern logicians. As
Royce puts 1t: ‘‘Order belongs to sets of imdividuals,
to collections, to arrays of things, persons, deeds, or
events >’ When a person is sure he is dealing with such
an order system, 1t 1s possible for him to select and to con-
centrate his attention upon a relatively small portion of the
facts involved m the system i question, and to 1gnore other
portions, since he can use the mformation he has about
those he studies as a basis of inference as to the nature of
some or all of the others in the system. Consequently, in-

8 A, Shdgwick, The Use of Words wn Reasomng, p. 305.
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ference is impossible apart from such an order system. Im-
deed, the maxim, “*Order is Heaven s first law, ™" is hterally
trne. The whole universe, whether viewed as a physical or
space-time world or as a conceptual or ideal world. must
be thought of as swaimmg with a great variety of order
svstems, and as formmng an order system 1tself  *Order 15
known to us through inference, that is, the orderly is that
which corresponds in the real or the ideal world, to what
we mfer when we systematically draw conelusions. . . .
If order is only one aspeet of the spiritual world, it 15 an
mdispensable aspeet. Without 1t Iife wounld be a chaos and
the world a bad dream Loyalty would have no canse and
human conduet no meaning.’' 3

It 1s then. order svstems which make mference possible.
Inference 15 the burrowing of the human mmd imio the
heart of such systems. Take, for example, the following
newspaper account of how a defective boy thought out for
himself independently of his teacher who had always re-
garded hum as an absolute imbecile, the way to construct
an ordmary footstool.

When eighteen months old, spinal menmgitis left Vineent deaf,
dumb and blind At Randall's Island he was pronounced an im-
becile, and a» such was sent to the Port Jefferson Home Vincent
had been at the Home about one year when Sisier Augustine be-
came convinced that the boy was not an 1mbecile Sister Augustine
tanght the class of blind children, and each day Vineent sat near
her desk 1n the classroom One day he was playmng with three
sticks of wood, and getting three pins from the teacher, made the
homely model of a footstool Taking Sister Augustine by thke
hand, he led her to his room in the Home and there placed s
model beside the stool in ks room. This hitle action convinced
Sister Augustine that the boy was not an imbecile

6 Josiah Royce, in the article entitled “Order,” in Hastings’ Ency-
clopedia of Relgion and Ethcs. Quoted by permission of Charles
Scribner’s Sons



114 THE PRINCIPLES O REASONING

And well she might be convineed, for the boy had demon-
strated his ability to penetrate into an actual impheative
system, and he who can do this 1s far from being an abso-
lute 1mbecile. In a short time she had taught him to read,
to wrile and to talk, and each of these activities involved
his ecomprehending still other order systems.

A noted logician has recently predicted that this new
conception of the nature of inference, as elaborated in the
logical writmmgs of the late Bernard Bosanquet, 1s destined
to revolutionize the science of logic.” However that may
be, 1t 15 m favor of the theory that a sumilar conception has
been reached more or less independently by some of the
ablest logicians of our day, among whom may be men-
tioned a Russian—N Lossky, a Geitman—W Wmdelband,
an Itahlan—B Croce, an Englhishman—F. II. Bradley,
and two Americans—Josiah Royce and John Dewey. To
be sure, there are mmportant diufferences in the detailed
working out of the conception of inference of cach of these
logicians, and the latter, in particular, 18 quite different
from the others. but geneially speaking, theu theory is
consistent with the doctrine of the implicative system here
presented ® Bosanquet has rightly characterized the older
theory of inference, which continues to donunate the logiecal
writings of some contemporary logicians, as a linear theor y.
In contrast, the new theory may be called an orgamc the-
ory According to the lmmear view, knowledge advances

“John H Muirhead, Mund, Oct, 1923 Sce my Pieface

8 For references, see the Bibliography 1n the Appendix The differ-
ences between Dewey und the 1dealistic logicians are too technical to
introduce lhere  The essential point 1s that Dewey confuses the
stricthy logieal process of scientifically analyzing actual implicative
systems with the tempoial and practical process of intelligently
meeting a given situation Although I have elsewhere (Journal of
Philosophy, Apnl, 1917) criticized Dewey’s theory of practical judg-
ments, I think that he has rendered a great service to logical science
by lus 1nsistence upon the inferential character of all knowledge and
by hie steadfast refusal to adopt a dualistic position
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‘‘precept upon precept, Line upon line, here a little, there a
little,’” Iike a long pavement which 1s extended indefinitely
by placing one brick or stone next to another. For on this
theory an inference is not a living unity, in which the
various elements interpenetrate and reciprocally modify
one another, but a dead connection of static blocks which
man's mind has abstracted from the stream of experience
and crystallized According to the organie theory, the
whole of human knowledge 18 a Iiving organism, and each
system withm it 1s comparable to a living cell. Growth i
knowledge consists in a further penetration of man’s mind
into the actual order systems of nature, and contmues until
the human inferential whole 18 worked mto an identity
with this aetual order system Henee, all knowledge is
mferential m this sense, and the implicative system 1s the
funetional unit of logical seience.

The Relation of Inference to the Syllogism

The syllogism 15 Aristotle’s greatest contribution to logic
It is his technical formulation of the procedure which he
thmks 18 always followed 1n demonstrative, as distinet from
intmitive, reasoning. For him, then, all nference, when
logically formulated, should take the form of the syllogism
‘We shall make a detailed analysis of syllogistic reasoning
m the next two chapters. All that it 1s necessary to do
here is to explain briefly what a syllogism 1s mn order to
deal with the question as to whether all inference must
take this form.

A syllogism 1s a set of three propositions, two of which
are called premises because they contain a common term,
and the third the conclusion which eonstruets a new propo-
sition out of the two terms not common to the premises.
The reason the third proposition is called the conelusion, is
that it is supposed to be obtained by means of the compari-
son made m the premises between the two terms of the
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conclusion and the common term, which is always called
the middle term. The real umfying prnciple n the syl-
logism 1s the middle term, since the terms put together to
form the conclusion can only be so ecombined because each
has already been related to the common term in the
premises, The following 15 an example of a syllogism:

All men aie mortal.

Enoch 1s a man

Enoch 1s mortal.
Here the predicate, mortality, 1s affirmed of Enoch be-
cause it has already been asserted of all men, and Enoch
has been qualified by the predicate man. Enoch and mor-
tality are two aspects of the inferential whole here called
man. And we only know Enoch to be mortal on the ground
that both Enoch and mortality are essential elements in the
order system called man. In this sense, then, the syllogism
does represent the actual procedure mvolved in mference.
It was probably for this reason that Hegel said that all
things are syllogisms. What he meant was that all things
are 1mplicative or inferential systems, and that we can
pass from one to another part of an order system only by
followmng ont the actual relations 1n the system. Only to
this extent can we agree with the theory that all inference
ig syllogistie. The syllogism can be mnterpreted in terms of
the principle of the implicative system. As Bosanquet has
rightly said -

The syllogism at its best is not a mere marshaling of trains of
predicates, which remain apait and unmodified. The syllogistic
process, propeily understood, and taken in 1nstances which
reveal its full import, 1s an operation 1n which the terms come
together, modify one another, and construct a systematic whole,
within which the conclusion 1s obvious and explains itself. If you
say, “Oxygenated blood 18 bright; the blood 1n the arteries is oxy-
genated blood, therefore the blood in the arteries 1s bright,” you
have brought together your terms in the conception of the cir-
culation of the blood, and your conclusion shows a system 1n which
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the terms are factors, their union 1s rationally explained, and their
meaning developed Such a term as bright acquires a new mean-
ing 1n the conmstroction ®

In other words, the real implicative system behind the
middle term ozygenated blood 1s the circulatory system of
the human body, so that this 1s an excellent 1llustration of
the way in which syllogistiec inference depends upon an or-
dered system of facts.

Yet it does not follow that all thinking should be thrown
into syllogistic form The attempt to do this 1s what
vitiated scholastie logic 1n the Middle Ages So much effort
was wasted i reducing thought to syllogistie form that
thinkmg 1tself became sterile. It had to be rejuvenated by
the great scientists, such as Galileo and Willham Gilbert.
Suiely, even a formal logician must admit that the im-
portant thing is that men should go forward with their
thinking mto the actual conecrete order systems of the
world The demand that each step m the advance of a
scientific mvestigation be given a technical syllogistic for-
mulation 1s absurd But although this 18 true, the student
of logic will find that a full comprehension of syllogistic
logic aids one m reachmg an msight mto the real meanmg
of inference, and an understanding of the place 1n infer-
ence of the universal or underlying system which comes
to expression as the mddle term of the syllogism. Such a
study will also pave the way for a consideration of other
forms of inference.

In the syllogism, the logician has an 1deal and abstract
order system which 18 very remote from the conerete world
of the physical, biological and social sciences, and more
like the conceptual world of mathematies. This may be
expressed by saymg that m the system which a syllogism

9 Bernard Bosanquet, Implication and Linear Inferemce (Mae-
millan), p. 27. A single clause has been omifted to simplify the

passage
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embodies, the premises may be actually false, and yet the
conclusion may follow logically from them. In this case
the coneclusion 1s said to be materwally false but formally
true. Some logicians hold that logre 1s primarily con-,
cerned with this internal relation of consistency between
propositions formimmg a purely conceptual system This is
the real meaning of the expression formal logic, and syl-
logistie logic 15 undoubtedly suseeptible of this interpre-r
tation. There 1s a great advantage and an equally great
defect mn restricting oneself to a purely formal treatment
of syllogistic logic. The advantage 1s that it enables the
logician to escape the necessity of testing the vahdity of
his science by an appeal to concrete facts. The defect 1s
that 1t inevitably leads to a vicious and unwarranted
separation of the logieal laws and relations from the world
of concrete reality. It 1s largely because of this chasm
between the entities dealt with in logic and those met
with in more concrete bodies of knowledge that students
find syllogistic logic dry and uninteresting. When dealing
with the syllogism 1t 1s not possible wholly to avoid making |
the separation. But if students could only see that under-
neath the abstract logical relations dealt with i the doe-
trine of the syllogism 1s the infinitely rich and intricate
world of human experience, and that the great logicians
have simply been trying to comprehend the logieal order
underlying this factual world, much of the reproach from
which syllogistic logie suffers might be removed. In any
case, the syllogism is only one form of inference, and when
we take up 1 Part II the various inductive processes, we
shall be considering forms which bring us closer to the
order systems dealt with in the sciences. However, it will
be necessary to return agam to this question of the relation
of inference to the syllogism, when we take up the basie
prmeiple of the syllogistic type of inference at the end of
Chapter X.



CHAPTER IX
THE STRUCTURE AND RULES OF THE SYLLOGISM

The Logical Form of the Syllogism

WE have already explained that putting a proposition
into logical form involves a clear indication of both its
quantlty and quality, as_well as having the subject and
predleate terms properly set apart from each other by
some form of the verb {0 be, which is known as the copula.
Now the first step mn puttng an argument or an explicit
mference into logical or syllogistic foim 15 to 1educe it to
three constituent proposttions, or sets of three, expressing
each in correct logical form We have the elements of a
svllogism when we get three propositions which eontain
Just three terms. Henece each term appears twice m the
syllogism

The next step 1s to arrange the propositions m the right
order This 18 best done by startmg with the eonclusion.
Tt 1s usually sufficiently obvious, owmg to the use of stuch
expressions as therefore, which shows that the proposttion
following 1s to be taken as the conelusion, and for, since
or because, which indicate that the eonclusion precedes the
proof. Once the conclusion has been discovered, its predi-
cate is taken as the major term, and the proposition cou-
taining 1, exther as subject or predicate 1s called the major
premise. When the syllogism 1s written in correet logical
order this premise stands first. The other term in the major
premise 1s called the middle term. The subjeet of the con-
clusion 1s known as the minor term, and the proposifion
which eontans it, along with the middle ferm, is called the
minor premise, It should be written between the major
and the conclusion.

s
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Take the followmng argument to exemplify the process:
‘‘Revolutions in science do not destroy human knowledge,
becanse they extend 1t, and what extends human knowledge
cannot desiroy it ’’ The word because 1ndicates that the
proposition. ‘‘Revolutions in science do not destroy human
knowledge,’’ 15 the conclusion. It 18 ambiguous with regard
to quantity, and the copula must be some form of the verb to
be. So we begin by putting the conclusion mnto logical
form, thus- ‘‘No 1evolutions m science are things which
destroy human knowledge.”” Now let us get the major
premise. It is the premise which contains ¢‘things which
destroy human knowledge’’ as one of 1its terms, and 1s,
therefore, the proposition- ‘‘What extends human knowl-
edge cannot possibly destroy 1t.”” This 18 also ambiguous
with regard to quantity, and must be put mto the followmng
form: ‘‘Nothing which extends human knowledge 1s a
thing which can destroy human knowledge.”” We next
proceed to the minor premise It is the remaining propo-
sition: ‘‘Revolutions in seience extend human knowledge,’’
and 1t 1s obviously mtended to be universal, so that writing
it in correct logical form gives us ‘‘All revolutions m
science are things which extend human knowledge.’”” Writ-
mg all of these piopositions together we get this syllogism -

Major premse: Nothing that extends human knowledge 15 a
thing which destroys human knowledge.

Minor premise: All 1evolutions 1n science are things which ex-
tend human knowledge

Conclusion: No revolutions 1n science are things which de-
stroy human knowledge.

Mood

We are now prepared to understana the meaning of
mood. It 18 a principle by which different varieties of
syllogisms are distinguished. The principle is that of the
quantity and quality of the propositions making up the
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syllogism. There are as many different moods as there are
possible combinations of A, E, I, and O propositions. The
student will find, by working 1t out, that there are sixty-
four different moods. Many of these are not valid, that 1s
to say, they violate one or more of the rules of the syllo-
gism. Yet we must consider that there are sixty-four dif-
ferent kinds of syllogisms when we distinguish them by the
principle of mood Later we shall have to determine which
ones of the sixty-four possible moods are valid.

All that 1s necessary to remember here 1s that one way of
classifymg syllogisms 1s according to mood, and that mood
18 determined by the quanfity and quality of the propo-
sitions making up the syllogism Thus the mood of the
example given above 1s EAE. Now when an argument is
put m correct syllogistic form the proper vowel should
always be placed before each proposition. When this is
done the student will avoid makmg mistakes based on a
misconception of the quantity and quality of the propo-
sition No one can understand a syllogistic argument until
he 18 sure of the mood. This 15 a comparatively easy, but
an md1spensab1e step in the ecomprehension of any par-
ticular piece of syllogistic reasonmg That s why it 1s
always necessary io have each proposition m the syllogism
m correct logical form.

Figure

There is another principle by which different kinds of
syllogisms are distinguished, and that is the position of
the middle term 1n the premises. This 1s what 1s meant by
figure. There are as many different figures as there are
possible positions of the middle term, namely, four. When
the middle term 15 the subject of the major premise and the
predicate of the minor, the figure is said to be the first or
perfect one, because this is the wm_mm

an argument, and because this figur on-
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clusion m any of the four propositions, 4, E, I and 0. No
other figure will yield a valid conclusion 1n each of the four
types. When the middle term 1s the predicate of both
premises the figure 18 said to be the second. This figure
yields only negative conclusions: E and O. When the
middle term 1s the subject of both premises the figure 1s
said to be the third. This figure yields particular conclu-
sions- I and O. These were the only figures recognized
by Aristotle. After his time the fourth possible position
of the middle term, namely, as predicate of the major and
subject of the mor premise, was used to define the fourth
figure. This y:elds conclusions 1n E, I and O, but not 1n A.
The results of this paragraph may be symbolized as follows:

Ficure I Tigure 1T
MisP Pis M
Sis M Sis M
Sis P Sis P

Figure III Figure IV
MisP Pis M
Mis S Mis S
Si1sP Sis P

Thus we find in the doctrine of the syllogism an analo-
gous classification to that found in the doetrme of propo-
sitions, Whereas propositions are classified by the two
principles of quantity and quality, syllogisms are classified
according to the two prineiples of mood and figure.

The Rules of the Syllogism

Eight rules are usually given as governing syllogisms,
but the first two are not so much rules as statements of the
number of propositions and terms needed to constitute a
syllogism, and the last two are really corollaries of the
third, fourth, fifth and sixth. These four rules are the
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essential ones in determming the validity of a syllogism.
For the word valid 15 used to designate a syllogism which
conforms to the rules, and wmwalid or fallacious are expres-
sions used to designate a syllogism which does not conform
to the rules

1. Every syllogism must and can have only three propo-
sitions. This rule needs no explanation, nor 1s the student
likely to commut the fallacy of having more than three
propositions when he has once understood the structure of
the syllogism.

2 The sum of the different terms in the three propo-
sitions must be three; or, in other words, each term
must appear twicc. The fallacy here is that of having
more than three terms, but smee it is usually found as a
middle term which 1s used m two different senses, one 1
the major and one m the minor, 1t 18 sometimes spoken of
as the fallacy of ambiguous nuddle. Strietly speakmng, the
fallacy of ambignous middle 1s a special form of the fallacy
of four terms.

We dealt with ambigwity m the discussion of nammg. It
1s really a fallacy which belongs to terms rather than to
the syllogism But the presence of ambiguous terms in an
argument does vitiate and mmpair its validity, so that in
this sense 1t 1s also a syllogistic fallacy. The following
exemplifies this fallacy - ‘“All interference is subject to a
fifteen-yard penalty, and since static in the air is interfer-
ence, therefore 1t is subjeet to a fifteen-yard penalty ”’
This fallacy is very frequent in arguments in which ab-
stract terms are used without the one who uses them laying
down and sticking to a precise meaning. That is why
many trivial philosophical discussions appear to the
1nitiated to be mere verbiage, but to the uninitiated to be
the very substance of profundity. No really profound
thinker ever juggles his terms. To stick to the same mean-
ing throughout is the essence of logical thinking.
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3. The middle term must be disiributed wn al least ons
of the premises. The fallacy here 1s known as undistrib-
uted middle. Many amusing examples are given: ‘‘All
monkeys are animals, and all men are animals, therefore all
men are monkeys.’”’ ‘‘All clowns are men, the class presi-
dent is a man, therefore he 1s a clown.’”” These two ex-
amples are in the second figure, where the fallacy always
appears when both premises are affirmative.

The reason why the middle term has to be distributed 1s
that otherwise § may be compared to one part of M and P
to an entirely different part of M in the premises, so that
there is no real universal to use as the connectmg lnk
between S and P. Such a case 1s really equivalent to four
terms. Figure VI will make this clearer. Or we might

S M o

Some M 18 P
Some S 1s M
Some S 18 P

Fieuee VI

have all of § and all of P 1n M without § and P being re-
lated to each other, as shown in Figure VII. ILikewise one
might be entirely within M and the other only partly with-
in M, without their being related to each other. But as

M
AlPis M
Al S s M
Al Sis P
FieurE VII

soon as the middle term is distributed, the fallacy disap-
pears. For instance, when we say: No P is M, and some
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8 is M, we can mfer that some § is not P. That part of 8
which is M cannot be P, when none of P falls within M.

4. No term can be distributed wn the conclusion, which
18 undisiributed in 1s premise There are two fallacies 1n-
volved 1n the violation of this rule, since either § or P may
be disiributed in the conclusion when undistributed in the
premise. They are known as illicit magor and llicit minor,
according to which term 1s involved Now 1t must be espe-
cially emphasized that passing from a distributed to an
undisiributed use of a term is not a fallacy. For what has
been said concerning ¢!l in the premise, one 1s justified m
saymg about some m the conclusion. But when one has
only been passimng judgment about some 1 the premise he
has no logical right to extend his conclusion to g¢il. This
was made clear m explaming conversion.

The followwng 1s a fawrly common form of the fallacy of
ollictt magor, 1t bemmg i the first fizure with the minor
premise negative-

All beverages contaimng more than five per cent of
aleohol aie intoxicating

No beer contains more than five per cent of aleohol.

No beer 13 infoxicating

The major term 18 wntoxicating, and, being the predicate
of an affirmative proposition, 1t 18 undistributed m the
major premise, but, being the predicate of a negative propo-
sition, 1t 18 distributed in the conclusion.

Now consider this illustration of the fallacy of dllicit
minor :

All awrplanes are hghtly constructed.
All arrplanes are speedy vehicles.
All speedy vehicles are hghtly constructed.

Here the term speedy vehicles is undistributed in the
minor premise because it is the predicate of an affirmative
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proposition, but it 1s distributed in the econclusion because
1t has there become the subject of a universal proposition.

In looking for the three fallacies—undistributed middle,
1lheit major and illieit minor—the student will find it
helpful to write above each term the abbreviation dis for
distributed and undis. for undastributed. Once the distribu-
tion of each term m each of 1ts two locations in the syllo-
gism 18 carefully determined, the question of the valhidity
of the syllogism 1s easily answered. The student should
also draw cireles to 1llustrate the fallacies of illieit major
and 1llhieit minor, as was done above for undistributed
middle. This will make the meaning of these fallacies
clearer.

5. No valid conelusion can be drawn from two negatie
premises. The fallacy here 1s called the fallacy of two
negative premises The reason for this rule 1s that there 1s
really no unmiversal to connect S and P together, since, 1f
both premises are negative, both S and P are denied to be-
long to the middle term. But 1f each 15 entirely outside
the middle term, no judgment can be drawn as to their
relation to each other, even though they happen to be re-
lated The middle term m this case 1s a system which ex-
cludes both § and P in such a way as to give no hint as to
their relations to each other. Take this example.

No cows are used for daiwry purposes in China

No cows are used for meat i1n Norway

Nothing used for meat 1n Norway 18 used for dairy pur-
poses 1 China,

It is obvious that the conclusion is meaningless. The
student should represent this fallacy by cireles.

6. If ome premise is megative the conclusion must be
negative. In the case in question, of the two terms S and
P, one is asserted to belong to the middle term, and one
is denied to belong to it. This being true the only con-
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clusion which ean be drawn 1s one 1 which they are demed
to have any relation to each other. The fallacy here is
called drawing an affrmatwe conclusion from a megatwe
premise. For example

All Indians are semibarbarians.
No white people are Indians
All white people are semibarbarians.

It is evident here that the conclusion should be: ‘‘No white
people are semibarbarians ’’ But even when I thus elimi-
nate the fallacy of an affirmative coneclusion from a nega-
tive premise, note that I here get a fallacy of illieat major.

7. No conclusion can be drawn from two particular
premases.

8. If ome premase 1s partwcular the conclusion must be
particular.

Since a violation of these rules always gives either un-
distrabuted middle, illicit major or minor, two negative
premises, or an affirmative conclusion from a negative
premise, these two rules are said to be corollaries of the
third, fourth, fifth, and sixth rules. The possible combina-
tions of premises are:

Rule 7: Rule 8
LIo0 0 4,1, E,1,4,0,E, 0
1,0,1,0 1, A, 1,E 0,4, 0, E

The student should construet a syllogism in each figure
with each of these sets of premises, and determine the dis.
tribution and the fallacy in each case. For the tediousness
of the task full compensation will be received in a surer
grip on the contents of this whole chapter. 1 know of no
better way of reaching a complete understanding of the
reason for and a complete mastery of the various rules.

‘We can best summarize these rules by arranging them
in a classificatory scheme :
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1. RuLEs oF STRUCTURE

1. A gyllogism must contain three, and only three, propo-
sitions.

2. A syllogism must contain three, and only three, terms.
Fallacy four terms (ambiguous middle)

II. RULES OF QUANTITY

3. The middle term must be distributed in at least one
premise. Fallacy undistributed middle

4. No term can be distributed 1n the conclusion which was
undistributed 1n 1ts premise Fallacies: (a) ilheit
major, (b) 1heit minor

III. RuLEs oF QUALITY

5. A vald conclusion cannot be drawn from two negative
premises Fallacy two negative premises

6. If one premise 1s negative the conclusion must be nega-
tive, and wvce versa. Fallacies (a) an affirmative
conclusion from a negative premise, (b) two affirma-
tive premises with a negative conclusion

IV. CoOROLLARIES

7. No conclusion can be drawn from two pairticular prem-
ises Fallacies (a) undistributed mddle; (b) lheit
major

8. If one premuse 1s paiticular the conclusion must be par-
ticular, Fallacies (a) undistributed middle, (b) ilheit
major; (c) ilieit minor, (d) two negative premises.*

1 The formulation of the rules of the syllogism 1s the work of the
medizval schoolmen In his Logiw and Mental Philosophy, p 27,
Father Charles Coppens puts the rules mto the following rhyme, Note
that he uses the words consequent and conclusion as synonymous.

The terms are only three, to this attend,
Nor let the consequent a term extend,
Conclusions ne’er the middle term admif,
At least one premise must distribute it.
Two negatives no consequent can show;
From affirmatives no negations flow

A universal premise you'll provide,

And let conclusions take the weaker side.
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ExERcise VII

1. The following syllogisms are in logical form and they are
valid, Using the symbols S, P, and M and the abbrewiations dis
and wundis, mark each term each place 1t appears and indicate
its distribution  Indicate also the mood and figme of each syl-
logism.

(a) All open systems bombarded by electrons from without are
systems which can be penetrated, and some open systems
bombarded by electrons from without are atoms, therefore
some atoms are systems which can be penetrated

(b) All stable systems are composed of an equal number of
protons and electrons, and all atoms are stable systems,
therefore all atoms are composed of an equal number of
protons and electrons

(o) All open systems bombarded by systems of the same mass
are destructible, but the solar system 1s not destructible,
therefore the solar system 18 not a system bombarded by
systems of the same mass

(d) No scientific theories are easily discovered, and some inven-
tions aie easily discovered, therefore some 1nventions are not
scientific theories

{e) No aviators are unlicensed drivers, and all unlicensed drivers
are public nusances, therefore some public nuisances are not
aviators

(f) No chain stores aie approved by independent grocerymen, and
some drug stoles are approved by independent grocerymen,
therefore some diug stores are not chain stores

(g) No federal reserve banks are state depositories, and all
federal rescrie banks are federal depositories, therefore some
federal depositories are not state depositories.

2. The following syllogisms are not all in logical form and
each commits a fallacy. Put each 1n logical form which needs to
be, mark the terms of each with symbols, and indicate the dis-
tribution of each term, and the mood, figure, and fallacy of
each syllogism.

(z) All dates are good to eat, and therefore some things im-
portant historically are good to eat, since some dates are
important historically.

(5) Al gailors can read & compass, and hence they must be
physicists, for all physicists can read a compass.

(0) No mushrooms are unhealthful, for only green foods are
unhealthful and no mushrooms are green foods
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No physies can be difficult, foo we know that no metaphysics
15 physics and that all metaphvsies 15 difficult

All strong platforms are made of wood, and since the
Republican paity has a stiong platform, 1t must be made
of wood

All college boys are boisterous, and therefore these drunken
men must be college students, for they are boisterous

All paintings by old masters are expensive, and no maga-
zine 1lustrations are paintings by old masters, therefore
no magazine 1illustrations aie expensive

All Buatish subjecis are good hockey players, for all Cana-
dians are British subjects and all Canadians are good hockey
players.

All combs are things made of celluloid, and some combs
are made by bees and on 1oosters, therefore combs made by
bees and on roosters are made of celluloid

Simmee social custom shapes individual habit, social custom
must perpetuate individual habit, for individual habit per-
petuates social custom

Some cranks are used to stait automobiles, theiefore some
professors aie not used to start automobiles, for no pro-
fessors are cranks

Since potassium 1s a gas and helium 13 a gas, potassium
must be helrum

Since all college fratermities ale socially beneficial to the
members, and are also financially burdensome to their mem-
bers, all institutions that aie <ocially beneficral to their
members must be financially burdensome to them

All spectacles are expensive for movie produceis to produce,
therefore all opticians sell what 18 expensive for movie pro-
ducers to produce, for all opticians sell spectacles.

Not all 1adios are tubeless, but some 1adios are valuable,
therefore some tubeless radios aie not valuable

None who aie admitted heie are beggars, and no smokers
are admitted here, therefore no smokers are begmars

Since all hens cackle when they lay, and since all hens cluck
to thewr young, 1t follows that all animals that cackle when
they lay are ammals that cluck to their young.

Whoever obeys laws submits himself to a governing will,
and since nature obeys laws, she submts herself to a gov-
erming will

8. Construct syllogisms to illustrate ambignous mddle, 1lhet
major and dheit minor, indicating mood and figure.

4 Construct a syllogism 1n the moods, EAE, AII, AEE, IAI,
and A00, mdicating the figure and fallacy (if any)



CHAPTER X

THE VALID MOODS OF THE SYLLOGISM

/

The Elimination of the Sets of Premises Which Violate
the Bight Rules of the Syllogism

We learned above that there are a total of sixty-four
different moods, but that many of these are not vahid. Our
main problem m this chapter is to work out the valid moods
for each of the four figures But before taking up the
special rules for each figure, 1t will stmplify matters 1f we
eliminate all of the moods which do not conform to the
eight rules. For we can do this without regard to figure.

Since these rules can be applied to the two premises
alone, without taking the coneclusion mto consideration, in-
stead of dealing with the sixty-four moods, our problem will
be greatly simplified by taking just the sixteen possible
sets of premises set forth i Table IV.

TapLe IV
AA EA IA 0A
AE EE IE OE
AT ET T oI
A0 EoO I0 00

Eliminating from this table all of the combinations which
are 1n conflict with any of the rules of the syllogism, we
find that EE, EOQ, OF and 00 all violate rule five, that
no conclusion can be drawn from two negative premises
Likewise I1, I0, 0I, and OO violate rule seven, that no con-
clusion can be drawn from two particular premises. Note
that 00 violates both rules. All the other sets of premises in
Table IV conform to the rules of the syllogism except IE. It
violates rule four in that it always gives a fallacy of illicit

major. For no matter whether the major term stands as
131
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the subjeet or as the predicate 1t 1s sure to be undistributed
1n the major premise, since both the subject and the predi-
cate of an I proposition are undistributed. On the other
hand, the fact that the minor premise is negative will make
the conclusion negative, according to rule six, and the
major term, being its predicate, will always be distributed
to conform to the rule that negative propositions distribute
their piedicates. Henece 1t 15 1impossible to avoid the fallaey
of 1llicit major when the premises are IE. The student
should work this out by constructing a syllogism in each
figure 1n the mood IEO, which 1s what IE premises would
always yield, masmuch as the conclusion would have to
be both negative and particular to conform to rules six and
eight We are now left with eight sets of premises as
exhibited in Table V. To determine the Iist of valid moods
these eight must now be tested n each figure.

TaBLE V
AA EA 14 0OA
AE — — —
Al EI — —_
A0 — — —_

The 8pecial Rules of the Four Figures

The special rules are really only corollaries of the eight
rules, or, to be more speeifie, of the third, fourth, and fifth
rules of the syllogism, since their violation yields one or
the other of the four fallacies which we considered in
stating those rules. Consequently it is not necessary for
the student who has mastered the general rules to commit
these to memory. Indeed, their chief value is in making
the general rules clearer.

1. The Rules for the First Figure
Mis P
SisM
Sis P
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(a) The menor premase must be affirmaiwe, otherunse
esther dlwcit major or two negative premises will resuld,
‘We can best test this rule by violating 1t. Thus:

All soldiers are paid for their services.
No volunteer firemen are soldiers
No volunteer firemen are paid for their serwvices.

Here the major term 1s undistributed in its premise and
distributed in the conclusion, which 15 a fallacy of illieit
major. The only way 1t could be avoided would be to
make the major premise negative, since the major term 1s
predicate in its premise in Figure I. But that would
give a fallacy of two negative premises. By making the
minor premise affirmative we avoid both of these fallaeies.

(b) The major premise must be unwersal in order to
avord the fallacy of undistributed middle. Here is an ex-
ample violatimg this rule:

Some maiine ammals are edible
All oysters are maiine ammals,
Some oysters are edible

The fact that the previous rule makes the mmor premise
affirmative, leaves the middle term undistributed m that
premise. Now since the middle term 1s always the subjeet
of the major premise in this figure, an undistributed middle
1s unavoidable when the major premise is particular.

‘When we apply these two rules to the eight sets of
premises, we find that only four yield valid conelusions in
Figure I, namely, AAA, EAE, AII, and EIO. However,
the moods AAI and EAQ would also be valid, since sub-
altern propositions are always true when the universal
under which they are subsumed is true. AAT is said to be
a weakened form of the mood A4A4 and EAO a weakened
form of EAE in the first figure.
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2. The Rules for the Second Figure

P1sM
SisM
Sis P

(a) One premise must be negatwe to avoid undistrid-
uted middle. This 1s evident from the fact that M 1s the
predicate in both premises m the second figure, and the
rule that only negative premises distribute their predicates.

(b) The major premise must be uniwversal to avod
sllicat major. Now the previous rule necessitates a mega-
tive conclusion and the major term being 1ts predicate, will
be distributed. And sinee i the second figure the major
term is the subject of its premise, a fallacy of illieit major
15 bound to result unless the major premise 1s made uni-
versal. The following example will make this clear-

Some elephants are not wild
All tigers are wild
Some tigers are not elephants

Note that this fallacy of illicit major disappears when I
say:

No elephants are wild.
All tigers are wild.
No tigers are elephants,

inasmuch as making the major universal, distributes the
term elephant.

Applying these two rules to the eight combinations of
premises, we find that only four yield valid conclusions in
Figure II. The valid moods are EAE (and its weakened
form EAOQ), AEE (and its weakened form AEQ), EIO,
and A0O. Notice that two of these moods were also valid
m Figure 1
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3. The Rules for the Third Figure

Miis P
Mis §
SisP

(a) The minor premise must be affirmaive to avord
illscit major, or lwo negatwe premises. Since 1 the third
figure, the major term stands in the same position in its
premise as 1n the first, the proof here 1s preeisely the same
as that given there This rule can, therefore, be general-
1zed to apply to both figures Whenever the major term
18 the predicate of its premise, the minor premise must be
affirmative to avoid the fallacy of ilhieit major or that of
two negative premises.

(b) The conclusion must be particular to avord the
fallacy of dlicst manor. The fact that the minor premise
must be affirmative necessitates the minor term being un-
distributed in 1ts premise, where 1t is always predicate in
Figure III. Hence the conclusion must be particular, so
that the minor term as 1its subject may remain undistrib-
uted. Take this example

No religious magaznes are profound.
All religrous magazines are devotional
No devotional hiterature 1s profound

Note that the rule holds even when both premises are
universal

Applying these rules to the eight sets of premises we
get s1x valid moods n the third figure, namely - AAI, IAI,
AIl, EAO, OAO and EIQ. Note that only EIOQ is valid
m the first, second and third figures, but the weakened
form EAO is also valid in all three. It is not ordinarily
counted as a valid mood in the first and second figures, but
1t 1s counted here because the universal conclusion cannot
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here be obtamed from the premises EA. Likewise, the
mood AAI 15 not counted as a valid mood 1 the first figure,
but it 18 in the third, although 1t 1s valid in both.

4. The Rules for the Fourth Figure

PisM
Mis S
Sis P

(a) If either premise is negative, the major premise
must be universal in order to avoid lcit major. Violating
this:

Some wild flowers are beantiful.
No beautiful things are perishable.
Some perishable things are not wild flowers,

Here the negative premise necessitates a negative conclu-
sion, and that distributes P there. Now, sinee P is the sub-
Jjeet of 1ts premise i Figure IV, the fallacy of illicit major
is unavoidahle whenever the major premise is partieular
and the conclusion negative.

(b) If the mwnor piemise 15 affirmative, the conclusion
must be partieular in order to avoid illweit minor. The
same argument applies here which was used in proving the
second rule for figure three. Hence that rule can be gen-
eralized as follows Whenever the mmor term is the pred:-
cate of an affirmative proposition in its premise the eon-
clusion must be particular.

(¢) If the major premise is affirmative, the mnor
must be unwersal wn order to avoid undisiributed middle.
As the predicate of the major premise in Figure IV, the
middle term will always be undistributed when that prem-
ise is affirmative. Henee 1t must be distributed in the
minor, and since it is there the subject, that premise must
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be universal. The following example, violating the rule,
will make this clear:

All negroes are natives of Africa.
Some natives of Africa are Mohammedans.
Some Mohammedans are negroes.

Applying these rules, we find that the following moods
are valid in Figure IV: AAI, AEE, IAI, EAO, and EIO
The weakened form AEQ would also be valid. Note that
EIO and EAQ are valid in all figures, and that twenty-
four moods are valid when the weakened forms are counted,
and nineteen when they are not.?

Reduction

It was mentioned above that Aristotle regarded the first
figure as the only perfect figure. Hence the valid moods in

1 A simgular syllogism, with all of its propositions and each of
1ts s1x terms singular, 18 velid 1n each of the following moods AEER
in Figures I and III, and AA4 in Figures II, IIT and IV Stanley
Jevons (see pp. 36-65 of book cited below) calls this wnference wsith
sumple wdentrtees It has also been called #raduction to distingwish it
from deduction and from induction For examples see p 145

The scholastic logician, Petrus Hispanus, who later became Pope
John XXI, 18 said to be the author of the following ingentous set of
mnemonie lines, devised to reduce the problems of syllogistic reason-
g to a mechamcal piocess of memory

Barbara, Celarent, Daru, Ferioque prioris.
Cesare, Camesires, Festmo, Baroko, secundae;
Tertia, Daraptr, Disamis, Datisy, Felapton,
Bokardo, Ferison, habet, Quarta msuper addat
Bramaniwp, Camenes, Dimaris, Fesapo, Fresison.

The mood names are italicized The other words 1ndicate the figure
to which each set of mood names belongs Logicians sometimes use
these mood names 1n referring to the various moods For example,
when they speak of Barbare, the mood A4A 1n Figue I 18 meant

It is also mteresting to note that Stanley Jevons invenied a logical
machine which draws correct conclusions. Bee the picture in his
Principles of Science (frontispiece, 2d ed. revised, 1877), and the
description (pp. 107f.).
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the other figures are sometimes called imperfeect moods.
But arguments can be changed from the imperfect moods
of the last three figures.to the perfect moods of the firg
figure. This is what is meant by reduction n syllogistic
logie. Now there are two kinds of reduction or two essen-
tially different ways of making the change to the first fig-
ure One 15 known as direet reduction. It 1s effected by
converting one or more of the propositions making up the
syllogism, but sometimes 1t 1s also necessary to transpose
the premises The other kind 1s most commonly referred
to as mdirect reduction, but also as reduction per impossi-
bile and as apagogical reduction. It is aceomplished by use
of immediate inference by opposition.

To cxemplify the direet process of reduction, consider
first a mood which involves only one conversion Such are
the moods FAE and EIO i the second figure and AAdI,
All, EAO and EIO in the third figure. An example of
EAE m Fagure 1T is.

No wild men are educated
All college graduates are educated.
No college graduates are wild men,

which becomes EAE m Figure I, by the simple process of
converting the major premise, thus

No educated people are wild men.
All college graduates are educated.
No college graduates are wild men.

A more difficult mood to reduce by the direct process is
AEE in Figure II. Here 1s an example:

All salmon are fish which spawn 1n fresh water.
No eels are fish which spawn 1n fresh water.
No eels are salmon.

To reduce this it is necessary to transpose the premises be-
cause the major would convert by limitation into I, and
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this would give the mnvalid mood IEQ (illicit major). The
minor becomes the major by transposition of the premises
and 1s converted by simple conversion. But transposition
of the premises also makes 1t necessary to convert the con-
clusion so that the major term will be m the predicate.
Hence, three separate processes are involved—transposition
of the premises, conversion of the new major resulting
from this transposition and conversion of the coneclusion,
Thus it becomes

No fish which spawn 1n fresh water are eels
All salmon are fish which spawn 1n fresh water.
No salmon aire eels

There are only two moods which reduce by the indireet
method, namely- AOO m Figure IT and 040 m Figure
ITI, the reasons being that O cannot be converted and the
conversion of A by hmtation would give two particular
premises. Here 1s an example of A00:

All submaiines are commerce destroyers
Some superdieadnaughts are not commerce destroyers.
Some superdreadnaughts are not submarines.

To reduce this, we construet a syllogism 1 the mood AAA
of Figure I, showmg that falsity of the conclusion m the
mood AOO m Figure II 1s inconsistent with the truth of
1ts premises. That 1s, we assume that if this conclusion,
“‘Some superdreadnaughts are not submarines,’’ is false,
1ts contradietory, ‘‘All superdreadnaughts are subma-
rmmes,’’ is true (by immediate inference by opposition).
This 1s used as a minor to the original major, thus:

All submannes aie commerce destroyers.
All superdreadnaughts are submarines.
All superdreadnaughts ere commerce destroyers.

Now, this conclusion is the contradictory of the original
minor Granting, then, the truth of our original premises,
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the conclusion we drew from them is true. Hence, the
origmal syllogism 1s shown to be formally vahd. What
we have here done 1s to prove, with a syllogism in Figure
1, that the mood AOO i the second figure 1s formally
valid.

The Basic Principle of Syllogistic Inference

The motive behind the reduction of the moods of the
second, third and fourth figures to those of the first 1s to
make 1t possible to formulate a single principle of syllo-
gistic ;ference. And since, in the opinion of some logi-
cians, syllogistic inference 1s one with inference, this means
makmg 1t possible to formulate a smgle prineiple of all
inference whatsoever. If such a prmmeiple could be reached,
all of the rules of the syllogism could be shown to follow
from this basie prineciple, just as we have seen that all of -
the special rules for the separate figures are corollaries of
the four most central general rules. This would satisfy
the modern demand, known as the principle of economy,
or law of parsimony,? that the ultimate prineiples or pri-
mary axioms of a science should be reduced to as few as
possible, and whieh 15, m turn, identical with the famous
declaration of the great schoolman, Wilham of Occam,
known as Occam’s 1 azor, that rules should not be multiphed
beyond what 1s necessary.

The classic formulation of a single prmeiple of syllo-
gistic inference 1s Aristotle’s dictum de omne et nullo. The
form usually given 18 that of the schoolmen: Whatever 1s
predicated affirmatively or negatively of a whole class must
be predicated affirmatively or negatwely of everything n
that class. Some logicians hold that there are really two.
principles here: (1) the dictum de omne—whatever 18 true
of all 15 true of each, and (2) the dictum de nullo—what-

2 See Introduciion to Reflective Thinking, pp 53, 340 Compare
also R H Dotterer, Beginners’ Logic, pp 154f, and 313
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ever is true of none is false of each. Now, in the first|
figure, we do appear to proceed on this prineciple or on these
two prineiples. For when we argue that all M 18 P, and
all 8 is M, and therefore that all § 1s P, we do seem to use
the dictum de omne as the underlymng principle of infer-
ence. And when we argue that no M 1s P, and all § is M,
and therefore that no S 18 P, we seem to use the dicium de
nullo as an underlymg principle. Now these two argu-
ments are the moods A4 A and EAE of the first figure. The
dwctum de omne et nullo can be interpreted as the basie
principle behind the rules of distribution, and these are
certaimnly the central ones among the general rules of the
syllogism, as well as the foundation for the special rules
for the separate figures.

It has been argued that the real major premise in every’
argument 1s this basie rule or principle. It 1s supposed to
be axiomatic in the sense of self-evident, and syllogistic 1n-'
ference 1s sometimes said to be from this rule to the con-'
clusion. wlohn_s_wﬂlﬂto _launch his
famous attack on syllogistic reasoning. He claimed that
all sylloglsms argue 1 a circle, or beg the question?® so
that the conclusion eontains no new knowledge. If we must
know something about all before we can affirm or deny that

Something, whatever 1t is, of the separate members of that
tm'—wé really do not advance in knowledge when we draw
the conclusion. For our knowledge of the truth of the
major premise carries with it a knowledge of the truth of
the coneclusion. Hence Mill argued that all frmitful reason-
ing is inductive, and that the experimental methods of
science should be substituted for syllogistic inference. It
is interesting to note that Mill here states the same criticism
of the syllogism which Creighton and others make of the
immediate inferences. Both hold that there is no new

3 See the account of this fallacy below, p 185.
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knowledge involved, and, consequently, that there is no
genuine inference.

Mill’s eriticism undoubtedly indicates a real weakness in
the underlying conception of iuference behind the dictum
de omne et nullo. For that conception is the linear theory,.
which was dealt with in our discussion of the nature of in-
ference, and according to which the separate terms m an
argument remam unmodified in the conclusion, the real
Justification for the inference being placed 1n a sweeping
general prineiple, reached by intuition, rather than in a
genuine 1mplicative system actually present i the facts
‘What Mill overlooked was that the real nerve of inference
18 not In a major premise stating a mere collectine fact,
but 1n systematic connection within an order system. But
he was ecertainly right mn attackmg the hnear theory of
syllogistic inference, which was not only widely current mn
his day, but is still in considerable vogue. As Bosanquet
put 1t:

On the traditional theory of the syllogism, and according to
any or all of the maxims which have been suggested as 1ts ground,
its terms are marks or properties which affect each other, so far
as the technical purpose of the reasoming is concerned, only as
indications of each other’s presence or absence . .. The rules
forhid you to regard the argument as the constiuction of a system
1 which by their combination the terms throw a new hight upon
one another .. Each term must preserve its independent being,
as 1f 1neclosed 1n a bracket. . . . In Thackeray’s well-known story
of the Ahbé and the nobleman, the Abbé, talking among friends
has just said, “Do you know, ladies, my first pemtent was a
murderer,” and a nobleman of the neighborhood, entering the
room at the moment, exclaims, “You there, Abbé? ‘Why, ladies,
I was the Abbé’s first pemtent, and T promise you my confession
astomished him.” In such arguments, which are of the type that
A, which has z, has also y, you get, technically recognized, no
bearing of the import of one term upon another at all. They
are, so to speak, m capsules, and all you ean do with them is to
note which lie 1n the same drawer, and which refuse to do so. . . -
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It is the extremity of such 2 doctrine to suppose that the principle
of the syllogism 1s 1ts ultimate premise, and that a train of reason-
ing derives ifs force from having at its head an axiom ahout a
class or rule.  When this extreme irrationality 1s rejected, and 1t
18 observed that the necessity of every syllogism 1s imtrinsic to
its form, and not borrowed from a rule under which it i1s sub-
sumed, the way 1s paved for reconsidering its whole nature.*

It is for this reason that the traditional theory of the
syllogism, based as it 1s upon the hnear theory of inference,
must give way to the modern theory of systematic connee-
tion within an order system. That the syllogism can be
mterpreted 1in terms of the implicative system has already
been made clear. But entirely aside from that 1issue,
there is really no justification for the covert assumption of
many of the advocates of the syllogism that all valid infer-
ence must be expressible in syllogistic form, nor for the
additional assumption that all syllogistic inference should
take the form of the first figure. It is a false i1dea of
economy which, for the sake of simplification, blurs dis-
tinctions that are really vital. There are interesting
varieties of thought which cannot be reduced to the
stereotyped form of the syllogism. Modern logicians refer
to these as non-syllogistic or asyllogistic types of wnference.
Nor should we make the mistake of supposing that all asyl-
logistie reasoning must be mductive. For this would make
it necessary to treat mathematical reasoning as syllogistie,
whereas it is asyllogistic but deduetive. A good example
18 a proportional argument such as the followmg- ‘A ton
of coal costs sixteen dollars. This is half a ton. Therefore,
this cost eight dollars.”’ Although this argument is per-
fectly valid, it cannot be put into-syllogistic form without
wrenching the reasoning out of shape. The irregular argu-
ments, dealt with at the end of the next chapter, are other

« Loco citato, pp 26f The illustration from Thackeray is in 8
note, and the sentence following it 18 shightly modified
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good examples of asyllogistic arguments which are valid.
And still other examples could be given from inductive as
well as from mathematical reasoning. But an implicative
system 15 always operative 1 these asyllogistic types of
inference just as in the syllogistic type. Hence the basie
prineiple of inference cannot be such a rule as the dictum
de omme et nullo. On the contrary, it 18 the concrete
implicative system which is the nerve of all inference,
syllogistic and asyllogistic alike.

ExEercise VIII

1. Prove that IEO 1s invahd 1n every figure

2. Prove that whenever the major term 1s the predicate in its
premise the minor premise must be affirmative In what figures
does this hold?

3 Prove that whenever the minor term is the predicate of an
affirmative premise, the conclusion must be particular In what
figures may this condifion exst?

4 1In the following examples name the mood and figme and
reduce to first figure

(&) All flowers are beautiful, and all flowers are valuable, there-
fore some valuable objects ale beautiful

(b) All sleds aie worthless in the summel, and nothing that
is worthless 1n the summer can be nsed i1n the summer,
therefore no things that can be used in the summer are sleds

{0) No lecture courses are difficult, and all mathematics courses
are difficult, therefore no mathematics courses are lecture
courses

(@) No wildflowers blossom in winter, and all wildflowers blos-
som 1n spring, therefore some flowers that blossom 1n spring
ate not flowers which blossom 1 winter

(e) No scholastic fratermties are detrimentsl to study, end
all fratermties detrimental to study are social fratermities,
therefore some social fraternities are not scholastic fra-
termities

(f) All planets have elliptical orbits, and no satellites have
elliptical orbits, therefore no satellites are planets.

(g) No living languages are simple, and some living languages
are romance languages, therefore some romance languages
are not simple,

(k) No microscopes are used to study the moon, and some tele-
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scopes are used to study the moon, therefore some telescopes
are not microscopes

No dogmas are infallible, and some infallible statements are
exceptional, therefore some exceptional statements are not
dogmas.

Some textbooks arc pedantic, and all textbooks are used by
students, therefore some books used by students are pedantie
Some diseases are incmable, and all icurable things are
evils, therefore some evils are diseases

All treaties are undersiandings between nations, and some
treaties are concerned with war, therefore some things con-
cerned with war are understandings hetween nations.

All whales are monsters, and all monsters are dangerous,
therefore some dangerous things are whales

All research workers haie good positions, and some pro-
fessors are not those who have good positions, therefore some
professors are not research workers

Some hornets are not harmless, and all hornets sting, there-
fore some things that sting are not harmless.

5. The following are singular syllogisms Indicate mood,
figure, and fallacy (1f any) of each syllogism (See note p. 137 )

(e)

)

(c)

(d)

(e)

The Ihad 18 the greatest creation of Greek rmmagination, the
Dwne Comedy 13 not the Iliad, therefore the Divine Comedy
is not the greatest creation of Greek imagrnation

The President of the United States 18 Herbert Hoover.
The President of the United States 1s not the Chief Justice
of the Supreme Court, therefore the Chief Justice of the
Supreme Court 1s not Heirbert Hoover

One man who flew over the North Pole is Commander Byrd,
and one man who flew over the South Pole 18 Commander
Byrd, therefore one man who flew over the South Pole is
one man who flew over the North Pole

Moby Dick 18 the best symbol in American hterature, and
Moby Dick 18 the most marvelous whale 1 all literature,
therefore the most marvelous whale 1n all literature is the
best symbol 1n American liteiature

Herbert Hoover 1s the President of the Umited States, and
the President of the United States 18 the Commander-in-Chief
of the Army and Navy, therefore the Commander-in-Chief of
the Army and Navy 18 Herbert Hoover.

6. Construct a valid syllogism in the second, third, and fourth
figures and reduce each to the first figure. Indicate the mood be-
fore and after reduction, and explein each step you have to go
through in making the reduction.



CHAPTER XI
ENTHYMEMES, BORITEE AND IEREGULAR ARGUMENTS

Enthymemes

An enthymeme is a syllogism with o/ne of the premises
or the conclusion’ suppressed. When the major is sup-
pressed 1t 18 called an enthymeme of the first order, when
the minor 1s suppressed an enthymeme of the second order,
and when the eonclusion is suppressed an enthymeme of the
thuwrd order. It 1s more apt to be the major or mmor which
is suppressed, but sometimes the conclusion is left unex-
pressed for rhetorical effect. ‘‘No man 1s free, for every
man is a slave erther to money or to fortune.”’ ‘‘You, as
you are old and reverend, should be wise.”’ *‘I pray you,
father, being weak, seem so0.”’ These are examples of
enthymemes. The first, put mto a complete syllogism,
would be

+  None who are slaves either to money or to fortune are free.
All men are slaves either to money or to fortune
No man 1s free Mood EAE, Figure I. First order enthymeme.
—

The other two are also enthymemes of the first order. The
student should formulate the major premise of each. The
following 18 an example of an enthymeme of the second
order - ‘‘The Thirty Years’ War was long and bitter, for
all religious wars are so.”’ Expressing this in the form of
a syllogism gives this:

<e§ 5.) -
Al refligions wars are long and bitter.
v The Thirty Years’ War was a religious war.

The Thirty Years’ War was long and bitter.
146
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Another example of a second order enthymeme 15+ ‘“Why
be ashamed of a mistake? All men are fallible.”’ Mellone
expresses this thus:

What all men are liable to is not a thing to be ashamed of.
A mistake 1s what all men are hable to.
Therefore, no mistakes are things to be ashamed of

And the following quite manifestly exemphfies the third
order: ‘“‘None but candid men are good reasoners, and few
nfidels are candid.’’

Many of the arguments we meet with in everyday hfe
are based on prmeciples or generalizations which are covertly
assumed, and rarely, if ever, expressed as premises Only
when some one denies our premises, and thereby refuses to
accept our argument, are we made conscious that it was
really based on those premises. Suppose, for example, that
I argue that the United States should cancel the allied debts,
because the fighting of the allies 1n the late war was bene-
ficial to the United States. Then my suppressed premise
is that all countries which benefit from the wagmng of a
war should pay the participants for such benefits. Or
suppose a pacifist argues that the United States should
abolish her navy, because having a navy breeds war. His
suppressed premise 18 that all war 1s an evill which no na-
tion should tolerate. This is a very doubtful prmciple
which men can easily affirm in the abstract, but which few
are ready to affirm in the face of an overt aggression such
as the sinking of the Lustfania and 1ts consequent destrue-
tion of American lives.

Many arguments, which sound very good, are really
based on underlying and unexpressed premises that few
people would be willing to accept without qualification.
‘What the partisan propagandist most hates, is having his
suppressed premises brought before the bar of reason It
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is for this reason that the use of the enthymeme type of
argument is one of the favorite artifices of the propa-
gandist.

Chains of Reasoning

Many arguments are compound, consisting of a series of
syllogisms mn which the conclusion of one syllogism becomes
a premise for the next. This type of argument is usually
called a chain of 1easoming. The first syllogism 1n such a
cham is called a prosyllogisin 1 reference to the syllogism
which follows, and this 1s an episyllogism 1n relation to the
first. If the series 1S a long one m which there are more
than two syllogisms, a syllogism m the middle of the
series could be both a prosyllogism and an episyllogism—
a prosyllogism 1n relation to the one which follows 1t, and
an episyllozism 1 relation to the one which precedes it.
Now a chamn of reasonmg, as well as a single syllogism,
may take the form of an enthymeme, that is, some of its
propositions may be suppressed. In such a case 1t 15 known
as an epicheiwrema.

In passing 1t should be pomnted out that chains of reason-
mg are highly typical examples of the linear theory of syl-
logistic inference, 1n that the terms and premises appear
strung along 1n them like a string of beads, i1ather than
as members of a genuine 1mplicative system which recipro-
cally modify each other. However, even 1n such mnferences,
the conclusion would not be valid if such an implicative
system were not operative.

I take the following interesting example of a chain of
reasoning, which is also an epicheirema, from Joseph’s
Introduction to Logwe (2nd ed.), p- 353:

Those who have no occupation have nothing to interest them-
gelves in, and therefore are unhappy; for men with nothing in
which to interest themselves are always unhappy, since happness
depends on the success with which we advance the objects in
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which we are interested; and so wealth 13 no guarantee of
happiness

The core of this argument can be expressed m this syl-
logism:

All men with nothing in which to interest themselves are
unhappy

All of those who have no occupation are men with nothing in
which to mteiest themselves

Therefore, all of those who have no occupation are unhappy.

The major of this central syllogism 1s established by
another syllogism, which is a prosyllogism to the one just
stated -

All happy men are those who are suceessful 1n advancing the
objects 1 which they are interested

No one who has no objects in which to interest himself is one
who succeeds 1n advaneing objects mn which he 1s in-
terested

Therefore, no men with nothing in which to interest them-
selves are happy

There 15 also the following episyllogism involved mn this
chain of reasoning -

All who have no occupation are unhappy.
Some rch men are persons who have no occupation.
Some rich men are unhappy

Here 1s another shorter but interesting example of an epi-
cheirema :

All sin 1s dangerous.
Covetousness 1s sin, for if is transgression of the law.
Covetousness 1s dangerous.

Here the proposition, ‘‘Covetousness is a transgression of
the law,’”’ is a premise in the prosyllogism which confirms
the proposition: ‘‘ Covetousness is sin.’’
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The example of an enthymeme given above could also
be expressed as an epicheirema, thus:

All war 15 evil.
All nawies are evil, for they breed war.
Therefore, all navies should be abolished.

When an argument advances from the prosyllogsm to
the episyllogism, or m a forward direction the chain of
reasoning 1s said to be progressive or synthetic. Such an
argument builds up its results as 1t advances, using the
conclusion of the preceding syllogism for a premise m the
next. The reverse process 1s sometimes found. Starting
with the coneclusion, we go back to establish the premises,
thereby exhibiting the foundation upon which the con-
clusion 1s based. This kind of a chain of reasoning 1s called
regressive, or analytic.

The Sorites

The sorites 1s a speeial kund of chamn of reasoning. It
consists of a series of syllogisms 1n the first fizure 1n which
only the last conclusion 1s expressed, and in which the
intermediate suppressed conclusions are also suppressed
premises of the syllogisms In a sorites the first two ex-
pressed premises constitute the first or prosyllogism The
unexpressed conclusion from these two premises 1s taken
either as the major or the minor premise of the next syl-
logism, and the third expressed premise is its other premise.
According to whether the conclusions are taken as major
or mimor premises we get two types of sorites. The type in
which the conclusion 18 a minor premise is known as the
progressive or Aristotelian sorites. The term Aristotelian,
however, 18 a misnomer. For, as Sir Wilham Hamilton
says, ‘‘Aristotle, though ecertainly not ignorant of the
process of reasoning now called sorites, does not enter
upon its consideration.’”’ It dates from the middle of the
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fifteenth century. The type in which the suppressed con-
clusions are major premises 18 known as the regressive or
Gaclenan sortes, after i1ts discoverer, the German logician,
Rudolph Goclenius (1547-1628),

In breaking up a sorites mnto syllogisms it will always
be found that there are as many syllogisms as there are ez-
pressed premises, less one. The conclusions must not be
counted but only the premises. Now let us consider some
examples of each type of sorites, break’ them up nto
syllogisms and deal briefly with the rules which govern
each type.

The Aristotelian Sorites

First, let us represent 1t in symbols.

All 415 B
All Bis C
Al Ci1s D
Al Dis E
All Es F

Al As F

This breaks up into the following four syllogisms:

Al Bis C Al Ccis D
All A s B All 4is €
1. Al 48C 2. All 4is D
Al Dis E Al Eis F
Al A1s D All 4is E
3. Al4is E 4, Al 4is F

Note that the minor premise stands first, and that the sup-
pressed conclusion is the minor premise for each syllogism
after the first. We know that the minor premise stands
first, because the conclusion shows A to be the minor term.
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Consider, now,

He who
He who
He who
He who
He who

concrete examples:

1s prudent is, temperate. J

1s temperate 1s constant.

1s constant 1s unperturbed. .’
1s unperturbed 15 without sorrow.
1s without sorrow 1s happy. ./

e ——

Therefore, he who 15 prudent 18 happy.

Again we get four syllogisms when we break this up:

' He who
He who

1s temperate 1s constant.
1s prudent 15 temperate.

1. He who

He who
»  He who

1s prudent 1s constant.

15 constant 1s unperturbed.
1s prudent 1s constant

2. He who

He who
He who

1s prudent 13 unperturbed.

15 unperturbed is without sorrow.
1s prudent 1s unperturbed

3. He who

“  He who
N~ He who

1s prudent 1s without sorrow.

1s without sorrow 1s happy.
13 prudent s without sorrow.

4. He who

is prudent 1s happy.

Another famous example is frequently given:

The child of Themistocles governs its mother.
She governs her husband.

He governs Athens.

Athens governs Greece.

Greece governs the world.

The child governs the world.

Let the student break this up into syllogisms.
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There are two rules which control this type of sorites, the
violation of which leads to the fallacies of undistributed
middle and illieit major. (1) The first premise may be
particular, bul all the rest must be unwersal, to avord
undisiributed middle. This is really the same as the special
rule for the first figure which says that the major premise
must be universal, sice every expressed premise except the
first 18 the major premise of a syllogism in the first figure.
The first premise, bemng the minor of the syllogism, may be
particular. It should also be noted that making any other
premise except the first particular would involve one or
more of the syllomisms into which the sorites 1s resolved
having two particular premises. But this 1s equivalent to
undistributed middle. (2) The last premise may be nega-
twe, but all the rest must be affirmatwe, to avord dllicit
major or two negatwe premises. This 18 an appleation of
the other special rule of the first figure to the sorites, sice
making any other premise but the last negative would result
in one of the suppressed conclusions bemng negative, ace
cording to general rule six, and since this conelusion 1s the
minor premise of the following syllogism it would violate
the rule that in the first figure the minor must be affirma-
tive. The last premise, being the major premise of the last
syllogism, can be negative without wiolatmg this rule. It
only makes the last or expressed coneclusion negative, and
that does not involve a fallacy of illicit major, because the
major term is distributed when the last premise is made
negative, it being the predicate of that premise. Malking
any premise except the last negative would also involve one
or more of the syllogisms into which the sorites 1s resolved
having two negative premises. Using the examples already
given, let the student violate each of these rules, and note
what fallacies result when the sorites is broken up into
separate syllogisms.
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The Goclenian Sorites

It is exemplified by symbols as follows:

This breaks up thus:

All 4is B
All C 18 4

1l AllC1s B
All Dis B
All F s D

8. AlEis B

All A is B
All Ci1s 4
All Dis C
All E1s D
Al F s E

Al F s B

AllCis B
Al Ds C

2. AllDss B
Al E s B
All ¥ 1s F

4 Al F1s B

A concrete example may also be given:

An animal 1s a substance.
A quadruped 1s an ammal,

A horse

1s a quadruped.

Dan Patch 1s a horse

Dan Pateh 1s a substance

This readily breaks up into three syllogisms:

An animal 1s a substance.

A quedruped 1s an animal.

. A quadruped 1s a substance.

A guadruped is a substance.
A horse is a quadruped.

. A horse is a substance.

A horse is a substance.
Dan Pateh is a horse.

3. Dan Patch 1s a substance.



ENTHYMEMES, SORITES, ARGUMENTS 156

The rules of the Aristotehan sorites must be reversed for
the Gocleman. Only the first premise can be negative and
only the last particular. Observe that in both types of
sorites there can be only one negative and one particular
premise, but 1n the Aristotelian the first alone can be par-
ticular and the last negative, whereas m the Goclenian the
first alone can be negative and the last particular.

Irregular Arguments

As we learned at the end of the last chapter, there is &
very extensive class of inferences which operate with cate-
gorical propositions, but which cannot really be reduced
to syllogistic form without their character being funda-
mentally changed. For this reason they were there called
asyllogustic or non-syllogisire arguments. Now among these,
are some which have long been recognized by logicians
under the name of irregular arguments Indeed, attempts
have been made to reduce them to the form of categorical
syllogism by those logicians who make the assumption that
an inference must be syllogistic to be logical We have
already shown that this 15 an unwarranted assumption.
Hence the traditional wregular arguments are to be re-
garded as genuine asyllogistic arguments They fall into
two groups: (1) inferences dealing with spatial, temporal
and quantitative relations, and (2) a foriiors (pronounced
@ for'-shi-g-rt) arguments

1. Inferences Dealing with Relations. In dealing with
relations, in the discussion of kinds of terms, we saw how
fundamental such entities are for logic Indeed there is a
tendency to-day to restrict logic to relations, to the entire
disregard of the conercte objects which stand in, or are
constituted out of, these relations. Now among these
logical relations space, ttme and gquamiity are most im.
portant There are many arguments in everyday life
which are based upon such relatioor An example of each
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will show how much they are used, and why they are asyl-
logistie. b

(a) Space:
New York City is situated to the east of Buffalo.
Buffalo 1s situated to the east of Chieago
New York City 1s situated to the east of Chicago.

Here we have four terms, namely: (1) New York Cily,
(2) situated to the east of Buffalo, (3) Buffalo, (4) situated
to the east of Chicago. But in spite of the fact that there
is no middle term this argument is valid, sinece we know
that whatever is east of Buffalo is also east of whatever
Buffalo is east. This knowledge 1s simply a deduction from
our knowledge of the nature of the abstract relation of
space. Consequently, the proposition just stated has been
used as a major premise m reducing such an argument to
a categorical syllogism, thus:

‘Whatever is east of Buffalo is east of whatever Buffalo is east.
New York 1s that which 1s east of Buffalo
New York 1s east of whatever Buffalo 1s east, namely, Chicago.

(b) A similar kind of argument in which the relation of
time is employed 1s the following:

The Battle of the Marne was fought after the Battle of
Waterloo

The Battle of Waterloo was fought after the Huns sacked
Rome.

The Battle of the Marne was fought after the Huns sacked
Rome.

(¢) And here is one which uses the relation of quantily:

A bushel of corn is a larger heap than a peck of corn.
A peck of corn 18 a larger heap than a quart of corn.
A bushel of corn is a larger heap than a quart of corn.
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Let the student reduce the last two arguments to a cate-
gorical syllogism by formulating a major premise sumilar
to the one given about space.

2. The a fortiors Argumeni. Literally this means that
something 1s true for a far stronger reason, or that it is
much more true than something else which 1s admitted to
be true. There is a close sumilarity between this type of
argument and the ones just mentioned in that it also uses
the same principle, that what is known about the relation
of one thing to another and of that other to a third can be
used as a basis for an inference about the relation of the
first thing to the third, only the a forfiori argument uses
the relation of causaltty, instead of space, time and quan-
tity. For this reason 1t is not only applicable to more
kinds of subject matter, but 1t is set apart by a special
value 1n disputation from the arguments just considered.

The @ fortior: argument may be stated in two ways and
therefore may be said to have two forms- (a¢) It may take
the form of concluding that a certain event cannot happen
because the causes which are alone capable of produeing
it operate still more strongly in another similar case with-
out producing that effect at all, or so as just barely to pro-
duce 1t. For example, take the Biblical passage: ‘‘If the
righteous scarcely be saved, where shall the ungodly and
the sinner appear?’’ Here the event 10 question 1s salva-
tion. In the case of the rghteous the causes are assumed
to be barely strong enough to bring about salvation. How
then can any one suppose the causes would be strong enough
to produce the effect 1n cases where men are ungodly and
sinful? This example can be reduced to three propositions
somewhat as follows:

It is admitted that it 18 easier for a righteous person to he
saved than 1t 1s for an ungodly and sinful person.
But Seripture teaches that the righteous are just barely saved.

No swful and ungodly person can be saved.
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There is really no way of making this argument conform
to the rules of the syllogism.

(d) The a fortiors argument may also take the form of
concluding that something must be true, or some event must
take place or be admitted possible, because in similar cases
causes which are much weaker than 1n the case mm question
have succeeded mm producing 1t. The saying of Jesus:
““If ye, then, bemng evi], know how to give good gifts to
your children, how much more shall your heavenly Father
give good gifts to them that ask him?’’ exemplifies very
well this tvpe of the a for{10: ¢ argument. Let the student
state 1t as three propositions as was done above with the
example of the first form of this argument.

The e fortior1 argument is quite common In essays,
orations, religious apologetics, and in argumentative litera-
ture in general 1t 1s frequently encountered. The ability
to use 1t effectively 1s often very helpful in disputation,
and an understanding of it adds to the delight which comes
from general 1eading.

In reference to all of these irregular arguments 1t should
be especially emphasized again that, whereas they have no
real middle term and are not conformable to the rules of
the syllogism, nevertheless their validity does depend on
whether they coriectly exhibit an actual impheative sys-
tem or inferential whole. Unless such a real system is as-
sumed, as 1t 18 mn the Biblical arguments quoted above, as
well as 1n the arguments used to exemplify space, time and
quantity, the argument falls to the ground. The vahdity
of an irregular argument depends just as much on the
nature of 1ts iripheative system as does the validity of any
other argument. The difference is that the system behind
the irregular arguments is not, as in the syllogistic form
of argument, expressible as a middle term.
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Exercise IX

1. Indicate the order of each of the following enthymemes.
Supply the missing proposition; indicate mood, figure, and fal-
lacy (if any).

{a) No radios are unpatented, for all radios are inventions

{b) No chain stores do a credit business, for they are all pros-
perous

(¢) This woman 1s 1rreligious and she 15 a divorcee

(d) All monotheists helieve in one God, and hence the early Jews
were not monotheists

(e) AIll henotheists worship one God, and hence some henotheists
were the early Jews

(f) No dry batteries are expensive, and hence no dry batteries
are used 1n automobiles

(g) All Zeppelins arc airships, and all airships are licensed.

(k) No wet batteries are easily carried, and hence no flashlights
are equipped with wet batteries

2 Construet an enthymeme of cach of the three orders
3. Name each of the following irregular arguments and
expiess each with three propositions.

(e¢) If he cannot make Ph1 Beta Kappa, how can he expect to be
appointed a Rhodes Scholar?

(b) Since Petrograd 1s east of Paris, 1t must be east of London

(e) Since a foot 1s less than a vaid, 1t must be less than a rod

(d) If Germany can sub-idize commercial aviation and pay the
allies, why can the United States not do more for aviation?

(e} Since elephants aie known to be smaller than mammoths,
they are undoubtedly smaller than dinosaurs,

(f) If he cannot pay s tuition, how can he afford to belong to
a fratermty?

(g) Saturn 1s farther from the sun than Jupiter, and hence
Saturn 18 farther from the sun than the earth

(A) “If God so clothe the grass of the field, which to-day 1s and
to-morrow 1s cast into the oven, shall he not much more
clothe you, O ye of httle faith?”

(¢) If the League of Nations cannot prevent war, how cap the
Kellogg Treaty do so?

4. Distinguish the Arstotelan from the Goclenian sorites in
the following hst, break each up into separate syllogisms and
indicate the mood, figure, and fallacy (1f any) of each syllogism
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() “To exist 1s to change, to change 18 to mature, to mature
is to grow” (Bergson), therefore to exist 18 to grow.

(b) No Buddhists are Chiistians,

All Thibetans are Buddhists,

All Grand Lamas are Thibetans,

Some monks are Grand Lamas,
Therefore some monks are not Christians.

(c) What others admire 1n me 18 what I admire 1n them,
What [ admire 1n them 1s what I wish for 1n myself,
What I wish for in myeelf 13 what I work hardest for,
Therefore what others admire 1n me 18 what I work hardest
for. (Adapted fiom W E Hocking’s Human Nature and
Its Remaking, 2nd ed, p 221)

(d) No Mohammedans are atheists,
All atheists are enlightened,
All enlightened people are interesting,
All interesting people are good companions,
Therefore no Mohammedans are good companions.

(e) The only way a finite being can control an unlimited amount
of power 1s by controlling the power of an infinite being
or the power of an unlimited number of fimte beings
The only way a fimte being can control the power of an
unlimited number of fimte beings 18 that they should freely
submit to his control
The only reason such beings will submit 1s that they receive
something from the one to whom they submit
The only way he can serve them 1s by giving them ideas
Therefore the only way to control an unlimited amount of
power 18 through creative ideas (Adapted from W E.
Hocking’s Human Nature and Itz Remaking, 2nd ed, p.
2301).

5. The following 1s both a chain of reasoning and an epichei-
rema Break it up into syllogisms, supplying missing premises
where necessary Indicate mood, figure, and fallacy (if any)
of each syllogism, and order of enthymeme of each syllogism
with a suppressed premise.

(e¢) All institutions must be changed, for sooner or Ilater they
hamper the development of individuality, and some universi-
ties are imstitutions, for all universities are human associa-
tions, therefore some universities must be changed.

6. Prove the rules of the Aristotelian sorites and of the
Gocleman sorites to be the same as the special rules for the first
figure.



SECTION IV

OTHER TRADITIONAL FORMS OF INFEEENCE
AND FALLACIES
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CHAPTER XII
HYPOTHETICAL AND DISJUNCTIVE INFERENCE

In classifying propositions, at the beginning of Seetion
II, we mentioned the fact that we would be dealing only
with categoirical propositions through Seetions IT and TIT,
but that we would return in Section IV to a eonsideration
of hypothetical and disjunetive propositions. We are now
ready to make good that promise by showing how such
propositions may be used m the construction of arguments
which are really quite different from the categorical syl-
logism. We shall take up first the hypothetical syllogism,
then the disjunctive syllogism, and then the dilemma, a
complex form of mference mvolving both hypothetical and
disjunective propositions. (See chart on page 162 ) If the
student has forgotten the definitions of hypothetical and
disjunctive propositions which were given in Section IT,
he should reread them before proceeding with this chapter

The Four Forms of the Hypothetical Syllogism

The hypothetical syllogism is one whose major premise
is a hypothetical proposition, whose mmor premise 1s a
categorical proposition which affirms or deunies erther the
antecedent or the consequent of that major premise, and
whose conelusion 1s a categorical proposition which affirms
or denies that part of the major premise not affirmed or
denled m the mmor. Smnce both the antecedent and the
consequent of the major may either be affirmed or denied
in the minor premise, there are four possible forms, called

moods. These are: (1) affirming the antecedent, (2) deny-
163
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ing the antecedent, (3) affirming the consequent, and (4)
denying the consequent. An example of each is here given:
“1. Affirming the antecedent (Valid):
If the League of Nations is to be fully effective, the United
States must jown at.

But 1its friends will see that it becomes fully effective.
Its friends will forece the Umted States to join it.

~ 2. Denying the antecedent (Invalid):

If France is to receive reparation payments from, Germany

then she must revise the requirements of the Versailles
Treaty

France will not receive reparation payments

France will not revise the requirements of the Versailles
Treaty.

8. Affirming the consequent (Invalid):

If Bolshewik Russia 1s to survive, then the Sowviet Govern-
ment must abandon the principle of communism

The Soviet Government has abohshed the principle of com-
munism

Bolshevist Russia will survive

< 4, Denying the consequent (Valid):

If peace in Europe 1s to be achieved, then the nations must
cease seeking only their own advantage

The nations will not cease seeking only their own advantage.

Peace 1n Europe will not be achreved.

The moods which affirm are called conséructive, and the
moods which deny are called destructwe. Sinee an hypo-
thetical proposition 1s really made up of two categorical
propositions, each of which may be either affirmative or
negative, the proposition 1itself does not have quality. Now
to affirm one of the categorical propositions embodied in
the hypothetical 1n the minor premise is to leave it as it is
in the hypothetical major premise. But to deny is to
make it negative in the minor if it s affirmative in the
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major, or affirmative in the minor if it is negative in the
major. Consequently a destructive hypothetical syllogism
may be affirmative 1n form, in the sense that both the
minor premise and the coneclusion may be categorieal propo-
sitions having an affirmative quality. The question of
whether an hypothetical syllogism 1s destruetive or con-
structive 15 always determined by the relation of the minor
premise to the antecedent or consequent in the hypo-
thetieal major of which 1t is the affirmation or demal, and
18 never determined by the form of the mmor premise
or conclusion without regard to the major premise Thus
the following example appears to be destructive, when only
the quality of the minor premise and the conclusion 1s taken
mto consideration, bul it 1s really constructive, because
these negative propositions are precisely like the antecedent
and the consequent of the major premise:

If war is not abolished, then happiness 1s not possible,
‘War 1s not abolished
Happiness 1s not possible

There may also be cases in which the antecedent 1s nega-
tive and the consequent affirmative and vice versa. Henee,
there are several possible types of hoth destructive and
construective hypothetical syllogisms, but the student will
have no difficulty determining the mood, 1if he will look
at the relation between the minor premise and that part of
the hypothetical major which this represents.

The Rule and the Fallacies of the Hypothetical Syllogisre

Not all of the four forms of the hypothetical syllogism
are valid Indeed most logicians hold that there are only
two moods because they count only the valid moods. Of
the two moods in which the antecedent forms the minor
premise only the constructive is valid. It is ealled the
modus ponens. Of the two moods in which the consequent



166 THE PRINCIPLES OF REASONING

forms the minor premise only the destructive is valid. It
is called the modus toll(ms Hence the rule for the hypo-
thetical syllogism Is.“Either affirm the antccedent or deny
the consequent. Of the other two moods, one denies the
antecedent and the other affirms the consequent, and these
are the fallacies of hypothetical reasoning.

It 1s a fallacy to deny the antecedent because we do not
know that the expressed antecedent 1s the only condition
on which the consequent will follow There may be other
antecedents connected with this same consequent. Henece
the demial of one gives no logical basis for denymg the
consequent. To reach a valid conclusion by denymg the
anteeedent 1t would be necessary (1) to know what all of
the antecedents to that consequent are, and (2) to deny all
of them Then, and only then, would we be logically justi-
fied in denymg the consequent 1n the conclusion. Take this
example.

If the Darwinian theory of natural selection
15 true,

If a true missing link between man and the
anthropoid apes has been discovered,

If the Biblical aceount of creation 1s false,

then the theory of
evolution 1s true

Suppose, now, that any of these three antecedents could
be absolutely affirmed true, and suppose that the truth of
each does actually earry with 1t the truth of the theory of
evolution, then the affirmation of any one would justify
the affirmation of the theory. But suppose, on the other
hand, that the first antecedent could be proven to be false,
we would not then be justified in holding the theory of
evolution to be false, smee the truth of one of the other
antecedents might establish its truth. Assuming a neces-
sary connection between the antecedent and the consequent,
we know that the affirmation of that antecedent earries with
it an affirmation of the consequent, but we also know that
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a denial of that antecedent does not earry with 1t a denial
of the consequent, since the consequent may possibly follow
from some other unexpressed antecedent which 1s just as
necessarily connected with the comsequent as 1s the ome
which is expressed.

On the other hand, 1t 18 a fallacy to affirm the consequent,
because 1t may result from other antecedents as well as
from the one which 1s expressed. To affirm the existence
of a consequent does not enable me to say that any one
antecedent 1s true to the exclusion of another, or to de-
termine which among them 1s true One could only do this
in the case where he knew that there was and could be
only one antecedent, and one rarely, 1f ever, knows this
On logical grounds we must assume that there are more
antecedents than one. Henee, to revert to our example,
to affirm that the theory of evolution is true would not
justify affirming that the Darwimian theory of natural
selection 1s also true. But if we know that the theory of
evolution is false, we are justified in denying the Darwimian
theory of natural selection.

The Relation of the Categorical to the Hypothetical Syl-
logism

It is easy to reduce an hypothetical to a categorical syl-
logism by simply stating the hypothetical major as a cate-
gorical proposition. To do this 1t 15 necessary to remember
that there is a categorical element in every hypothetical
proposition, or, in other words, that every hypothetical
proposition makes a definite assertion of a relation of neces-
sary connection between its antecedent and its consequent
Hence it ean be put into categorical form by using the whole
of the antecedent for the subject term, and the whole of
the consequent for the predicate term. Since the connee-
tion between them in the hypothetical is always understood
to be universal and to hold of all possible cases, and since
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no hypothetical proposition ean be negative in quality, the
negation always being in the antecedent or consequent or
both, the resulting categorical 1s always a universal affirma.-
tive, an A proposition. Take this as an example of the
reduction of an hypothetical syllogism to a categorical:

If President Wilson had taken the Senate into lus confidence,
the peace treaty would have been ratified

The peace treaty was not ratified

President Wilson did not take the Senate into us econfidence.

In categorical form this 18 Figure II, mood AEE and vahd.

The case of President Wison taking the Senate into s
confidence 1s the case of the peace treaty being ratified.

The actual case 1s not the case of the peace treaty beng
ratified

The actual case 1s not the case of President Wilson taking
the Senate into his confidence.

Here the major 1s stated as a singular 4, but singular
propositions are genmne universals,

‘When a fallacious hypothetical syllogism is reduced to
categorical form, the fallacies of denymg the antecedent
and affirming the econsequent show up as the syllogistic
fallacies of illieit major and undistributed middle. Thus-

If Moses wrote the Pentateuch, the theory that it 1s a com-
pilation from several sources 1s false.

Moses did not write the Pentateuch.

The theory that 1t 1s a compilation from several sources is
not false.

In categorical form this becomes Figure I, mood AEE,
illicit major.

All eases of Moses writing the Pentateuch are cases of the
theory that it is a compilation from several sourees being
false.
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The actual ease is not the case of Moses writing the Penta-
teuch.

The actual case 13 not the case of the theory that it is a
compilation from several sources being false.

Note that the major term is undistributed in the premise
as the predicate of an A proposition, and distributed in the
conclusion as the predicate of an E proposition.

Take this example of affirmmg the consequent:

If crystals grow, the inorganic world 1s really hving.
The 1norgane world 1s really living
Crystals grow.

In categorical form this becomes Figure II, mood A44,
undistributed middle.

ATl cases of erystals growing are cases of the inorganie world
really living. °

The actual case 13 the case of the inorganic world really
hiving.

The actual case 1s the case of erystals growing

The value of reducing hypothetical to categorical syl-
logisms is that it shows that the distinction between the
two is purely relative. Every proposition has mn it a
categorical element. It asserts something. On the other
hand, it also has in 1t an hypothetical element. Whatever
is asserted 1s always understood to be subject to some con-
dition or limitation. Suppose I assert that, ‘‘All men are
mortal.”’” Here I appear to have a pure categorical asser-
tion. Is there an hypothetical element in 1t? Certamly,
as is shown by the attempt to prove i1t. Suppose some one
were to argue that there is a race of men on some distant
planet concerning whom Shakespeare’s statement: ‘‘All
that lives must die, passing through nature to etermty,”’ is
false. How could we prove to him that all men are mortal{
Only by stating it hypothetically. If all men are like men
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on the earth then they are mortal. But if the word man
is to be extended to cover races of beings on distant planets
concerning whom we know mnothmg, our proposition 1s
false. It 1s only true when it is asserted subject to the
reservation that 1t applies only to that universe of discourse
defined by men born upon this planet. If man actually 1s
what we take him to be, as a part of this system of earth-
born creatures, then he 1s mortal. If a man, 1n our sense of
the word man, then a mortal. Every judgment whatso-
ever has m 1t this hypothetical element along with a cate-
gorical element. The two aspects cannot be separated.
The real value of reducing one type of judgment and of
inference to the other 1s that it brings this undeniable fact
mto clear relief

There also lurks here 2 danger, and that 1s that we should
think that all genume mnference 1s categorical, hypothetical
reasoning being unmimportant because reducible to cate-
gorical form Tlus is apt to be the view of those who try
to make all reasoning conform to the rules of the categorical
syllogism. DBut the reverse is nearer the truth. In many
cases hypothetical reasonmmg 1s far more important than
categorical reasoning. The former 1s nearer the temper
of seience, whereas the latter tends to dogmatism. The
method of hypothesis 1s a striking expression of the extent
to which hypothetical reasoming enters into the procedure
of scientific research, but we must postpone consideration
of 1t unt1l we take up the explanatory methods.

The Disjunctive Syllogism

The disjunctive syllogism is one 1 which the major
premise 1s a disjunctive proposition, the minor a categorieal
proposition affirming or denymng one of the alternatives of
the major premise, and the conclusion a categorical propo-
sition either denying (when the minor affirms) or affirm-
mg (when the minor denies) the other alternative of the
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major premise. There are, therefore, only two forms of
the disjunctive syllogism, but owing to the faet that the
major premise may be stated in three different ways, each
one of these forms may be stated in three ways. The two
moods are: (1) the modus ponendo tollens—the mood which
denies by affirming, and (2) the modus tollendo ponens—
the mood which affirms by denywng.

The three ways of stating the mood which demies in the
conclusion by affirming in the minor premise are as follows:

A 1s either B or C. Dowze was erther a fanatic or a fool.
1. A1s B. He was a fanatic.
A4 15 not C. He was not a fool.

Either A1sBor CisD. Either the Soviet Government must
2 A B give up 1ts pohey of repudiat-
C 18 not D. ing the debts incurred by the
Czar, or France will lose the

money she loaned Russ:a.

The Soviet Government must give
up 1ts pohicy of repudiating the
debts 1ncurred by the Czar.

France will not lose the money she
loaned Russia.

Either 4 or B is C. Exther Clemencean or Lloyd George
3. A C was responsible for the terms
B is not C. of the Versailles Treaty.
Clemenceau was responsible.
Lloyd George was not responsible.

The three ways of stating the mood which affirms in the
conclusion by denying in the minor premise are as follows:

A is either B or C. The earth’s orbit is either a circle or
1. A4 is not B. an ellipse,
41is C. It is not a cirele,
It is an ellipse.
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Either A1s Bor CisD, Either the state universities must

2. A is not B. be greatly enlarged, or private
C is D. institutions must handle more
students

The state universities will not be
greatly enlarged

Private institutions must handle
more students.

Either 4 or B is C. Eather Plato or Anstotle discovered
8. A is not C. the syllogism
Bis C. Plato did not discover it.
Anstotle disecovered it.

The disjunctive syllogism is subject to the fallacies of
the disjunctive proposition. One of these is that the al-
ternatives may not be mutually ezclusive, and the other
18 that they may not be ezhaustve. A disjunctive proposi-
tion which fails to meet either of these requirements 1s
sa1d to be an imperfect disjunction. It 1s a very difficult
matter to find disjunctives which meet both of these re-
quirements. In fact, the whole problem in disjunctive
reasoning is to reduce the subject matter to mutually ex-
clusive and exhaustive alternatives. The student should
examine each of the examples just given with a view to
discovermng cases in which the two alternatives overlap or
where there is a third possibility. Although disjunctive
propositions are often used in everyday life most of them
will be found to be defective in one or the other of these
respects.

Hypothetical and Disjunctive Chains of Reasoning

Just as we have interesting chains of reasoning made up
of a series of categorical syllogisms, so we may have them
made up of hypothetical and disjunctive syllogisms. Some
curious strings of this sort gave amusement and, perhaps,
comfort to some of the soldiers in the late war. Here is one
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which has been widely published under the title, ‘‘The
Philosophy of an Airman’’:

If you fly well there is nothing to worry about.

If you should spin, then one of two things may happen:
Either you erash or you don't crash.

If you don’t crash there 1s nothing to worry about.

If you do crash one of two things may happen: Either you
are hurt or you are not hurt.

If you are not hurt there 1s nothing to worry about.

If you are hurt one of two things may happen: Either you
aie badly hurt or you are not badly hurt.

If you are not badly hurt there is nothing to worry ahout.

If you aie badly hurt, then one of two things may happen:
Either you recover or you don’t recover.

If you do recover, then there 1s nothing to worry about.

If you don’t 1ecover you can’t worry.

The disjunctive propositions in this string are excellent
llustrations of imperfeet disjunctions. The alternatives
are neither exhaustive nor mutually exclusive, so that how-
ever comforting such reasoning may be to any particular
airman, 1t is surely very bad loge.

There are also hypothetical sorites, which correspond to
the Aristotelian form of the categorical sorites. Here is an
example:

If the non-partisan agitation for the entrance of the United
States 1nto the League of Nations continues under the
able leadership of former Justice Clark, a strong publie
opiion favoring our entrance will be created.

If a strong public opimon favoring our entrance is ereated,
the politicians who have blocked our entrance will be
forced to yield to popular demand

If the pohticians who have blocked our entranee ave foreed
to yield to popular demand, there will be no opposition
to our entrance and the United States will become a
member of the League.

Therefore, 1f the non-partisan agitation for the entrance of
the Umted States into the League of Nations continues
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under the able leadership of former Justice Clark, there
will be no opposition to our entiance and the Umnited
States will become a member of the League

Note that the conclusion of this sorites umtes the antecedent
of the first premise with the consequent of the last. There
are hypothetical sorites which have the Goelenian form, that
18, the coneclusion unites the antecedent of the last premise
with the consequent of the first. Hypothetical syllogisms
m which all the propositions ave hypothetical are called
pure, to distinguish them from the much more common
mized type dealt with above.

Exeroise X

1. Gave the mood and fallacy (if any) of each of the following
hypothethical syllogisms Reduce each to categorical form and
pomnt out the rule of the syllogism which 1s violated

(¢) If American prosperity 1s to continue, immigration must
continue to be restricted, but 1mmigration will not continue
to be restricted, theiefore American prosperity will not con-
tinue

(b) If custom 1s the source of comscience, all customs amic equally
right, but all customs are equallv right, therefore custom
18 the source of conscience

(¢) If Carnot’s principle 1s not tiue, the law of the conservation
of energy 18 tiue, but Carnot's prineiple 1s not true, therefore
the law of the conseriation of energy 1s tiue

(d) If hght 1s continuous lihe a wave, light cannot he discrete
like drops, but experiments show that hght 1s discrete like
drops, therefore light cannot be continuous like a wave

(e) If a cave fish is unable to see, i1ts eyes are atrophied, but
these cave fishes’ eyes are atrophed, therefore they are unable
to see.

(f) If an animal is a parasite, some of its vital organs are
atrophied, but these tapeworms are parasites, therefore some
of their vital organs are atrophied

(g) If osmosis 18 not a solution process, then it 1s a bombardment
process, but osmosis 18 a solution process, therefore 1t 18 not
& bombardment process.

() If the planetary orbits are not epicycles, they are ellipses,
but we know that they are ellipses, therefore they are nof
epicycles

(¢) If he goes, we won’t, but he will, so we won’t.
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2. Construct disjuncfive syllogisms to 1llustrate each of the two
moods, and each of the three ways of stating a disjunctive prop-

osition

3. Test the following disjunctive syllogisms by the rule that the
alternatives must be mutually exclusive and exhaustive Indicafe
the mood of each

(a) Eather the League of Nations or the Kellogg Treaty will

prevent another world war The League of Nations will
prevent another world war, therefore the Kellogg Treaty
will not prevent another world war

(5) Either the next age will be dominated by men o1 by women

(e)

It will not be dominated by men, therefore i1t will be dom-
nated by women

The Mongolians are either Mohammedans or Buddhists
They are Buddhists, therefore they are not Mohammedans.

4. Bieak up the following pure hypothetical soiites into pure
hypothetical syllogisms

{a)

(v)

If all customr 1s good custom, custom adds to the value of
individual behavior If custom adds to the value of inda-
vidual behavior, society 1s not primarily repressive If so-
ciety 1s not repressive, i1t 18 not inherently bad If 1t 1s
not bad, social reforms are unnecessary Therefore, 1f all
custom 18 good custom, social reforms are unnecessary

Jf the United States reduces armaments, Fiance will, if
France reduces armaments, Italy will, 1f Italy reduces arma-
ments, England will, 1f England reduces armaments, Japan
will; therefore, 1f the United States reduces armaments,
Japan will

(o) If all large powers ieduce armaments, tax burdens will be

lightened, 1f tax burdens are Iightened, people will have more
money to spend, 1if people have more money to spend, busi-
ness will revive; therefore, if all large powers reduce arma-
ments, business will revive.



CHAPTER XIII
THE DILEMMA

Definition of the Dilemma

The dilemma came into logie from rhetorie. It began
to take its present form during the revival of learning in
the Middle Ages, and there is still a great deal of diversity
among logicians in their treatment of 1t. It 1s true that the
Stoles recognized and msisted upon the importance of this
type of reasoning Moreover, 1t 1s really a development of
the dialectical type of arguing used by Zeno, the Sophists
and Socrates, before the development of Aristotelian logie.
But in the form in which we know 1t to-day 1t goes back
to the medieval rhetoricians.

Perhaps 1ts most characteristic mark is that 1t puts an
antagonist 1 a situation where he must accept one or the
other of two alternatives, either of which 1s bad. Hence 1t
has been defined as a form of argument ‘‘in which 1t is
shown that whoever mamtams a certamn proposition must
accept one or the other of two alternative conclusions, and
that each of these involves the demial of the proposition 1n
question’’ (Century Dietionary). The two alternatives are
called the horns of the dilemma and an adversary is said
to be gored or impaled on the horns. For this reason the
dilemma 1s sometimes referred to as a horned syllogism.
Another good hrief definition i3 that of Joseph- *‘The
dilemma is a hypothetical argument, offering alternatives
and proving something agamnst an opponent in either
case.”’

‘While such definitions as the two just quoted give a good
general idea of the nature of a dilemma they do not make

its struecture sufficiently clear. For this purpose a longer
178
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definition, bringing out the nature and the mutual relations
of each of the three propositions, is essential. I suggest
this. El‘he dilemma 15 a complex argument, consisting of a
compound hypothetical or of a ecompound hypothetical and
disjunctive major premise; and of a mmor premise which
either affirms the two antecedents or denies the two conse-
quents of the major disjunectively, or, in the case where the
disjunction is in the major, of a minor premise which
denies categorically the two alternatives of the major; and
of a conclusion which either affirms or denies, eategorically
or disjunctively, the other element or elements of the ma-
Jjor premise. 'When the conclusion 15 a categorical proposi-
tion the dilemma is simple, and when 1t 15 a disjunetive
proposition 1t 18 complez. When the mmor affirms the
antecedents the dilemma is construciwe, and when the
mmor deniles the consequents it 1s destructiwwe. Henee
there are four forms: (1) the simple constructive, (2}
the simple destructive, (3) the complex constructive, and
(4) the complex destructwe. The definition just given 1s
necessarily somewhat complicated. After carefully exam-
ming the following examples of each of the four types the
student should return to 1t. It will then be found much
clearer and will give a more adequate coneception of the
structure of the dilemma. While the definition cannot be
fully understood apart from the examples, nerther can they
be fully comprehended apart from the definition.

Examples of the Four Forms

1. The symple constructive
If4dsB EwsF,andif Cis D, Eis P.

But either 4 158 B or C 18 D.
Therefore, E 18 F.

Note that the compound hypothetical major here has twe
antecedents, each of which has the same consequent. This
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makes 1t possible for the conclusion to be calegorical, sinee
it affirms this common consequent. The minor affirms dis-
junetively the two antecedents. Consider, now, this con-
erete 1llustration of this form of the dilemma:

If a man continues to hive, he eannot collect his life mnsur-
ance; and if a man dies, be cannot collect his Lfe
insurance

But either a man will continue to Iive or he will die.

He cannot colleet his hfe insurance

This 1s a simple constructive dilemma, even though the
conclusion is negative For it is the relation of the minor
to the corresponding paris of the major premise which de-
termines whether a dilemma 1s constructive or destructive.

2. The Simple Destructwe

If A1s B,either C1s DorEis F.
But C 1s not D and E 1s not F.
Therefore, 4 is not B.

Here the major 1s a compound hypothetical and disjune-
tive proposition, in which the two consequents are alter-
natives to a common antecedent The minor is a compound
categorical proposition, denying both alternatives, and the
conclusion denies the common antecedent. The faet that
each alternative has the same antecedent makes it possible
for the conclusion to be categorical again. This is the only
form of the dilemma in which the disjunction appears in
the major premise. In all the other forms it appears in
the minor. Notice the way the defimition given ahove pro-
vides for this case.

The famous argument of the Greek philosopher, Zeno,
proving the ineonceivabihity of motion, exemphfies this
form very well:

If a body moves, either it must move in the place where it ia
or in the place where it is not.
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But it cannot move in the place where it is, and it cannot
move in the place where 1t 1s not.
Therefore, 1t cannot move.

Some logicians hold that this form of the simple de-
structive dilemma is not really a dilemma, but a hypo-
thetical syllogism with a disjunctive consequent. Among
these writers some hold that there are only three forms of
the dilemma, and others hold that the simple destructive
should be formulated as follows:

If A1s B, C1s D and E is F.
But either C 1s not D or E is not 7.
Therefore, A 1s not B.

Mellone gives this example:

If he goes to town he must pay for his railway ticket and his

hotel mll
But either he 1s unable to pay his hotel bill, or he is unable

to pay for lis railway ticket.
Therefore, he cannot go to town
Still other logicians hold that both forms of the simple
destructive dilemma are vahid. ‘‘So far from there being
no such thing as a simple destructive dilemma, there are
two forms of 1t, against only one form of simple con
structive dilemma.’’ I agree with this position of Joseph.

8. The Complex Constructive

I£f AsB, Eis F,and if Cis D, G is H.
But either 4 1s Bor C 18 D.
Therefore, either E 18 F or G is H.

In this form the compound hypothetical major has two
different antecedents, so that the conclusion has to be a
disjunctive proposition as well as the minor. It is this
fact that makes it complex. It is constructive because the
minor affirms disjunctively the two antecedents of the
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major premise. This is a very common form. Here is a
concrete example:

If the price of food inereases, the poor will starve; and if
the price of fuel 1nereases, the poor will freeze.

But erther the price of food will increase or the priece of fuel
will 1nerease.

Therefore, either the poor will starve or the poor will freeze.

4. The Complex Destructwe

IfAs B, EiwsF,andf Cis D, G is H.
But either E 1s not F or G 1s not H
Therefore, either A 15 not B or C 1s not D.

Here, again, the major premise has two consequents and
two antecedents which necessitates a disjunctive conclu-
sion. The minor denies disjunctively the consequents of
the major premise, making the dilemma destructive

If the Soviet Government lives up to its 1deals, 1t must retamn
commumism, and 1f 1t gets financial aid from foreign
governments, 1t must restore the property of their erti-
zens hiving 1n Russia.

But either 1t will not retain communism, or 1t will not restore
the property of foreigners

Either 1t will not live up to its ideals, or it will not get
financial aid fiom foreign governments.

How to Meet 2 Dilemma,

The most vulnerable spot in a dilemma is usually in the
disjunction. 'We have already seen how difficult it is to
get alternatives which are mutually exclusive and exhaus-
tive. 'When the alternatives offered in a dilemma are
not exhaustive, the best way to meet it is to kring forward
a third alternative which does not carry with it the un-
toward consequences. Since the alternatives are called
horns this way of meeting a dilemma is usually spoken of
a8 escaping beiween the horns. For example, some of
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Zeno's critics attempted to escape between the horns by
maintaining that a body can move in belween the place
where 1t 18 and the place where 1t is not. This would be
a third alternative which would make motion possible,
unless one replies that this 1s really equivalent to the place
where the body 1s not, since it would be another place from
where the body 1s

A second way of meetng a dilemma is fo take 1t by the
horns. However, this usually means taking 1t by one horn
rather than by both This involves accepting one or the
other of the alternatives, and showing that the supposedly
bad consequences 1 the conclusion are not really bad or
do not follow from the acceptance of this particular alter-
native. Escaping hetween the horns attacks the disjunctive
premuise, but taking 1t by the horns attacks the hypothetical
premise 1n that 1t denies that there 18 any necessary con-
nection between the alternative or alternatives and the an-
tecedents or consequents with which they are connected m
the hypothetical major. Thus Plato has suggested an an-
swer to Zeno which 1s 1eally equivalent to taking this
dilemma by one of its horns. For he instances the top,
which moves 1n the place where 1t 1s. Thus he might argue
that Zeno’s alternatives are all right, but that the demial
that a body can move in the place where 1t 13 must be
regarded as false, smee & spinning top moves in the place
where it is.

A third way of meeting a dilemma 1s to rebut it, which
means to construct a counter dilemma leading to a conclu-
sion exactly opposite to the conclusion of the original
dilemma. One way to do this 1s to take the contradictory
of the consequent of the second antecedent for the conse-
quent of the first antecedent, and the contradictory of the
consequent of the first antecedent for the consequent of
the second antecedent, thus making a new major premise
the reverse of the first. An example of this method of
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eonstrueting a counter dilemma 1s to be found in Euathlus’
answer to Protagoras, 1n the famous dilemma known as the
Litigiosus. The latter agreed to teach the former rhetorie
for a fee, part of which was to be paid after Euathlus won
his first suit,. But Protagoras brought smit m order to
force payment of the rest of the fee, and used the follow-
ing dilemmatic argument before the jury.

If Euathlus loses this case, he must pay by the judgment of
the court, and 1f he wins 1t he ought to pay by his own
agreement

But either he will win or lose this case

He ought to pay.

To rebut this Euathlus construeted the following counter
dilemmma, using the method stated above

If T lose this case I ought not to pay by my own agreement,
and 1f T win this case, I ought not to pay by the judg-
ment of the comt.

Either I must lose 1t or win 1t

Therefore, 1 ought not to pay

There are also other ways in which a dilemma can be
rebutted In fact, any method which will establish a con-
clusion contradictory to the conclusion of the original
dilemma, whether it 1s reached by using the same or differ-
ent premises, is regarded as a satisfactory rebuttal. But
a valid dilemma cannot be rebutted. Counter dilemmas
can only be eonstructed when the original dilemma 1s de-
fective. Let us, then, take up the defects to which dilemmas
are liable.

The Validity of the Dilemms

Logicians differ in their estimates of the dilemma as a
form of inference. Some hold that its defeets are so nu-
merous as to make it practically worthless. Thus Creigh-
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ton writes: ‘‘Dilemmas, like all controversial arguments,
are more often fallacious than valid.”” Jevons says the
same: ‘‘Dilemmatic arguments are more often fallacious
than not.”” Now 1t must be admitted that this 1s true.
The staunchest friend of the dilemma must acknowledge
that this type of argument is subject to a great many
defects.

In the first place, 1n the cases where it 18 possible to eon-
struct a counter dilemma, there are usually two standards
of reference involved, and appeal 18 made to each alter-
nately m such a way as to cause a shifting of the argu-
ment. ‘‘There 1s no attempt to define terms, or to bring
the different standards into relation, the argument moves
and has 1its bemg 1 the meire limbo of undefined phrases
where 1t seems possible to prove anything, just because 1f
1s possible to prove nothing’’ (Creighton). Thus i the
Litigrosus, each man appeals to the judgment of the court
and to the terms of the agreement, whereas the question
could only be decided by appealing to one of these stand-
ards. Sometimes one standard 1s an underlying assump-
tion, as i the famous sophism called the Liar. Epimenides,
the Cretan, said that all Cretans were hars Was he lymg
or telling the truth? This could be expressed as a dilemma,
somewhat as follows.

If Epmmendes’ statement 1s tiue, he 1s a har, and 1f 1t 18
false he 1s a har

Eather 1t 1s t1ue or 1t 1s false.

He 1s a har.

The only way to meet such arguments 1s to insist that
only one standard of reference be used. Either Epimen-
1des must be proven a har without appealing to the judg-
ment, ‘‘ All Cretans are lars,”’ or that judgment must be
proven true without reference to whether it was uttered
by a Cretan. And in either case, the double standard will
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be elimmnated. Many secemingly good dilemmas derive
their apparent validity from this shifting from one stand-
ard to another.

Other defects to which dilemmas are liable, are the fal-
lacies of the hypothetical syllogism—affirming the conse-
quent, and denying the antecedent, and imperfect disjune-
tion. As we saw above, 1t 15 very difficult, indeed, to find
mutually exclusive and exhaustive alternatives That is
why 1t 1s so often possible to escape between the horns of
a dilemma.

Although recognizing all these defeets I cannot agree
with those who belittle this type of argument. What 1if 1t
1s often fallacious? It 1s also sometimes valid. And when
1t 1s valid 1t 18 an absolutely mvmeible form of argument.
It 1s doubtful whether any other form of argument has the
strength of a valid dilemma. A thorough knowledge of 1t
18 of real practieal value. It was by using this form of
reasoning that Lnncoln won his famous debates with Doug-
las. Many an intercollegiate debate has been won by the
effective use of the dilemma Lawyers and orators use 1t
repeatedly. Indeed, logicians seem to shy away from 1t
because it i8 an effective rhetorical device.

Exercise XI

Construet dilemmas out of each of the following dilemmatic
situations Tell what kind each 1s, after you construct it, and
point out at least one way 1n which each can be met.

1 President Wilson had the Senate in a dilemma, such that they
erther had to reject the peace treaty or adopt i1t without
reservations

2 The Senate had President Wilson 1n a dilemma so that he had
to accept modifications or have the treaty rejected

3. In the course of the Lincoln-Douglas debates a question was put
by Lincoln to Douglas, as follows: “Can the people of a United
Btates territory in any lawful way, against the wish of any
citizens of the United States, exclude slavery from its limts,
prior to the formation of a state constitution?” This question
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involved & number of dilemmas, for Douglas would either offend
the South or North, whether he answered yes, or no, and he
would either lose the Presidency or the Senatorship, :f he
offended either (Bode)

. When Abélard took charge of the abbey of St Gildas 1t had
reached the last stage of monastic decay Fach monk had a
respectable wife and family on the monastie estate The out-
lymg farms and cottages were colomized with the women and
the Dittle monklings They were 10ugh, ignorant, violent men,
these monks, and they soon made 1t clear to Abélard that they
did not want to be reformed The lord of the district was
equally wild, and the bitter enemy of the abbey, for he had
annexed the lands that belonged by right to the monks and
exacted & heavy tribute from them. They were frequently with-
out food, and wandered about, stealing all they could lay their
hands on for the support of therr wives and families They
violently urged Abélard to fight for their rights and find food
for them, instead of giving them his ethereal discourses And
as abbot Abelard succeeded just far enough to embitter the lord
of the district mhgamnst hum, without obtaining much for his
lawless monks He found himself in a dilemma If he remained
1n the abbey he was assailed all day by the hungry clamor and
the brutal violence of his “subjects’”, 1f he went abroad the
tyrannical lord threatened to have lum done to death by lus
armed retamers (Adapted from Joseph MecCabe’s Peter
Abélard )

An abundant stream divides two limits of one property

and over this stream stood a bridge, and at the head of 1t &
gallows, over which were appornted four judges to decide
according to the law established by the lo:d of the stream, the
bridge and the teiritory The law ran in this wise *“If any-
one shall pass over this bridge from one side to the other, he
must first swear as to whence he comes and on what business
he 18 bound, and 1f he swear truly he must be allowed to go;
but 1f he swear falsely he shall on that account die by hanging
on the gallows which 1s there, and that without remission what-
ever” This law and 1ts stern conditions being known, many
went over, and as soon as 1t was perceived that they swore
truly, the judges allowed them to pass freely It happened, how-
ever, that on swearing one man, he took the oath and declared
that he was going to die on that gallows, and that he had no
other business The judges consulted the terms of the oath,
and said, “If we allow that man to go free, he has sworn falsely,
and according to the law he ought to die; and i1f we hang him,
the oath that he wus gomng to hang on that gallows was true,
and according to the same law he ought to be free.” (From
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Don Quizote, quoted by Lafleur, Illustrations of Logio, No.
216.)

When the Caliph Omar burned the Alexandrian library, he 1s
sald to have )justified himself by saying that 1f the books m
the libraiy contained the samne doctrines as the Koran, they
were unnecessary, while 1f they contained doctrines at var
ance with the Koran they were evil

The Helvetu, 1f they went through the country of the Sequam,
were sure to meet with various difficulties, and 1f they went
through the Roman province, they weie exposed to danger of
opposition from Casar, but they weie obliged to go one way or
the other {(Jevons)

If the United States 1s to securc a 1eduction i1n naval arma-
ments, either she must join the League of Nations or make a
defensnve alliance with Great Britain, but she does not want
to do either

If Great Butain 18 to become stable, she must destioy the
hegemony of France in Europe and must permanently pacify
India, but 1t is 1mpossible for her to do one or the other
War will be prevented 1f we can set up a superstate to remove
the stresses between nations and the profit motive 1n mdustry
If mihitary training 1s not abolished in colleges, we cannot
produce scholars, and 1f 1t 1s abolished, leaders with patriotic
ideals cannot be developed

If we accept the copy theory of truth, we can never know
when what we apprehend 1s true, but 1f we accept the co-
herence theory, nothing we think can ever be false Prag-
matists say we can escape between these two horns by
accepting the mstrumental themy of truth

In 1916 Germany was faced with the following situation af
she made a conciliatory offer of peace, the German people
would not be satified, but 1f she tried to foice her own
terms, the allies would reject all peace overtures

If the frateinities accept the third semester pledging plan,
they will lose strength, and 1f they reject the plan, they will
lose the good-will of unnersity authorities

If national competition continues, the future state of the
world will be worse than the present, and 1f industry remains
competitive, the future state of the woild will be worse than
the present

If a philosopher 1s realistic and insists on all the facts, his
philosophy will remain fragmentary and incomplete, and 1if
he 18 1deahstic and 1gnores the evil facts of life, his philosophy
will be artificial and unreal.

If behaviorism 18 true, psychology is merely physiology, and
if mentalism is true, psychology 1s not a science



CHAPTER XIV
FALLACIES

The Classification of Fallacies

It has always been customary to close the exposition of
traditional Aristotelian logic with an account of the chief
fallacies. This 1s justifiable, if for no other reason, in_
order to explan the nomenclature of fallacies so prevalent’
1n general literature.

The word fallacy 1s ambiguous In Fallacies, page 172,
Alfied Sidgwick distinguishes four meanings of the term
He writes. ‘““A fallacy 1s used to mean- (1) a piece of false
reasoning m the narrower sense, either an invalid imme-
diate mference, or an mvalid syllogism, a supposed equiva-
lent form which 1s not equrvalent, or a syllogism which
breaks one of the 1ules, (2) a piece of false reasoning m the
wider sense, whereby from true facts a false conclusion is
mferred, (3) a false belief, whether due to correet reason-
g from untrue premises (reasons or sources) or to ineor-
reet reasoning fiom true ones, (4) any mental confusion
whatever.”” All of these meanings are important. When
the one who commats the fallacy does it for the express pur-
pose of decerving 1t 1s often called a sophism, and when 1t is
due to obseure thmking or is unintentional it 15 sometimes
called 2 paralogism. DBut frequently these terms are both
treated as practically synonymous with the term fallacy.

It is exceedingly difficult to make a satisfactory classi-
fication of the fallacies to which thinkmg is heir. As the
great logician, De Morgan, put 1t- ‘‘There s no such thing
as a classification of the ways in which men may arrivz at
error; it is much to be doubted whether there ever can

be.”’ And to this should be added a passage from Joseph:
187
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‘“If we are satisfied that logie should treat of fallacies, it
is very dafficult to be satisfied with any treatment of them.
Truth may have 1ts norms, but error 1s infinite i 1ts aber-
rations, and they cannot be digested i any classification.
The same meconclusive argument may often be referred at
will to this or that head of fallacies ’’* And he goes on to
explam that this 1s due (1) to the faet that there are many
foolish and mconsequential arguments which can hardly
be characterized, and (2) to the fact that the detection of
some fallacies depends more on aecquaintance with a par-
ticular scientific subject matter than on general logieal
traiming. However, 1t 15 essential that we have as good a
classification as possible

The earliest discussion of fallacies that pretends to give
a classification 1s Aristotle’s treatise, On Sophistical Daf-
ficulties Here he enumerates most of the controversial
tricks used by the sophists of his day He uses the method
of dichotomy to arrange these tricks of the sophist’s trade
mto a kind of system, basing the division on the prineiple
of language. That 1s to say, he had two mam divisions,
one consisted of the fallacies that are due to language (in
dictione), and the other of those which are not (ezira
dictionem). TUnder these two heads he deals with thirteen
different fallacies, six under the former and seven under
the latter. We shall take up most of these later. The
chief defect 1n Aristotle’s classification is that, being based
on the method of dichotomy, 1t does not lay down a posi-
tive characterization of the second group.

For this reason it seems best to adopt, with some modi-
fications, the classification of modern logiciams. It is set
forth in Table VI.

1 Looo citeto, p 560 The sentence from De Morgan is quoted by
Joseph on the same page (mote).
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TapLp VI. CrassmricaTioN oF FALLAOIES

I. Verbal: II. Logical:
1. Amphiboly A. Formal:
2. Accent and special 8. Mlogical conversion
pleading and obversion

4. Four terms (ambig.
uous middle)
6. Undistributed md-
dle
. Ilheit major
. Tlheit minor
. Negative premises
Denying antecedent
Affirming conse-
quent
11. Imperfect disjune-
tion
(a) alternatives not
exhaustive
(b) alternatives not
mutually exclu-
sive
12. Dilemmatic fallacy
(Shifting use of
standards)

Bowpue

B. Material :
. (I) Equvocation:
(a) Whole and Part:
13. Composition
14. Division
(b) Essence and accident:
15. Aceident
16. Converse fallacy of
accident
(II) Presumption:
(a) Circulanty:
17. Begging the ques-
tion
18. Complex guestion
(b) Coneclusion:
19. Trrelevant coneclu-
slon
20. Non-sequitur
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This arrangement gives twenty fallacies Many of these
have already been sufficiently dealt with above, so that I
shall only take up here those which have not alrcady been
explained. These come under three headings: (1) verbal
fallacies, (2) fallacies of equivocation, and (8) fallacies of
presumption.

Verbal Fallacies

1. Amphiboly. This is the fallacy which arises when a
proposition 1s stated so that 1t 1s capable of two conflicting
mterpretations This may be due to the grammatical
construetion or 1t may be due to figures of speech, espe-
cially metaphors It 1s not as common in English as 1
languages like Latin and Greek. An interesting example 1s:

The Duke yet lives that Henry shall depose
—Henry VI, Pt 1I, Act I, Se. IV.

which may mean that the Duke will depose Henry or that
Henry will depose the Duke. The oracle 1s said to have
answered Creesus’ mquiry as to how his military exped:-
tion agamst the Persians would fare, with the saymng- “‘If
Creesus should wage war against the Persians he would
destroy a mighty empire ’’ No matter which of the two
empires happened to be destroyed, defenders of the oracle
could eclaim tiuth for the oracular response given to
Creesus. Most responses of soothsayers and prophets are
put so that they are capable of two imterpretations. This
18 the trick which modern mediums frequently employ in
reporting supposed saymgs of ‘‘spirits.”’ Note that am-
phiboly 18 an ambiguous sentence and not an ambiguous
term, such as we have 1n the fallacy of ambiguous middle,
and with which we have already dealt as one of the formal
fallacies of the syllogism.

2. Accent and Special Pleading. According to Aristotle,
the fallacy of aceent 1s a fallacy 1n the meanmg of a word
when differently aceented. But modern logicians, follow-
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ing the lead of De Morgan, extend 1t to cover cases where
a writer italicizes a word, phrase or sentence m a passage
quoted from another in such a way as to change the em-
phasis and mislead the reader. Similarly a quotation may
omt qualifying words or phrases and give an crroneous
impression of the author’s meanmg. But the fallacy of
accent has also been extended to take in the fallacy known
as specwil pleading—emphasizing the parts of a subjeet
matter or those arguments for or against a theory which
are favorable to your own position, and omitting the parts
which are unfavorable to 1t. Recently, I heard a well-
known socialist lecturer deliver an address on the Pun-
tans in which he emphasized to the extreme their vices, and
omitted altogether their virtues. This 18 vicious special
pleading. It is a characteristic device of the demagogue,
the propagandist, the 1eligious sectarian and the partisan
politician. Perhaps the best definition of special pleading
would be: Telling that part of the truth which 1s favor-
able to your own position and that part which 1s unfav-
orable to your opponent, and keeping as mum as an oyster
about that part of the truth whieh 1s unfavorable to your
own position and that part which 1s favorable to your op-
ponent This wily method of lying 1s the modernized
form of the fallacy of accent But 1t must be admitted
that special pleading 1s rather a material than a verbal
fallacy.

Fallacies of Equivocation

These fallacies are included by Aristotle with the ones
just considered as fallacies i dictione or verbal fallacies,
but they seem to involve the content of thought rather than
the mere verbal expression, and for that reason modern
logicians treat them as material fallacies. The word equiv-
ocation is sometimes used in the broad sense to mean
ambiquity of any sort, but 1t is here used in the narrow



192 THE PRINCIPLES OF REASONING

sense in which the two fundamental categories or relations
of whole and part and essence and accident lead to con-
fusion of thought when an object is mterpreted by means
of them. A misapplication of the first of these relations
gives rise to the two fallacies—composition and duision,
and a false use of the second to the two fallacies—accident
and the converse fallacy of accident.

1. Composition and Division. These fallacies are recip-
rocally converse. The former means assuming something
to be true of a whole which in reahty 1s only true of some
or all of the parts taken separately For istance, 1t might
be argued that a certain army 1s stronger than 1t really
15 on the ground that each unit 1s known to be very strong
taken by itself. For it frequently happens that units that
are strong when left to themselves, become weaker or even
demorahized when thrown with others without proper
coordimation and mmtegration Consider also the false as-
sumption that a football team must be strong because most
of the individual players are known to be star players.
Here the value of the indefinable teamwork is wholly 1g-
nored No matter how good the individual players may
be the team as a whole 15 certain to be weak without
teamwork. The fallacy of composition usually results
from overlooking that element i the whole which 18 not
present 1n any of the parts taken separately. For that
general character of the whole may be, and usually is,
quite different from the individual characteristics of the
members of the whole which 1s in question.

For the same reason, to infer that a general charaeter
of the whole must also be a character of every member in
that whole 18 to commit the fallacy of division. The fact
that a given football team 1s an excellent team does not
justify the inference that every man on that team is an
excellent player. Many excellent football teams contain
some mediocre players.
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The whole has characteristies of its own and so have the
individual members of 1it. Mixing the two up 1s the fal-
lacy of whole and part either in the form of composition
or in the form of division. Logically we are not justified
in econcluding that individual characteristies are also char-
acteristies of the composite whole. To do so would be to
commt the fallacy of eomposition. Nor can we eonclude
that characteristics of the whole must necessarily be pos-
sessed by every member of the whole. To do so would be
to commit the fallacy of division. Let the student show
what the conclusion in cach case would be in the follow-
mg: Psychologists are generally agreed that group judg-
menis are more likely to be true than indwndual judg-
ments. By ‘‘a group judgment’’ is meant a collective or
combined verdiet reached by several individuals working
together as m a jury, and by ‘‘an individual judgment’’ 1s
meant the verdict of a single individual 1n such a group.

2. Accident and the Converse Fallacy of Accident. The
best way to understand the two fallacies of accident 1s to
thmmk of them as arising from a confusion of essential and
accidential features mn an object or situation The best
definition of them 1is #reafing accidenial as essential fea-
tures. REssential features of an objeet or situation consti-
tute 1t, and are, therefore, always present in every object
or situation of that kind. But accidental features may or
may not be present.

Some accidental features, however, are almost always
present. Only occasionally do special conditions enter in
to prevent their bemng present. Now to assert that one of
these general accidental features will always be present,
even In cases where there are special modifying conditions,
is to commit the fallacy of accident. Thus your hiking a
good joke does not prove that you enjoy one on yourself.
‘Whenever something is said about an object or situation
without any qualification whatever, whereas the assertion
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in question requires qualification, this fallacy 1s committed.
Thus the argument that because children should be required
to practice music each day a sick child should be required
so to do would be an example of this fallacy. Or the argu-
ment that a particular blind and erippled horse must be
valuable because horses are valuable domestic animals would
also exemplhify it.

The converse form of this fallacy argues that those acer-
dental features of an object or situation which only apply
under very special conditions are true under all circum-
stances whatsoever, regardless of whether the limiting con-
ditions are present. Statements whose validity depends
on special conditions cannot be held true m cases where
such restiictions are absent An example of this fallacy
would be the a1gument that narcotics are valuable for mds-
viduals in normal health, because they are sometimes used as
medicine for the sick. Or it might be argued that, because
card playmg 1s an interesting and harmless way to pass
time on a voyage or 1 a social gathering, therefore no one
should object to people spending all of their leisure hours at
cards. It s a sign of moral debility to be such a slave to the
use of narcotics as to have to justify their use by such an
argument as the one just given And 1t 15 a mark of
extreme superficiality not to be able to enjov leisure in any
way except at cards. The fallacy of accident 1n one or the
other of 1ts forms usually vitiates the arguments we use to
Justify acts we know to be morally wrong.

Fallacies of Presumption y

v Presumption means taking something for granted with-
out attempting to prove 1it, or without even being conscious
of or acknowledging that 1t has been presumed.” Some-
times the conclusion 1is really assumed in the premises.
This is called cireularity, or arguing in a‘circle. Some-
times the conclusion is assumed to be the cogent conelusion
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which the disputant wants whereas 1t 18 really something
else. There are two forms of each kind of presumptive
fallacy. The two fallacies of circularity are begging the
question or pctitio principn and complexr question, and the
two fallacies of the conclusion aie 1 relevant conclusion or
agnoratio elenchr and non-sequatur

1. Begging the Question. The usual mterpretation of
this fallacy defines it as the taking of something for granted
which 1s just as uncertamm or unproved as the proposition
it 18 used to establish. In a controversy, using as a prem-
ise what your opponent will not admit, or has not been
forced to admit, 18 considered a commission of this fallacy.
If anything 18 assumed which involves what 1s to be proved
the fallacy of begging the question results. Thus one might
argue that Shakespeare had a classical education from the
mternal evidence of his works. Another example 1s the
followming ‘‘To maintam, as S Wyville Thomson does,
that thirty-two degrees 1s the temperature of the floor on
which the Antarctic 1ce sheet rests, 18 virtually to beg the
question’’ (J. Croll). .

A special form of pefifio principu 15 known as wcious
cwrcle or argument n a cwrcle—cu culus wn probando. Here
two or more equally unproved assumptions or their equiva-
lents are used to prove cach other. When there are few
mtervening propositions between the two unproved as-
sumptions the cirele 1s narrow, and the fallacy 1s obvious,
but where there are many intermediate steps the ecircle 1s
wnde and the fallacy is exceedingly difficult to deteet
‘‘For instance, 1f any one argues that you ought to submit
to the gmidance of himself, or his leader, or his party, ete,
because these maintamn what 1s right, and then argues that
what 1s so mamntained 1s right, because 1t is maintained by
persons whom you ought to submit to; and that these are
himself and his party, or again, if any one maintains that
so and so must be a thing morally wrong, because it is
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prohibited in the moral portion of the Mosaiec law, and
then, that the prohibition of it does form a part of the
moral portion of that law, because it 15 a thing morally
wrong—either of these would be too narrow a cirele to
escape detection, unless several mtermediate steps were
interposed.’’ 2

2. Complex Quesion. This is pefrtio_principiz in the
form of a question which takes somethmg for _gm@.)
Titles of magazine articles or books sometimes take this
form. Thus two recently published books have the titles:
Can the Church Survwe the Changing Order? and, fWhat
and Where Is God? The former assumes that theré”

catastrophlc“_é_l_fa_ﬁrrmrr order of society mn which the church
gkt e

is (ikely to be swept away. The latter assumes that God
18 a thung  which 1s in some place. The question, ““Who Is
God ?2’’ assumes God to be a person instead of a thing.

Lawycrs sometimes make effective use of complex ques-
tions 1n cross-examming witnesses. Amusing examples of
this fallacy arc such popular pleasantries as, ‘‘Have you
lost your horns’’?, ‘‘Have you given up drinking moon-
shine?'’; and, ‘“‘Ilave you stopped beating your wife?’’

Now let us take up the two presumptive fallacies which
have to do with the conelusion.

1. Irrelevani Conclusion This fallacy occurs when, mn
disputation, one proves a conclusion which 1s not relevant
to the argument. It may be vahid in the sense that it really
follows from the premises, but 1t 1s not germane, and does
not touch the real pomt at issue in the controversy. It is
a device resorted to hy debaters to mislead an opponent
and draw him away from his really strong points, thus
causing him to waste his time. Any one who does this
is said to be gmlty of befogging the 1ssue. An argument
which befogs the 1ssue is best rebutted by briefly peinting
out that it is beside the point. Such an argument need

2 Whately, Blements (9th ed ), p. 222,
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not be met on its merits until its relevancy to the problem
under consideration 1s established.

Several forms of the fallacy of irrelevant conclusion
require separate brief discussion. The terminology used
to name each type is best understood by 1ts relation to the
expression argumentum ad rem, which means an argument
that is to the point.

(a) The argumenium ad hominem 18 an argument di-
rected against the person advanemg a thesis instead of
agamst the thesis itself. Thus lawyers who are called to
defend a rascal, knowing that they have no real case, fre-
quently resort to the practice of abusing before the jury
the attorney who is prosecutmg their clhient. Politicians
sometimes attack an opponent’s character instead of the
principles or policies for which he stands.

(b) The argumentum ad populum and the argumentum
ad misericordiam are appeals to popular passions, feelings
and prejudices or to popular sympathy instead of using
cold reason to defend a position. The speech of Mark
Antony over the dead body of Cmsar, in Shakespeare’s
Julwus Cesar, 18 an excellent example. That thus trick 1s
a very ancient one is shown by Socrates’ statement in his
famous defense before the Athemian judges, as given in
Plato’s Apology: ‘‘Perhaps there may be some one who
is offended at me, when he calls to mind how he, himself,
on a similar or even a less serious occasion, prayed and
entreated the judges with many tears, and how he produced
hs children in court, which was a moving spectacle, to-
gether with a host of relations and friends; whereas I, who
am probably in danger of my life, will do none of these
things.’’

(¢) The argumentum ad ignorantiam is an attempt to
prove a position negetively by showing that its opposite
is an absurdity or an impossibility or very undesirable.
Some of the arguments in defense of the League of Na.
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tions, for example, consist in pointing out the absurdity
and the stupidity of war.

(d) The argumentum ad verecundiam is an argument
which eclaims a proposition or behief should be aceepted
because 1t has been held by some highly revered person or
mstitution. Thus all propagandists hike to show that their
views are Christian Pacifist arcuments are a conspicu-
ous example. Sectarians or partisans often argue that
people should jom their particular sect or party because
Garfield or Lincoln or Washington belonged or advocated
the views i question. Some attacks on the League of
Nations took the form of pomting out a conflict between
our entering the League and Washington’s famous policy
of 1solation, 'This fallacy 18 the vice which permeates the
method of proving things by the results of a questionnaire.
Thus 1t has recently been argued that the behef in immor-
tality and the belief in a personal God are dying out be-
cause a large per cent of the answers from a group of
scientists, who were asked whether they held these beliefs,
were negative. There is practically no value 1n such argu-
ments. In nearly every case they are pure propaganda.

2. Non-sequilur. This fallacy 18 an argument in which
the conclusion 1s not only irrelevant to the point at issue,
but 1s also mvahd in the sense that it does not even follow
from the premises. The most vicious form of non-sequitur
13 to mnfer that a certain proposition or theory has been
refuted because some argument in favor of it has been
exploded Thus critics of theism or the belief in a per-
sonal God have argued that because no single argument
proves the existence of God, that therefore there 1s no God.
The different arguments may mutually support each other
whether any one by ifself is conclusive or not. And even
though none of the arguments prove the existence of God,
to refute the arguments is not a sufficient proof that there
is no God. There may possibly be one even though no
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absolute proof can be found. The same is true of attacks
like those of Mr Bryan on such a scientific theory as or-
ganie evolution. What 1f 1t 15 possible to show that some
of the arguments in support of it are unreliable or even
absurd? It remains true that others are very cogent. Mr.
Bryan attacks the weak, and passes over the strong argu-
ments, and 1magines that he has refuted the theory of
organic evolution, thereby giving us an excellent 1llustra-
tion of the logical fallacy of non-sequitur.

Exrroisg XII

Name the verbal or mateiial fallaev in each of the following
examples, and briefly state yom reason for thinking 1t to be
the fallacy you say 1t 1s

1 A cigaiette advertisement commonly seen on billboards pic-
tures a healthy athlete smoking a cigarette Since coaches
generally prohibit smoking during the playing season, the
advertisers are evidently guilty of a sophism 1 this advertise-
ment What fallacy 1s 1mplied?

2 Pacifists argue that the mext war will destroy eivilization,
for we know that the last war was very destructive and that
killing devices, especially airplanes and poisonous gases, have
been gieatly improved We certainly do not know that civih-
zation can survive another major war, and hence the next
world war will certainly destroy civilization

3 President Hoover, who 18 a Quaker, said that no president of
the United States has ever been a pacifist, therefore all Amer:-
cans should favor whatever war Congress ever sees fit to
declare

4 Theodore Roosevelt will make an able governor of Porto Rico,
and President Hoover used good judgment in appointing him
to this important position, for Roosevelt’s father was ome
of our ablest presidents, and he himself 18 a famous hunte:
and explorer. The Porto Ricans are surely fortunate to have
so able a statesman to rule over them

6. Airplanes sometimes pessed over our heads, mostly over fifty
feet

6. Each member of the Cabinet is a distinguished authority in
his own field, therefore all of the actions of the Cabinet are
wise

7. Woman without her man would be lost.
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10.

11.

12

14,
15.
16.
17.
18.
19

20.

21

23.

24.
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Mars must be 1inhabited, smce Veuus 1s supposed to be, and
we know that Mars 13 much better suited to living orgamsms
than Venus If Venus 1s inhabited, 1t follows @ fortiors that
Mars 1s But since Mars 1s mhabhitec, Venus must be, since
Venus has an atmosphere and temperature favorable to life.
Consequently both of these planets are mhabited

Since fish have eyes, the fish in the subterranean waters of
Mammoth Cave must have eyes with which they can gee
when brought into the light

The Anti-Saloon League has made a valuable contribution to
society in ehimipating the saloon as an American institution.
‘We no longer have saloons, and the Anti-Saloon League has
consistently fought them Hence you should contribute to the
support of this valuable orgamization

The Anti-Saloon League has made a valuable contribution to
American welfare, therefore each and every member of that
great orgamzation 1s a valuable asset to society

Why are all church members so hypocritical ?

. Since a Guernsey bull fainted when he saw a large circus

elephant, 1t follows that all bulls ate afiaid of large elephants.
He went to Columbus by the Transcontinental Air Transport
and then to New York

John 1s the best polo player in the state, and therefore his
team will certainly win this game.

Why 15 1t that older students recerve higher grades than
younger ones?

Since a red hat 15 bhecoming to that woman, a red hat is
becommng to all women

Why 18 logic the hardest course 1n the curriculum?

Since animals are able to repair broken tissues caused by
mjuries, tlus frog you decapitated will grow another head
Jones found a buried treasure just after he found e four-leai
clover, 50 you had better look for a four-leaf clover before
you seek your fortune

Why 18 1t that merit never counts as much as family hstory
when new positions are being filled 1n colleges end other
1nstitutions?

A cigarette advertisement occasionally seen on billboards pie-
tures & young man blowing smoke away from his lady com-
pamion  She smilingly remarks ‘“Blow a little of that my
way!” What conclusion is the onlooker supposed to draw
and what fellacy would 1t contain?

Supposing a student 18 acting a part 1n a play and has to
say: “My God, I am shot!” In what ways could he change
the meaning by changing the accent?

1s religion ever coming of age?
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CHAPTER XV
THE GENERAL NATURE OF INDUCTION

Definition of Terms

The terms induction and scientific method or methodol-
ogy are both highly ambiguous. For instance, the term
scientific method means to the amimal psychologist the
method of trial and error, to the sociologist, the economist
and the educational psychologist the statistical method,
while to the physicist and the chemist 1t means experimen-
tatton. And, as we shall presently see, there is a corre-
sponding difference among logicians in their conception of
induection. Then, too, a ke diversity of opmion exists in
interpreting the 1elation between scientific method and
mduction. Some logiclans trcat them as synonymous terms,
while others would differentiate them. In this textbook
they are used as synonymous, and the whole of Part II
will be devoted to an explanation of what they mean.
This chapter 1s an wntroduction to what follows It will
take the form of an exposition of the three more or less
conflicting theories of the general nature of mduection or
methodology While the term induction was used by Aris-
totle, and a certam form of inductive procedure was ree-
ognized by the medieval schoolmen, mmductive logic in the’
modern sense of the word really began as an explanation’
of the thought processes employed in making the discov-
eries of the exact experimental sciences.

" In order to make the discussion of the three theories of
induction intelhgible a few techmical terms must first be

1 This development of methodology is sketched below in Ch. XXV,
p. 338, It 15 recommended that the account there given be read
before proceeding with thas chepter

203
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defined. The word phenomenon (plural, phenomena), is
quite generally used by logicians to mean any fact what-
ever, be it event, thing, aitribute, property, principle, or
lew, providing 1t can be mvestigated scientifically or used
as an element 1n a complete theory Frequently the gen-
eral problem under investigation in a particular scientifie
mquiry 18 referred to as the phenomenon. Then any unit
used 1n the study of the problem 1s referred to as an in-
siance of the phenomenon, and instances may be either
positwe or negative, according to whether the phenomenon
18 present or absent Sometimes instances of a given phe-
nomenon are themselves spoken of as phenomena Then
they are the phenomena of the more general phenomenon.
The context 1n each case will make clear the sense in which
the word phenomenon 1s used To illustrate, suppose a
seientist 1s mvestigating the cause of a eertain color, for
example, mother-of-pearl This color or the cause of the
color 18 the phenomenon under imvestigation. Now any
object having the color 1s said to be a positive instance,
and the same ohject without the color a negative 1nstance
of the phenomenon. Both positive and negative instances
are frequently bunched together as phenomena or defa.
Then they are said to be the phenomena or data of the
phenomenon, . ¢, color of mother-of-pearl The term dafa
13 preferable because 1t avoids a double use of the term
phenomenon, but both expressions are eurrent.

Every induetive inquiry starts with concrete facts—
with mstances of some definite phenomenon—and seeks to
discover and formulate a general prineiple or law to inter-
pret these facts. All logicians agree m holding that indue-
tion is the reverse of deduction. In deduction, with which
we were dealing throughout Part I, the logician is con-
cerned with the relation between a conclusion and its
premises. The truth of the generalization or universal
proposition which is used as a premise is not in question,
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but 1s simply assumed. The premises are taken for granted.
Deductive logic 1s mnterested primarily i what 1t ean get
out of these assumed premises, by applying the rules of
logic and drawing conclusions which are consistent with
those rules. The rules themselves go back to the laws of
thought, and constitute with these laws the set of postulates
on which traditional logie 1s based. But every logieian
agrees m treating induetive logic as the reverse process of
getting valid generalizations or universal propositions
which can serve as premises Starting with concrete facts
—data, phenomena—induection asks: ‘‘How can a general
law, universally valid, be obtained from these facts?’’
From a few mstances of falling bodies, how can we reach
the proposition, ‘‘All material bodies gravitate’’?

This gap belween @ few mstances of a phenomenon and
all 1nstances seems to be bridged in an inductive generahza-
tion  Dut how 1s 1t bridged? Or, to change slightly the
figure, what justifies the so-called ‘‘inductive leap’’? If
mnduetion 1s the proecess of drawing a general or universal
conclusion from paiiicular cases, or relatively few in-
stances, what 1s the justification for making this mductive
leap? Ilere 1s the real problem of induection, and according
to the way 1t 1s answered we get entirely different theories
as to the nature of mduction

However, before taking up the three most important
theories, a warming must be given against being misled
by the statement that induection 1s the reverse of deduction.
The two ways of proceeding are not antagonistrc, but sup-
plementary. Deduction is really present in all induective
inferences in the form of some covert assumption as to
the nature of the real world. To be sure, we must be on
our guard against Testricting deduction to syllogistic rea-
yoning.” Bt it Is essential that the student keep in mind
throughout the study of inductive inference that it is
really only another aspect of deduction taken in the broad-
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est sense of the word. Or, to express the muavter more
'exa.ctly: Every thought process 18 really both deductive
and mducliwe, and can be exhibited erther as a deduction
or as an induction according 1o the pownt of view used n
wnterpreting 1. In the next chapter we shall deal with
the basic assumption of mduction. Now let us consider
the three chief theories.

The Enumerative Theory of Induction

One form of this theory of induction 1s called induction
by sumple enumciation It 13 the process of formulatmng
a generalization on the basis of an enumeration of several
or at least of a relatively large number of positive mstances.
It was the type of induction recognized by the scholastic
logierans and justly econdemned by Bacon as ‘‘puerile, pre-
catous, and eaposed 1o danger from contiadictory m-
stances.”” But although Bacon and his contemporaries
eflectively disposed of the enumerative type of mduction
as represented by the scholastic logieians, another form of
this theory 1s still 1 very good repute among logicians.
This form takes account of negative or contradictory -
stanees thus evadwg Bacon s eritiersm It holds that the
justification of the mductive leap 1s the enumeration of
many cases m which the weneralization holds, plus the
fatlwre to find cascs in which it does not hold. The inclu-
sion of negative mstances greatly strengthens the enumer-
ative theory of induection.

Smce 1t takes account of negative instances, this form
of enumerative mduction may be called wnduction by com-
plex enumeration to distmgwish it from induetion by simple
enumeration. It was advocated by the distinguished lo-
gician, Stanley Jevons, whose voluminous work entitled
The Principles of Science is one of the most valuable con-
tributions ever made to scientific methodology. He dis-
tinguishes two kinds of induection, both of which are enum-
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erative. ‘‘An induction is called perfect when all the pos-
sible cases or instances to which the conclusion can refer
have been examined and enumerated in the premuses. If,
as usually happens, it 18 1mpossible to examine all cases,
since they may occur at future times, or in distant parts
of the earth, or other regions of the universe, the induciion
18 called imperfect.”” And he adds: ‘‘It must be carefully
remembered that no 1mpeifect mnduction can give a cer-
tain conclusion. It may be highly probable or nearly cer-
tamn that the cases unexamined will resemble those which
have been examined, but it can never be certain.’’ The
great defect i this theory is brought out by this last sen-
tence. Ior it makes empirical gemeralizations, such as,
‘“All the books in my library are bound,”’ more certamn
than real scientrfic laws, such as ‘‘All material bodies
gravitate.”” Indeed, it is impossible to avoid interpreting
this theory to mean that the certamnty of a scientific gen-
eralization 1s proportional to the number of cases exam-
med, and that any future instance may turn out to be
negative. But we know that mere repetition of instances
of material bodies gravitating does not add in any way
to the certainty of the law. Nor do we fear that a negative
mstance will be discovered. Moreover, in establishing such
a law, varety of mstances 1s far more 1mpottant than mere
number, and one of each variety is enough, if 1t be typical.
In spite of this weakness 1n the enumerative theory 1it
has recently been revived by Peirce, and other logicians.
As revised, it may be spoken of as the samplhng type of
enumerative imduction, since these logicians refer to the
mmstances as samples. Thus Peirce defines induetion as,
‘‘the inference from the character of a sample to that of
the whole lot sampled.”” And he ilustrates it thus: ‘‘If
one draws a handful of coffee from a bag, and, finding every
bean of the handful to be a fine one, concludes that all the\
beans in the bag are fine, he makes an induction.”” But
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he repudiates what Jevons calls perfect mnduction. “‘In-
duction, as above defined, 1s called philosophical or real in-
duction, in eontradistinetion to formal or logieal induetion,
which rests upon a complete enumeration of cases and 1s
thus induection only in form ’’ Royce has developed this
sampling type of enumerative mduction mto a valuable
seientific method, with which we shall deal more 1n detail
below, but he recognizes that the sampling method 1s really
only a stage or starting pomt for ‘‘the organized combina-
tion of theory and experience’’ which 18 the real meaning
of induction. Here Royce 1s nearer to our third theory
of the nature of induction, but he never succeeded m
freeing himself from this erroneous conception of in-
duction.

In order to bring this error mnto clear relief, let me pomnt
out that Peirce really confuses two problems in the 1illus-
tration just given. (1) One pioblem is that of determin-
ing the nature of an assumed homogeneous collection by
determming the nature of a few samples fiom the collee-
tion. (2) The other problem 1s that of determming what
constitutes a gram of coffce a fine grain The last 1s the
real mductive problem. and it cannot be solved by mere
enumelation of grains of coffee Varilous kinds of grains
must be collected, compared and analyzed in order to for-
mulate a general prineiple of grading, before a given gram
can be referred to as fine. And, however important enu-
meration may be in such a process, taken by itself it 18
worthless. It must be supplemented by a careful analysis.
After we have determined what a fine gram of coffee 1s,
we are only justified mm assuming that all the gramns 1 a
bag are fine grains by a careful use of the method of
sampling. The importance of this method in scientifie
investigations must not be minimized, but the prmeciple
which 1t involves cannot justly be erected into a general
theory of induction
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While rejecting, then, the enumerative theory of indue-
tion 1 all of its three forms, i1t 13 admitted that enumera-
tion plays a s1rrn1ﬁcant role in scientific mvestigations.
Jevons 1s right when he says ‘‘that the power of expressing
a great number of particular facts m a very brief space
is essential to the progress of science.’”’ Enumerating in-
stances or collecting data 1s the first step 1 any expem-
mental mquiry. But many great discoveries have been
made by a careful study of two or three instances. This
fact ajone 1s a sufficient refutation of the enumerative
‘theory of induection.

The Eliminative Theory of Induetion

This theory of the general nature of induetion holds that
the justifieation of a scientific law 1s to be found in the
fact that no other law offers a satisfactory explanation of
the faets. Aceording to this view, the scientist starts an
mvestigation with a number of possible and plausible
tentative hypotheses, each one of which 1s supposed to be
a good explanation of the faects. Then each 1s puf to the
test of cxperience, and the onc¢ which stands after every
means of testing has been employed 1s regarded as the
true law, or theory. The tentative hypotheses might even
be formulated as alternatives m a disjunctive proposition,
thus: The phenomcenon X 1s either explicable by hypothe-
sis A, or B, or C, or D. Putting D to the test we find 1t
defective, and so with C and B. Having elminated all
except A, we are justified in concluding that the true ex-
planation of X 1s the hypothesis A The hypothesis which
18 thus verified becomes a theory.

Joseph 18 an advocate of the eliminative theory of in-
duction. He gives a simple and clear 1llustration of the
ProGess :

Let & novice notiece that his bicyele makes an unpleasant noise
m runmng, and try to ascertan the eause. . . . In this problem
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the determination of the alternatives among which the eause is to
be sought 1s tolerably sumple, for the noise must originate in one
or other (or it may be several) of the non-rigid parts Say that
these are, on the machine 1n question, the axle bearings of either
wheel and of the cranks, the bearings of the head, the pedal
bearing, the cluteh, the back-pedaling break, and the saddle
springs All that the rider has to do 1s ascertain which of
these parts may be at rest while the noise occurs, and which may
be in motion without the nowce ... It is instructive to observe
that the same process of elmination among the members of a
disjunction 1s employed heie, as :1f one were estabhishing a gen-
eral conclusion The novice has to fall back upon ascemmimng
the o11g1n of the noise by showing that, among the possible origins
to which 1t can be aseribed, there 1s none but one to which the

facts permut lum to asecribe 1t consistently with the principles
of causation 2

The chief defeet in this interesting theory is that 1t
overemphasizes the negative aspect of induction. It rests
my upon the prmeiple that the failure to elimmate
any hypothesis justifies treatmg it as valid. But suppose
that there are a number of alternatives which cannot be
elimmated. Then this method 18 powerless to determine
the frue one. This Joseph admits: ‘‘If a competng hy-
pothesis enabled us equally well to find systematic conneec-
tion m the same set of faets, I do not see how we could
decide between them.’”’ Nor could any hypothesis ever be
established, ‘‘unless we could show that all possible com-
peting hypotheses had been overthrown.’”” This admis-
sion of its chief advocate 1s a sufficient condemnation of
the elimmative theory of induection as a general theory,
however valuable 1t may be as a subsidiary process. More-
over, Joseph’s own suggestion in the above quotation, that
the aim of elimination 1s the finding of systematic connec-
twn wn a set of facts, shows that induction by scientific

2H. W. B Joseph, An Introduction to Logic, pp. 447f. The last
sentence 18 condensed,
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analysis really underlies, and is far more important than
eliminative induction.®

However, the elimimative theory has the great advantage
of emphasizing the overwhelming importance of the work
of the theorizing activity of the human mind in reaching
vahd inductive generalizations.

Induction by Scientific Analysis

The true solution of the problem of the induetive leap
is to deny that there is any gap or chasm between the
particular instances, and the general scientific law which
explains those cases. The scientist does not pass from the
facts to the law. He finds the law, or, better, the syste-
matic_connection wm_the instances. This he 1s able to do
lE—yfsubjectmg' a variety of istances to careful analysis or
even to experimentation, and by comparmg and studying
the results until the underlymg system, of which the wn-
stances and their elements _are_all fre fragments,_ 18 finally
brought to hght and fo;mulaied as a law. This is what
Royce meant, by speaking of mductmn as a combination
of theory and experience. The facts are experienced, and
when they are analyzed their elements are experienced—if
not with the naked eye, then by the help of high-powered
microseopes and other instruments of observation. But
mere experience, mere enumeration, mere observation of
the data resulting from analysis and experimentation 1s
not enough. The mind must see as well as the eye. The
underlying system of connections, in which each separate

3 See Bernard Bosanquet, Implication and Lanear Inference, Ch IV,
for & full discussion of the difference between eliminative induction
end nduction by scientific analysis, especially oriented to Joseph’s
theory The example of Harvey’s theory of the circulation of the
blood used below is borrowed from thet chapter, although I have put
1t in my own words Creighton hes made the mistake of identifying
eliminative 1nduction and induction by scientific analysis, See his
Introductory Logic, p. 198,
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fact and datum lives and moves, must be brought to light
by the mtellectual activity of the investigator. This is
ﬁ;ﬂ. ‘When theorizing brings the system to llgﬁ the
law 1s disecovered. Now Joseph 1s right in insisting upon
the value of eliminatmg various hypotheses But there
18 more to a scientific mnduction than this negatite work.
There 1s the positive work of bringing to light the actual
structure of the system mvolved. This 1s being done even
m the process of ehmination. Now the positive aspect
of an mductive inquiry may be regarded as a thorough-
gong analysis of the data, plus a keen insight into the
mterrelations of the numerous elements resulting from such
an analysis. This 1s the reason for referring to this as
induction by scientific analysis.*

To clarify this interprctation of mduetive mference, let

4 The failure to distinguish induction by scientific analysis from
enumerative induction vitiates the, 1 many respects, valuable recent
book entitled Intsoduction to Reflective Thanking, to which we have
already referred 'The anthors write “The tremendous advance
from collected data to an hypothesis ahout these facts has itself
sometime- been 1eferred to as the ‘“inductive lcap,” and 1t 1s indeed
an enormous ‘jump’ The umformity of nature, the conviction
that things will continue to occur 1n the same manner as they have
hitherto, 1s undoubtedly the best founded generalization in the whole
range of human experience” (pp 74, 93) Here the enumerative
theory 18 plainly 1mplied, and 1t 1s also erroneouslv assumed that its
principle 1s established by experience, whereas, as Russell has said, 1t
can neither be proved nor disproved by experience (See Problems of
Philosophy, p 108) But the theory of induction by scientific
analysis 13 mmpheit m the following “Our hife 1s one long course

of discovery . of fixed patterns in events, They are,
in faet, precisely that feature of our universe that makes 1t an
ordered cosmos rather than a mere chaos These patterns

which force themselves upon our attention and to the analysis of
which the scientist devotes his life, are causal relations, uniform cor-
relations betvreen causes and effects, such that, unless some other
cause has prevented 1t, when one part of the pattern is discovered
the rest is sure to follow” (p 92) Thie conception of fixed pat-
terns is synonymous with our conception of the implicative system,
and 1t 18 1ncompatible with the enumerative theory of induction
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us llustrate 1t by Harvey’s great discovery of the eircula-
tion of the blood. He had before him certain facts. He
knew there were vems and arteries, a heart and lungs.
By the phenomenon known as the pulse he kmew the blood
flowed. He studied the action of the heart, analyzing it
to determine 1is structure. Refleeting on his results he
reached certain conclusions: such as, that there is no pas-
sage for blood in the wall which separates the chambers
of the heart, that the blood passes from the right to the
left ventricle of the heart through the lungs, and that the
heart contracts and forces the blood through the arteries.
This gave him enough facts about the circulatory system
to enable him to surmount the theory current in his day
that the blood in the arteries is entirely different from the
blood in the vemns. As a result of his analysis and careful
reflection upon the facts, he 1nduced the true nature of the
circulatory system, fhat the arferies and the veins are
connected so that the blood 1n the left ventricle of the heart
is driven through the arteries into the veins by the force
created by the heart’s contraction, and 1s then carried back
to the right ventricle, from which 1t goes to the left ventricle
agamn through the lungs, where 1t 1s purified. The missing
link 1n the circulatory system Harvey never saw by actual
observation. His mind mmferred 1ts existence. Thet missing
link was the connection between the arteries and the veins.
In 1661, years after Harvey’s theory was put forth (1628),
Malpighi, using the newly invented compound microscope,
discovered by actual observation the ‘‘capillary channels,’’
connecting the arteries and the veins, the existence of which
Harvey had mduced from his knowledge of the rest of the
system.

Harvey’s circulatory theory is not a generalization
reached by jumping from certain facts over to it. It is mot
an inductive leap. Rather it is an aceurate formiilatioh of-
the actnal system constituted by the heart, lungs, arteries,
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veins and capillary channels. The discovery of the table of
elements in chemistry 1s another excellent 1llustration of
mduction, and numerons others might be mentioned.
Scientific analysis discovers the actual nature of a complex
system of facts, expressing 1t as a universal law or theory.
The law thus found 1s not something tacked on to the facts
It is rather the expression in language of the actual con-
nections which bind the facts into a system. The nature
of this system 1s always present in each fact entering into
its constitution, only 1t cannot be found until enough, and
a sufficient variety of facts are known to bring it to light.
Now that we know of the existence of the circulatory sys-
tem, we inevitably think of each member of it m terms of
the whole system.

Our account of the general nature of induection has thus
brought us to the same point which we reached m our ex-
position of the nature of mference in Chapter XI, namely,
to the conception that the essence of induction 1s the dis-
covery of concrete order systems or inferential wholes.
And it 1s entirely consistent with our general theory of
knowledge that we should be led to this pomnt. If all mn-
ference and all knowledge are mn their essence the intellee-
tual discovery of the actual orderliness in a definite set or
region of faets, then our general theory of induction should
emphasize the overwhelming importance of order systems
The counting of instances and the ehminating of competing
hypotheses are valuable subsidiary phases of inductive pro-
cedure, but 1ts essence 1s that process of scientific analysis
and theorizing which brings to light the 1mplicative systems
1n the nature of things. Royce is right i treating mdue-
tion as a combination of theory and of experience.® For
it involves enumeration and sampling, observation and

58ee his article m Ruge’s Encyolopedia of the Philosophioal
Sciences, Vol I, pp 78-92. See also the article “Induction” in the
new (14th) cdition of the Encyclopedia Britannice
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experimentation, but in all genuine scientific research each
one of these subsidiary processes 1s really swallowed up in
a creative theoretical activity of the mind, which leads the
investigator straight into the secret recesses of the order
system of which his data are fragments ®

6In a discussion of the problem of the *“inductive leap” entitled
The Relation Between Induction and Probabuity (see Mwnd, N S,
Vol XXVII, pp 389-404 and Vol XXIX, pp 11-45), C D Broad
subjects all three of the theories discussed above to a searching
eriticism  He rejects all three but he admits that the scientafie
analysis theory 1s, 1n some 1mportant respects, superior to the other
two He summarizes his own theory as follows

“All particular mductive arguments depend on probability and
only lead to probable conclusions. whalever we may assume about
nature But unless we assume something about nature they give no
finite probability to any law (a) because an indefinite number of
alternative hypotheses which are not laws are as probable ante-
cedently as the sugpested law, and (b) hecause we are not equally
hikely to have met with any instance of the class under discussion,
since 1t 18 quite certain that if there be instances remofe in space
or time they could not have fallen into the selection which we ob-
served What we actually assume 1s that nature consists of a com-
paratively few kinds of permanent substances, that their changes
are all subject to laws, and that the variety of nature 1s due to
varymng combmnations of the few elementary substances These
assumptions are neither self-evident nor mutually independent nor
are they capable of complete proof or disproof by experience” (Vol
XXIX, p 42)

Experience only suggests “a siumple ground-plan for the natural
world to us” But “it 13 reasonable to suppose that this plan
extends beyond what we have actually experienced” Yet we have
no “knock-down” proof for this “The kind of evidence 1s that this
plen 18 suggested to us mm a rough form by crude experience, and
that, as we mvestigate nature more and more thoroughly, exper:-
ence 1tself suggests ways m which we can state this plan with
greater and greater defimteness and rgour, and, at the same time,
nature 18 found to accord with the more rigorous and deflnite plan
far better than it did with the first crude suggestion of a plan”
(Ibwd, pp 43f) Cf W E Johnson, Logie, Part 11T

These passages prove to me that Mr Broad is much nearer to the
scientific analyms theory than he is willing to admit.



CHAPTER XVI
SCIENCE—ITS ASSUMPTION, NATURE AND METHODS

The Inductive Assumption Underlying Science

In the last chapter the faet that all scientific investiga-
tions of concrete facts have in them a deductive element
was pointed out. This means that every scientific investi-
gator makes a definite assumption as to the nature of the
world of facts. This assumption 1s at the background of
all scientific research, even though the particular imvesti-
gator may not be conseious of its presence m his own think-
mg. The scientist has his eye on the facts and not on his
assumptions. But it 1s the business of the logician to focus
attention upon the underlymg conception of the world
which 1s active 1n the scientist’s intellectual work. What
18 the basie assumption underlying science?

According to the enumerative theory of induction, this
assumption 18 that what 15 found to be t1ue of the instances
of a phenomenon which have been exammed will always
hold true of all other instances exactly like those, be they
actually exisient, immment, or m an mdefinite future.
The future will resemble the past and new instances will
behave hike old ones. This 1s the assumption of the scien-
tist, according to the enumerative theory of induction.
Why what holds good of instances which have been exam-
med must hold good of mstiances which have not been, and
by the very nature of things cannot be examined, this
theory does not answer. It cannot answer because it is
based on another assumption which makes 1t impossible to
give an answer, namely, that the world is made up of iso-
lated, particular mstances or events, and that the laws of

nature are not expressions of actual relations in nature but
216
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merely deseriptions of the way these separate events appear
in human experience. This assumption denies the con-
tinurty of nature. If the world 1s made up of isolated par-
ticular mnstances or events seience 18 really impossible, and
what we suppose we know about the world itself we only
know aboul our own sense 1mpressions or experiences. ‘‘No
account can be gwen of induction at all if a perception of
the necessary relation of things 1s demed’’ (Lossky). Or,
as Whitehead has expressed it, such an assumption leads
to the ‘‘bifurcation of nature’’—dividing 1t 1mnto two parts,
one of which consists of subjective sense impressions and
the other of hard atoms or isolated particular facts. Con-
sequently, instead of science bemng an aceount of nature
as 1t 18 as an independent reality, 1t only tells us what our
subjective experiences are. Instead of being a deseription
of the real order of nature, 1t 1s only a description of the
succession of the scientuwsts’ own induwnidual sense vmpressions.

The assumption underlying the elimmative and scientifie
theories of mduction is exactly opposite. It 1s that nature
itself 1s an ordered system The whole universe is an or.
dered and systematic whole, not a chaos of isolated facts,
The laws of nature express actual necessary relations be-
tween matural entities or facts. They are actual bonds
which hold the facts together mto systems The scientist
discovers the actual integrations constituting the nature of
things. This is the basie inductive assumption underlying
every secientifie inquiry.

John Stuart Mill expressed this assumption as the law of
the uniformity of mature. The expression has often been
criticized and it is undoubtedly open to objections, but
when 1t is properly interpreted it is of real value. The con-
cept of nature must mean more than physical nature. It
must, include the whole class of mathematical and logical
relationships, which are sometimes spoken of as forming a
world of subsistence, to distinguish them from the world of
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ezistence in space and time. In Mill's mund the term
nature included only the world of existence. Modern logi-
eians are agreed n recognizing the reality of systems of
objects and relations which do not exist in space and time,
and are, therefore, said to subsist. If the law of the um-
formity of nature is interpreted so as to include 1n the con-
cept of nature those realities which subsist, as well as those
which ezist, 1t is a very serviceable formula for the basie
assumption of science.

But uniformity must not be imterpreted to deny the ex-
istence of an infinite variety and novelty in nature. Iis
real purpose is the assertion of the absolute and unbroken
reign of law. ‘‘That which eollectively we call nature 15 a
vast assemblage of substances of divers kinds diversely
intermingled : interacting with oune another in ways that
depend upon their abiding character and their shifting
gituation. Even what we call single things are highly com-
plex, and their properties and behavior depend upon their
composition, and upon the situation in which they are
placed relatively to other things, we may believe that
whenever one complex thing of precisely the same kmd
18 placed 1n precisely the same situation as another, 1t will
behave 1n precisely the same way ; nor is more required by
the principle of the uniformity of nature; and yet, we may
doubt whether such precise repetition ever oceurs Watch
the movements of a waterfall, how it breaks into a thou-
sand parts which seem to shift and hang, and pause and
hurry, first one, and then another, so that the whole never
presents quite the same face twice; yet there is not a par-
ticle of water whose path 1s not absolutely determined by
the forces acting upon 1t in accordance with qmte simple
mechanical laws No one would suppose that because these
mechanical laws are unchanging, the waterfall must wear
a monotonous and unchanging face; and so it is, on &
larger scale, with the course of nature’® (Joseph, p. 402).
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It is such a conception of nature which every scientist as-
sumes and must assume. He cannot prove either by ex-
perience or by technical experimentation that the universe
is such an ordered system. But he could not prove any-
thing else if he did not assume this. It is the major premise
in all scientific reasoning. The only demonstration 1t needs
is that unless 1t 1s true all our human knowledge is a fairy
tale.

The Nature of Science

‘What, then, 1s science? There are two ways of answering
this question. One 1s to look at it from the side of the
material with which science deals. We have just seen that
there is nothmmg whatever, subsisting or existing, which
does not, or may not, form material for science We have
to assume that the whole of nature, 1n the broadest sense
of the term, and in all of its infimite detail, novelty and
variety, is the content of science. ‘‘The work of the true
man of science 18 a perpetual striving after a better and
closer knowledge of the planet on which his lot 1s cast, and
of the universe in the vastness of which that planet 1s lost’’
(J. N. Lockyer). From this pomt of view, then, science
may be defined as that more or less integrated and sys--
tematized body of human knowledge of the whole universe,
in its vastness as well as 1 1ts mnfinitesimal details, which
is made up of all of the special fields of knowledge consti-
tuting the several courses offered m various technical
sehools, colleges and universities.

The other way of defining science approaches it from
the point of view of 1ts methods. Any body of knowledge
is said to be scientific when 1t has been reached by a careful
and painstaking use of observation, experiment and reflec-
tion on the data thus obtained. .And the whole body of
knowledge which has been so bwilt up is called science. One
test of whether a given piece of knowledge is scientific is
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whether other trained observers can verify it by using the
same observations and experiments, and by gomng through
the same processes of reflection. Not every one 1s capable
of making such a verification because most people lack the
necessary diseiplmary irainmg and the freedom from per-
sonal and environmental prejudices. Another test of
whether knowledge 15 scientific 1s whether 1t has been de-
personalized and de-emotwnalized. The emotional halo
which characteiizes so many burming convietions held by
unscientific people 1s ‘‘sicklied o’er with the pale east of
thought’’ whenever a cool-headed scientist puts the belief
in question to the test of the laboratory.

The Aim and Mood of Science

The primary am of seience 18 the discovery of the actual
connections 1 the particular material with which 1t deals
It tries to give an accurate, clear and consistent account
of order systems as they are That 1s why 1t must be de-
personalized The contimuity and eoherence which con-
stitute the very nature of things 1s delved after by every
scientific mvestigator 'While 1t 18 generally admitted that
the capstone of the edifice of secience 18 1ts modifications
of the conditions of human hife, so as to add to the enrich-
ment of human civilization and ‘‘to Mlumine man’s little
day,’’ nevertheless the real motive which spurs on the true-
hearted scientist 18 not practical but a burning curosity to
find out the truth. There 1s nothing so irritating to a true
scientist as obscute and opimmionated thinking. He longs
to see everything as 1t actually is. To be a scientist, then,
one must have (1) a passion for facts; (2) be extremely
cautious even to the point of scepticism, in reachmng a con-
clusion, (8) have a clear mmnd, which 15 disgusted with
the credulous acceptance of dogmatic assertions, and (4)
have the ability to see the relations between phenomena
which the average person regards as entirely unconnected.
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¢‘Science is born anew 1n that wonderful world within each
man when with deliberate will he suceeeds in thinking about;
the principles of his work i the great world without in
a clear, logical and systematic way, and courageously puts
his conelusions to the test of experiment, and the so-called
sclences are the written record of such thinkmg, only more
extensive because clear, systematic and consistent, and
more true to reality because they have been tested by count-

less experiments and experiences in the race’’ (Benchara
Branford).

Classification of the Sciences

There 18 an appalling diversity of opinion among educated
people as to what kinds of subject matter have really
reached that stage of development where they can be re-
ferred to as sciences. Some would limit the use of the term
to the so-called exact sciences, like chemistry and physies.
Others would imclude as sciences all the social sciences, such
as hisiory, economies, political science and education.
Others would go a step further and mmeclude ethies, ®sthet-
ies and metaphysies Indeed, a book has recently appeared
by a prominent theologian, D C. MacIntosh, entitled
Theology as an Empirical Science Now there 1s ungues-
tionably a vast difference between such a body of knowl-
edge as chemistry or physics, and theology, or even political
selence. This difference has been well expressed by J A.
Thomson: ‘‘An exact science is hike a solar system, a
young science is Iike a nebula, but we see no reason why
the student of dreams may not be as ‘scientific’ as the
student of rocks, provided that he does not allow assertion
to outstrip evidence, and understands what he knows.’’
And the logician must conecur with hrm m the ‘‘common-
sense view that science includes all knowledge, communi-
cable and verifiable, which is reached by methodical obser-
vation and admits of concise, eonsistent and connected for
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mulation.”’* The term science 18 used 1n this wide sense
n the following classification of the various sciences.

The first group to be distinguished is the abstraet and
formal sciences which neglect concrete objects and deal
with purely formal relations. Here belong mathematies,
m all of its branches, and logie, especially mathematical
or symbolie logic, as distinet from induective logic. These
sciences are all highly deductive. They assume certam
sets of axioms and ‘‘primitive 1deas’’ to be true for the
purpose of deducing their detailed consequences.

All the other seiences are much more conerete Inasmuch
as they aim to give an accurate descripfion of actual phe-
nomena, they are sometimes spoken of as descriptive sei-
ences. Among these, five general and fundamental sciences
are usually distinguished They are chemistry, physies,
biology, psychology, and sociology. While each has a rela-
tively distinet provinee they inevitably overlap mm many
ways.

A group of deriwative sciences depend upon these general
and fundamental concrete sciences Botany, zoology and
paleontology are special sciences within the field of biology
Much of astionomy and meteorology comes under physics
and a gieat deal of mineralogy under chemstry. But these
special deirivative sciences have to be distinguished from
sub-sciences such as morphology, embryology and physiol-
ogy.

A special group of the derivative special sciences 1s

1 See his article entitled “Science” 1n the Encyclopedie of Religion
and Ethics, from which some of the material presented in this chapter
has been taken, with the permission of Charles Scribner's Sons See
also his “Intioduction to Science,” in the Home Unwverstty Iibrery,
and s article entitled “Science and Modern Thought,” in the
Outlne of Science, Vol IV, pp 1165f The outline map of scientifie
knowledge below 18 taken, with some modifications, from the latter
(p 1171), with the permission of G P, Putnam’s Sons
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known as the synoptic sciences. These are really combina-
tions of parts of other sciences. That is to say, they use
the methods and many of the principles of other sciences,
but develop such a unique interpretation of their subject
matter as to entitle them to separate rank. Geology, for
mstance, focuses attention upon the earth, but 1t com-
bines parts of physics, chemistry and paleontology. Geog-
raphy and anthropology are other examples. Even as-
tronomy, one of the most ancient and sublime of all sciences,
18 really a muxture of mechanics, thermodynamics, opties
and chemistry, with special reference to the constitution
and movements of sun, moons, planets, stars, and other
celestial phenomena

QuTLINE MAP oF SCIENTIFIC KNOWLEDGE

Abstract, (feneral Special

Formal Descriptive |Dervvatue gz:;:‘c’ :;c gc’: 5:::’1
Sciences Sciences Seiences

Mrraraysics [Socioroay |Ethnology |History Economics

Education and
PsycHoLocY|-Esthetics [Anthropology Vocational

Psychology
Loarc
Zoology Natural
BIOLOGY Botany History Medicine
Astronomy |Geology Engineering
Puxsics Meteorology|Geography Aeronautics
MATHEMATICS
History of the
Metallur,
C - 24
HEMISTRY (Mineralogy So::.; 5ya Agriculture

Finally we have to speak of applied sciences. They are
either separate departments of the various special sciences,
or combinations of principles taken from several of these
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with special reference to therr bearing on practical life,
particularly on the arts and ecrafts. Examples are engi-
neering, agricultural science, medicine, educational psy-
chology and aeronautics. The very new science of voca-
tional psychology 1s an applied science within the field of
theoretical psychology.

The above ‘‘outline map of scientific knowledge’’ may
very well serve graphically to summarize the contents of
this paragraph.

Classification of the Scientific Methods

For the purposes of logie, 1t 15 necessary to supplement
this elassification of the scienecs with a classification of the
more 1mportant logical methods employed in science

The first group to be distinguished may be called general
basic methods, because they really underlie and are used in
the other methods. Three such methods need to be dis-
tingwished. (1) observation, (2) enumeration, or, as it 18
sometimes called, simple counting, and (3) classification?
‘We dealt with ihe first two processes in our aceount of
enumerative mduction as well as i the paragraph on the
nature of secicnce. Both of these methods are sometimes
grouped together under the heading, collcciing the daia
Classification has already been expounded in Chapter V
under logical division

All other scientific methods, except the special techniecal
methods which are not here considered, fall into three
groups The first group may be called methods of proba-
bality, because they seek laws which can be apphed to great
masses or assemblages of facts, but which eannot be applied
to the individual members of these collections with any-
thing hike the degree of certainty with which they can

2 Some writers include under general basic methods such processes
as analyss, synthess, comparison, wmagwnaiwon and "even ezpert-
mentation .



SCIENCE 225

be applied to the whole mass. Two methods belong here,
namely, sampling and stalistecs.

Another group of methods are those known as Mill’s
expervmenial methods. These are primarily concerned with
the problem of causality and may, therefore, rightly be
spoken of as methods of causality. There are five of these
methods, but, as we shall show later, three of them are
really only corollaries of the first two Mill’s methods are:
(1) the method of agreement; (2) the method of differ-
ence; (3) the jount method of agreement and difference;
(4) the method of concomitant variations, and (5) the
method of residues.

The last group of methods may be called methods of
explanation. They utilize processes which are employed
1n the other methods, but they represent the means at our
disposal of getting at a complete explanation of all of the
facts connected with a given problem. Thus they attempt
a further synthesis than the methods of probability and
causality. Here four methods may be distingmished (1)
analogy; (2) hypothesis; (3) the complete metlhod of ex-
planation, and (4) the historical meithod The third of
these is really the most :mportant of all and may be called
the scientific method par ezcellence, since it combines as a
single method all of the other methods. It might be thought
that analogy should be included among the methods of
probability, instead of being put with the methods of ex-
planation, because it never gives anything more than a
certain degree of probahility. But it has usually been
employed to reach a complete synthesis of a large number
of faets, and for that reason it is rightly regarded as a
method of explanation.

This classification of the methods is really an outline
of the succeeding chapters. It may be summarized as
follows:
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A, GenesaL Basic MEerHODS
1 Observation
2 Enumeration or Simple Counting
3 Classification

B. OrEER METHODS
L. METHODS OF PROBABILITY
4. Sampling
5. Statisties
II. METHODS OF CAUSALITY (Mill's Methods)
6. The Method of Agreement
7. The Method of Difference
8. The Joint Method of Agreement and Differ-
ence
9. The Method of Concomitant Vanations
10. The Method of Residues

I0T. METHODS OF EXPLANATION

11. Analogy

12 Hypothess

13. The Complete Method of Explanation

14 The Historical Method
This is by no means an exhaustive classification of all the
methods used in scientific investigations Every science
has to develop special methods of its own DBut for the
purposes of an elementary textbook this classification is
useful Mellone calls the complete method of explanation
the Newtoman method, because 1t was employed by Newton
in his discovery of the law of gravitation Mill spoke of a
method simalar to 1t as the deductive method of induction.
Dewey calls 1t a complele act of thought But no matter
what 1t 1s called, 1t 1s undoubtedly extremely important
‘We shall now take up 1n separate sections a detailed con-
sideration of each group of methods, except the first, the
methods in that group having been sufficiently dealt with
already.?

8The article entitled “Seientific Method” in the new (14th)
edition of the Encyoclopedic Britannica 1s especially recommended to
supplement this chapter.
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CHAPTER XVII

PROBABILITY

‘‘Probability,”’ said Bishop Butler, ‘‘is the very guide of
Ihife.”” And if he had lived to see the development of sta-
tistical seience mn our day he would have realhized more
than he could possibly have realized when he wrote it, how
profoundly true this assertion 1s. Not only are we con-
stantly using such expressions as so-and-so 1s quite, or very
or extremely probable, but 1n our modern eivilization we
are constantly solving social, political and economie prob-
lems which baffled every attempt at solution at the {ime
Bishop Butler Lived. (He died m 1752) And we are
domg this by an appheation of the methods of probability.
However, before we consider these methods 1t 18 worth
while to deal with the question What 1s probability ¢ This
is an extremely important logical question which has been
answered by a very broad definition and by a much nar-
rower and more definite one. Let us begin with the former.

Probability as Equivalent to the Relativity of Knowledge

For many years a theory known as the doctrine of the
relatnnty of knowledge has been 1n vogue among logicians,
According to this theory none of the propositions which
make up the content of human knowledge can be held abso-
lutely true. On the contrary, every bit of human knowl-
edge must be treated as only probable opimion. And its
probability depends on the strength of the evidence in 1its
support. But this never reaches certamnty. If human
beings possess any certain knowledge at all it is direet

knowledge or knowledge by acquaintance, to use the termi-
229
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nology which was explamed in the chapter on mference.
Nearly all direct knowledgze and absolutely all of indireet
or inferential knowledge 1s held by this view to be merely
probable. For example, every scientific law lacks certainty
but possesses a degree of probability varying with the num-
ber of instances which have been examined in formulating
it To summarize this view in a definition “‘Probability is
a relation, essentrally wndefinable, between any proposition
and the cvidence which supports 1t’' (Keynes).

This 18 the conception of probability which dominates the
logical literature produced by the new school of realistie
logicians, which was founded by Bertrand Russell. In
his hittle book entitled Problems of Phiuosophy Russell
has a chapter entitled ‘‘Induction’’ 1n which he sueccintly
sets forth this view, and i1t has been developed at great
length m J. M. Keynes’ study entitled A Treafise on
Probability (1921). Russell says ‘‘The greater part of
what would commonly pass as knowledge 1s more or less
probable opmion ’ And agam, speaking of such every-
day expectations as expecting the sun to rise to-morrow and
the bread we shall eat at our next meal not to poison us,
he writes ‘It 1s to be observed that all such expectations
are only probable; thus we have not to seek for a proof that
they must be fulfilled, but only for some reason in favor of
the view that they are likely to be fulfilled.”” He poimnts
out that domestic animals expeet food when they see the
person who usually feeds them. But ‘‘the man who has
fed the chicken every day throughout its life at last wrings
1ts neck instead, showing that more refined views as to the
uniformity of nature would have been useful to the
chicken.’”” But the significant point 1n his theory 1s that
he treats scientific laws such as the law of gravitation and
the law of the conservation of energy as only being dif-
ferent in degree from such expectations. And this is even
true of the belief in the reign of law which we referred to
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as the law of the uniformity of nature. Conecerning such
scientific laws, he writes:

It must be conceded to begin with, that the fact that two things
have been found often together and never apart does not, by
itself, suffice to prove demonstratively that they will be found to-
gether 1n the next case we examme. The most we can hope 13
that the oftemer things are found together, the more probable
1t becomes that they will be found together another time, and
that, 1f they have been found together often emough, the proba-
bility will amount almost to certainty. It ean never quite reach
cerfainty, because we know that in spite of frequent repefitions
there sometimes 1s a failure at the last, as 1n the case of the
ehicken whose neck 18 wrung Thus probability 1s all we ought
to seek (pp 101f1)

This shows clearly how far this school of writers iden-
tifies the theory of the relativity of knowledge with proba-
bility.

There 1s much truth in this view. All logicians recog-
nize that the nniformity of nature, in the sense in which 1t
was explained imn the last chapter, has to be assumed and
cannot be established by any appeal to instances, however
numerous the 1nstances may be But it certamly is highly
misleadmng to treat the belief in the reign of law as being on
a par with a chicken’s supposed belief that the man who
has come to wring 1its neck has come to feed 1t. Can any
one really think that Newton’s law of gravitation exbits
as httle knowledge of the actual structure of mature as a
chicken has of the system of relations between it and its
owner?! Or, to put the question in more precise form-
Can any one believe that the difference between Newton’s
law and the chicken’s belief 1s only a matter of degree of
probabiity? Such a view is simply the logical consequence
of the enumerative theory of induction. If the truth of a
law of nature is dependent upon the number of instances of
the phenomenon which have been examined, then the theory
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that all such laws are only probable becomes the only pos-
sible view. But if there is an order of nature into which
the seientist 1s able to enter by careful observation, anal-
ysis and reflection, then the element of probability is no
longer significant. Tor instance, what good does 1t do to
msist on the element of probability in Harvey’s theory of
the cireulation of the blood?

However that may be, 1t 1s not justifiable to extend the
word probability to cover the degree of truth in an mdue-
tive generalization or law of nature. This 1s an entirely
different meaning of the word than that ordinarily given
in logieal discussions. The real logical meaning of proba-
bility 18 much narrower and far more definite.

The Logical Meaning of Probability

There are, in the order of nature, many extremely com-
plex phenomena and numerous relatively homogeneous
masses of material, which precisely because of their com-
plexity and great extent, are beyond the reach of the ex-
perimental methods employed 1n the exact sciences. Em-
bedded in the<e phenomena are so many and such ntri-
cately interwoven factors that the real operative cause can-
not be fully understood Even 1f 1t 1s discovered and 1ts
exact nature becomes known, the other factors present
with 1t may either entirely neutralize its effect in some m-
stances or greatly accelerate its aetivity in others. Given
such a complexity, all that can be done is to count the in-
stances when the phenomenon under investigation occurs
and the instances when 1t fails to occur, assuming that the
operative cause 1s present 1n both sets of cases, along with
varying conditions. By means of such an enumeration, and
m proportion to i1ts exhaustiveness, we can estimate the
probability of the event oceurring whenever the operative
cause 1S present. An example of this sort of phenomena is
the rise and fall in the stock and money markets. This is
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extremely susceptible to variations among highly compli-
cated forces far beyond any one’s power to caleulate or
predict. Similarly certamn conditions of the wind, tem-
perature and other atmospheric phenomena will one day
bring rain and another fair weather. In such cases count-
ing instances enables the investigator to get at a fairly
defimite probability.

Here 18 an entirely different, and a far more precise
meaning of probability than that which identifies 1t with
a relation between a conclusion and the evidence which
supports 1t. To bring the difference to sharp expression,
it should be especially noted that there is no wunwersal
generalization here to which the probability 1s attached as
a relation. In such phenomena the probability is attached
to the partscular case, and not to the general law. All we
can do 1s to say that the probability of the weather to-
morrow bemg fair or ramy 1s such and such, based on the
results of observation of previous mstances. The real log-
scal meamng of probability 1s to be found in this compari-
son of the number of cases when the event occurs with the
total number of cases, both positwe and negatie.

Three Aspects of Probability

If, now, we seek a little deeper analysis of probability,
three different aspects may be especially noted -

1. One form of probability is based entirely upon
observation and enumeration of the number of times a
given event has happened 1n the past, whenever there has
been a repetition of a certain set of highly complex ecir-
cumstances, which sometimes produce it and sometimes do
not. Suppose the event in question has happened seven
and failed to happen three times out of ten cases studied.
Then the probability is said to be 7/10. In this case the
counter probabisty is said to be 3/10. The rule for caleu-
lating the probability of an event is: ‘‘Take as numerator
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the number of times when the event has been known to
occur, and as denominator the total number observed,
both of happening and failure; and the resulting fraction
will be the probability.’’ If the probability is unity we get
the fraction 1/1 which 1s equivalent to complete certainty.
On the other hand 0/1 1s equivalent to complete impossi-
bility. All the fractions between 1/1 and 0/1 express the
various degrees of probability. This phase of probability
may be referred to as experientil probability because 1t
can only be determined by actual observation and enumera-
tion of past ocecurrences. The illustration of the weather
mentioned above exemplifies this aspect of probabihity.

2. Theoretical probabidaly 18 that which 1s based on a
deduction from the known structure of the phenomena
under investigation without regard to the actual observed
behavior. Thus we know from the nature of a penny that
the probability that a given throw will bring heads or
tails 1s one-half And we know from the nature of dice
that the probability of double sixes is 1/36. It is in dealing
with such phenomena that we get what 15 known as the
calculation of chances. In such calculations a common fal-
lacy 1s to assume that the probability becomes greater that
the next throw will brmg double sixes because, say, thirty-
five throws have been made without double sixes appearing.
Unless the dice are loaded the probability of each and every
throw 1s 1/36, and this does not change. Even though one
hundred throws were made without the appearance of double
smxes the probability that the next throw would yield double
sixes remamns 1/36 For the probabihity mn such cases 18
not determined by the number of throws, but by the nature
of the dice. Theoretical probability is usually restricted
to artificial phenomena such as the various gambling de-
viees.

8. Probebility as Applhied to Aggregates. We have to
distinguish between probability as applied to aggregates
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and as applied to the individual instances in an aggrega-
tion. For what is only probable as apphied to an individual
in an aggregation, may be a practical certamnty as applied
to the aggregation. For example, it is known by statistical
nvestigations of large numbers of cases that the number of
children who reach the age of sixteen 18 three fourths of the
number born. And it would be a praectical certamty that
one fourth of five thousand children born in a given local-
ity would die before the age of sixteen. But we could not
say of any child among five thousand that 1t would die be-
fore sixteen yecars of age. In other words, what 1s only a
probability for the mndividual 1s a eertamty for the aggre-
gate. This has been expressed as a law- ‘“While 1n a
small number of cases there 1s irregularity mn the observed
ratio between the number of times a given event has hap-
pened and 1its failures, still 1n a large number of instances
this ratio tends toward a constant himit.’’?

An excellent 1llustration of this law is to be found in
the attempts of Quételet and Jevons to verify theoretical
probability by observation and enumeration of large num-
bers of instances. Thus, Quételet made 4,096 drawings
from an urn containing 20 black and 20 white balls. Theo-
retically, this should have yielded 2,048 of each color. The
actual drawimngs resulted m 2,066 white and 2,030 black
balls. Jevons made 20,480 throws of a penny and the re-
sult was 10,353 heads and 10,127 tails. This shows that
when a sufficiently large number of 1nstances are taken
into account the probable laws approach complete cer-
tainty, The results are sure to approximate a definite
ratio, and, according to the law stated above, the larger
the number of instances the nearer the approximation to

1 See J. G. Hibben’s article, “Probability,” in the HFnoyolopedia of
Relhigion and Ethics 1 am indebted to this article for some of the
facts and 1llustrations used in this and the preceding paragraph.
Used by permussion of Charles Scribner’s Sons
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such a constant ratio. It is for this reason that statistieal
investigations are so extremely important 1n fields where
the phenomena are highly complex. Insurance companies,
for example. are gble to do business because what wounld
be a serious rick as regards the individual ceases to be such
when large rumbers ara involved For the American Ex.
perience Table of Mortality shows that the death rate ap-
proximates a constant rattzo. We shall take up more in
detail the value of statistics after we have considered the
methods of probability.

The student should espeeially note that probability as
applied to large aggregates and masses of faets 15 really
an extension of the experiential type of probability in
which relatively few mnstances are examined and that such
an extension has to be made whenever we attempt to verify
to the very limit theoretical probability Of the three as-
peets of probability, its application to aggregates is by far
the most important Probability 1s knowledge of the actual
ratio of variability between positive and negative mstances
of a large aggregate Such a vamability determined either
by extensive enumeration of members of the azgregation
or by deduction from the known nature of the collection
under consideration, 1s expressible as a law of the behavior
of the separate members All such laws are spoken of as
probable laws to distinguish them from laws of nature such
as the law of gravitation, which are invanable in the sense
that the events or instanees which they govern are all, so
far as is known, positive. Since the events or instances
with wh:ch probable laws deal are known to be both posi-
tive and negative, these laws possess certainty for the ag-
gregate or total collection, but only a degree of probabulity
for any particular member of the collection.



CHAPTER XVIDL .

THE STATISTICAL METHODS

The General Nature of Statistics

The methods by which probable laws are determined are
usually spoken of as staitstical methods, or stmply as sia-
twstics. The word comes from state. As modern states
grew in complexaty 1t became necessary to devise methods
for collecting, arranging and drawing inferences from
large masses of data of various kinds. Consider, for ex-
ample, such a problem as takmg a census of a nation Now
such data gradually came to be known as statistical data.
An extension of the meaning of the word to all complex
Phenomena m which 1t 15 impossible to get at the actual
causal connections was the next, and a perfectly logical
development of statistical theory. Thus the general field
which we have described as probability, in the precise log-
1cal sense of the word, came fo be regarded as the natural
suhject matter for statistical investigation. Hence the
rather vague phrase, statistical methods, has eome to mean
the very elaborate technique, chiefly mathematical, which
has been worked out to deal with large aggregates or masses
of phenomena. This technique has been very fruitfully
employed m such sciences as psychology, education, eco-
nomies and sociology, but it has also been used to advan-
tage in solving certain problems in physics, chemistry,
mechanies and astronomy. It is not possible in an ele-
mentary textbook in logie to give a satisfactory treatment
of the detailed methods which constitute statistics. In fact,
statistics has become a separate science which requires a
whole book for its exposition. AIl that can be done here

is to present the broad outlines of the method.
237
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To do this, 1t seems best to distinguish two different types
of statistical method. One is the method of sampling and
the other 1s the statistical method proper.

The Method of Sampling

1. Natural Samples. The method of sampling was orig-
ally restricted to the taking of samples from a large and
relatively homogeneous mass of material and using them
to judge the quality of the entire mass. In the commercial
world a prodigious amount of business is conducted by the
use of samples Let us call this natural sampling to dis-
tingwish 1t from the later development of the method It
rests upon the assumption that the whole will be like the
samples

It is obvious that the validity of this inference depends
on how the method is applied. Two important require-
ments must be met (a) The selected instances must be
what are known as ‘‘fair samples.”’ Hence great care must
be used 1n selecting the samples 1f this method 1s to have
any logical value. Three devices are employed to guarantee
that the samples will be fair 1In the first place each sam-
ple 1s drawn af random from the mass of material. This
means that no subjective prejudice of the investigator
should enter in choosing the samples. The aim should be to
select samples as nearly representafive of the entire mass
as possible In the second place each sample must be chosen
mndependently of every other sample. The careful obser-
vation of the samples must be delayed until all have been
selected to avoid letting what is known about those selected
first influence the selection of later samples. The third
device is to sample the samples This means mixing up
the samples as thoroughly as possible, for example pulver-
izing the samples of coal taken at random from a carload,
and then selecting a second set of samples from the new
mass. These may then be subjected to chemical analysis or
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to any other form of careful inspection. When these three
devices are properly employed fair samples are reasonably
certain. (b) The vahidity of the mference from the sam-
ples to the entire mass depends also upon the whole set of
samples being a fair proportion of the total amount of ma-
terial being sampled Suppose there are forty tons of coal
in a car to be sampled Then two or three samples would
hardly be enough for a fair proportion Let us say that
at least one sample per ton of coal should be drawn i the
first sampling. In sampling these samples, fewer would
suffice. The larger and the more extensive the mass the
more samples needed to justify the inference. It follows
that sampling has little value when the mass of material is
of unlimited extent. That is why the samphng form of
the enumerative theory of induction is unsatisfactory. The
total number of events to which each scientific law refers
is always so vast that any finite number of samples would
be too small a proportion of the total to justify the in-
ference

To show that the method of natural sampling has been
fruitful 1n scientific investigations, I quote from Huxley’s
famous essay entitled A Piece of Chalk

Tt became desirable to ascertain and to indieate the nature of
the sea bottom, since this cireumstance greatlv affects its goodness
as holding ground for anchors . Lieutenant Biooke, of the
American Navy, some years ago invented a most ingemous ma-
chine, by which a considerable portion of the superficial layer of
the sea bottom can be scooped out and biought up from any
depth to which the lead descends In 1853, Lieutenant Brooke
obtained mud from the bottom of the North Atlantie, between
Newfoundland and the Azores, at a depth of more than 10,000
feet, or two miles, by the help of this sounding apparatus The
specimens (samples) were sent for examination to Ehrenberg
of Berlin, and to Baiey of West Pomnt, and those able miero-
seopists found that this deep-sea mud was almost entirely com-
posed of the skeletons of limng organisms—the greater propor-
tion of these being just like the Globigerine already known to
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occur in the chalk. Thus far, the work had been carried on simply
in the interests of science, but Lieutenant Brooke’s method of
sounding acquued a high commercial value, when the enterprise
of laying down the telegraph cable between this country and the
United States was undertaken For i1t became a matter of 1m-
mense 1mportance to know, not only the depth of the sea over the
whole line along which the cable was to be laid, but the exact
nature of the bottom, so as to guard against chances of cutting
or fraying the strands of that costly 1ope The Biitish Admr-
alty, therefore, ordered Captain Dayman to ascerfain the depth
over the whole line of the eable, and to bring back specimens of
the bottom He performed the task assigned to him with great
expedition and piecision The result of all these operations 1s
that we know the contowrs and the natme of the surface soil
covered by the North Atlantic for a distanee of 1,700 miles from
east to west, as well as we know that of any part of the dry land

It 1s a prodigious plain—one of the widest and most even plans
in the world.

Huxley proves here conclusively that we possess almost
certain knowledge of the nature of the floor of the Atlantie
as a result of the fair samples of the deep-sea mud brought
to the surface by Lieutenant Brooke’s sounding apparatus
No better illustration could be given of the value of natural
sampling in extending human knowledge.

2 Artificial Samples. In recent years the method of
sampling has been greatly extended by investigators con-
strueting artificial samples and using these as standards of
measurement or as the basis for inferences Information
gained by careful observation of numerous instances is used
to construet a test, embodying what the investigator regards
as a representative sample. This test is then used to rate
individuals But artificial samples need mnot be tests.
‘Whenever an mvestigator in any field construets a sample
by controlling the conditions, instead of drawing ns sample
directly from nature, this method is being used. For ex-
ample, a biologist grew sample colonies of flies in milk
bottles to determine what happens when the number of flies



THE STATISTICAL METHODS 241

in the colony becomes so great as to exceed the food supply.
And a geologist ssmulated field conditions in his laboratory
by rotating grains of sand in bottles to determine how sand
produced by wind action on sandstone differs from sand
produced by the action of water,

‘When employing the artificial sampling method how can
an investigator make sure that his artificial samples are
really ‘‘fair samples’’? 1t 1s obvious that the difficulty
here is greater than it 1s in the case of natural sampling
of a homogeneous material. In fact there are two difficulties
involved here In the first place the constructed sample
may not be properly put together, or important i1tems may
be omitted The field conditions may not be correetly simu-
lated but may be oversimplhfied In the second place, even
though a constructed sample 1s truly representative, 1t may
not be satisfactory from the standpoint of mndividual cases.

In mental tests the first of these difficulties is dealt with
by using the test on a few cases for the purpose of standard-
izing it. By this means the value of the test may be deter-
mined before it 1s used to establish definite ratings And
the second difficulty 1s overcome by giving what is called
a battery of tests, and securing an average rating by giving
various values to the score on each test in the battery. Or
the score on the tests may be supplemented with informa-
tion gained from questionnaires or in various other ways.

By such means educational and vocational tests have
become widely recognized as possessing high value 1n se-
leeting individuals from a mass of applicants, as well as 1n
the placement of individuals after thev are selected Most
umversities, eity school systems, and large mdustries are
using this method with conspicuous success The following
passage eontamns good examples and indicates the impor-
tance of this method in present day research.

Thus a truck driver is measured in trade skill by having him
mske a sample trip, accompanied by the judge. But the tests of
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different men, 1n different encumstances, and 1atings by different
judges, are given obhjective character and definition by therr
adhering to the general principles of a mental test A standard
outfit, standard trip, specified sitmations and emergencies, pre-
sciibed methods of scoring and of interpreting the score, give
1esults that have a vahdity far exceeding that of the mere subjec-
tive opinion of an inspector The “performance test” for gen-
eral black<moiths neatly illustiates the method of samphng,
masmuch as only one of hundieds of possible tasks 1s nused But
the task 15 so chosen as to have demonstrated value in differen-
tiating the varlou- skill levels 1ecognizable m the tiade It 1s
thus a sigmficant sample and serves as an mdex of the total
equipment of information and skill possessed by the candidate
In this test, standard equupment, materials and tools are provided,
~tandard mstructions formulated, and a standard scoiing plan
prescrthed The ecandidate, presented with a blue-print specifica-
tion for the making of a twisted hook of definite shape and size,
canies out to the hest of lus ability the varlous processes ot
prepaing, welding, twisting, punching, and bending the matenals
provided, so as to make a product conforming to the specifi-
cation.!

The Statistical Method Proper

The statistical method proper involves four separate
steps Sinee the method of sampling 1s sometimes used m
one or another of these steps, i1t ean be regarded as a sub-
sidiary process within statisties But imasmuch as it 1s very
often used apart from the more involved method of sta-
tisties 1t 18 justifiable to treat it as a separate method How-
ever, the fact that 1t 18 sometimes used as a subordinate
phase of the statistical method proper proves that the latter
is much more important and also far more complicated

1 Classificatron. At the outset of a statistical investi-
gation 1t 1s necessary to arrange the phenomena under
consideration mto several different groups known as classes
What the classes are in a given case will be determined
primarily by the purpose of the investigation Indeed the

1H L Hollingworth, Judgimg Human Charaoter, pp. 155f
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same mass of phenomena can be classified 1n various ways,
and actually are so classified according to the angle from
which different investigators approach them. Sometimes
it requires long study before suitable classes can be made.
Even the sending out of a questionnaire involves careful
study, for here each question 1s really a class, and the
separate answers obtained from different mdividuals are
the data for each class Asking the right question 1s not
easy. Yet this 1s usually much easier than classifying
properlv as a preliminary to an extensive survey, such as
that of all the edueational institutions of a state

2 Enumeration After provisional classes are carefully
distinguished, the investigator is ready to enumerate in-
stances of the phenomena coming under each class Such
an enumeration should be very extensive 1In fact, the
more exhaustively the data are enumerated the better, for
we saw above that the probable law whieh 1s based upon the
most extensive enumeration 1s the most certam It 1s this
second step 1n the statistical method which 1s usunally spoken
of as gathering the staiistics, Consider, for example, the
way the Departments of Agriculture and Commerce of the
United States are continually gathermg statisties 1 crop
surveys and reports of imports and exports.

3. Oidering the Data After the statisties are gathered
1t 18 necessary to arrange those for each class mto a
serial order 'This 1s extremely important for it 1s an
indispensable preliminary to the drawing of definite con-
clusions from the data. That the final results may be really
trustworthy the same principle should be used to order
each series. But the data may be reordered by some other
prmciple. The prineiple or principles actually used in
ordermg a series of statistical data will be determined by
the kind of information which is wanted. Thus this step
is similar to classification, only it follows, instead of pre-
ceding, the gathering of the data.
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4, Correlation of the Separate Series The final step in
the method of statisties 1s to correlate the separate series.
To borrow an expressive phrase from William James, ‘‘this
is where the investigator begins to taste the milk in the
coconut.’”’ For 1t 1s only after the correlating 1s completed
that he learns the actual extent of the connection between
the various sets of facts The ratio or percentage thus
obtained is the exact expression of the probable law or laws
which tontrol the phenomena under consideration

Karl Pearson’s formula for working out correlations is
generally applicable and 1s widely used, although there are
other formul®. It 1s as follows-

__ Zay (o,,-= N2, o — \/zy=)
n

2
n0;0y "
r is the symbol for the coefficient of correlation, that is, a
pure number 1ndicating the degree of relation between the
two variables which are being correlated It may vary
from -} 1 to — 1, the former coefficient indicating a perfeet
positwe and the latter a perfeet negative correlation 0 18
the coefficient of correlation when there is absolutely no
relation between the two arrays.

z stands for the deviation of any item of the first array
from the arithmetic mean of all members of that series, and
y stands for the dewation of any item of the second array
from the arithmetic mean of all members of that series.
% stands for summation Henee the numerator of the
formula means the sum total of all the products obtained
by multiplying each item of the z series with its correspond-
ing item of the y series.

g, and o, are the respective standard deviations of the two
series, and, as the formule indicate, they are found by
squaring each of the figures in the z and in the y series,
adding these squeres, dividing the result by the number of
items (n) and taking the square root of that When o, and
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oy are determined, they are multiplied together and this
product 1s multiphied by the number of items (z). This
gives the denominator of the Pearson formula. Diwiding
the number obtained for the numerator by that obtained for
the denominator gives r—the coefficient of correlation.

SimpLe CoORRELATION PROBLEM

Ttems Weight | Height | = y oy | =2 = y?
4 152 68 —5b 0f 0.1 25 0
B 154 65 —3| —3] 9 9 9
c 156 67 —1] —1| 1 1 1
D 163 69 6 1) 6 | 36 1
E 160 71 3 3| 9 9 9
5 [785 {340 25 80 20

157 68

157 = the arithmetic mean for weight.
68 — the arithmetic mean for height.
—6, —8, —1, + 6, 4 3 = the deviations of 4, B, C, D, E
respectively from the arithmetic mean for weight.
0, —8, — 1, 4 1, 4+ 3 = the deviations from the anthmetic
mean for height.
n =5 Zzy = 25, Zz% — 80, Zy? = 20.

2 25 B __B_
,so,’@ 5y/16/4 BX4x2 40
5 '5

The rehability of this coefficient of correlation may be
determined by the formula for probeble error:

—2 —_ 6 67
P. Bir— 6762 gr51— 2% 5 X 6094

v n \ / b o 2-236
This would mean that the chances are even that the true

correlation for the above simple problem is between .44 and
.80. The high probable error in this example is due to the

=.18
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small number of i1tems and proves the necessity for adequate
data.

The conclusions reached by the statistical method are
frequently best presented in tables, graphs, or charts The
student should note such presentations of statistical data in
magazines, newspapers, and textbooks.

The Values and Defects of Statistical Method

Just vat present, the statistical method is mm high favor
among scientists 1n fields such as psychology, soeiology and
econormes Older methods have been discarded, and men
are applying the method of statisties to fields of study to
which no one even thought of applying 1t two decades ago.
Indeed, many investigators use the word statistical as
synonymous with scientific method In certain fields no
one is regarded as seientific who is not an adept in the use
of statisties.

Now, although recognizing the great benefit that has
come to mankind as a result of the discoveries made by the
statistical method, every logician 1s in duty bound to pomnt
out that the widespread vogue of statisties to-day is, to a
certain extent, a passing fad, and that many so-called
seientific discussions based on statisties are arbitrary specu-
lations which are almost the polar opposite of what a scien-
tific discussion should be. ‘‘Figures do not he, but hars
figure,’’ is a popular proverb which has a special applica-
tion to many statistical investications There are two
treacherous sources of fallacy which must be guarded
agamst In the first place, the investigator must be sure
to take enough instances into consideration to make his
conclusions reliable. Many conclusions which are heralded
as new discoveries are based on insufficient statistics See-
ondly, the statisties are not always fair They are some-
times gathered to support a preconceived idea. Other
statisties, equally reliable, could he gathered to prove the
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exact opposite. It is easy to overlook the part of the faects
which are agamst one’s own view. No genuine scientist
ever makes hasty generalizations from statisties ecovering
only a part of the field, but 1t must be admatted that pseudo-
scientists do

Tramned statisticians are seldom guilty of overestimating
the value of statisties They realize that all such studies
are dealing with probability, and are hardly to be com-
pared with the results reached in the exact sciencew The
great English statistician, Yule, gives as fair a statement
of the real place of the statistical method as could be given.
He writes

Statisties should he regarded as aneillary, not essential They
are only essential wheie the subject of investigation 1s itself an
aggregate, as a swarm of atoms, or a crowd Statistical
methods are only necessairy n so far as experiment fails to
attain 1its 1deal, the 1deal of onlv permutting one causal cireum-
stance to vairy at a time And 1t should always be the aim of the
expelimenter not to revel in statistical methods, but steadily to
diminich by continual improvement of his experimental methods,
the necessity for then use and the influence they have on his
conclusions Statistical methods are not only ancillary, they are,
to the experimenter, a waining of failure?

Yet, although admitting that ‘‘statisties are very human’’
and hence may he, if the human manipulators of them wish
to deceive, we must not forget their great value when
properly used. ‘‘Inke dynamite in the hands of a mining
engineer, they have a force and power which exeite admira-
tion when they are used, as modern business is tending
more and more to employ them, to blast away dead rock
and strike to the new, rich veins’’ As this comment
suggests, one of the great values of statisties is to give us
a comprehensive grasp of actual facts that are so complex

8 British Journal of Psychology, Vol. XII, pp. 106 f.
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as to be unmanageable by any other method. The knowl-
edge which statisties give us of social and economie condi-
tions is far better than the complete absence of knowledge
which exists in the minds of those who have never
attempted to understand the problems And in the second
place statisties are guides to action They make it possible
to predict the future with considerable accuracy. As the
American statistician, Horace Secrist, has well said - ‘‘The
old 1dta was to regard statistics as records, and their
analyses as a means of explaining past performances, but
not as a means of determining future activity ’’ But dur-
ing the war the Federal Trade Commission, The War In-
dustries Board, the Army and the Navy, began to use sta-
tisties and statisticians ‘“for developing constructive plans
and testing the degree to which these plans were realized in
actual performance ’’ Statisties are the lanteins by which
we light our way through the dense darkness of the future.
Then, too, they frequently suggest causal conneetions which
would otherwise remain hidden. The actual presence of
these causal connections can then be worked out by experi-
ment It is this that Yule had in mind in referring to
statisties as ancillary. They are valuable to the experi-
menter because they suggest to him fruitful hypotheses
which ecan be worked out by other methods.

Exercise XIIT

1. Criticize the following examples of the method of sampling,
with special reference to whether they conform to the rules for
a fair sample Distingmsh the examples of artificial samphng
from those of natural sampling

(a) Having found that bacteria cepable of attacking organic
antiseptics occurred in Rothamsted soil, 1t was necessary to decide,
firstly, whether similar orgamisms were common 1 other soils, and,
secondly, which of the various bacteria 1solated were of chief 1mpor-
tance 1n causing these antiseptics to decompose in the soil 1tself.
To settle this first question, about 150 soil samples were collected,
with precautious to exclude outside contaminetion, from a wide area
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in Great Britain, and the phenol, cresol, and naphthaline bacteria
were 1solated from them It was found that, although some 200
stramms of antiseptic-decomposing bacteria were obtained from over
thie wide area, they fell into four main groups, three of which had
already been found in Rothamsted sol (Discovery, Vol IV, pp
164 f)

(8) In connection with the recommendation of clerks and assist-
ants from among the boys 1n commercial high scliools, 1t 18 common
to test their abhility from time to time through their course by
assigning them small pieces of work <umilar to that which they
might later be required to pemiform in business offices and .shops
Finding addresses and mumbers in a tclephone directory,“carrying
out imvolved verbal instructions and dnections from memory, com-
puting ecalculations, recommending action on the baus of their
figures making out a trial bhalance, a tiial chemical analysis, are
common forins of this tvpe of test In certaimn cases such specimens
of work haie been devised 1n or taken into the psychological
laboratory and the worker watched more closely and measured
more exactly (Hollingworth, Judging Hun.an Character, p 153)

{c) German gas shells containing hquid gas were developed from
shells contaiming powdered irritants The liquid irritants used were
xylyl bromide and xylylene dibromide, known as T-stuff, and bromo-
acetone and brominated meihyl ethvl ketone, known either as B-
stufl or Bn-stuff Sample shells were made containmng those liquids,
and when they were exploded the tests showed them to be far more
effectie 1n 1ntensity and lasting qualities of the gas than the shells
were which contained pondered irritants  Specrallv arranged ~hoots
demonstrated that such liqu:d materials could be used 1n shells with-
out 11olating the laws of hallistics, although this was contraiy to the
belief of experts on ballisties

(d) A Britich engmeer, Lt Livens, developed the famous Livens’
Projector to meet the Gelman gas warrare Ailer a few months
study of the problems mmolved mn this type of waifare he con-
structed a crude sample shell Yhen he exploded this shell he dis-
covered that the use of oil for flame would make a better projector,
and 1n the emeigency of a battle he built a few crude projectors,
using o1l cans as mortais, burying them in the earth for two-thirds
of thewr length and employing water cans as bombs From such
crude samples the Liven’s Projector evolved It consisted of a simple
tube mortar or projector, closed at one end and fitted with a charge
Lox on whieh the projectile 1ested It played an important part in
the winming of the war by the Alhes (Adapted from Victor
Lefebure’s The Riddle of the Rhine, pp. 60f Published by The
Chemical Foundation, Inc The preceding example is from p. 40.)

2. Apply the Pearson formula to find the coefficient of cor-
relation between the two columns in the following table. Then
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find the probeble error of the coefficient of correlation, using the
formula for probable error,

TaeLe I
Scores of Grade 6A Pupils on Readmmg and Arithmetw Tesis
. Reading | Arithmetic Reading | Arithmetic
Pupil Test Score | Test Score Pupil Test Score | Test Score
1 “~d 182 208 8 176 184
2 ) 143 200 10 171 180
3 146 168 11 175 208
4 150 196 12 155 172
5 144 188 13 111 184
6 168 160 14 184 152
7. 163 152 15 149 204
8 181 168 16 121 152

3. The following 1s a ecritieism of an atfempt to solve a
certain problem by statistics. State the problem and give the
reasons why 1t can not be solved by statisties.

It is obviously impossible in general to compare heredity and
environment by expiessing them i1n common umits Some statisti-
cians have therefore sought to avoid the difficulty by measuring the
extent to which variation of a character 1s correlated with 1ts
variation in parents and with differences in the environment There
are, however, two difficulties with this method In the first place,
the correlation between traits mn parents and offspring 1s not nee-
essarily a measure of the strength of heredity the correlation
between the language of father and son would be very high, but
1t 15 due to smmlarity of environment In the second place the
result holds only for the range of environment and heredity studied;
even 1f 1t be demonstrated that existing differences 1 environm-
ment do not alter a character more than a certain amount, 1t does
not follow that the character cannot be altered further by other
environmental differences  Before the antitoxin treatment of
diphtheria was discoveled 1t would have been correct to say that
no environmental agent was koown to be capable of preventing the
disease, but 1t would have been fallactous to infer that diphtheria
could not be prevented by environmental agents as yet unknown,
and to conclude that only by breeding for a hereditary immunity
could 1t be stamped out (Alexander Weinstemm 1 Chemisiry
Mediowne, pp. 68f Published by The Chemical Foundation, Ine.,
New York.)
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CHAPTER XIX
CAUSALITY

CavusAvLITY, as William James has well said, is an altar to
an unknown god. For 1t 1s a conception which dominates
our thinking to an almost unbelievable extent, and ﬁ'f every
attempt to comprehend its inner nature 1s eonfronted with
overwhelming difficulties Causality is another one of those
peculiar things to which St. Augustine’s principle 1s appl-
cable: ‘‘If you ask me what causality 1s I do not know, but
if you do not ask me I know.”” Yet 1t 18 the business of a
logician to throw what light he can on such concepts. What,
then, 1s meant by such terms as cause, causaiion or causal-
ity? What is the actual reality to which such terms referf

The Law of Causation

The first essenfial to the understanding of causality is to
distinguish earefully the so-called law of causation or prin-
ciple of causality from concrete causal relations. Accord-,
mg to this law or prineiple, every event which happens in
the unwerse 1s the result of some previous event or events
without whach it could not have happened, and unih whic
being present, it must happen. Many discussions of eausal-
1ty are primarily concerned with this law., How to prove it,
or whether it can be established inductively or by experience,
is one of the problems. Whether 1t is a purely man-made
principle, or, on the other hand, an expression of the ae-
tual nature of things is another much-argued point. These
questions were considered somewhat in our discussion of
the assumption of induction, and we shall return to them
again in our account of the nature of explanation. For it

is generally admitted that the law of causation is equivalent
253
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to the law of the umiformity of naturc which was inter-
preted above. In fact, I regard these phrases as strictly
synonymous. The law of causation 1s simply another way
of stating the basic assumption behind all science. Its very
essence 15 an 1msistence upon the umiversality of the reign
of law, and science cannot move an ineh without making
this assumption.

‘What we are here concerned with, however, is not this
universa: primeiple according to which causal relations are
held to be absolutely limitless in their extent, being co-
extensive with the whole of nature, but with what 18 meant
by any particular causal ncxus We are here ramising the
question of the nuiure of a causal nexus, rather than the
question of the ralidily of the law of causation or the prm-
ciple of causality Just what 1s meant by saying that one
thing or event causes another or 1s the effeet of another—
this 1s the question with which we are conceined

Now, 1t 18 generally agireed among logicians that causality
18 a relation. It comes under the category of relation. But
just what kind of a 1clation 15 1t’ Iow are we to conceive
of 1ts mner nature” This 1s the real causal problem with
which we must wiestle. The problem connected with the
law of eausation 13 quite different from this, being one with
the problem of the mductive leap or the basie assumption
of mduection. That question 1s not here raised because we
disposed of i1t above. What we now are seeking 1s a defi-
mition which will state the essential mtensive nature of the
unknown god called causahty.

A Critical Analysis of the Conception of Causation

Let us begin with the notion of cause held by the ‘‘man
i the street,’’ the naive person who has never studied the
question but who constantly uses the concept. And to take
a specific instance, What does the average person mean
when he says that a stone is the cause of a certain broken
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window pane? Now he means at least three dafferent things,
an acecount of which will lead us into the very heart of the
problem and difficulties of causality. Of course, he may
not be conscious of meaning these things every time he
uses the word cause, but 1f he is pressed these are the things
he will insist upon.
In the first place, he means that there 1s some power or
energy resident in the stone, which 1s released so mehow
€ event known as the striking of the glass, a®d, being
released, produces the effect of breaking the glass Thus
the moving stone is one event, its contact with the glass
being the culmination of that event, and the breaking of
the glass is another event. The former 1s the cause and the
latter 18 the effect. Every cause 1s assumed by the man in
the street to be a certain amount of released energy which
eflects something. Note how this i1dea 1s inherent in the very
word effect. Perhaps this conception of cfficient action 1s
the most prominent element 1 causality so far as the man
m the street is concerned
And in the second place, this view 1mplies also the idea
of a mecessary conmeciion between the two events, between
a moving stone striking a glass with sufficient foree and the
glass breaking. This necessity means 1nvagrigabiaty, Cause
and effeet are so related to each other that whenever the
cause oceurs the event known as the effect must also oceur,
unless prevented by what are kmown as counteracting
causes. Qiven an effect and a cause must be lurking near.
@iven a cause and we may be sure of some effect taking
place. One cannot exist without the other. For instance,
if some magician in a vaudeville performanece hurls what
looks to be a stone with great force against what looks to
be a pane of window glass, and the glass does not break,
the man in the street will say that it is a trick. Either it
is not a real stone or it is not a real pane of glass, or the
stone did not actusally strike the glass, or something else
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has entered in to prevent the causal operation from taking
place. This conception of necessary connection between a
cause and its effect 18 a very essential element in the
popular conception of causality.

The third element 1s temporal sequence. The cause pre-
cedes the effect. The effect follows the cause. According
to the man in the street the glass will not break until after
1t 1s\.s_truck by the stone. The causal relation mvolves a
defimiteé’ and an 1rreversible temporal sequence such that
cause must stand first and effect second, cause must precede
and effect follow. Eien when the two seem to be simul-
taneous the man in the street thinks that there 1s a succes-
sion mvolied, only he would say that the interval of time
between the stone striking and the glass breaking 1s so small
that no timepiece ecan measure it. Behind the temporal
sequence idea 1s the tacit assumption that the world 1s made
up of 1solated events, following one another in rapid se-
quence, but still readily distinguishable from each other
and forming a causal series. Hence this theory has been
well characterized as the ‘‘bead theory of causahty,’’ the
causal series being like a string of beads. The 1dea that the
cause must precede and the effeet must follow really mixes
up the 1dea of necessary connection with the 1dea of tem-
poral sequence, but the two are distinct elements i the
popular conception of causahty.

‘What, now, 1s to be thought of this apparently plausible
account of the nature of causality which the average naive
person holds? Is it tenable, or does subjecting it to eriti-
cism make it fall like a house of cards?

‘Well, 1t 1s obvious that the notion of there being a power
in the stone which produces the effect 1s a very erude 1idea.
In fact, 1t 15 on a level with the idea uf the savage known
as animism—the belief that everything is alive like him-

. self, and it is simply a survival of that 1dea. For it un-
doubtedly comes from our own erperience of ezerting ef-
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fort when we produce a certain effect, or from our feeling
of restrain? when something prevents us from domg a
thing. Certain it 1s that we are here explaining one mys-
tery by another, for, as David Hume pointed out, ‘‘the
connection between the movement of my limbs, and what I
regard as the psychical cause thereof, 1s no more mtelligible
to me than that between their movement and the movement
of a body which they strike.’’ And, in any case, we cannot
see or perceive the power 1n the stone which 15 supposed to
break the glass. Then how do we know it 1s there? The
human mind 1s ineapable of forming any conception of an
““influence’’ passimng from the cause over to produce an
effect. And even though it were possible to form a clear
conception of 1t, how would this help us to comprehend the
nature of causality? 1t 1s a one-sided view which attempis
to make the causal relation wholly dependent upon the
cause. ‘‘So long as the cause 1s looked upon as what, by
its action, exclusively determines the nature of the effect
in a purely passive object, efficiency 18 perhaps impossible
as well as mnconceivable The action of 4 on B cannot be
grounded 1 A alone; the change attributed to A as cause
must be determined mn part by B also. For it depends
upon the nature of B how B will behave under 4’s action.
The sun which softens wax hardens elay The popular view
of causal action, 1n grounding the change of B entirely in
4, 18 therefore one-sided. The action must be reciprocal.
In physies this receives expression in Newton’s third law
of motion. ‘Action and reaction are equal and opposite.’
Causation, then, 1s 1nteraction, cause and effect are simul-
taneous; the effect 1s not contained in the cause; there 1s
not d'passive factor.”’* Hence this part of the popular ne-
tion of cause is full of obscurities.

1F. R. Tennant, in the article entitled “Cause,” in Encyclopedsa of
Relgion and Ethics This and the quotation from Tennant below are
used with the permission of Charles Scribner’s Sons.
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In like manner, David Hume and John Stuart Mill tried
to elimmate from the conception of eausallty the m
mnnectmn, but with less success Hume says
tlﬁﬁﬁ?necessﬁy which we mfer to exist between a cause
and 1ts effect 15 entirely due to custom or habil. Because
we have seen one thing follow another many times in the
past, we expect 1t to follow agam when the cause recurs.
In answer to this, 1t should be pointed out that we speak
of a thivr as a cause m umquc cases where the particular
thmg m question was never before cxperienced. And we
tlo so sumply because we recognize the existence of a neces-
sary connection in the situation. DMill follows Hume m
stripping from the popular eonecption of causality the idea
of necessary econnection, as well as the 1dea of a power to
produce He defines a eause as an ‘“mnvariable antecedent,”’
which 1s zlso ‘““unconditional.’’ But the words invariable
and unconditional are really synonyms for necessary &oti-
nection -~ Hence hus attempt to eliminate from the concep-
tion of cause this 1dea of necessary connection fails ‘‘We
do mean something by the words necessify and connection
and know what we mean, even though we are unable to see
between what changes m a changing world connection lies
Within the fields of geometry and mathematies, and m
philosophical mquiries, we see this necessarily to involve
that, and the connections are apprehended with their terms.
In that which changes we realize that there must be eon-
nection between successive states, without knowing what
18 connected with what, we understand that a cause pro-
daces 1ts effect necessarily, without understanding that 1t
must produce just this or that effect’’ (Joseph, p. 406). In
this sense, then, the 1dea of necessary connection can and
must be retained as one of the essential features of the causal
relation.

But what about temporal sequence? According to Mill
and Hume this 1s the very life blood of causal relations.
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But in the hght of modern knowledge their view is highly
questionable. The new 1dea of time or duration as a con-
tinuous process, or, more briefly, the idea of continuity,
makes it 1mpossible 10 conceive of any separation between
eause and effeet. The causal relation must be strictly con-
tinuous. This makes it impossible fo separafe the cause
from the effect, as beads on a string are separated ‘‘A
body, A, cannot be said to act causally on another, B, if,
while 4 18 changing, B 1s not A cause 15 a cauge ¢dly in
so far as, and at the moment mn whieh, 1t produces its
effect, just as a soldier 1s a target only when he 1s being
the objeet of a marksman’s aim. If causation is produc-
tion of change, then cause and effect would seem to be
necessarily simultaneous. We speak, indeed, of the swal-
lowing of poison as the cause of a subsequent death, but m
thus singling out one event 1n a series and calling it the
cause of a later one, we are using language which may be
convenient, but which is certammly arbitrary and inacecu-
rate Between the act of swallowing and the cessation of
Iife, a physiologist could distinguish many successive events,
each of which may equally claim the title of cause of the
final effect. Indeed, every event permits of conceptual
division into parts, ad inmfinitum; 1t is really a system of
events, and these are agam systems of a higher order.
Science resolves planets, for mnstance, into atoms, and these
mto electrons, a flash of light into waves caused by vibra-
tions’’ (Tennant). Here is brought out the fact that the
idea of cause has to give way to the idea of system—our
inferential whole or implicative system, The real meaning
of the causal relation is this idea of an underlying system
in which the connection is grounded.
Summing up the above discussion, we may say that a
ausal relation is a continuous connection within a series of
vents constituting an implicative system, some of which

imay be singled out_as constitnting the cause and others as
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constituting the effect. The important element 1s the neces-
saTy connection which forms the continuity in the series.
This 1s the modern conception of causahty. Wherever o
constant coezistence or a regular sequence wm evenils ndi-
cates a necessary connection the events in guestion are said
to exhibit the causal relation. This 18 the real meaning of
causality 1 science.

Diffiorrlties in Determining Causal Relations

The aciual existence of a causal relation 1 a given group
of phenomena 1s frequently exceedingly difficult to deter-
mime., Mill’s experimental methods are formal statements
of the methods employed by seientists in determining causal
relations, but before explaming them let us consider three
difficulties which are often met with m applymmg them to a
conerete problem.

1. In the first place, we sometimes meet with what is
known as a reciprocity of phenomena. This really means
that the causal relation 1s hard to find when the phenomena
or events are coexistent instead of successive Consider,
for example, the phenomenon of a burnmg candle. It s
hard to say whether the melting wax 1s cause or effect. In
fact, the flame 1s the cause of the melting of the tallow or
wax, and the melting of the wax 1s the cause of the flame.
Here we have a case of the same event bemg both cause
and effect.

2. In the second place we often get a plurality of causes.
‘When the cause of a death is sought the answer might ap-
pear sumple, but usually there are numerous causes at work,
some of which can hardly be isolated. In fact, Mill was
finally led to the view that the cause of every event is the
sum-total of events wn the universe which precede it. Then
he made the distinetion between the remote and the tmme-

diate cause or causes of an event. Usually a scientist is
primarily interested in finding the immediate cause. This
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distinetion applies also to the effect There are imme-
diate and remote effects. A single human aet frequently
carries in 1fs tram a veritable maze of consequences or
effects. That is why 1t 1s so difficult to pass a fair yjudgment
on the conduct of another

3. And this leads 10 a third difficulty usually known as
the complezity of phenomena In dealing with probability
we were really dealing with exccedingly complex phenom-
ena where the eausal methods are blocked, and tlg w.vesti-
gator has to rely upon statistical enumeration. But even in
cases where the causal methods are applicable, the phe-
nomena are sometimes so highly complicated that it takes
years of experimentation to unravel the various causal
strands, thereby effecting a complete solution of the prob-
lem. Secientists have to work piecemeal, isolating first one
causal nezus and then another It may even fall to the
lot of some later thinker to discover the cause of the resid-
ual phenomena, those which have not been explamed in
the discovery of such causal relations s have been brought
to light by previous investigators,




CHAPTER XX
MILL’S METHODS* AGREEMENT AND DIFFERENCE

Origin and Basic Principles of Mill's Methods

John Stuart Mill’s five experimental methods are the
mostsubstantial innovation which he introduced into logie,
s 1t was represented m his day by men whom Bosanquet
has well characterized as ‘‘degenerate representatives of
Aristotle '’ It 1s for this reason that he ranks as one of
the great reformers in the science of logie. But like most
other mnovations this one was not altogether origmal For
before Mill there had been two separate hines of develop-
ment of seientfic method. One of these was the purely
logical development mitiated by Franeis Bacon. The other
was the scientific development initiated by Willlam Gil-
bert, but greatly enriched by Sir Isaac Newton and Sir
John Herschel, the latter bemng a contemporary of Mill
The greatness of Mill consists 1 his bringing together
these parallel lines of detvelopment, and in his giving a
more precise formulation of the methods than had hitherto
been given erther by the logicians or the seientists He
had an admirable grasp of the methods by which a saentist
deals with his conerete problems, and a thorough knowl-
edge of the history of logie, especially of the induective
logie which Bacon founded. This gave him just the neces-
sary equpment for working out in preecise logical form
the methods used in scientific mnvestigations. In his account
of the methods, Mill acknowledges his oblizations to Bacon
when he says that the prmeiples underlying his methods
have ‘‘been known, since the time of Bacon, to be the
foundation of experimental inquiry.’” And he also admits

his indebtedness to Sir John Herschel’s Discourse on the
202
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Study of Natural Phiulosophy, a work, as he says, ‘‘replete
with admrably selected exemplifications of inductive proe-
esses from almost every department of physical seience,
and m which alone, of all books which I have met with,
the methods of mduction are recognized, although not
characterized and defined nor their correlation shown, so
tistinetly as has appeared to me desirable.’’?

It is, therefore, a mistake to thmnk that Mill originated
these methods. They are all the more important, because
he took them from one of the great seientists and correlated
them with the diseussion of method mn Francis Bacon’s
Novum Organum. For Bacon’s famous tables of (1) »pres-
ences, (2) absences and (3) degrees are the germs of the
methods of agreement, difference and concomitant varia-
tions. And smce Bacon was also indebted to the great
selentist, Sir William Gilbert, for the prineiples underlying
his tables, these methods may be said to be doubly indebted
to men of science *

Mill understood full well that his five methods, or as he
sometimes called them, canons, are all based on just two
prmeiples. He wiote ‘‘The simplest and most obvious
modes of singlime out from among the cirewmstances which
precede or follow a phenomenon, those with which 1t 1s
1eally connected by an mvariable law, are two 1n number.
One 15, by comparng together different mstances m which
the phenomenon occurs. The other is by comparing -
stances in Which The phenomenon does occur, with instances
i other respects similar in which 1t does not. These two
methods may be respectively denominated the method of
agreement and the method of difference ’’ Consequently,
Mill himself taecitly implics that The joint method of agree-
ment and difference, the method of concomitant variations

1 John Stuart Mill, Logic, Bk III, Ch. IX,
2 Seg Ch XXV, p 338, especially the note.
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and the method of residues are all corollaries of these two.
Moreover, as we shall soon see, the method of agreement is
really only a preliminary stage in the method of difference.
Hence the one basic method among the five is the method
of difference. It 1s essentially identical with what the scien-
tist calls the method of'experiment. Or, to express 1t dif-
Mce is the method of ex-

pertment par ezcellcnce.
=

The Method of Agreement

Mill’s statement of this method 1s as follows: ‘“‘If two
‘or more 1nstances of the phenomenon under investigation
have only one circumstance 1n common, the circumstance
in which alone all the instances agree is the cause (or
effect) of the given phenomenon.’”” Now, as previously ex-
plamed, instances 1n which the phenomenon 1s present are
called positwe instences. Hence this method operates only
with positive instances But 1t emphasizes variety rather
than number 1n that the positive instances should differ in
every eircumstance save only one Hence this method can
be stated much more simply - The sole wnvarwable circum-
'stance accompanying a phenomenon 1s causally comnected
with the phenomenon. Or, as Jevons expresses it- ‘‘The
sole mvariable antecedent of a phenomenon 1s probably 1its
cause, and the sole invariable consequent of a phenomenon
is prohably 1its effect.’”” The only difficulty in this way of
putting 1t, 13 that 3t emphasizes too much the temporal
sequence theory of causality which was considered in the
last chapter, and which Mill adopted from Hume.

A fuller statement of the method of agreement may be
given by dividing 1t up into separate stages. In the first
place, a variety of positive instances of the phenomenon un-
der investigation must be collected. This involves eareful
observation and enumeration. In this first stage care must
be used to select instances which are different in as many-




AGREEMENT AND DIFFERENCE 265

respects as possible, with the exception of having the phe-

nomenon present in them, In fact, as Mill understood, the

method 18 not effective unless the positive instances differ

in every respect save one, in addition to the _presence ce of

the phenomenon. But it 15 seldom possible to_find_such

instanices.  That 15 one reason why agreement has to be
sﬁﬁmented 1 by the method of difference In the second
place, these positive mstances must be carefully analyzed
mto their component parts_and their several anfecedents
MSeqﬁﬁE’ must be noted. It 1s i this way that the
common cwrcumstance which accompanies the presence of
the phenomenon 1s 1solated from other ecircumstances.
After this common feature 1s once 1solated 1t 1s read off
as the cause or the effect of the phenomenon, as the case
may be.

Suppose, now, that we illustrate this method by symbols
1n order to make 1t just as simple and as clear as possible.
Let the phenomenon be P and the different positive in-
stances be P!, P? P%, and P* Now suppose P! analyzes
mto abed, P* mto e¢feh, P® into jkel and P* into emno.
Sinee ¢ 1s the only circumstance present in each of the
different positine mstances, we are led to believe that ¢ is
causally connected with the phenomenon

Consider, now, a concrete example of the application of
this method. In his well-known essay entitled, The Scien-
tific Use of the Imaginglion, the distingnished scientist,
John Tyndall, discusses the blue color resulting from the
actjon of a turbid medium upon light rays. He mentions
the following positive instances of turbid media having
light rays pass through them, each of which may be roughly
analyzed to bring out the differences between them.

Phenomenon—Blueness
Cause—Conjunction of light with fine particles of matter in
the turbid media
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Instances:

A. A beaker of turbid water of the Visp
1. Light stnkang suspended particles of fine matter
2. Light striking the glass beaker
3. Composition of water—H,0

B. Steam 1ssuing from the safety valve of a locomotive
1. Light striking the suspended particles of fine matter
2. Sfeam hberated in the air wath no eontamer

. é ‘Water mn the form of steam

C. Briickes precipitate (a solution of mastic and absolute
aleohol)
1. Light stuiking suspended particles of fine matter
2. Transparent contamer for the solution
3. A hqud different from steam or water

D. Peat-smoke columns from the eabin chimneys of Kil-
larney
1. Light stmking suspended particles of fine matter
2. Smoke al-o liberated 1n the air without a container
3 Composition of peat-smoke chemically different
from water, steam o Biuckes precipitate

The fact that the only common ecirecumstance in these
four guite different instances 1s hoht striking suspended
particles of fine matter 1s revealed by analysis, and we are
justified 1n concluding that this 1s 1 all probability the
cause of the blue color which 1s always present when light
strikes turbid media. As Tyndall points out, this is also
the cause of the blueness of the sky, and this could be
treated as a fifth instance or variety of instance

Another 1llustration of the method of agreement usually
giwven 1n the logic books 1s Sir David Brewster’s discovery
of the cause of the color known as ‘‘mother-of-pearl,”’
which 1s the name given to a certain shell formation. He
took gum arabie, balsam and beeswax, and impressed a
piece of shell of this color on each, whereupon he discovered
that each took on the brilhant mother-of-pearl coloring
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Analyzing these instances in which the phenomenon is
present we get the following:

A. Piece of mother-of-pearl, the inner layer of a ghell
1. Has a definite form, shape or contour
2. Made of lime and other materials secreted by a
hving orgamism
3 Sohd

B. A piece of balsam >
1 Has the same form or shape as shell whicf has been
imprinted upon 1t
2 Resmous substance exuded from tree
3 Oily and aiomatic

C. A piece of beeswax
1. Has the same form or shape as shell which has been
1mp1essed upon 1t
2 A wax secreted hy hees
3 Hawing the peculhar odor of beeswax

D. A piece of gum aiabie
1 Has same shape as shell which has been 1mpressed
upon 1t
2 A secretion from the acacia tree
3 Soluble 1n water and having a luster

Now, since each mstance where the mother-of-pearl ecol-
oring 1s present agrees i having a certain definite shape,
we may infer that the cause of the coloring is this peculiar
shape of the object

These two 1llustrations bring out clearly what Mill meant
by the canon of agreement And it must be conceded to
have a certain value 1 that 1t does enable one to eliminate
those elements which differ in the various positive in-
stances. And when there 1s only one element in common
1t is fair to assume that this 1s the real cause (or effect)
of the phenomenon under investigation. In the actual con-
crete world of facts, we must admit, such cases very rarely
occur. Frequently there are several eircumstances that are
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common to all of the positive instances. In such cases all
that the method of agreement would enable us to do would
be to eliminate the features which are not common. Which
one, or ones, of those left after this elimination takes
place 1s the real cause, this method does not tell us. We
must apply the method of difference to each of these com-
mon circumstances, untill we find out which one, or ones,
15 qausally connected with the phenomenon. Hence the
method cf agreement 1s really only a stage i the method
of difference. To complete the investigation the method
of difference must be applied to the same set of instances
which have been used m the method of agreement.

The Method of Difference

Mill states this method as follows: ‘‘If an mstance m
which the phenomenon under investigation occurs, and an
instance 1n which 1t does not oceur, have every eircum-
stance save one 1n common, that one oceurring only 1n the
former, the eircumstance m which alone the two instances
differ, 1s the effect, or cause, or a necessary part of the
cause, of the phenomenon.’’ But this can be stated much
more simply, thus- When the subtraction of one of the
aspects of a positive mstance of a phenomenon takes away
the phenomenon, we know that this subtracted aspect is
causally connected with the phenomenon. For we then
create a negative instance by experiment. And when any
aspect which the experimenter is able to eliminate takes
the phenomenon away with it, the two are causally con-
nected Nothing can be the cause of a phenomenon in the
absence of which the phenomenon appears, and everything
18 causally connected with the phenomenon, the elimination
of which also eliminates the phenomenon.

The key to understanding this method is to see that it
goes a step further than the method of agreement in that
it turns a positive instance into a negative instance, by
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eliminating what the method of agreement has suggested
to be the cause. Keeping every other circumstance the
same except the one we assume to be the cause, the experi-
ment of taking this supposed cause away is performed. If
the phenomenon disappears with it, we know that it is
really causally connected with the phenomenon. Hence
the rule 1s that only one circumstance can be varied at a
tume. )

It 18 worth noting that Mill himself spoke of- this as a
method of ariificial experiment. He explains that it is of
the very nature of an experiment to mtroduce a perfectly
definite change mto a preexisting state of circumstances.
‘While nature may sometimes perform a kind of ‘‘spon-
taneous experiment,”’ which will give a positive and a
negative mstance differing only in one circumstance, this
18 extremely rare. And he also notes that the method of
difference 1s 1mpracticable in some fields of investigation,
because of the ‘‘impossibility of artificially producing the
phenomena.’”’ This means that Mill considered the method
to be primarily a method of experiment, and to apply to
such exact investigations as are under the control of the
scientist who is domng the experimenting Now let us il-
lustrate the method, first, with symbols, and then with
conerete examples .

Suppose I have a positive instance of a phenomenon
which analyzes into four aspects. This would be repre-
sented as follows-

P analyzes wnto abez.

Now suppose the method of agreement has led me to
assume z to be the aspect in the positive instance which
causes the phenomenon, then when z is taken away P should
become noit-P or a negative mstance. Thus, not-P analyzes
into abe. If P turns into nof-P when z is taken away, the
method of difference says that z is the cause of P.

The coin and feather experiment in physies is a good
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illustration of this method. It is designed to prove that
the cause of a lLight article falling to the ground more
slowly than a relatively heavy one 1s the resistance of the
air. The phenomenon under investigation may be said
to be the retardation of the feather, and the cause is as-
sumed to be the resistance of the air. When a comn and a
feather are dropped together in the receiver of an air pump
in whieh air 18 present, the feather 1s retarded. This 15
the positire instance. But when the air 1s pumped out,
and the two are dropped together they reach the bottom
of the recerver together. This 1s the negative mstance mn
which the phenomenon does not oceur and 1t proves that air
1s the cause of the 1etardation

Mellone adapts another excellent illustration of this
method from Baden-Powell’s History of Naturel Phi-
losophy ‘‘The production of colors by light passing through
spherical and prismatic glasses had alieady been noticed;
and Newton proceeded to make it the subjeet of exact
experiment by 1epeated applications of the method of dif-
ference A beam of the sun’s rays admitted through a
small hole 1n an otherwise darkened room, produces on a
sereen a citcular image of the sun (negative instance)
But on passing the beam through a prism, the image be-
comes nearly five times as long as 1t 1s broad, and 1s colored
from end to end by a suceession of vivid tints (positive
mstance). Ilence, something n the glass is the cause of
the colors Newton now proceeded to vary the size of the
prism, to vary the quality of the glass, to pass the beam
through d:fferent parts of the same prism, and to try other
mimor suppositions; but none of these changes made any
difference 1n the colors. Hence he concluded that the
prismabic shape of the glasy was the real cause. He elim-
nated this by placing on the original prism a second one
of exactly the same angle, but inverted, so that together
the two prisms formed a solid with parallel surfaces. The
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light, passing through both, came out uncolored, and gave
a perfect undistorted image of the sun. Henece the pris-
matic shape of the glass was proved to be the cause of the
colors.”’?

Although the usual procedure in applying the method of
difference 1s to begin with the positive instance and turn
that 1nto a negative mstance, 1t 1s also possible to reverse
the process, begmning with a negative instance and ntro-
ducing a supposed cause to see whether a supwosed phe-
nomenon will result, Logieally this amounts to the same
thing, only the usual way of stating the method is that
giwven above. To take account of both ways of proceeding
the method may be stated: When the subtraction of one
of the aspeets of a positive instance of 2 phenomenon takes
away the phenomenon, or when the addition of a smgle
new feature to a negative instance produces a given phe-
nomenon, the aspect subtracted or added 1s considered to
be causally connected with the phenomenon. Thus, in
proving that light 1s the cause of the green color in plants
one may erther take the Light away from plants that are
green by putting a board over them or by any other blanch-
ing process, or one may take plants that have been kept
away from the light and bring them under the influence
of the hight to produce the green color. No matter which
procedure is followed, the method of difference is being
used.?

1 Introductory Tewtbook of Logic, pp. 274f. Compare this with the
von Laue experiment given below, p 314.
2 The exercise on Mill’s methods 18 at the end of the next chapter.



CHAPTER XX1
MILL’S OTHER METHODS

The Joint Method of Agreement and Difference

To deal with complex phenomena where artifieial experi-
ment is iepossible, Mill formulated the jomt method of
agreement and difference. He also called it the double
methad of a agrecmcm‘ and 1t is unfortunate that the former
name has been almost universally adopted in the loge
textbooks, because 1t leads students to think that 1t 1s
stronger than the method of difference 'We shall soon
see why 1t 1s really much weaker than that method. But
even though the name double method of agreement is pre-
ferable to the name joint method of agreement and differ-
ence, 1t seems best to conform to usage and hold to the
latter designation

““If two or more 1nstances :n which the phenomenon oceurs
have only one circumstance 1n eommon, while two or more
mstanees mn which 1t does not oceur have nothing 1mn common
save the absence of that euzcumstance, the ecircumstanee 1n
which alone the two sets of instances differ, 1s the effect, or
cause, or a necessary part of the cause of the phenomenon.’’

This rather involved statement of the method which 1
have taken from Mill. may be simplified as follows Where
,a variety of positive instances have only one eircumstance
in eommon, and a variety of negative instances agree only
m having this eircumstance absent it may be inferred to
be caunsally eonnected with the phenomenon An important
differenece between this and the method of difference is
to be found in the fact that this uses a number of positive
and negative instances, whereas the method of difference

has but one positive instance which is turned into a nega-
272
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tive instance by experimentation It is also important to
note that the negative instances in the jomnt method differ
from the positive instances 1n more than one circumstance,
thus violating the rule for the method of difference that
only one circumstance can be varied at a time i produe-
Ing a negative nstance For this reason the negative in-
stances used by the joint method must be carefully dis-
tinguished from the true negative mstances, obtamed by
expertment, which characterize the method of difference.
Tt is for this reason that we should thmk of the Joint
method as a double method of agreement. Its instances
are all found by observation and enumeration, as con-
trasted wﬂ:F experiment. First, instances exhibiting ‘the
phenomenon are collected which have some one common
circumstance. Then instances in which the phenomenon
is absent are collected i which this common ecircumstance
is absent

To represent this method by symbols, the following ar-
rangement 1s necessary :

Positwve Instances Analysis
1 & e abecde
2 it iiiieteecineaaaees fagdk
. Ilmmnae
4 e iiiieiiiiiee s eaw Y 3

Negate Instances Analysis
Y e bwdecy
N mfdke
. sgenyc
4 i ieiiiiiiiicieiiiienaee tbgfad

Here, a being the only common element among the four
positive instances, and the only absent member of the
negative instances, we may assume it to be causally con-
nected with the phenomenon.

To teke a conerete illustration, suppose an investigation
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is made of the cause of the decline of the country church.
And let us assume that the cause is the removal of owners
from the farms to town or city, and the resultant occupancy
of the farms by tenants. Four or five sample communities
might be selected in which the church has either died out
entirely, or practically lost its hold on the life of the com-
munity. Then an equal number of sample communities
should be selected in which the church is still very active
and the center of the Iife of the community. The phenome-
non being the decline of the country church, the former
would be positive and the latter negative instances. Car-
rying out the illustration, let us roughly analyze each
instance:

Positive instances = the church either dead or very inactive.

Commumty A.... .Thckly populated, tenant occupants,
great interest 1 Sunday sports,
good roads and conveyances.

Commumty B...... Very few young people, tenant cc-
cupants, large farms, “few extra
Teborers n the community, poor
roads and conveyances.

Community C...... Sunday sports indulged in, tenant
occupants, 1illiterate people, poor
land.

Community D...... Amusement community center, good

roads and conveyances, moral con-
ditions excellent, tenant occupants,
some one mellgmus but ~public-
spirited large landowner.

Megative instances = the churech very much alive and active.

Community E...... Farms well-kept, owner ocoupants,
good roads and conveyances, amuse-
ment center.

Commaunity F...... Many young people, owner oceupants,
strong, efflaient pastor, excellent
rosds and conveyances.
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Commumty G . . Ilhterate and ignorant people, poor
land, bad roads and few convey-
ances, owner occupants

Community H. ....Sparsely settled, no villages near by,
no amusement center or play-
ground, many young people, owner
occupants

Here the common feature in the first set of instances
is tenant occupancy of the farms, whereas the feature
absent when the church is active is tenant oceupancy, so
that we may assume that the cause of the decline of the
country church 1s tenant occupancy. This 1illustration
brings out the close similarity between the joint method
and the statistical method. To solve the problem dealt
with in this illustration, it would be necessary to gather
extensive statistical data, and to take many more com-
munities into consideration, and from, widely separate
rural distriets. The joint method really shares the weak-
ness of the statistical method, and 1t 1s the statistical
method in germ.

M1, commenting upon the jont method, rightly said
that 1t is not equlvalent toa proof by the method of d1ifer-
éfce This is due to the fact noted above, that the meg: nega-
Tive mstances differ from the positive instances m Thore
than one circumstance fn the jomnt method. It should
be clear that the method of difference 1s reallz a_jownt
method in that 1t also uses both positive and negative
mstances. Hence, we must be on our guard against being
misled by the term jowni! For the so-called joint method

1 That the authors of the Introduction to Reflectiwwe Thinking have
been so misled 18 evident from their statement “Mill combined these
two methods so that the logical conclusiveness of the method of
dafference might be combined with the practical availability of the
method of agreement The canon of the jomt method seems some-
what alarmingly involved, but to those who understand the methods
of agreement and difference, the advantage to be gained by their
joint use will become apparent” (p. 81).
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is really much weaker than the real experimental method

of difference. To be sure, it does have more value than
the method of agreement, since 1t checks up on that method
by using such negative mstances as can be found ready_
at hand. The table of absences of Francis Bacon 1s really
a mixture of negative mstances of the expermmental type
and of the purely observational type. Bacon did not ree-
ognize the difference between the principle of the method
of d1fference and that of the joint method, and this is one
of the most significant improvements which Mill made
the induetive logic of Bacon. To-day, the jomt method is
practically supplanted by the more elaborate and technical
method of statistics, and for that reason it 1s not as im-
portant as 1t was m Mill’s time.

The Method of Concomitant Variations

Mill’s formulation of this method eannot be improved:
‘“Whatever phenomenon varies in any manner whenever
another phenomenon varies m some particular manner, is
either a cause or an effect of that phenomenon, or 18 con-
nected with 1t through some fact of causation.”’

Although the method of concomitant variations intro-
duces no new principle, it is nevertheless quite significant,
and it has often been fruitfully employed in seientific re-
search. It really deals with two phenomena rather than
with positive and negative instances of the same phenome-
non. It argues to the existence of some necessary rela-
tion in a larger system of phenomena which vary together.
To vary together or concomitantly may mean either that
both phenomena inerease together, or that both diminish
together, or that one increases as the other diminishes, or
vice verss. In fact, any sort of variation in one phenome-
non, accompanying a variation in another, comes within
the scope of this method. For the establishment or point-
ing out of such a concomitance in variation indicates &
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deep-lying econnection between the two phenomena. Such
a concomitance i variation may sometimes be produced
by experiment, and 1t may also be discovered by observa-
tion. Consequently this method has a very wide scope.
It has been frumitful in astronomy, which 1s restricted to
observation, and it has been fruitful in physies where
exact experiment 18 possible. Frequently, the variations
discovered or produced by this method can be exactly ex-
pressed by the aid of mathematical caleulations, so that
the resultmg causal laws have a high degree of exactness
and certitude. Hence this method also approximates
closely to the statistical method, when a determination of
the variations has to be reached by statistical data On
the other hand, when 1t 1s possible to produce variations
experimentally, the method of concomitant variations is
really only a corollary of the method of difference. For
up to the moment when the supposed cause and the phe.
nomenon entirely disappear we have only a variation, but
at that moment we get a real negative instance. As an
experimential method, then, the method of concomitant
variations 1s a stage i the method of difference. Yet it
is very valuable at trmes because there are Pphenomena 1n
which 1t is 1mpossible to elunmate entirely a causal fea-
tiare, ‘whereas 1t 15 possible to produce a variation of some
sort in it. And even though a full negative instance in
the sense of the method of difference cannot be obtained,
the fact that we are able to produce a definite variation
justifies the inference that there is a causal relation in-
volved.

Mill recognized that the method of concomitant varia-
tions 18 really a special form of the method of difference.
He writes:

It is searcely necessary to say, that in order to ascertain the

uniform concomitance of variations in the effect with varmations
in the cause, the same precauntions must be used as in any other
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case of the determination of an invanable sequence We must
endeavor to retain all the other antecedents unchanged, while
that particular one 1s snbjected to the requisite series of vare-
tions; or in other words, that we mav be warranted 1n inferring
causation fiom concomitance of variations, the conecomitance 1tself
must be proved by the method of difference (Bk. III, Ch VIII).

Mill’s illustration of the method makes 1its relation to
the method of differcuce even clearer. Take Newton’s
first law Sf motion, that all bodies 1n motion continue to
move m a straight line with uniform velocity until acted
upon by some new foree.

This assertion 1s 1 open opposition to first appearances, all
terrestmal objects, when 1n motion, gradually abate their veloeity
and at last <top Everv moving body, however, encounters
various ohstacles, as fiiction, the 1esistance of the atmosphere,
ete, whiech we know by daily experience to be causes capable of
destroying motion It wa- suggested that the whole of the re-
taidation mught be due to these causes How was this inqured
into? If the obstacles could have been entirely removed, the
case would have heen amenable to the method of difference They
could not be removed, they could only he diminished, and the
case, therefore, admitied only of the method of concomitant varia-
tions This accordingly being employed, 1t was found that every
diminution of the ob-tacles diminished the retardation of the
motion, and masmuch as m this ease the total quantities both of
the antecedent and consequent were known, 1t was practicable to
estimate with an approach to accuracy both the amount of the
1etardation and the amount of the retarding causes o1 resistances,
and to judge how near they both were to being exhausted, and
1t appeared that the effect dwindled as rapidly as the eause . .
Theire could thercfore be no hesitation 1n assigning the whole of
the retardation of motion to the influence of the obstacles, and
since, afler subdueting this retardation from the total phenom-
enon, the 1cmamder was a umform veloeity, the 1esult was the
proposition known as the first law of motion (Idem)

For another illustration, take the experiment of the
bell jar which proves that air is a necessary medium for
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transmitting sound waves to the ear. When the bell is
struck with air in the bell jar, sound is conveyed. But
when the air is pumped ouf sound cannot be heard. This
18 the method of dufference. But if the bell 1s sounded
continuously while the air 1s being pumped out, the sound
will diminish with the air until both finally disappear to-
gether. Up to the time when they disappear we have the
method of concomitant variations, but after they disappear
we have the method of difference. This shows very clearly
the relation between the two methods. z

‘We have already emphasized the fact that the method
of concomitant variations is frequently fruitful in fields
of investigation where experimentation is impossible. As
an example of this, the frequently quoted passage from
Jevons may be given: ‘‘The most extraordimary case of
variations consists in the connection which has of late
years been shown to exist between the aurora borealis,
magnetic storms, and the spots on the sun. It has only in
the last thirty or forty years become known that the mag-
netic compass is subject at intervals to very shght, but
curious movements; and that, at the same time, there are
usually natural currents of electricity produced in tele-
graph wires, 8o as to interfere with the transmission of
messages. These disturbances are known as magnetic storms,
and are often observed to occur when a fine display of the
northern or southern hghts is taking place in some part
of the earth. Observations during many years have shown
that these storms come to their worst at the end of every
eleven years. . . . Close observations of the sun during
thirty or forty years have shown that the size and number
of the dark spots, which are gigantic storms going on upon
the sun'’s surface, increase and decrease exactly at the sama
periods of time as the magnetic storms upon the earth’a
surface. No one can doubt, then, that these strange phe-
nomena are connected together, though the mode of the
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connection is quite unknown’’ (Elements of Logic, Hill ed.,
p. 223)

The Method of Residues

In many scientific investigations there are what is known
as residual phenomena. After certam causal connections
are discovered there remain factors, the cause of which
are not known and Mill’s method of residues was devised
to deal with such residual factors. He stated the method

s follows: ‘‘Subduet from any phenomenon such part as
?s known by previous inductions to be the effect of certain
antecedents, and the residue of the phenomenon is the
effect of the remaming antecedents.”” Now this 18 not
really a separate method, since the precise nature of the
causal connection between the residue of a phenomenon and
the residue of the antecedents would have to be determined
by some other method Its greatest value 18 1n the fact that
1t brings to light causal connections which would not
otherwise be suspected to exist. It often mforms us of
‘‘sequences m which neither the cause nor the effect were
sufficiently conspicuous to attract to themselves the atten-
tion of observers’’ Hence there are some remarkable ex-
amples of discoveries made by this method.

Perhaps the most remarkable of all 1s the discovery of
the planet Neptune. It might not have been suspected of
exasting had 1t not been for certain deviations 1n the move-
ments of Uranus from the orbit ealeulated for it by com-
putations based on the gravitational forees bearing on if.
According to these gravitational forces of the sun and other
planets astronomers ecaleulated the orbit of Uranus to be
an ellipse of a certan form But the actual orbit of
Uranus, as calculated from observed positions of the planet,
was known to be different from the orbit caleculated from
the forces bearing upon it. Here was a residual phe-
nomenon in the orbit of Uranus. What causes this slight
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deviation? There must be another planet bearing upon
it, another gravitational force in addition to those already
known to astronomers. Two mathematicians even calcu-
lated the approximate position of the planet; J. C. Adams
in England, and U. J. J. Leverrier in France. Adams
sent his caleulations to an astronomer named Challis, who
discovered Neptune on August fourth and twelfth of the
year 1846, but failed to recognize 1t as a planet. Leyer-
rier sent his observations to the astronomer, Galle_of Berlin,
who discovered the planet and recognized it as a planet
on September 23, 1846. This 18 one of the most remark-
able scientific discoveries ever made Of course the real
method used was mathematical caleulation and observation,
but the probability of there being another planet was sug-
gested by the method of residues.

Another interesting example of the method of residues is
the very reecent discovery of the funetion of the spleen.
Dr. Joseph Bareroft, on measuring the blood volume from
time to time as temperature was gradually mereased, found
that there was a gradual increase 1 the amount of hemo-
globin 1 the circulatory system corresponding to the
merease 1n temperature This was determined by the
method of ceoncomitant variations. But mn ecarrying the
mvestigation further, the method of residues came into
play, as 1s evident from Dr. Barcroft’s description of the
investigation following the discovery of the greatly in-
ereased blood volume.

Whence came this outpouring of he®moglobin? Tt was not
credible that the bone-marrow could have provided the body
with new corpuscles at the rate requred Moreover, there was
no evidence of mncrease of mmmatwe corpuscles in circula-
tion ... The question then was foiced upon us Has the
body any considerable but hidden stores of hemoglobin which
can be drawn upon in case of emergency? ... In searching

for a locality which might fulfill such a condition, one naturally
seeks 1n the first instance for some place where the red blood
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corpuscles are outside the ecrrculatory system—some backwater
outside the arteries, eapillaries, and veins, There 18 only one
such place of any considerable size in the body—that place 1s the
spleen 2

Note that the suggestion reached by the method of
residues, that the spleen 1s the source of the residual supply
of blood corpuscles, would have to be proven by the method
of Aifference. This Dr. Barcroft did by bleeding to death
two cats~-one whose spleen had been removed and one
having a spleen The cat whose spleen had been removed
died much sooner. Thus residues 18 not really a separate
method, but 1t calls attention to a further problem which
can be investigated by one of the other methods.

Exercise XIV

Tell which one of Mils Methods 1s exemphfied in each of the
following, and explain carefully why you think so Analyze
each example to bring out the separate steps of each method

1. Dr. Geo R Cowgill, of Yale Unmversity, has shown the effect
of Vitamin-B upon the appetite Even by hypodermic injection
of yeast concentrate 1n dogs he has so stimulated the appetite
that they ate the food which was already present and which
they had previously refused

2. Dr. C. A Mills says “Beginming 1ts use (Vitamin-B) for the
purpose of stimulating the appetite and rate of growth of
children, I found 1t not only very effective in that connection,
but also in adults, often securing a gain in weight of as much
as two to two and one-halfi pounds a week 1n undernourished
conditions, with a corresponding increase mn appetite Along
with this stimulation 1 children and adults, there was evident
a marked dimnution in the occurrence of upper respiratory
infections” (Amercan Journal of Medical Sciwence, March,
1928)

3. In 1925 Drs. Goldberger and Tanner, of the Umted States
Public Health Service, reported cuies of twenty-six patients of
various ages, coming from various types of homes, and living
under varying conditions, but all suffering from the disease

2Joseph Barcroft, The Lancet, Feb. 14, 1925, p. 321.
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known as pellagra, by the use of Brewer’s Yeast containing
Vitamin-B.

Why are some middle-aged widows and their children able to
meintain a higher standard of living than others? Ir a certain
community a careful study was made of the living standards
of such widows and their children It was found that each
widow 1n one group of five had had thrifty and industrious
husbands, as shown by the fact that each husband had regularly
put money i the savings bank and made payments on a
house Moreover, each of these widows had three children or
less and each had excellent heulth and was thrifty andoin-
dustrious But each had to depend on charity tg & greater
or less degree in order to keep her family together. Nomne of
these widows reccived monthly payments from life insurance
carried by the husband Another group of widows, some of
whom had as many as five childien and some of whom were
in rather poor health, were able to live comfortably without
accepting any charity On inquiry 1t was found that, although
some of the husbands of these widows had not put money in a
savings bank and had not earned any more than the husbands
of the first group of widows, each had carried as much hfe
insurance as he could afford Hence each of these widows was
receliving a regular monthly payment from a lfe insurance
company It was infeired that the carrying of life insurance
by the husband 1s the cause of some widows being able to live
more comfortubly than others, without having to depend on
chanty

The phenomenon of colloidal matter 1s to be found m such
varied instances as jellies, fresh milk, milk of magnesia, froth,
and blood A common characteristic of all colloids is their
peculiar sensitiveness to outside forces and changes such as
temperature Thns the rigor of death 1s known to be due to
a vast number of colloidal changes 1n the body But what 1s
the real cause of colloids breaking down when subjected to such
outside forces? Here 18 a problem about colloids which chemists
have yet to solve, even though our knowledge of colloids 1s
extensive

The efficiency of the human body 18 determined by 1its basal
metabolism The ratio of oxygen consumed by the body to the
total amount of oxygen intake in breathing determines this
basal metabolism There 1s a certain latitude for good health,
which varies according to age, sex, and weight When the
normal ratio of oxygen consumption to oxygen intake 18 lowered
or 1ncreased too much it 18 a sure sign of disease

All dyes daffer in tint, degree of resistance to fading, and in
degree of senmitivity to light, but they all have in common
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certain groupmgs of atoms 1n their molecules Henee this
peculier grouping must be what makes them dyes

In certein enails theie are two types of individuals, some ghells
coiling 1n a right-land and others 1n a left-hand spiral The
cleavage paiterns of these two types ale asymmetrical and
(like the shells) mrror images of each other It has been
proven expeiimentally that the difference hetween the two
types 18 due to a difference in a single pair of genes But just
how the genes produce these effects 18 & problem which remains
to be solved

In 1906 Power and his co-workers extracted from crude
chaulmrogra o1l two pure fatty acids These were combined
with aleohols {o form a medicine At the Philippine Leper
Colony, Heiser gave one group of lepers of different ages,
sex, and stages of the disease doses of this medicine over a
definite perlod of time When he began giving the medicine
he 1isolated an equal numnber of other lepers, varjing from one
another 1n the same ways as those to whom the medicine was
given, but {0 whom he did not give the medicine durme this
period Tt was found that the lepers who wele grven the medi-
cemme were much improved at the end of the period whereas
the others weie worse This caused Governor Wood to launch
a campaign Tor money cnough to supply the medicine to all
persons 1n the Philippine Islands suffeing from leprosy
Chaulmoogra o1l 15 now a recornized cure for leprosv

In man albhiniem mvolves a lack of pigment 1n the skin, hair,
and eyes, and a concequent sensitiveness to light Suppose that
a half-dozen albmoes of different age, race, size, and habits of
Iife each differ~ from normal people only 1 a simngle par of
genes Then tli~ difference m a single pair of genes muat
be the cause of albhimsm

Some changes 1 the environment of cells are produced by the
division of the fertilized egg, for the resulting cells are all 1n
contact with one another instead of being free like the original
egg cell This explains why each cell, in spite of the fact that
it contains the same genes as the egg, develops into only & part
of the body For 1f the contact 1s removed by an artificial
separation of the cells, each cell will, 1n some species, develop
into a complete embryo

Suppose that under a microscope a slide showed one or {wo sea-
urchin eggs as clear round globules, and that a drop full of
wriggling sperm 19 added The observer will almost 1nstantly
notice that a spermatozoon will penetrate into the egg, & mem-
brane will close the cell, and cell divieion will proceed so
rapidly that within one or two minutes inmnumerable tiny divi-
sions will appear 1n what was before a single clear cell.
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This same experiment was repeated on another slide, but a few
drops of chemical solution, free of sperm, were added to a clear
cell or two, and the same changes followed, perhaps & trifle
more slowly. Similar experiments have been made with the
eggs of frogs

Many crustaceans have statocysts which are especially con-
cerned 1n the maintenance of equilibrium In Mysis they are
located 1n the inner branch of the caudal appendages Delage
found that 1f these organs were destroyed the animals had
difficulty in mamteiming their equilibrium, which was further
increased by the destruction of the eyes In the doeapod
crustacea the statocysts are siluated in the basa] joint of the
antenules  Destruction of these organs 1s followed by e
variable loss of equilibrium in different species The most
1nstructive and imgenious experiments on the functions of the
statocysts were performed by Krerdl on the piawn Pal®mon,
In molting, the hning of the statocysts 1s cast off and the
statoliths or small particles of sand they contain are subse-
quently ejected The prawns replace these by semall bodies
which they pick up in their chele and put in the statocysts
Kreidl placed several Palemons after molting 1n a dish con-
tamning small bits of iron, which the prawns put into their
statocysts m place of the usual sand If now a stiong magnet
was brought near, the bits of iron would be pulled toward it and
exercise a pull analogous to the veitical pull of grasity Kreidl
found that by changing the position of the magnet the Palemons
could be imduced to orient their bodies in any desired position
The discovery of the companion of the Dog Stai, Sirius, grew
out of the hnowledge obtained by accurate instruments that
the change of position of Sirius 1s not 1n a umfoim direction
A cause of ihis discrepancy was sought In 1844 the astronomei
Bessel suggested that the discrepancy was caused by a dark
body very near Sirius He was the first to regard Sirius as a
double star, the two membeis of which are held together by
gravitation Twenty years later a faint star was discovered
near Sirius, and on caleulating its effects on Sirius 1t was
found to be the cause of the known discrepancy mm the move-
ments of Sirius,

Leprosy 1s not hereditary. This has been proven conclusively
by work dome at the leper colony at Culion New-born bahbes,
immediately taken away from leper mothers, did not contraet
the disease, but those left with the mother did.

In 1839 Charles Goodyear accidentally dropped on the hot stove
in his laboratory & mixture of caoutchouc and sulphur To s
surprise he saw a new substance formed, which he called “vul-
canmized rubber ¥ By varying the amount of sulphur in relation
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to the caoutchoue, Goodyear found that he could make a hard
substance which, when heated, could be worked and molded
into any form desired

When Sir Willlam Ramsay boiled a rare Norwegian mneral
known as cleveite 1n a weak o1l of vitriol it gave off a gas he
took to be nitrogen But when the mtrogen was extracted it
was found to be only an insignificant part of the gas To
determine readily what the residual part was, some of 1t was
sealed up 1n a glass tube and an electiie discharge was passed
through 1t, making 1t luminous enough for spectroscopie analy-
sls, When this lummous gas was subjected to spectioscopie
analysis ot was found to contain several rays of unknown
origin  One of these was very bnlhant and 1t was identified
with hehlum

Long before Mll formulated his five experimental methods,
indeed, before Fiancis Bacon wrote the Novum Organum, Wil-
liam Gilbert performed experiments to prove that the “elee-
tries,” such as amber, differ from the loadstone or magnet He
wrote “These two differ widely from each other, and become
unlike—the one (magnets) emnobled by many virtues and pre-
potent, the other Iowly, of less potency, and confined 1n certamn
prisons as 1t were, wherefore 1ts force has to he awakened by
friction till the substance attains a moderate heat, and gives
off an effluvium, and its surface 1s made to shine 2Moist air
blown on 1t fiom the mouth, or a current of humid air from
the atmosphere chokes 1ts power, and 1f a sheet of paper or
a lmen cloth Lie interposed there ik no movement But load-
stone, neither rubbed nor heated, and even though 1t be drenched
with lhiquid, and whethes 1 an or water, attiacts magnetie
bodies, and that though solide~t bodies, or hoards m thick slabs
of stone, or plates of metal stand between” (fiom Treatise on
Magnetism, p 86, published m 1601) Analvse this example to
show how many encumstanees Gilbert varied, one at a time, 1n
testing the difference between a magnetic hody and an electric
body Is this a problem in casual connections? Is 1t an antiei-
pation of the method of difference of Mill? Why, or why not?
Formerly decaying meat was regarded especially as a source of
spontaneous generation of living matter Worms and maggots
were supposed to find their origin 1n putrefying flesh But an
Itahan, Francesco Redi, in the seventeenth century disproved
this He placed the meat 1n a receptacle over which he fastened
a paper cover The meat yielded no products Changing the
eover, he put gauze over the meat through which the odor of
the flesh could rise Flies were attracted to 1t, laid their eggs
on the gauze, and these developed on 1t instead of on the meat
(from Introduction to Reflectwe Thwnkwng, pp 66f.).
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CHAPTER XXII
EXPLANATION

What Explanation Is

Explanation has to do both with facts and with,laws.
It differs only mn degree from causality and probability.
Any defimtely established causal connection may be said
to explain the facts which are causes and effeets within
that particular order system. Hence the discovery of
causal laws by the use of Mill’s methods is a partial ex-
planation of facts. Similarly a law of probability may
be said to be an explanation of the numerous data which
are studied statistically in reaching 1t. But the important
point is that both the causal and the probable law, estab-
lished for a definite set of data, are only partial ezplana-
twns. They omit many of the detailed aspects of the
mmplicative system in which they hve and move. Now,
explanation 1s the scientist’s attempt to correlate or synthe-
size different laws of both kinds, causal and probable, so
as to effect a fuller interpretation of the whole system.
Thus explanation deals both with the faets, and with the
laws discovered by statistical and causal methods to in-
terpret these facts, but 1t always seeks a higher prmciple[
of explanation which will elarify all of the interrelations
within the ordered system of data and laws under consid-
eration. We do not fully explain a fact until we compre-
hend the nature of the underlying system sufficiently well
to tell just what the faet 1s in its numerous relations, and
ezactly why it is what 1t 7s. Once the deeper nature of
this system is discovered, and, formulated as a principle of
ezplanation, the whole eonfused, or relatively confused,

mass of facts and laws which come under its juris-
289
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diction are brought into an ordered umity. The why of
each of them is apparent. Consequently the goal of
science as a whole, as well as of each particular science,
is a complete explanation of all concrete facts and special
laws. And within a separate science such a complete
explanation 1s usually spoken of as a {heory or ezplan-
atory principle rather than as a law. Yet some very
genelal laws are also explanatory principles. Such, for
example, is Newton’s law of gravitation. The tremendous
significance of the theory of evolution 1s to be found in the
fact that 1t 1s an explanatory prineiple of the greatest range
and moment. The nebular theory in astronomy and the
theory of relativity for the physical sciences aie other ex-
amples Every science tends to culminate m some all-
inclusive theory, or explanatory prineiple of this sort.
Such a theory 18 the scientist’s attempt at a full explana-
tion for all his laws and facts, and that 1s why there is
such an uphcaval in a science when a new theory sup-
plants an old one. The Copernican theory in astronomy
created a fearful disturbance in upsetting the old Ptole-
maie theory, and the new theory of relativity seems now
to be producing a similar effect in the physical sciences.

Perhaps the nature of explanation can be made still
clearer by a very simple 1llustration. Suppose I find a
single piece of a cehild’s pasteboard picture puzzle which
consists of twelve pieces m all. Taken by itself, I may
ponder over what it 1s and not be able to understand it
at all DBut when I am shown the other eleven pieces, and
am told that the one I hold 1n my hand is the twelfth of
a set forming a single picture, I begin to understand what
the single picce is. When I put the twelve pieces together
to form the picture, I get a much better understanding
of the single piece, in that I now see its relations to the
other pieces and its contribution to the complete picture.
‘When I break up the picture and take this piece apart from
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the others, it thereafter has for me the meaning it got
from its relations to the other pieces. I have found the
complete explanafion of that piece in 1its relations to the
whole puzzle. All explanation is like this—only the sys-
tems into which facts are fitted m scient:ific research are
the infimitely complex systems which make up nature or
the real world. The full explanation of a faet does not
come, even to a scientist, until the work of comprehejndmg
the system 1n question is completed. Sometimes this takes
years and years, and the cooperation of man¥ highly intel-
Iigent and well-trained research workers. REach one builds
on what was acecomplished by his predecessors, and the
final explanation is not reached until the work 1s completed.
A faet or law 1s explaned only when a sufficient knowledge
of the system to which 1t belongs is reached t¢ enable one
to mterpret the fact or law in terms of that system, and
as one of the actual members of that coherent and orderly
whole.

The Relation of a Theory to Its Facts

‘What is the relation between a theory and the facts
whrch 1t 18 supposed to explain? Does the explanation of
a set of facts take us away from the facts? Is it purely
human or manmade, whereas they are natural and inde-
pendent of man’s mind? Or does an explanation express
an actual system of things in which the faets live and
move?! Are the facts retamed in the explanation, or are
they dropped out and left behimd? These questions are
among the most significant and searching that can be asked
in the whole field of logie. The opposite answers divide
logicians into hostile camps to such an extent that it is
doubtful whether a better introduction to contemporary
logical theories of science ecould be found than that af-
forded by a study of this controversy. Here it is only
possible to sketch the central theories, but in order to make
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the disecussion more intelligible 1t seems best to give a clear
illustration of a universally recognized bit of scientific ex-
planation on which to hang 1t.

No 1llustration of scientific explanation is more famous
or better suited to elucidate the real meaning and the con-
flicting theories of explanation than the investigations of
Tycho Brahe, Xepler, and Newton which led to the aban-
donment of the old Ptolemaic theory of the planetary mo-
tions ‘and the substitution for 1t of the Newtonian theory.
At different* times during the year, Tycho Brahe made
numerous careful observations of the positions of the planet
Mars i the attempt to discover its actual orbit. Kepler
used Brahe’s tabulations as a starting pomnt for lus own
investigations and finally, after countless failures—‘driv-
ing him,"’ as he says, ‘‘almost to insanity,’’ he at length had
the intense gratification of finding that an elliptiical orbit
deseribed about the sun 1n one of the foc: agreed aceurately
with the observed motions of the planet Mars ’’? Extend-
ing this to the other planets he formulated his famous first
law: The orbis of the planels are ellipses having the sun
at one focus. Before this law was formulated the actual
planetary motions were a baffling mystery to astronomers.
Kepler’s law was a partial ezplanaiion of these move-
ments. It brought into an orderly array a prodigious
number of facts which had hitherto been 1n a chaotic state,
namely, the various observed positions of Mars and other
planets The principle of the elliptical orbit now became
an explanation of these positions. But this was only a
partial explanation. It explained only the positions. The
problem now arose of explaining the ellipses ‘“Why do

1 For a fuller account of this development 1n astronomical theory,
see Introduction to Reflective Thinking, Ch IIT On explanation see
Ch. VI, 1bd, and article in Bncyolopedia Britanmoa (14th ed.), by
E Meyerson

2 Baden-Powell, History of Natural Philosophy, p. 150. Quoted
from Mellone’s Introductory Logio, p. 295
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the plenets move in elliptical orbits?’’ is the question
which Newton answered, thereby giving a complete ez-
planation of the data. Newton showed Kepler’s law to be
a special case of a far more general law. His principle
of gravitation explamns why the planets must move m
ellipses, enables us to caleulate the exaet orbit each planet
must follow, and the extent to which the gravitating forces
of other planets would create aberrations in the elliptieal
orbit of any particular planet. This is what led to the
discovery of Neptune, which we wused to illistrate the
method of restdues. Newton’s law of gravitation is thus
an explanatory principle of the greatest range and of the
lughest value. Its explanation of the planetary move-
ments may be said to be complete. Keeping in mind this
wonderful 1llusiration of an explanatory prineiple, let us
return to the question asked above What 1s the relation
of this or any explanation to the actual facts 1t 1s supposed
to explamn?

1. The Abstractionists’ Theory. Consider first the an-
swer of logicians who may be called abstractiomsts. Aec-
cording to this view, explanations are purely abstract
human constructions or generalizations They are just
our human way of looking at the facts and of reducmng
them to a conceptual umity. Just as the human being
forms universal 1deas, like redness, by abstracting some
feature of a single experience away from that particular
experience and erecting 1t mto a general abstract idea,
80 the scientist, or many cooperating scientists, abstract
away from concrete sense data some common characteristie
which 1s called a law or explanatory prineiple. We must
not think that in reality or the nature of things there 1s
any such law. It is purely the work of the scientist. In-
deed the more general it is, the farther removed 1t is from
concrete facts. Science is the pursuit of the widest pos-
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sible generalizations, which, when reached are the farthest
possible removed from the actual detailed faets of experi-
ence.

Thus Karl Pearson, a2 well-known advocate of this posi-
tion, writes:

A scientific law 13 the résumé or brief expression of the rela-
tionships and sequences of certain groups of perceptions and con-
eeptions, and exists only when formulated by man . The law
of ‘gravitation 1- not <=0 much the discovery hy Newton of a rule
gwiding themotion of the planets as his invention of a method of
briefly describing the sequence of sense impressions which we
term planetary motion The statement of this foimula was
not so much the discovery as the creation of the law of gravita-
tion A natwial law 1~ thus seen to be a résumé in mental short-
hand, which replaces for us a lengthy deseription of the sequences
among our sen<e lmpres-lons Law, 1n the scientific sense, 1s
thus escentially a piodurt of the human mind and has no meaning
apart fiom man It owes its existence to the creative power of
his intellect There 15 more meaning 1n the statement that man
gives laws to Nature than 1n 1ts converse that Nature gives laws
to man®

It 1s my opmmion that nothing could be falser than this
view. To say what 1s here said 1s to make nature, as we
know 1t, a construction of the human mind. Can any
scientist think that he 1s only expressing the connections
among his own sense impressions when he formulates an
explanatory law? Certamly not. He kmows full well
that his explanatory principle is worthless 1f 1t fais to
express the actual order in the nature of things. The
value of Newton’s explanation of the planetary movements
is to be found 1n the fact that it 1s a very exact formulation
of the order of nature itself and not simply of his own
impressions. But in spite of its falsity this view of ex-
planation is very widespread among contemporary logi-
eians. It is a vicioms subjectivism which is really rooted in
extreme seepticism. Positivism is another name for it

3Karl Pearson, Grammar of Beience (3d ed.), pp. 82, 86
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2. The Bergsonwan Theory of Ezplanation. The French
philosopher, Henr: Bergson, has put forth the theory that
all explanation falsifies the facts He 1s the most emi-
nent living representative of a view known as aniiintellec-
tualism. Science 1s for him, too, a construction of the
human intellect. It is valuable in praetical life to make
these scientific constructions knoww as ezplanations, but
they are profoundly untrue to the actual facts. To get
at the facts as they are we must use wnfuitipn and not
scientific analysis. Only an mtuitive msight, only a plac-
ing of oneself inside of the living facts will enable one to
know facts as they are. Explanations give us exterior
views, mert and dead constructions, of living facts New-
ton’s formula 1s about as far removed from the living
movements of the planets as 1t could possibly be. Those
movements are real, but his formula 1s a dead scientific
abstraction.

Indeed, according to Bergson, there are four distinct
stages m explanation, each one of which keeps getting
farther and farther away from the facts Facts are di-
rectly known by intuition. But we begin to leave these
intwitively kmown facts behind i1n the very first stage of
explanation, which 1s the distinguishing of common qual-
ties 1n the facts. For these qualities are not really dis-
tinet. But science must have cut and dried eclasses and
it makes them by separatmg out the various qualities—
color, weight, solidity, ef cetera. The second stage 1n ex-
planation is to classify the facts by putting them mto these
wan-made classes. Thus I say ‘‘Red 1s a color and coal 18
heavy.”’ Here we are two degrees removed from fact. We
have artificial classes into which we try to fit each faet,
but we first got our classes by setting up distinetions which
do not exist in the facts. As a result of classification the
facts are falsified into events and semse objects. Now the
third stage in explanation Bergson calls induection. This
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is the point at which we started in our account of explana-
tion above. Here laws are formulated to express the rela-
tion between events and sense objects. But since these
things are unreal members of unreal classes, it follows that
the relations are also unreal And the fourth stage takes
us far beyond facts. For here we substitute for these
objects mathematical symbols such as the formule used
in physies. Then the relations expressed are relations be-
tween sympols, and are no longer even connected with the
facts from which we started Now, the poor deluded
analytical scientist makes the mistake of thinking that these
dry bones of explanation are the actual facts Bergson,
however, knows by intuition that they are absolutely un-
connected with actual facts and are mere constructions of
man’s 1nsatiahle desire to analyze and pigeon-hole nature ¢

Now the scientist 1s surely wasting his time 1f all of his
attempts to explain the world of our human experience are
carrying him out into an ocean of fantastic dreams and un-
realities such as Bergson supposes seientific explanations to
be. The only answer that ecan be made to all such views of
the relation of explanations to faets 15 to point out that they
make of modern science a fairy tale. And this 1s a suffi-
cient answer. We have to assume that scientific explana-
tions are taking us deeper and deeper into the real nature
of things. We must believe that theoretical scientists, who
are engaged 1n a disinterested pursuit of truth, are formu-
lating the actual structure of the universe in their explana-
tory prmeiples To make any other assumption would be
to repudiate the one solid foundation upon which modern
civilization 1s built. Explanation is the goal of science. As
science advances, the explanatory principles which it for-
mulates express more and more accurately the actual order
systems which constitnte the real world. They represent

¢ Bee Mrs Karin Stephens, The Misuse of Mind Ch. L
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actual discoveries of the intricate systems in nature, and are
not mere inventions of the human mind. The theories of
the seientists do not falsify the facts. On the contrary, they
actually comprehend the facts by bringing mto the light
and giving precise expression to the actual underlying sys-
tem of reality within which these facts are fraoments Thus
the inmost essence of explanation 1s the implicative system.

E Meyerson refuses to follow either Bergson or the pgsi-
tivists. He admits that the motivating force behind the
true scientist 1s the desire to find a complete'fy rational
theory of the real world. But in the end he is always
confronted with what Meyerson calls an wrational The
contradiction between C'arnot’s principle in physies and the
law of conservation of energy 1s an example. But there
are other examples Just when we think that a complete
explanation has been reached, such an irrational turns up.
The history of science proves that there i1s much truth in
this theory But what are we to do about 1t? Must we
attribute the irrationality to reality itself, as Meyerson
does? Let us rather attribute the irrationality to human
finitude, and let us think of the past victories that scientists
have won over such irrationals Such victories rationalize
the belief that reality 1s rational.

It should be emphasized that the methods of explanation
cannot be sharply separated from the methods already con-
sidered. For those methods are employed in the early
stages of explanation But in the working out of a complete
and comprehensive explanatory theory special methods are
used, which are known as explanatory methods just because
of their effectiveness in taking the investigator beyond the
point reached when he restriets himself to the use of the
statistical and experimental methods. For this reason the
most important method of this group, namely, the complete
method of ezplanation, is also the most important method
known to science.



CHAPTER XXITII
THE METHOD OF ANALOGY

Jystification for Treating Analogy as a Scientific Method

The term analogy is another one of those logical terms
which 1s used in a great variety of ways. Under the name
of the paradeigma 1t was 1ecognized as a form of argument
by Aristotle. And ever smee his day analogical reasoning
has been used extensively and deliberately in every depart-
ment of human knowledge. It has always played an espe-
cially significant réle in theology. Owing to the great antig-
uity of this form of reasoning 1t might be thought that it
should have been included i Part One under traditional
Aristotelian logie, instead of bemng reserved for treatment’
here as one of the inductive methods. Then, too, the fact
that 1t has heen one of the pillars by which theology has
always been supported 1s also caleulated to deprive 1t of the
right to be treated as a scientific method Hence, before
explammg m detail what analogical reasoning 1s, and as
a preliminary stage to such a setting forth of its nature, it
is first necessary to state briefly the reasons for treating
analogy as a sclentific method and for including it among
the explanatory methods.

In the first place, almost all modern textbooks place
analogy under induetive rather than under deduective logie.
This is because it includes, as Bosanquet has rightly re-
marked, ‘‘an aspect of discovery, as well as the aspect of
proof.”’ It 1s this aspeet of discovery, which sets analogical
reasoning apart from traditional syllogistic inference, and
justifies treating 1t under the methods of science.

In the second place, analogy is employed quite exten-
298
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sively in every branch of science, from the most exact and
abstract, such as physics and chemistry, to the more con-
crete and complex, such as the social sciences. Botanieal
classification, the diagnosis of diseases in medical science,
historical interpretation, social and economic theories,
chemical and physical diseoveries, all more or less involve
analogical reasoning This extremely widespread use of
analogy in the various sciences also justifies treating it as
one of the scientific methods.

Yet, as was suggested above in the classificdtion of the
methods, why not regard analogy as one of the methods of
probabihity, instead of treating it here under explanatory
theory? For 1t 1s usually considered to be a part of prob-
able reasoning. Now it must be conceded that analogy
gives only a degree of probability rather than that kind of
certitude which results from careful experiment. If the
word probability 18 used in the broad sense to mean the
degree of certitude which a method yields, analogy would
undoubtedly belong under the methods of probability. But
in the last analysis so would all other methods. However
that may be, analogy is frequently used to effect a more
complete explanation than can be reached by the methods
of probability in the sense of sampling and statistics. More-
over, as we have already suggested, 1t is very often applied
mm fields of investigation which fall outside of statistical
data. Then, too, and from the point of view of our classi-
fieation of the methods this 1s very significant, analogy
stands in the same relation to the complete method of ex-
planation that agreement stands to the method of differ-
ence, or simple enumeration to statisties. Its funection is
to suggest fruitful explanatory prineiples, just as 1t is the
function of the method of agreement to suggest causal con-
nections, and of simple enumeration to suggest probable
laws. These, then, are the reasons for treating analogy
as one of the explanatory methods.
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The Dual Meaning of Analogy

There is a narrow and a broad interpretation of analogy,
and a discussion of each will help to make clear what is
meant by this type of reasoning.

1. Mathematical Analogy According to this theory,
analogy should be restricted to relefions and should never
be applied to things or objecis—the terms of relations.
Thus we say that the relation between a captamn and his
crew 1S analogous to the relation between the Mikado of
Japan and his subjects. There 18 a resemblance or sum-
tlarily between these two relations such that one can argue
to unknown details about the relation between the Mikado
and his subjects from a knowledge of those details 1n regard
to the relation between a captain and his crew Or, to put
1t differently, the fact of a resemblance justifies one mm
using what 1s known about one relation to explain what 18
not known about the other. Because certamn things are
known to be mvolved 1n one of the relations, 1t 1s assumed
that the fact of resemblance carries with 1t the same things
for the other relation. Now this view that only relations
are involved 1n analogical reasoning, or that analogy con-
gists 1 an argument from known features of one relation to
unknown features of another relation, by virtue of a known
resemblance between the two relations, 15 what 1s meant by
mathematical analogy. And, although this meaning of
analogy must be retained, it is far too narrow. .Analogy
is also concerned with things or objects which resemble.
On this point practically all logicians are agreed. Con-
crete realities, and not abstract relations, are the material
-with which analogy is primarily concerned.

2. Logical Analogy. The view which ncludes in the
definition of analogy objects which resemble, as well as
similar relatioms, may be designated logical analogy, to
distinguish it from mathematical analogy. Resemblances
between relations, then, are only a small part of the re-
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semblances with which analogy works. Any similarity be-
tween objects may be used as the basis for an inference by
analogy. Now, to be sure, the deeper the resemblance is
rooted 1n the nature of the two objeets or relations mvolved,
the greater the value of an inference from 1t. Moreover,
the larger the number of resemblances, the more probable
the conclusion. Logical analogy, then, means that infer-
ence which 18 drawn about unknown features of a certain
object, based upon a known resemblance between 1t and
another object, about which what 18 inferred in the analogy
1s already known. Thus, Mars and the earth are both alike
in being planets, they are nearly equidistant from the sun,
each has an atmosphere, they are alike i eonditions of day
and night, temperature, seasons, humidity, ete, each has
seas and contments. Now all these resemblances being
established by various observations, we may mfer by anal-
ogy, from our knowledge that the earth supports organic
life, that the planet Mars 1s also inhabited. Since they
resemble 1n so many different ways, why not m this matter
of supporting life? This is a stock 1llustration of reasoning
by analogy. All that can be claimed for it is a certamn de-
gree of probability.

Analysis and Exemplification of the Method of Analogy

Having made clear the general meanmg of analogical
inference, it 13 now necessary to give a more detailed analy-
sis to bring out the separate steps 1n the method.

The first step consists of a careful observation and listing)
of the pomts of similarity between the two objects or rela-
tions under investigation. If the inference is to be of real
scientifie value, this should be done with the utmost care
and attention. It is especially important to find as many
as possible fundamental resemblamces, as distinet from
purely external and superficial likenesses. Hence, each
observed similarity must be carefully weighed or estimated,
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in comparison with the others, so that the fundamental
ones may be sorted out from these which are really insig-
nificant. In certain cases this testing of the resemblances
might involve experiment.

The second step 1mn the method of analogy 1s the obser-
vation and tabulation of all of those aspects which are
known about one object, and not about the other. Two
Lists should be drawn up. The more exhaustively each
object is known, over and above the similarities between
them, the greater the value of the inference.

The third step is to select from among those things
which are known about one of the objects, and unknown
about the other, those which are most likely to be true of
both. These should be carefully formulated, as hypothe-
ses or explanatory prmeciples. That 1s to say, they should
be expressed as definite analogical inferences to the effect
that since one object has the characteristies in question,
and also resembles the other object mn various known re-
spects, therefore the other must also possess these same
characteristies.

Now 1t goes without saying that the method of analogy
may be, and frequently 1s, used without these separate
steps bemg differentiated. But in order to comprehend
fully what analogy involves, it is necessary to represent
the process as being more formal than 1t usually 18 in
actual scientific procedure.

A dmistinguished French historian, E. F. Gautier, has
recently put forth an interesting explanation of the great
World War 1in which the method of analogy plays a sig-
nificant rdle. He enumerates certain resemblances between
the history of France and the evolution of species of am-
mals. The data of history, he holds, are very similar to
the data of paleontology. There are, for instance, the
same laws of growth, maturity and senescence, and evolu-
tion into a nmew and more developed species. And he
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goes on to enumerate five chief eycles in the evolution
of France. These are: (1) the conquest of France by
the Romans; (2) the invasion of the barbarian hordes,
which overthrew and utterly destroyed the Roman power
in all of Gaul; (3) the invasion of the Normans; (4) the
One Hundred Years’ War; and (5) the great World War
of 1914. He points out that each of these leading events
was a great catastrophe, sumilar to those recorded 1in, the
rocks for animal species. Each cycle occurred at an in-
terval from the catastrophe preceding of about five hun-
dred years or fifteen generations, and from each was born
a new era in France. And this, too, is similar to the cycles
involved n the evolution of the species. In short, since
the invasion of Csmsar, five successive Frances can be
traced, and this evolution is quite like those separate stages
m the evolution of such a species as the horse and the
elephant.

But now we Imow that cataclysms among the species are
followed by a rejuvenation and a new development. After
each one of the cataclysms there is an upward and higher
progress. And 1n the case of the four past cycles in French
history this 1s also known to have happened to France.
Therefore, on the basis of this close resemblance, Gautier
infers that France can look forward to 2 new cyele of re-
Juvenated national energy. This is the explanatory theory
which he reaches as a result of his analogy.

‘What, now, is to be thought of this analogy!? It is highly
suggestive, Interesting and original. But does it prove
the conclusion? Certainly not. Only time can prove his
theory that France is entering a period of rejuvenated
national energy. He has only advanced a pleasing ten-
tative hypothesis. The analogy 1s suggestive, but he does
not establish his conelusion. Now this is true of every
anslogical conclusion, unless it is supported by the com-
plete method of explanation. The great value of this
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method of analogy 1s that 1t serves as a guidepost and
directs the way to vahd principles of explanation. To
prove that they actually are vahd 1t 1s not within the power
of this method to do.!

The Defects and Fallacies in Analogical Reasoning

Valuable though 1t 1s in suggesting fruitful explanatory
prineiples, analogy 1s subject to serious lhimitations. Im
fact, 1t 18 a form of reasoming which scientists generally
scathingly condemn, but which they all find 1t necessary to
use. One of 1ts chief defects 1s that 1t does not take account
of differences It throws the whole emphasis upon resem-
blances, but the differences between objects are just as sig-
nificant as the likenesses. Then, too, as we have already
noted, analogy 1s frequently based on extrinsic and super-
ficial resemblances mstead of being based on fundamental
and intrinsic ones. Moreover, 1n the example just given,
we also have a good illustration of basing the analogy on
too few facts Aspects of the evolution of species which
are frequently important are ignored. Moreover, there are
highly complex factors entering into social cataclysms
which do not enter into biological evolution at all. Gau-
tier oversimplifies and ignores numerous factors. On the
basis of a comparatively few facts he makes what has been
well called a hasty gemeralization. This is a vice which
frequently besets those who resort to analogical reasoning.

Then there 1s the special vice known as false analogy.
This expression 1s sometimes used to mean attaching more
weight to an argument from analogy than is warranted in
view of the defects 1n that form of reasoning. As Mill
points out, 1t is the peculiar vice of unimaginative people to

1 M. Gautier’s articles were entitled- “Interpretation Biologique
des Grandes Catastrophes,” and they first appeared 1n the Meroure
de France (1920) I owe my account to a résumé, published in the
Boston Trenscript
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overrate the importance of such similarities or analogies as
they happen to observe. ‘‘We always find that those are
the greatest slaves of metaphorical language who have but
one set of metaphors’’ (Mill).

However, the real meaning of false analogy is drawing
an mference from analogy which 18 no more probable, or
perhaps not even as probable, as the reverse or contradiec-
tory of that conclusion would be. Now simnce some hines of
evolution are known to have culminated in the extmnction
of an amimal species, Gautier’s argument,” as sketched
above, 15 also a good 1illustration of false analogy m this
precise logical sense of the word. Think, for instance, of
the conspicuous example of the Irish remndeer, which de-
veloped such stupendous horns that they became too great
a strain on the organmism and led to the extmetion of the
species. May there not be an analogy between the final
stages of this line of evolution and piesent-day France?
May not an overdevelopment of militarism, imperialism
and chauvinism be to France what the Irish remndeer’s
horns were to 117 How do we know that every mnational
catastrophe will be rejuvenating? Other nations have been
buried i oblivion. May not France also become extmet?

Here is another very interesting example of false anal-
ogy in this real logical meaning of the term. Dr. Brill, dis-
tmguished expositor and defender of Freudian psychology
or psychoanalysis, suggests an explanation of why a street
sweeper he chanced to know chose the realm of dirt for his
Iife work. When challenged to give his reason the man
said: ‘‘What does it matter what you do? This job is as
rotten and dirty as any other.”” Dr. Brill comments: ‘‘He
was an avowed anarchist, and took every occasion to decry
the rottenness of our social system. May we not assume
that his choice of a vocation was an unconscious effort to
clean up the rottenness of society, which seemed to trouble
him so much?’’ Now it must be admitted that this sug-
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gested explanation is entirely consistent with psychoanaly-
gis. Nevertheless it is an excellent example of false analogy.
For a non-psychoanalyst might very well retort ‘‘How
do you know that the man turned to scavenging because he
was dissatisfied with the established order of society? Per-
haps he became dissatisfied because secavenging was the only
job he could get '’

Analogy and Owrcumstantial Evidence

As Bode hus pointed out, there is a very close connection
between circumstantial evidenee and reasoning by analogy.
Suppose such a ciime as murder has been committed. The
prosecutor studies the facts and eircumstances of the erime
and, on the basis of this study, forms a clear conception
of the hypothetical criminal. He then finds striking sim-
larities between this hypothetical eriminal and some sus-
pected individual Because a certain person, X, resembles
the hypothetical person who committed the murder in
having 1n his possession property of the murdered person,
in having been seen near where the crime took place at
about the time it was committed. and in possessing a blood-
stained weapon exactly hke the weapon with which the
person was killed, it is highly probable that X is the
murderer. Resembling the hypothetical eriminal in so
many respects that are fundamental, X must resemble him
m having done the deed—must be identical with him.

Such reasoning is essentially analogical and is subject to
all of the defects of analogy expounded above. Yet many
a suspect has been punished by our courts solely on the
basis of circumstantial evidence. In many cases those pun-
1shed were doubtless guilty, but the logician must question
the right of the state to administer capital punishment on
such evidence alone.?

28ee Felix Frankfurter’s The Case of N and Vanzetts The
exercise on analogy 1s at the end of the next chapter




CHAPTER XXIV

OTHER METHODS OF EXPLAN\TION

The General Meaning of Hypothesis

The word hy pothesus m sclence usually refers to a defi-
nite interpretation_of a a_given set of rfaets,[which is put
forth as a tentative suggestion and remains partly or wholly
unverified. After it 1s once established 1t ceases to be an
hypothesis, and hecomes a theory or explanatory prineiple.
Such tentative and unproved suggestions are frequently
referred to as working hypotheses. And 1n spite of Francis
Bacon’s condemnation of using general axioms which have
not been established by an appeal to facts, it is now gen-
erally conceded that science would be reduced to mere
classification of observed data, if the use of hypothesizing
were forbidden Practically every great explanatory the-
ory, now accepted as valid in science, was first advanced
by some great scientist as an hypothests. Later i1t was
verified and became an established theory. Verification,
however, 18 not a part of the method of hypothesis When
we pass to verification we have entered the domain of the
complete method of explanation. The method of hypothesis
18 restricted to the formulation of good working suggestions,
good tentative principles of explanation. Hence we may
distinguish between an hypothesis and the method of hy-
pothesis by defining the former as any well-knit prineiple
which is put forth as a tentative explanation of a group of
facts, and by regarding the method of hypothesis as the
procedure, mecluding the rules used, in reaching such a
well-knit prineiple.

Although this is the strictly logical meaning of hypothe-
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s1s, there are other current interpretations of the word
which should be briefly differentiated from it, if confusion
in the use of the term 1s to be avoided In the first place,
we must distinguish the scientific use of the term, which
has just been stated, from the popular meaning. According
to the latter, any fact used to explam another fact 1s called
an hypothesis. Whenever something unusual strikes the
attention of the average unscientifiec person, he immediately
puts' forth the hypothesis that 1t must have been due to
something elre. If, for example, he finds a bridge out, he
will explain 1t by the hypothesis that there has been a heavy
downpour of ram in that locality, or that a heavily loaded
truck or a threshing machine has broken the bridge down.
Thus, in such a popular hypothesis, there 1s really no at-
tempt to formulate a highly general principle of explana-
tion to mnterpret a complicated mass of data. The contrast
between such hypotheses of popular thought and a genuine
seientific hypothesis, such as the nebular hypothesis 1
astronomy, 1s so great that the distinetion between the two
meanings needs no further elucidation. For even though
it be admitted to be only a difference ;n degree, the differ-
ence 18 so vast that for all practical purposes 1t 18 a differ-
ence in kind.

But 1n the second place a genume scientific hypothesis
must be distinguished from what Jevons well called ‘‘pure-
ly descriptive hypotheses.”’ Indeed the contrast here 18 so
great that the latter might almost be called pseudo-scien-
tfic hypotheses. They are just convenient names for some-
thing very unusual, and about which we do not have suf-
ficient knowledge to enable us to comprehend 1ts mnature.
Thus, to use Jevons’ illustration- ‘‘If we are to speak of
what constitutes electrieity . . . the motion of a fluid of a
very subtle character presents itself as appropriate. There
is the single-fluid and the double-fluid theory of electricity,
and a great deal of discussion has uselessly been spent upon
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them, The fact 1s, that if these theories be understood as
more than convenient modes of deseribing the phenomena,
they are altogether mvalid.”’? Scientists are now beginning
to suspect that the theory of a luminsferous ether, as the
bearer of wave motions, is another purely deseriptive or
pseudo-hypothesis, and that, to use the ungrammatieal, but
expressive, words of the rustic who looked for the first time
upon a circus giraffe, ‘‘there am’t no such animal,’’?

»
The Method of Hypothesis

-

There 18 a great deal of truth in the eontention that only
great geniuses have the ability to formulate good seientifie
hypotheses, and that consequently no definite procedure ean
be laid down by following which they can be reached Given
a sufficient store of information 1n a certain field, and the
scientist, gifted with mtuitive 1nsight and high powers of
the 1magination, sumply sees connections among the data
which the ordinary man never even so much as dreams ex-
ist. Now 1t must be admitted that it 1s thus that many
great hypotheses are produced ‘‘With accurate experi-
ment and observation to work upon,’’ says John Tyndall,
in his famous essay on The Scientific Use of the Imagina-
tion, ‘‘1magimation becomes the architeect of physical
theory. Newton’s passage from a falling apple to a falling
moon was an act of the prepared imagmation, out of the
facts of chemistry the comstruective 1magination of Dalton
formed the atomic theory, Davy was richly endowed with
the imaginative faculty, while with Faraday its exercise
was incessant, preceding, accompanying: and guiding all his
experiments. . . . Without the exerecise of this power, our
knowledge of nature would be a mere tabulation of co-
existences and sequences.”’

1'W. 8. Jevons, Principles of Science, 2d ed., revised, p. 522.
28ee A. N. Whitehead, An Inquiry Ooncerning the Prnosples of
Naturael Knowledge, Ch. I
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Not every scientific hypothesis, however, springs full-
grown from the Jovian mind of the scientific genius. Some
are only gradually formulated after years of research and
pamstaking study Moreover, it 1s easy to exaggerate the
mmportance of mtuitive insight on the part of the genius in
the mvention of hypotheses They must be based upon
facts. And in the formulatmg of the hypothesis, the hard
work which even the genius must go through with as a
diseiplinary training 1s just as 1mportant as his crowning
flash of insight. In any case, certain general requirements
or rules to be followed 1n reaching an hypothesis are usually
given by logicians, and I shall treat them as a part of the
method of hypothesis.

1. The hypothesis should be concervable and not ab-
surd. Or, 1n other words, 1t must be capable of being
brought into the received body of knowledge This rule,
however, must be carefully mterpreted. It does not mean
that all hypotheses are to be thrown out as worthless which
seem absurd to ordinary minds. Few, indeed, were the
physicians 1 England, contemporary with Harvey, who
did not look upon his theory of the eirculation of the blood
as highly absurd' Instead of being left to individual taste,
the test of the concervability of an hypothesis must be de-
termined by 1ts power to explain the faets. Only experts
capable of weighing the hypothesis have a right to say
whether 1t 18 concelvable. Similarly, we cannot demand
that hypotheses fit into the received system of knowledge in
a purely mechanical or wooden way. We must never forget
that knowledge is a living organism, and that new hypothe-
ses can grow into the system, even though they appear,
when first set forth, to be so novel as to be entirely out of
aceord with previous knowledge.

2. The hypothesis must be of such a character that
deductions can be made from . This is of the utmost sig-
nificance. 'We cannot move a step toward verifying an hy-
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pothesis until deduections are made which are capable of
empirical verification Consequently every hypothesis is
entirely valueless which 1s not stated in such a way that
various deductions ean be made from 1it.

v 3. An hypothesis should not contradict any of the
known laws of mature. But here, agam, we must be on our
guard aganst throwing out hypotheses which appear to con-
tradict these laws. Perhaps a slhight modification in,the
hypotheses or a reformulation of the laws may reveal the
fact that the supposed contradiction does not éxist. Every
new hypothesis 15 likely to appear contradictory to old
established natural laws simply because of 1ts strangeness.
Think, for mstance, of the new theory of relativity. Yet
such an hypothesis cannot be thrown out entirely until
scientists are able to establish a flat contradiction between
it and the known laws of nature. Here, as m many other
matters, appearances may be deceiving.

But the most important element in the method of hy-
pothesis still remains to be mentioned. It is what 1s known
as the process of molding the hypothesis. This involves
two things. In the first place, a good scientific hypothesis
18 usually the product of a number of different relatively
vague guesses which have been fused together by a process
of elimination of the irrelevant ideas, and of reconstruction
of what are left into a clear and definite hypothesis. Hy-
potheses are thus gradually eonstructed out of various tenJ
tative ideas. But in the second place, the hypothesis must
also be shaped to fit the facts. Even though more than
one hypothesis be found to explam a set of facts, all which
are not molded into the facts so that they actually explain
them must be thrown out. By the molding of an hypothe-
sis is meant this process of fusimg vague and indefinite ideas
into clear and precise prineiples of explanation, formulated
80 as to fit the facts under consideration.

As an illustration of this process of molding the hy.
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pothesis, consider the following recent account of investi-
gations into the nature of the disease known as caneer:

Keeping 1n mind the facts that cancer begins in a circum-
scribed area and increases 1n size by a continuous multipheation
of cells, the erux of the problem presented by it 13 seen to be
How are the cells in the localized area concerned, started on thewr
altered tempo of growth, and why are they unaffected by the
restiaining influence which normally holds the cells of the rest
of tne body within proper bounds? It would be very natural
to assume that a weakening of the restraint which the cells of
the b bod3 exert on each other 1s merely a part of the general
weakening of the natural forces accompanying old age A spe-
cial cucumstance has enabled us to elimnate this suggestion,
rendered unlikely by the fact of the circumscribed origin of
these growths (XNote that ths suggestion 1s rendered unhkely
because 1t does not fit the facts ) The ewrcumstance alluded to 13
the occurtence in certain animals of cancerous growths which
can be grafted successfully into normal anmimals of the same
species Mot of this work has been done with mice and 1ats A
careful day-to-day sludy of the site of the inoculation shows
that there 15 no question of the cells of the inoculated animal’s
bodv becoming eancerous. What happens 1s that the cells ntro-
duced continue to grow until they form large masses of cells.
The process can be repeated indefinitely 1n a succession of mice.
Clearly, then, the rapid and continuous growth of cancer cells
cannot be due solely to the weakemng of the restraimng in-
fluence on growth in the body of the cancerous subject. On
reflection, there seems to be no escape from the hypothesis that
the cancer cells behave as they do, because they are different
from then neighbors They have undergone a change in becom-
1ng cancerous, by which they no longer respond to the influences
which 1esirain and regulate cell division and growth in the
body 3

Note that the last sentence but one states the molded
hypothesis, which has been reached by an elimination of
the tentative suggestion stated mn the second sentence of the
quotation. While the hypothesis has been molded to fit

8 Adapted from an article by J A. Murray, entitled, “The Bio-
logical Problem of Cancer,” Dwsoovery, Vol. I, pp. T1f
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the faets it must be especially emphasized that it is not
verified. It is put forth sxmply as a working hypothesis to
be established, if at all, by further investigations.

The Complete Method of Explanation

To effect a complete explanation of a phenomenon it
i8 necessary to carry on the investigation until the hypothe-
sis is fully verified Then 1t ceases to be a mere hypothgsis,
however well molded, and becomes an established theory.
The goal of explanation is to reach such a d¢bmprehensive
proof of a well-molded hypothesis as will establish 1t on an
impregnable foundation and bring it into the system of
knowledge. Thus, Harvey’s theory of the circulation of
the blood may be regarded as such a complete explanation
of the facts with which 1t deals. Four stages may be dis-
tinguished in the complete method, and in some of them
other methods are employed.

1. Collectrng the Data. Given a certain problem, the
first step is to get a sufficient body of material together
to carry on the investigation. This stage of the method
will involve the general basic methods of enumeration or
simple counting and observation, and in some cases 1t may
even 1nvolve sampling and statistical methods. Every
possible means at the seientist’s disposal must be employed
in getting the data assembled and properly arranged.

2. The Formulation of Hypotheses. These may be sug-
gested by such methods as agreement, analogy and con-
comitant variations, and they may be gradually molded
by the method of hypothesis which has just been explained.
It is quite essential to get one or more good working hypoth-
eses as tentative explanations of the data. Frequently
many weeks or years are spent on a certain problem in the
effort to formulate fruitful hypotheses. For instance, as
we have just seen, the attempt to explain the nature of
cancer is still in this second stage.
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8. Deductions from the Hypothesis, or Hypotheses.
In putting hypotheses to the test, various deductions have
to be made from them. These may take the form of hypeo-
thetical propositions, such as, ‘‘If the hypothesis is true,
then this and that and the other consequences should fol-
low.”” From a single fruitful hypothesis, many dedue-
tions may be made Hence, hypotheses from which dedue-
tions canmnot be made are worthless It 1s absolutely
impossible to establish them as theories This shows how far
away from tue truth Francis Bacon was m trymng to ex-
clude deduction from scientific method. The strictest form
of inductive inquiry always mvolves a deductive element.
The scientist ecannot make any headway without formu-
lating general working hypotheses as the major premises
for deductive inferences It will be remembered that we
emphasized the importance of hypothetical reasoning in
selience In our account of the hypothetical syllogism.

4. Verfication of the Separate Deductions This -
volves observation and experimentation. Hence, Mill's
method of difference would frequently be used here. Every
means must be used to discover whether the facts support
the deduction or deductions. If not, the hypothesis must
be rejected No hypothesis 1s ever directly verified. Its
verification is vta the separate verifications of the dedue-
tions. If a hypothesis yields frmitful deduetions, which
hold good when an experiment 1s performed to test them
out, or when closer observation of the data 1s made, the
hypothesis 1s 1pso facto verified. It 18 by such a tedious
process, In which many failures must be expected, many
blind alleys explored, that the really valuable explanatory
prineiples of modern seience are raised from the level of
mere guesswork to that of proven theory.

As an example of the complete method of explanation,
consider the very recent experimental investigations which
have revealed the nature of the Rontgen, or X-ray. All
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other light rays were already known to be wave motions.
Hence, the natural hypothesis was that the X-ray 1s also
a wave motion. Hence this hypothesis was already molded
and ready for use as a result of imvestigations of other
kinds of hght rays. The deduction made from 1t was. If
the X-ray is a wave motion, then it should be possible to
diffract 1t, and, when 1t 1s diffracted, 1t will show the same
effects as are shown by rays of the sun which diffraet inte
lines of lLight, playing fantastically about and producing
unusual color effects. Then came the problens of putting
the deduction to the test by actually diffracting the X-ray
to observe whether 1t would produce these effects. But the
extreme shortness of this ray baffled every attempt to dif-
fract 1t by any of the known diffracting media. ‘‘Then 1t
occurred to Max von Laue to employ crystals as a grating
through which Rontgen rays could pass. Crystals had for
some time been regarded as geometrical m structure, and
there seemed reason to infer that they had three dimensions
m space. Such a grating, with minute intervals between
each constituent part, seemed just suited for the diffraction
of X-rays An X-ray was duly isolated by means of a dark
screen, and then sent through a erystal and caught on a
photographic plate. After its development it revealed the
expected picture of an atomic strueture or arrangement.
All about the imprmt of the primary ray was developed
a pattern of the diffracted rays.’’*

Inasmuch as Von Laue’s experiment was a direct verifi-
cation of the deduction from the hypothesis, 1t follows that
the theory that the X-ray 13 a wave motion 18 now estab-
Iished on an impregnable foundation. Moreover, establish-
ing 1t has thrown a flood of bght on a whole nest of prob-
lems. For it explamned the nature of erystalline structure,

4From an article 1n Current Opimon, Vol. LXXII, pp 800f A

fuller popular account of the Laue experiment s given 1n Disoovery,
Vol. I, pp. 36f See the references there given.
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established the fact that the X-ray 18 a wave motion and
proved conclusively the reality of the atom Here, then, is
a simple and clear illustration of a discovery made by the
complete method of explanation The data include X-rays
and various diffracting media especially crystals The
hypothesis was that the X-ray is a wave movement, and the
deduction and its verification have been clearly stated. All
tha steps of the complete method are thus exemplified by
this illustration.

~3

The Nature of Verification and the Ways of Verifying

It is important to distinguish the process of verification
from the results of that process. When thinking of the
latter it 1s necessary to distinguish between results which
confirm the hypothesis and those which refute 1t. The
former I call positie verification and the latter, negative
verification. Each hypothesis can be regarded as the ante-
cedent of an hypothetical proposition, the consequents of
which are the deductions This means that 1t takes this
form - if hypothesis W "is true, then =z, y, and 2 follow.
Verifying positively consists in showing that z, y, and 2
do follow, and the conclusion is that the hypothesis is prob-
aETx true. Note that the conclusion 1s only probable because
positive verification commits the technical fallacy of the
hypothetical syllogism known as affirming the consequent.
Negative verification does not commit this fallacy, since it
denies the consequent. (See pp 166 f)

This interesting difference between positive and negative
verification shows how important it is in verifying hypo-
theses to establish the truth of as many deductions as
possible, Several fundamental deduetions that are all posi-
tively verified give great weight to any hypothesis and make
it practically certain. Hence it is important to make and
to verify every deduction an hypothesis will yield. On the
other hand, deductions that are verified mnegatively may
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indicate that the hypothesis needs remolding rather than
that 1t 18 entirely false. “

‘We may also distinguish five different ways of verifying
deductions made from hypotheses.

1. Observation and Ezperimeniation., This involves
making a detailed study of the data on hand, gathering
more data, or performing some kind of an experiment, all
with the defimte purpose of finding out whether the dedue-
tion which 1s being tested really holds. In}mak.ing such
tests, Mill’s methods may be used.

2. Mathemairical Caleculation When quantative mat-
ters are involved, mathematical calculations may be made
and the facts shown to be either consistent or inconsistent
with these computations. This way of verifying is fre-
quently combined with experiment or observation, the
calculations beimng regarded as a more exact and detailed
interpretation of the deduction. Sometimes such mathe-
matical elaborations of a deduction furnish the basis of a
prediction of the precise way m which something will
happen m nature. When such a theoretical prediction is
later verified, the proof of the hypothesis from which it has
been deduced 1s highly conclusive.

3 8tatistical Verfication. Closely allied to mathema-
tical caleulation 1s statistical enumeration. When experi-
ment is out of the guestion, a statistical study may be made
for the purpose of ascertaining whether the deduection
always or generally holds This may also bring into play
the method of sampling

4. Vertficatiwon by Eliminaiion. An hypothesis may be
strengthened by elimimnating all competing hypotheses The
negative verification of competing hypotheses becomes a
positive verification of the hypothesis which cannot be
eliminated To be sure, other evidence can wusually be
found favoring such hypotheses, but elimination greatly
strengthens the remaining hypothesis Here again, as in
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Mill’s method of difference, negation is shown to be highly
signifieant in the growth of knowledge.

5 Verification by Disjunctive Reasoning. Sometimes
the hypothesis 18 verified by showing that it 1s the only one
consistent with what 1s already known in the field of knowl-
edge to which the dafa under investigation belong. The
reasoning may take the form of a disjunctive syllogism—
either this hypothesis is true or else what we know in this
field 1s false. Put what we know in this field is not false
and hence this hypothesis is true. Consistency with pre-
vious knowledge in 1ts field is always an excellent eriterion
of the truth of any hypothesis That is why secientists
always try to show that the hypothesis which they defend
fits 1n with what we know better than any of the competing
hypotheses

In actual research, scientists combine 1n one way or an-
other all of these methods of verifying hypotheses. Hence
it 1s a mistake to think of them as being mutually exclusive.
The seientist verifies his deductions 1n any way that he can

The Historical Method of Explanation

There 15 a method of explanation, widely used in the
social sciences which goes by the mame of the historical
method. Tt 15 really a combination of two other methods—
the genetic and the comperative method Each of these
may be used as a separate method. But they may also be
employed together, and when they are synthesized and
fused into a single method they become the historieal
method

The genetic method of explanation consists 1n tracing a
complex phenomenon to its origin. The phenomenon under
investigation may be an organ or function of a living bedy,
a social institution or custom, a religious ceremony or doe-
trine, a legal code, a language, a form of literature. a
geological deposit, or what not. Henee this method can be
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profitably employed in any science where complex phe-
nomena can be shown to have had a history or to have
undergone a temporal development from a lower fo a higher
form, from a relatively simple to a more complicated strue-
ture. /To follow such a process of unfolding back to its
begufmng, to 1solate the various genetic forces—those forces
cooperating to produce the phenomenon under investiga-
tion, to understand a later stage by connecting it with an
earlier—tihis 1s the genetic method of reasoning

This genetic idea may be said to be the univérsal methodo-
logical assumption of all the social seiences. The basie prin-
ciple of social organization in any particular social order is
known as the social pattern of that group. The genetie
method, as employed 1n the social sciences, consists 1n trae-
ing human mstitutions, customs, and beliefs back to the
social order in which they originated. The social pattern of
some particular group is regarded as the essential causative
factor in the formation of such customs and doctrines

The genetic method passes imperceptibly and by logieal
necessity into the comparative method, which is the ex-
planation of a phenomenon by comparing and contrasting
1t with other phenomena or by comparing and contrasting
one of the stages in 1ts development with another stage As
Ernst Mach has well said -

Compaiison, as the fundamental condition of communieation,
15 the most powerful 1nner wital element of science The
zoologist sees 1n the bones of the wing-membianes of bats, fingers,
he compares the bones of the cranium with vertehia, the em-
bryos of different orgamsms with one another, and the different
stages of development of the same organism with one another.
The geographer sees in Lake Garda a fjord, mn the Sea of Aral
a lake 1n process of diying up The philologist compares dif-
ferent languages with one another, and the formations of the
same language as well. If it 15 not customary to speak of ecom-
parative physies in the same sense that we speak of ecomparative
anatomy, the reason is that in a science of such great experi-
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mental activity the attention is turned too much from the
contemplatwe element. But like all other seiences, physies lives
and grows by comparison.®

The historian, the sociologist, the economist, the legal
theorizer, the philologist all make use of the genetic and
comparative methods in their researches. But they syn-
thesize and fuse them together into a special method of
rese¢arch This is the historical method. Unique events
which may never recur in human experience are thus dealt
with scientifically. Their genesis 1s traced and they are
eompared and contrasted with events in other cultures or
cwvihizations. All of this elucidates their meaning, brings
to light their organic relations, and makes clear their com-
plex ramifications. Hence the historical method is a basic
instrument of the social seiences In importance 1t must be
ranked alongside the statistical method, these two methods
having made possible the exceptional growth and extension
of the soeial seiences during the last half-century.

The historical method also includes the criticism of texts
and documents to determine their authenticity, reliability,
date, and the circumstances connected with their origin.
The nternal evidence is that which 15 derived from a de-
tailed analysis of the text or document under investigation.
The external evidence is that obtained from other sources
bearing 1n any way on the events and ideas dealt with in
the original document. This special form of the historieal
method 1s basie in such sciences as history and philology.

Bubsidiary Processes

To complete our account of the methods of explanation it
will be well to discuss together certain processes, to some of
which we have already alluded. Abraham Wolf calls
these ‘‘types of explanation,’’ but from our viewpoint they

5 Popular Scients,ic Lectures (Open Court Publishing Co.), p. 239.
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are rather subsidiary processes or ways of explaining.®
However, they are of special value and 1mportance, and the
student will find it interesting and profitable to compare
them with the basic methods of explanation expounded
above.

1. Reference to a Class. A l)_llgnomenon may be ex-
plained by referring it to to some elass Ior by creating a_new
class for 1t For example, a lichen of a type not hitherto
known may be put in some existig class of lichens or a
new class may be made for it under some wfder class.

2. Referemce to an Ewolutionary Series A class of
Pphenomena or a single phenomenon may sometimes be ex-
plained by locating 1t at some definite place in an evolu-
tionary series For example, newly discovered bones of an
“‘gpe-man creature’”’ may be located 1n the evolutionary
series of homo saprens. This process is subsidiary to the
genetiec method discussed above.

3 Reference to Medwating Conditions. If we want to
show how facts seemingly remote are really connected, we
may try to bring to light the intermediate facts or events to
bridge the gap For example, ether-vibrations and nerve
currents are used 1n physiological psychology to explain
perception.

4. Eeference to Laws We may refer a new event to
some relevant law, theory, or general principle of explana-
tion already accepted. For example, ‘‘the bent appearance
of a stick partly immersed in water 1s explained by refer-
ence to Snell’s law of refraction.’” (Wolf )

5. Reference to Purpose. One way to explain conduct is
to refer it to the purpose of an agent. This is especially
valuable in dealing with human volitions or with behavior

6 Ses Abraham Wolf’s veluable article entitled Scientific Method
in the new (14th) edition of the Hnoyclopedia Britennioa, from
which I have taken the names of these five processes, although I
have expounded each in my own words.
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such as that of the ehimpanzees which was described at the
end of Chapter I Ethics, legal science, and other soeial
sciences cannot dispense with this way of explaming, even
though mechamstic and behavioristic psychology demands
the abandonment of all explanations in terms of purpose.
William MaeDougall and others call this type of explana-
tion teleological explanation. 7

ExErcise XV

1. The folldwing are examples of analogy Analyze each,
hsting the resemblances What conclusion, 1f any, 1s reached?
Is 1t an analogy between objects or between relations? Give
one reason why you think 1t 15 a valid or an invalid analogy

(a) Tiavelers in the arctic regions have frequent occasion to
observe how the state of polar 1ce at the beginming of the summer,
and even at the beginming of July 1s always very unfasorable to
their progress The best season for ewploration 1s in the month
of August, and September 1s the month in which the tiouble from
the 1ce 18 the least Thus i1n September our Alps are usually more
practicable than at any other season And the reason for 1t 1s
clear, the melting of the snow requires time, a high temperature 1s
not sufficient, 1t 1s necessary that i1t should continue, and 1its effect
will be so much the greater, as 1t 18 the more prolonged Thus, i1f
we could slow down the course of our seacons, so that each month
should last sixty davs mstead of thirty, in the summer i such
a lengthened condition, the melting of the ice would progress much
further, and perhaps 1t would not be an exaggelation to say that
the polar cap at the end of the warm season would be entirely de-
stroyed But one cannot doubt mm any case, that the fixed portion
of such a cap would be reduced to much smaller size, than we see
it to-day Now this 1s exactly what happens mn Mars The long
year, nearly double our own, permmts the ice to accumulate durmng
the polar might of ten or twelve months, so as to descend in the
form of a continuous layer as far as parallel 70 degrees, or even
further But i1n the day which follows of twelve o1 ten months,
the sun hus time to melt all, or nearly all, of the snow of recent
formation, reducing 1t to such a small area, that 1t seems to us mno
more than a very white point And perhaps this snow 13 entarely
destroyed, but of this there 18 at present mo satisfactory observa-
tion.—(Grovanm Virginio Schiaparellh in Shepley and Howarth's
Sourcebook wn Astronomy, pp. 381 f Translated by Wm. H. Picker-
ing. MecGraw, Hill Pubhshing Company.)
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(b) It 18 evident that in the work of discovery by analysis the
chemist follows the plan which an intelligent architect would pursue
mn studying any impressive monumental stiucture he would study
the general plan of the building in detmil, he would consider the
individual materials out of which the building 1s constiucted—
marble, brick, steel or wood, he would study the way these mate-
rials are combmed, 1n a woid, he would study the structure of the
building as minutely as the chemist studies the stiucture of a
molecule With this knowledge he will be prepared to comstruct
the edifice himself, and may even undertake to build something
decidedly better than the original Now, this 1s exactly what the
chemist often does i his field, once he has made his exhaustine
exammation of any given prineiple What he has taken apait by
analysis, he 18 sooner o1 later led to attempt to put fogether again —
(Julius Steglitz 1n Chemasiry n Medicine, published by The Chem:-
cal Foundation, Ine)

(¢) Statie, the bothersome element for radio enthusiasts, will
never be eliminated, 1n the opmnion of Professor Everett Turner,
radio specialist of Mason Electrical Laboratory at Yale Unmnversity
He said that superpower will overcome most of the effect of statie
He compared use of superpower to conversation between two persons
who are 1n a room by themselves He said that 1f the two persons
talk 1n a low tone they may hear each other easily, but if many
people are 1n the room they have to 1aise their voices to overcome
the other noises The crowd may be regarded as static and the
two persons as a recenning and sending 1adio set The power of
the last-mentioned must be raised to overcome the nowise of the
crowd Professor Turner said that “distance bugs” have no special
credit due them A sensitive set mey pick up distant stations and
at the same time more static than a set which picks up only
nearby stations When superpower 18 used in broadcasting, a person
cuts down the voltage in his set and so reduces the amount of static
picked up The static 1s 1n the atmosphere, but the fiequency in
the set has been reduced

(d) What we know of the relations between beings who have
only life and those who have both hfe and mind does not justify
a very comforting view of the probable relations between ourselves
and gods Ammals have Iife and mind, plants, I suppose, only hfe
The main relation of the worshipper to the god m this case 13 that
the latter eats the former when 1t can Whilst this presents an
wnteresting variation of the religious conception of the Sacramental
meal, 1t may cause the timid worshipper to view the coming of the
kingdom with a certain degree of apprehension —(C D Broad )

2. The following is an example of circumstantial evidence.
List the similarities between the gmlty person and the man the



324 THE PRINCIPLES OF REASONING

police brought to trmal State at least one argument you think
the counsel for the defense might have used to break down the
circumstantial evidence offered by the police

Mr H L Adam, in his volume The Story of Crime, tells an
amusing story of a prisoner whose counsel had successfully obtained
his acquittal on a charge ot brutal assault A policeman found a
man lying unconscious on the pavement one mght. Near him was
an ordinary bowler hat With this as a clue, the police inter-
rogated a certain individual who was known to have been in the
neighborhood of the erime and was later seen without a hat and
mm af intovieated condition The circumstances showed that the
erime had been committed by an intoxicated man Moreover, the
individual under-suspicion was unable to give a satisfactory account
of his movements on the mght of the assault It was also found
that the bowler hat which was found nea: the mjuied man fitted
the suspect like a glove He was accordingly charged with the crime
and brought to trial Al the evidence was circumstantial, since
no one had seen the crime committed, and much was made of the
fact that the hat found near the place where the crime was com-
mitted fitted the suspect to perfection Counsel for the defense
dwelt so 1mpressively on the risk of accepting such evidence as a
proof of guilt that the jury brought in a verdict of “not guilty,’
and the prisomer was discharged Before leaving the dock after
his acquittal he turned to the judge, and, pointing to the hat in
court, asked “My lord, may I ’ave my ‘at?”

3 The following aire examples of the complete method of
explanation, including hypothesis and venfieation  Analyze
each as follows fiist, state what the pioblem to be explained
15 and indiecate what the data are Second, state the first
hypothesis used to solve the problem or explain the data Thnd,
use this hypothesis as the antecedent of an hypothetical proposi-
tion and vake a deduction for the consequent, thus: If this
hypothesis 1s true, then so and so should follow. TFourthly,
state how this deduetion 1s put to the test, whether the evidence
15 positive or negative verification of the deduetion, and which
of the various ways of verifying was used in this emdence If
a second deduction 1s made from the first hypothes:s, do the
same for 1t If not, and a second hypothesis 1s used, go through
the same steps for 1t and for any others, until you have made
a complete analysis of the example.

(@) Vitamins and Sunhght

It is known that Vitapun-D is essential to prevent rickets. Dur-

ing the post-war conditions in Viennea many cases of rickets devel-
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oped in the city English workers, under the direction of Dr H,
Chick, held that the disease could only be cured by cod-liver
o1l, which contains much of the Vitamin-D element The Viennese,
on the other hand, had the 1dea of curing their patients by remedying
the conditions under which they lived, giving them fresh air and
sunshine BStrangely enough both bands of workers were able to
produce clinical evidence in support of their hypotheses Rickety
infants to whom cod-liver o1l was given were completely cured, but
others who lived an out-door life were also cured without cod-liver
o1l It was then that Dr Chick and her co-workers advanced the
hypothesis that the bright sunshine could somehow replace a
vitammn 1n the food In 1924 the full relationship between cod-
liver o1l, Vitamin-D and good hygicne was completely demon-
strated About that date adequate laboratory evidende was obtained
to show that the 1ll-effects caused by the insufficiency of Vitamin-D
could be remedied by exposing the evperimental anmimal on the
deficient diet to a source of ultra-violet light Two doctors also
found that 1t was possible to “activate” a ration deflient in anti-
rachitic vitamin by exposing 1t to light, thereby conferring on it
ricket-preventing properties These experiments on ammals were
really a confirmation of the results obtained in the clinical investiga-
tions by the Austrian medical men —(Mrs. Leslie Harris in Dis-
covery, Jan. 1929, p 16)

(b) The Infe Cycle of the Moon Jellyfisk

The moon jellyfish has been studied by Mr. William Crowder
He gathered specimens from the sea with a dip net and put them
m tanks 1n his laboratory At the time they were put into the
tanks he noticed that the four horse-shaped pouches of the females
were filled with countless minute laive, only shghtly advanced
from the egg stage A week after transferring the jeilyfish to the
tanks he found the water foul and very cloudy, with all the
jellyfish Iying on the bottom either lethargic or dead As he
observed this strange phenomenon he noticed that the cloudiness
of the water grew less and localized imnto a filmy haze on the side
of the tank nearest the light, Here was a situation he wished
to explain He remembered & sumilar phenomenon where fiddler-
crab larve had left the egg-mass of the mother and had swarmed
in myriads towards the Iight Could 1t be that this was a phe-
nomenon of the same kind? This surmise caused him to examine
the dymng jellyfish and he found that the pouches of the females
were entirely empty Tlus indicated that the hazy water was caused
by the presence in 1t of larvee He pul a drop of the water under
a lens and observed pear-shaped larve swimming in it, propelled
by bairlike ciha. He then studied the larve on the side of the
glass for several hours., “They seemed not to assimilate any food,
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nor did theie appear to be any physical provision for this purpose,
yet they not only Ined actively, but they seemed actually to inerease
somewhat 1 size” He then put a few larmvae in each of several
«maller receptacles for closer observation “Barely were these
preparations made when the laival hordes ceased swimming and
congregated on the bottom and sides of their respectine quaiters”
They changed very rapidly and secieled a hard substance to attach
themselvey Tentacles formed and they became scyphistome, which
15 the fixed o1 sessile form of the moon jellyfish  Several weeks
later Mr Ciowder observed that each of these began to absorb its
tentacles and to divide One by one these divisions or segments
freed themselves from the fived form and became moon jellyfish hke
those he dipped fiom the sea Thus was the life cycle of this
remaikahle anmmal discovered —(Adapted from the National Geo-
maphiwe Magazine, Vol 50, pp 187-202, where colored 1llustrations
of each form are given)

(¢) The Nature of Purulent Infection

During the siege of Paris (1870), in the Grand Hotel, which had
been turned into an ambulance, Nélaton, in desparr at the sight of
the death of almost every patient who had been operated on, declared
that he who should conquer purulent infection would deserve a golden
statue It was only at the end of the war that it occurred to
Alphonse Guérin that the “cause of purulent infection may
perhaps be due to the germs or ferments discovered by Pasteur to
exist 1n the air” Alphonse Guérin saw, 1n malanal fever, emana-
tions of putrefied vegetable matter, and, in purulent infection, ammal
emanations, septic, and capable of causing death

“I thought more firmly than ever,” he declared, “that the miasms
emanating fiom the pus of the wounded were the real cause of this
frightful discase, to which I had the sorrow of seeing the wounded
succumb .. I bethought me that the miasms, whose existence I
admtted, because I could not otherwise explain the production of
purulent infection—and which were only known to me by their
deleterious 1nfluence—might well be living corpuscles, of the kind
which Pasteur had seen in atmospheric air, and, from that moment,
the history of miasmatic poisoming became clearer to me ‘If,’ I said,
‘miasms sre ferments, I might pirotect the wounded from their fatal
mfluence by flltering the air, as Pastema did’ I then conceived the
idea of cotton-wool dressings, and I had the satisfaction of seeing my
anticipations 1ealized ”

After arresting the bleeding, lLigaturing the blood vessels, and
carefully washing the wound with carbolhic solution or eamphorated
alcohol, Alphonse Guérin applied thin layers of cotton wool, over
which he pleced thicker masses of the same, binding the whole with
strong bandages of new linen. This dressing looked like a voluminous
parcel and did not require to be removed for about twenty days. . . .
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Other surgeons learn with amazement that, out of thirty-four
patients treated in this way, nineteen had survived the operation.
—(R Vallery-Radot, The L:fe of Pasteur, Doubleday, Doran Co, p
236 1.)

(¢) The Polar Caps of Mars

Many of the first astronomers who studied Mars with the telescope,
had noted on the outline of its dises two brilhant wlite spots of
rounded form and of variable size In process of time 1t was
observed that whilst the ordinaiy spots upon Mars weie displaced
rapidly 1n consequence of 1ts daily rotation, changing m a few hours
both their position and their perspective, that the two white spots
remained sensibly motionless at their posts It was concluded rightly
from this, that they must occupy the poles of folution of the
planet, or at least must be found very near to them Consequently
they were given the name of poler caps or spots And not without
reason 18 1t conjectured, that they repiesent upon Mais that unmense
amount of snow and ice, which stall today prevents navigators from
reaching the poles of the earth We are led to this conclusion not
only by the analogy of aspect and place, but also by another immpor-
tant observation . .

If the white polar spots of Mars represent smow and 1ce, they
should continue to deciease in size with the approach of summer 1n
those places, and 1ncrease during the winter Now this very fact 1s
observed 1n the most evident manner In the sccond half of the year
1802, the southern polar cap was in full view, during that interval,
and especially mn the months of July and August, its rapid diminu-
tion from week to week was very evident The melting of the
northern snow was seen 1 1ts turn in the years 1882, 1884 and 1888.
These observations of the aliernate increase and decrease of the polai
snows are easily made, even with telescopes of moderate power, but
they become much more mteresting and instructive when we can
follow assiduously the changes in thewr more minute paiticulars,
using larger instruments. The snowy regions are then seen to be
successively notched at their edges, black holes and huge fissures
are formed in their interiors; great isolated pieces many miles 1n
extent stand out from the principal mass, and dissolving, disappear
a little later In short the same divisions and movements of these
1cy fields present themselves to us, at a glance, that occur during the
summer of our own arctic regions, according to the descriptions of
explorers. . . —(Giovanm V Schiapareill 1n Shapley and Howarth’s
Sourcebook 1n Astronemy, pp 380f Translated by Wm H. Picker-
mg McGraw-Hill Publishing Co Compare this example with
example ¢ under question one,)

(e) Nansen’s Discovery
In June, 1881, an Amencan exploring ship called the Jeanette
foundered 1n the Aictic at a pomnt north of the New Siberian Islands.
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Three years later & number of articles which had belonged to the
ship were found on the south-west coast of Greenland From an
examination of the facts relating to this, and one or two similar
mstances of a similar character, Dr Fridt)of Nansen formulated the
hypothesis, 1n 1891, that “a current flows at some point between the
pole and Franz Josef Land from the Siberian Arctic Sea to the east
coast of Greenland ” To test this hypothesis he organized an Arctic
capedition He built a strong ship, the Fream, on such prineiples
as to enable 1t to withstand the pressure of the ice, and sailed from
Norway, with a crew of twelve, 1n July, 1893 A few weeks later he
disappeared from the civilized world off the Siberian Islands, near
where the Jeanette had foundered He was not heard of again until
June, 1896, when he was met by Major F G Jackson on the 1ce to
the south-south-east of Cape Flora Thus his hypothesis was proved
to be correct —(Adapted from R A. Gregory, Discovery, pp. 86f,
The Macmillan Co )

(f) The Nature of ILaght

Newton supported with the weight of his great authority the
theory that light 1s due to the emission of minute particles at a
high velocity by a luminous body When these particles impinge
on the retina of the eye, they produce the sensation of light From
this hypothesis may be deduced the consequence that hight must
travel faster 1n wmater than m air Another theory, put forward
by Huygens about Newton’'s time, and developed later, 18 that light
18 due to vibration mn an 1magmary medium called the ether, be-
heved to prevail throughout all space Luminous bodies set the
ether 1n vibration, and when these undulations reach the eye they
give us the sensation of hght If this hypothesis 1s true, then
light should travel more slowly in a substance like water than 1t
does 1n air

To test these two hypotheses an experiment was required by
which the relative velocities of light in air and water could be
detetmined But for a long time this crucial experiment could not
be produced In the meantime, however, Dr Thomas Young showed
that red Light 18 produced by mnearly 32,000 ether waves to the inch,
and tkat the number of such waves 1n a given length ncreases
progressively in passing from red to violet, until at this end of the
colour scale there are about 60,000 undulations to the inch Young
also proved that certain optical effects could be explained only by
the principle of interference of ether-waves with one another This
seemed to support the wave theory of light rather than the cor-
puscular theory. In 1815, a French investigator, Augustin Jean
Fresnel, began experimental work in optics, and he was also led
to the discovery of interferemce in light. The work of Young and
Fresnel revived the unduletory theory.

In 1850, Jean Leon Foucault devised the crucial experiment by
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which he proved that Light, which travels at the rate of about
186,000 miles per second in air, travels through water at about
three-quarters that velocity. The corpuscular theory was then
asbandoned 1n favor of the undulatory theory But researches in
the domain of radioactivity have proved the existence of minute
parficles moving with the high velocities demanded by Newton's
corpuscular theory of light Today there 18 good experimental evi-
dence favoring each theory, but 1t has yet to be shown that radio-
active particles can account for optical phenomena as completely as
the wave theory does —(Adapted, with several modifications, from
R. A Gregory, Discovery, pp 158-160, The Macmillan Co.)

4 The followmng statement of the relation between the early
stages of religion and other activities, especially magie, embodies
the historical method as ineluding the genetic and the com-
parative methods. Analyze the example by lhsting the different
stages of development.

Professor W. K Wright, in the opening chapters of A Student’s
Philosophy of Religion, distinguishes three important types of primi-
tive religion, the type where religion 1s undifferentiated from other
activities, the type where 1t 18 in process of differentiation, and
the type where 1t is fully differentiated The Aruntae Religion of
Australia 1llustrates the first type, the Toda Dairy Religion of
India. and the Melanesian Religion 1llustrate the stage where re-
ligion 18 in process of differentiation, and the Baganda Religion of
South Africa illustrates a fully differentiated religion Professor
Carpenter 1n Comparatwe Religion (Henry Holt & Co ) writes.

The kinship between Magic and Religion 1s clearly marked when the priest
takes the place of the devil dancer or the medicine man Yet they are om
different planes, rehigion 1s prescribed and official, and demands specifie
services, magic falls into the background, i1t becomes a secret, perhaps a for
bidden, art Nevertheless, between religion and antisocial magic hes a large
group of rites, essentially magical in character, hke the North American
Indian rain-dances or the totem ceremonies of the Arunta in Central Aus-
traha, designed for the general welfare Even in much higher cultures the
spell frequently mingles with the prayer, and ceremomnies of sacrifica carry
with them elements of compulsion or constraint (p. 79).

5 The following 1s an example of the historiecal method ap-
plied to the fourteenth chapter of the Book of Genesis. Ew-
dence, both internal and external, 1s given for two opposing
hypotheses as to the date the chapter was written State each
hypothesis in your own words and tell what you think each item
of ewidence 15—internal or exterpal or a combination of both,
explaining why in each case, Read the chapter before answering
the question.



330 THE PRINCIPLES OF REASONING

I. Evidence for the lustoric tiusiworthiness of the chapter.

(8) The text contains prelistoric names of places, of
peoples, and of individuals

(5) The background of the story 1s knmown to be true, for
there actually was an Elamite supremacy over Pales-
tine before the year 2000 Bc So the story fits the
facts of history well enough that it eould be true.

(e) The pohitical conditions 1n Palestine were such as the
story 1mples existed (petty princes warring with each
other)

(d) Excavations in Assyria prove that there were kings
having the same names as those in verre 3 of the
chapter

II. Evidence for the Iate origin and fictitious character of the story
in the chapter

(e) Many of the events related are either inherently im-
probable or incredible
1. The stupidity of the movement of the troops. No
king would have been gwmlity of such mihtary
tactics as are described This shows that the
story was mvented later by some one who knew
nothing about military tactics
2 Some of the personal names are clearly artificial
formations invented by some uminformed person.
3 The defeat and rout of Chedorlaocmer’s tramed
army by 318 untramed men 1s incredible
4 Tt 13 assumed 1 the chapter that the Dead Sea
was formed after these events occurred, but we
know from peology that 1t was there ages before
the advent of man on the earth
{b) The writer obviously is prejudiced 1n favor of Abraham
and wants to enhance his achievement as much as
possible Tlus 1dealization of a patriarch proves a
comparatively late origin of the chapter.
(Summarized from Rev. John Skinner’s A Onitical
and Eregetical Commentary on Genesss, Scribners,
Pp. 271-274.) :
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CHAPTER XXV

A SEETOH OF THE DEVELOPMENT OF LOGIC WITH SPECIAL
REFERENCE TO CONTEMPORARY SCHOOLS

The opening sentence of John Stuart Mill’s great System
of Logic 18 especially applicable to contempgrary logieians:
‘“There is as great diversity among authors in the modes
which they have adopted of defining logie as i their treat-
ment of the details of 1t.”’ Ior present-day logie 1s actually
almost an 1nextricable maze of more or less antagonistie
doctrines, and the phrase, bellum omnwum contra ommes
can, as Edmund Husserl aptly says, be applied to mod-
ern logicians. Consequently, any method of ordering this
chaos of conflicting interpretations i1s bound to be made-
qudte In some 1espects. But since it 1s desirable that the
student, before quitting an elementary course, form some
1dea of contemporary tendencies and schools, it seems best
to approach a classification through a sketch of the his-
torical development of the science.

Traditional Aristotelian Logic

Logie really began when Zeno, the Eleatie philosopher
(lived about 450 B. C.), formulated his celebrated para-
doxes to prove the meonceivability of motion. The ‘‘Bymng
arrow’’ cannot move because either it must move in the
place where 1t is or 1n the place where 1t 1s not, and neither
18 conceivable. In a similar manner he argued that Achilles
or the hare could not overtake a tortoise. Here 18 involved
the use of the logiecal principle of contradiction which
Zeno learned from his master, Parmenides. Motion is im-

possible because it leads you into the flat eontradiction of
333
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asserting that a thing can both be and not be in the same
place at the same time. Thus arose the first logical ques-
tion, namely, the question as to what methods of reasoning
are trustworthy. Later on this type of argument was de-
veloped into the dilemma.

The next important contribution to logic was made by
itinerant Greek teachers called the Sophists. They held
truth to be relative to the individual. Protagoras, ome of
their leaders, enunciated the famous saying: ‘‘Man 1s the
measure of all things, of things that are that they are.
and of things that are not that they are not.”’ Conse-
quently, these men took a special interest in the art of per-
suagsion Since anything 1s true which any one believes,
high value 1s attached to the ability to convince others. As
early as the age of the Sophists (400 B C.), rhetorie and
logie bezan to take form as separate studies. Logie, then,
very early appeais in the history of thought as the art of
argumg, this being one of the accomplishments essential to
the suceess of a young Greek in public life. Needless to say,
it has always retamned something of this character.

Socrates rawed the question whether there are not uni-
versal meanings o1 1deas which must be accepted as true by
every thinking being In seeking for such i1deas he aban-
doned the view that truth is relative to the individual,
and turned away from logie as an art of persuasion to logic
as a science of definition. What do we mean by goodness,
justice, or beauty? What is the common or universal mean-
mng behind these words? This was the all-important ques-
tion for Socrates And he wanted and demanded some-
thing more for a definition than a mere example of an act
of justice. He sought for the constituent elements in the
thing 1itself. He thought that it was possible, and essential
to clear thinking, to get at the common qualities possessed
by all individuals of the group in question. Otherwise a
knowledge of that group is impossible. We have already
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seen that definition is also an essential part of present-day
logical doetrine.

In order to define more accurately, Plato carried the
investigations of Socrates further, and developed the
methods of analysis and logical diwvision or classification.
In getting at the common qualities of an object, Socrates
had already hit upon the method of analysis. Plato, how-
ever, greatly extended and made systematic use of it m
his own teaching 1n the Academy of Athens. But not only
did he formulate the method of analysis with greater pre-
caision and definiteness than Socrates had done, he also
added to 1t the method of division. In the logical sense of
the word, division 18 an mnstrument for classifying our
knowledge of a subject. This mmstrument was carefully
developed and apphied mn the investigations carried on in
the Academy.!

Aristotle organized and arranged all of this material
which had been worked out by his predecessors, and added
to 1t his own doetrime of the syllogism In the syllogism, he
thought he had discovered the method of reasoning whieh 18
common to all branches of knowledge. There are, then, two
reasons why Aristotle 18 usually called the ‘‘Father of
Logie,”’ (1) because of his having been the first to sys-
tematize the logical doetrines already mn existence and (2)
because of his having originated that form of reasoning
known as syllogistic reasoning. His most important logical
writings are: the Categories, Interpretation, Prior Ana-
lytics, Posterior Analytics, Tomes, and a treatise on falla-
cies entitled, Sophistical Diffieulires. His followers col-
lected these writings into a single book, and gave it the
title Organon. This was because they accepted Aristotle’s

3 The Academy was a higher educational institution founded by
Plato in Athenpg. It was the most famous umiversity of antiquty,
although the Lyceum, which was later founded by Aristoile, was a
close second.
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interpretation of logic as a code of rules or prineciples used
in the investigations carried on by science. The word
organon means an instrument of thought, and to Anstotle
and his followers the syllogism 1s the mstrument of thought
par excellence.

‘We learned above that there are four different figures of
the syllogism. Aristotle only worked out the first three
figures. The fourth 1s said 1o have been mtroduced by
Galen, a celebrated physician, some tune during the later
half of the seebnd eentury, B C Another important addi-
tion was made by the Stoic logicians of the Roman period
when the doctrine of the hypothetieal and the disjunctive
syllogisms was worked out. Otherwise the Aristotelian
logic has remained substantially the same as he left 1t.

Many modern logicians regard the adoption of the Ars-
totehan logiec by the schoolmen, the orthodox church
philosophers of the Middle Ages, as bemng, at least i some
important respects, a step baclkward rather than forward.
For these men did not fully comprehend Aristotle Hence,
their eonception of the funciion or purpose of logic was
radieally different from his As a result, the deeper side
of his thought was subordinated to the purely formal use
of the syllogism They omitted especially the scientific
foundation upon which Aristotle built his theory of the
syllogism. Hair-splitting distinctions, for example, whether
the pig that is being driven to market 15 held by the man
or the rope, whether a shield that 1s white on one s:de and
black on the other may be called either white or black, were
defended and opposed by disputants mn long strings of
formal syllogisms This way of using logie came to be
known as logic chopping, and 1t has brought considerable
diseredit on syllogistic reasoning.

That this belief in the infallibility of purely formal logie
&8 an art of thought died hard 1s shown by the following
interesting quotation from Graham Wallas: ‘‘During the
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years of the American and French Revolution Oxford stu-
dents were still required, in order to receive their offieial
certificates as tramned thinkers, to repeat long Latin
‘strings’ of syllogistic affirmations and demials on some
questions 1n moral or natural philosophy. Here 18 a transla-
tion of a part of such a string:

Opponent, What think you of this question, whether uni-
versal 1deas a1e foimed by abstraction? >

Respondent 1 affirm 1it.

Opponent Universal 1deas are not formed by abstraction,
therefore you are decerved

Respondent. 1 deny the antecedent

Opponent. 1 piove the antecedent. Whatever 15 formed
by sensation alone, i1s not formed by abstraction, but
universal 1deas are formed by sensation alone, therefore
universal ideas are not formed by abstraction

Respondent 1 deny the minor premise.

Opponent. I prove the mmmor The 1dea of sohdity is a
umversal idea, but the idea of solidity is formed by
sensation alone, therefore universal 1deas are formed
by sensation alone, etc, ete” 2

To-day it is generally recognized that scholastie logie is
not pure Aristotelian logie, but more or less of an adultera-
tion. In recent years logicians have gone back to a careful
study of the Aristotelhian writings to purge the traditional
logic from 1its scholastic glosses Hence ecriticisms of
scholastic logic are not necessarily valid of Aristotelian
logie. But too many erities of scholastic logie fail to take
into consideration the general level of culture of the
medieval period. We could not reasonably expect logical
science to be far 1n advance of general knowledge, and m
an age before the rise of modern science, and before the
renaissance of classical learning, scholastic logic was a nat-
ural product. The schoolmen kept alive an interesi in

2The Great Bociety, p. 177. Quoted by Wallas from Godley:
Oaford wn the Bighteenth Century, p. 177.
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logical questions before the enrichment of knowledge by the
discoveries of the great scientists, and thereby bridged the
gap between ancient and medern logic. For this they de-
serve great credit.

The Development of Methodology

Under the influence of the distinguished seientists of the
fifteenth and sixteenth centuries, especially Wilham Gilbert
and Galileo, there was initiated a new movement out of
which a supposedly new type of logic developed. Francis
Bacon (1561-1626), contemporary and friend of Gilbert,
worked out into a general logical theory of method the pro-
cedure Gilbert had employed mm his remarkable experi-
ments into the nature of magnetism which laid the founda-
tion for the great science of electro-magnetism Bacon fol-
lowed Gilbert mn condemning the scholastic method of rea-
soning. He set forth what he called 2 new method—a
Novum Organum, to replace the Orgenon of Aristotle:

There are (he writes) but two ways of investigating and dis-
covering truth. The one hwiries on rapidly from the senses and
particulars to the most general axioms, and from them, as princ-
ples and their supposed indisputable truth, derives and discovers
the intermediate axioms This 15 the way now in use. (Bacon
here refers to the tiaditional logic 1n the corrupt form 1m which
1t existed among the schoolmen of s day) The other con-
structs its axioms from the senses and particulars, by ascending
continually and gradually, f1ll it finally arrives at the most gen-
eral axioms, which 1s the true but unattempted way®

8 Novum Organum, Bk I, Aphorism XIX That Bacon was 1n-
debted to Gilbert will be obvious to any one who reads the Preface
of the latter's T'reatise on Magnetism, published nearly twenty years
before the Norum Organum He there refers to his own method as
“a new style of philosophizing,” as against the method of “construct-
ing certain ratiocinations on & basis of mere opinions and of old
womanishly dreaming the things that are not ” He insists upon the
importance of beginming with what “we may handle and may perceive
with the senses,” taking first “facts of less rare occurrenmce, from
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He then attempts to map out this new way by distinguish-
ing instances where the thing or phenomenon under m-
vestigation 1s present, from those instances in which it is
absent and those m whieh 1t is present 1n varymng degrees.
He arranged these different types of mstances of the thing
m (1) a table of presence, (2) a table of absence, (3) a
table of degrees. David Hume took over these three priner-
ples later as rules for determining cause and eifect; It
remained for John Stuart Mill to develop Bacon’s tables
and Hume’s three rules inte his famoug experimental
methods—agreement, difference, joint method of agreement
and difference, cancomitant variations and residues, which
were expounded in detaill above. Thus, one line of de-
velopment of scientific method took its departure from
William Gilbert and Francis Baeon, and culminated in the
experimental methods of Maill.

At the same time methodology was enriched by a re-
newed emphasis on deduction as 1t takes place 1n such rigid
disciplines as the mathematical sciences Descartes, the
great French mathematician and philosopher, emphasized
the importance of deductive procedure 1n scientific investi-
gation. In this he was sirongly supported by his con-
temporary 1n England, Thomas Hobbes, and by his sue-
cessors on the contment, Spinoza and Leibniz Ineidentally,
this movement. led to a revival of the Aristotelian logzie 1n
the so-called Port Royal logic. Newton, in England, and
Laplace, in France, worked 1 actual science along the same
Iine that those great logicians worked in developing the
logical theory of scientific method The great weakness
in the Bacomian method was the neglect of hypothesis,
whereas this was the strong feature of the Newtoman

these proceeding to fects of a more extraordinary kind,” and by
means of repeated “experiments,” reaching “hidden causes™ See
above, pp 285 f. In fact, it is my opinion that Bacor got his Novum
Organum from Gilbert.
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method. To-day these two separate lines of development
are being brought together, and a real science of method
is in process of development. This science is ealled
methodology of scientific method, and it was sketeched in
Part Two It 1s bemng greatly enriched by contemporary
mvestigations into the actual thought processes and methods
which are proving fruitful in scientific research. As we
have already seen, modern methodologists recognize the
value of hypothesis and deduction, but they emphasize with
equal force the need of experimentation, and of taking into
consideration both positive and negetive instances of the
thing or phenomenon under investigation, as did Bacon and
Mill,

Contemporary Logic

In the hght of this brief historiecal survey, let us make
a rough classification of the more important contemporary
schools of logie.

1 Traditwmnal Aristotelan logic 18 to-day represented by
two different groups of logicians whose coneeptions of it
are diametiically opposite. (a) The neo-scholastic logicians
have revived the logic of Aristotle as expounded by the
schoolmen, on the assumption that this contains the es-
sentials of logic and only needs to be puiged of 1ts medieval
glosses and corruptions Such a presentation of the subject
18 supposed to facilitate the study of logie by sparmmg the
student the mevitable perplexities involved in any attempt
to adapt the system of Aristotle to modern modes of thought
which are wholly alien to 1t. P. Coffey’s Science of Logee,
and G H Joyce’s Principles of Logic, both ably represent
this standpomnt. (b) Modernized formal Aristotelian logiwe
is the doetrine of Aristotle, modified to meet eriticisms, and
to include a discussion of the actual thought methods em-
ployed in exact scientific research. Since Francis Bacon
inangurated a reform of the school logie it has always been
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customary to include in a textbook some discussion of the
experimental methods of science. Consequently, there has
developed an 1mportant type of logic which contents itself
with combining scientific method and Aristotehanism.
H. W. B. Joseph’s An Introduction to Logic 1s a thorough
presentation and vigorous defense of this modern point of
view.

2. Symbolc Logic. Smee about 1850, under the influence
of Geoige Boole and John Venn, distingmished English
logicians, a logic has developed which operates, wholly with
symbols 1nstead of written words Logicians of tlus school
generally hold that exaet thmkmg demands a special
language because ordinary language is too clumsy to ex-
press the nice distinctions necessary to precise thought.
Followmg a suggestion of Leibniz, these logicians have
elaborated such a language frequently called logistic. Its
elements closely resemble mathematical symbols. In faet,
it may be regarded as an elaboration and extension of
mathematical symbolism. Consequently this type of logic
18 frequently referred to as mathematical logic, and repre-
sentatives of 1t have high hopes of its supplanting all other
types, a position which only lovers of symbols are ready
to take. It goes without saying that all the logical writings
of this school of logicians are highly technical. The con-
temporary leaders in this movement are Bertrand Russell
and A, N. Whitehead, whose Principra Mathematca 18 so
far the most important contribution to the literature of
this logie ; Couturat, the late French logician, whose Algebra
of Loguw is perhaps the best introduction to symbolie logie;
Peano, a great Italian logician, and C. I. Lewss, of Har-
vard, who has written a history of the movement. Owing
to the technicality of symbolie logie, I have not attempted to
deal with it in this book, but it 18 undoubtedly one of the
most significant additions that has ever been made to the
body of logical science.
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3. Modern Non-Symbolic and Non-Aristotehan Logic.
There 18 also an extremely 1mportant, a large and a grow-
ing logical hterature, which 15 non-symboliec and largely
hostile to the s¥llogistic logie of Aristotle From our point
of view this 15 the most substantial part of contemporary
logie. It consists of three radically different schools, the
differences bemng primarily due to their underlying philo-
sophieal positions.

(2) Realistic non-symbolic logic 15 nearest to and sym-
pathetic wath symbolic logie, but 1t operates with ordmary
written language mnstead of with symbols. It is especially
mterested 1 and has made important contributions to
scientific method. The 1mportant writings of the German
logician, Alexius Memong, and L T. Hobhouse’s work
entitled The Theory of Knowledge, belong to this type of
logie, as do also the cooperative volumes, The New Realism
and Essays mn Critical Realism In general 1t 1s hostile to
traditional logic, and emphasizes especially the relativity of
human knowledge.*

(b) Pragmatic logic, sometimes called the logic of per-
sonal 1dealism, treats logic as the science of thought, but
regairds thought as only a stage in the temporal develop-
ment of human experience. John Dewey 1s the outstand-
ing representative of this type of non-symbolic logic, but
he is ably supported by F. C S Schiller, Boyce Gibson
and A. W. Moore. John Dewey’s Essays in Experimental
Logiwc 13 perhaps the most substantial piece of work of this
school. Schiller’s Formal Logiwc is largely a tirade against
Aristotelian Logie. Boyce Gibson’s Problem of Logic is a
valuable introduction to the science from the standpoint
of pragmatism, as is also the cooperative volume, Crealive
Intellhgence. Mark Baldwin'’s Genetic Logic is somewhat
apart from this movement but is closer to this than to

4 Bee Ch. XVII, onr “Probahility.”
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any of the types which I distinguish. As a competent
critic has said: ‘‘Though there are some important dif-
ferences between Professor Baldwin’s views and those of
the pragmatic evolutiomists, they belong together in gen-
eral standpoint and aim. Not only do they both approach
the problem of logic from the psychological point of view,
but both alike derive their working conceptions from the
biological formulation of evolution rather than from post-
Kantian 1dealism.’’® ?

(¢) Idealistic non-symbolic logic goes back to Kant and
Hegel, two great German logicians, who did their chief
work from 1750 to 1830, and attempts to conserve the i1m-
portant logical doetrines of these writers 1n modern logie.
Hence it 1s traditional but non-Aristotelian. This type of
logic has eminent defenders in Germany, among whom the
late Windelband, Husserl, Rickert and Cassirer are espe-
cially important. Josiah Royce’s valuable logical articles
1n the Encyclopedia of Religion and Ethics, and in Ruge’s
Encyclopedia of the Phulosophwcal Sciences, are written
from this standpomnt. In England its staunchest defenders
are F'. H. Bradley, H. H. Joachim and Bernard Bosanquet.
The latter’s two volumes, Logic, and his smaller Essentials
of Logiwc and Implication and Lwnear Inference are ad-
mirable expositions of this position. Accordmg to Dr.
Bosanquet, the task of logie 1s to ‘‘understand the process
of understanding, the growth and t{ransformation of
thought,’’ but he means by thought any thinking whatso-
ever and not just that of a finite mind.

In succeeding chapters the theories of truth, the in-
terpretations of the basic assumptions of logic, and the
attitude toward traditional Aristotelian logic of these three
schools will be briefly outlined.

8 J. E. Creighton, Psyohological Review, Vol. XVI, p. 179,



CHAPTER XXVI
CUBRRENT THEORIES OF THE NATURE OF TRUTH

Truth as the Central Problem of Logic

“Each branch of philosophical knowledge may be dis-
tinguished by the central question or questions whieh it
attempts to.answer. Thus, the basic question of meta-
physics is- What 1s the nature of ultimate reality? And
the chief questions of ethics are What 15 goodness or
value? What 15 duty or obligation® And @sthetics asks:
‘What 1s the nature of beauty® While the philosophy of
religion asks Who is God? What are the proofs for the
existence of God? Is man immortal? Is evil real? In
ke manne1, the most fundamental question of logie 1s:
What 1s truth? Every treatise and monograph written on
the subject of logie 15 dominated by some theory of the
nature of truth. To be sure, 1t may either be implieit or
explicit, but 1in some form or another it 1s sure to be there.
To be a logician, one must have an answer to the absorbing
question which the Fourth Gospel has Pilate put to Jesus:
‘*“What is truth?’’ It i1s doubtful whether there 1s any
question known to man which is any more fundamental
than this one, or any the answer to which has farther
reaching consequences. Hence, each contemporary school
of logie has its own theory of truth,

We have been presenting one of these current theories
of truth in one form or another throughout this textbook.
‘When we first presented the doetrine of the implicative
system or the inferential whole as the umit of knowledge,
in Chapter I, we were really presenting an answer to the
question: What is truth

And again, we were dealing with it in various other forms
344
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1 our account of the nature of judgment, of inference, of
the general theory of induction as scientific analysis which
reveals the actual relations in reality, and n our account
of explanation as reaching out toward a complete synthesis
of all the facts in some comprehensive theory. In brief, our
entire exposition of the subject matter of logic has been
based upon, and thoroughly permeated by, the theory that
truth 18 what a proposition gets from its relation to its
mmplicative system, and that whatever truth any particular
assertion or inferential process possesses 1s *wholly con-
stituted by 1ts place in this system. And this holds, re-
gardless of whether 1t is an inductive generalization reached
by one or more of the scientific methods, or a conclusion
reached by the use of syllogistic reasoning. Sometimes we
have referred to this objective system of order as being
knowledge, and sometimes as being reality. The fact is
that, from a logical point of view, no ultimate distinetion
can be made between the whole system of knowledge and
ordered reality. For the system of knowledge is reality,
as viewed and interpreted by the human mind. Henece any
analysis of the nature of knowledge, viewed as a system in-
dependent of any particular human bemng, is at the same
time an analysis of the nature of reality Now that system,
as a whole, 1s the truth, and the truth of any judgment
whatsoever 15 determined by its relation to and place in
that system. If any judgment claims truth, and every
judgment does, the adjudication of its claim must rest upon
a determination of its relation to the system of reality.

This, then, is the answer to the basic question of logical
science which dominates this textbook. It is the theory
of the idealists, and is known as the coherence theory of
truth. In order to set it in the clearest possible light, it
seems altogether fitting and proper that it should here be
presented anew, along with the main opposing theories
advocated by living logicians.
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The Pragmatist Theory of Truth

Pragmatists are the bitter enemies of the coherence theory,
because they think that 1t 1s highly impracticable 1n that it
makes the truth of any proposition dependent upon a sys-
tem of things, which, as ¢ whole, no man can know. Asa
substitute, they offer a theory which 18 usually called the
wnstrumental theory of truth. Accordmg to this view, truth
15 the intellectual process of verifymg a judgment. . The
truth 1s made by the human mind whenever 1t follows a
suggested 1dea through to the practical value to which 1t
leads. Suppose, for instance, that some one 18 lost in the
mountains, nearly starved and frozen, and, commng upon
what looks to be a cow path, he makes the judgment:
‘“There 18 a house where I can find food and shelter and
my way back to civihization at the end of this cow path.”
Here 1s a judgment arising oul of a practiecal situation,
whose truth 1s by no means 10oted 1n the system of reality
For 1t is nerther true nor false until 1t i1s verified. And
by verifying 1t 15 meant going through a certain definable
set of activities. If followmg the path actually leads to
the house, the judgment gets verified and thereby becomes
true. This process of proving the judgment useful, of
tracing out 1ts praectical conscquences, 18 a process of
verification in which truth 1s made Agam, 1f I say, ‘‘He
had better consult a physician,’’ the truth of my assertion
will be the process set up by its formulation, since this
leads the man in question to go to a physician and get
cured from an ailment. Truth 15 not a static and fixed
quality of a judgment. It 1s very human and notoriously
variable It is what happens to judgments when they lead
to good practical consequences.
® Thus, William James says that the pragmatic method 1s:

To try to interpret each notion by fracing iis respective prac-
tical consequences What difference would 1t practically make to
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eny one 1f ths notion, rather than that notion, were true? If
no practical difference whatever can be traced, then the alterna-
tives mean practically the same thing, and all dispute 1s idle.
. « » Truth means that 1deas (which themselves are but parts of
our experience) become true just m so far as they help us
get mto satisfactory relations with other parts of our experience.

. . Any 1dea upon which we ean ride, so to speak, any idea
that will carry us prosperously from any one part of our ex-
perience to any other part, hnking things satisfactorily, working
securely, simplifying, saving labor, is true for just so muth,
true 1n so far forth, true wnstrumentally.

h ]

This sounds very good until 1t 1s subjeeted to eriticism.
Then it falls hke a house of cards For instanee, 1t in-
volves such statements as these (1) that we can verify all
those of our ideas, which are true, (2) that all those
among our 1deas, which we can verify, are true; (8) that
all our true ideas are useful, (4) that all those of our
1deas, which are useful, are true, (3) that beliefs may be
true at one time, and not true at another; (6) that human
beings not only make their beliefs, but that they make them
true?2 It 1s very easy to show that all of these assertions
are false, and yet the instrumental theory of truth commts
1ts advocates to mamtammg them

Moreover, James himself appears to have taken for
granted the truth of a certam form of the coherence theory.
For even though he dcfined truth as that which satisfies
our human needs, he nsisted that the need for consistency
18 the greatest elaimant among all our meeds. ‘‘Truth in
science is what gives us the maximum possible sum of satis-
factions, taste meluded, but consistency both with previous
truth and with novel fact is always the most imperious

1 William James, Pragmatiem, pp. 45, 68.

2 These statements are adapted from G E. Moore’s Philosophical
Btudies. See the essay entitled, “Wlham James’ ‘Pragmatiem,’ ™
pp 100f



848 THE PRINCIPLES OF REASONING

{ claxmant”’ (p. 217). This consistency with previous truth
and with novel fact, which James here demands of every
truth, is nothimg more nor less than a form of the coherence
theory of truth brought in by James at the end, without
his even being aware that 1t 1s entirely diufferent from his
instrumental theory. For his appeal to consistency really
admits that we only recognize an 1dea or judgment as true
which fits mto the consistent system of truth and faet.
Now this 1s the coherence theory of truth stated psycho-
logically, with the emphasis on our human nced for con-
sistency. But a real logieal development of this view would
lead to the theory that truth is an actual integrated system
of facts, irrespective of whether 1t satisfies human needs.

Every pragmatist has to do what James has here done,
or else go back to a purely relative theory of truth, such as
that of the sophists mentioned m the last chapter. The
instrumental theory cannot be twisted so that it can give
an adequate account of mathematical coneepts or of judg-
ments about past events. Advocates of this view either
have to justify such truths by gomg over to the coherence
theory, or they have to deny thewr mdependence of the
human mind makmg use of them. But to say that the
truth of such a judgment as, ‘‘Two plus two equals four,”
or ‘“Cassar crossed the Rubicon,”’ depends 1n any way on
the mind of the individual now using the judgment 18 a
vicious relativism, which, m the light of the difference
between our stage of knowledge and theirs, beggars the
relativism of the Greek sophists. The proposition, *‘There
are planets revolving around the north star,’’ 1s certanly
either true or false, and yet its truth or falsity 1s abso-
lutely independent of any of our human processes of veri-
fication and of any utility 1ts being true might concervably
'have for us.

Yet 1t must not be thought that the pragmatist theory of
truth is utterly valueless. For it has rendered a real service
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m contemporary philosophy, which I cannot express better
than 1 the words of Hocking:

The pragmatic test has meant much in our time as & principle
of enticism, in awakemng the philosophic econseience to the simple
need of fiwmtfulness and moral effect as a voucher of truth It
15 this critical pragmatism which first and widely appeals to the
intellectnal conscience at laige Negatwe pragmatism, I shall
call 1t, whose prineiple 1s, “That which does not work 1s not fyue ”
The corresponding posifive prineiple, “Whatever works 1s true,” I
regaird as nerther vahd nor useful But invaluable as a gude do I
find this negative test 1f a theory has no conséquences, or bad
ones; 1f i1t makes no difference to men, or else undesirable differ-
ences, 1f 1t lowers the capacity of men to meet the stiess of
existence, or diminishes the worth to them of what existence they
have; such a theory 1s somehow false, and we have no peace unfil
it 18 remedied I will even go farther, and say that a theory 1s
false 1f 1t 15 not interesting a proposition that falls on the mind
so dully as to excite no enthusiasm has not attained the level of
truth, though the woirds be accurate, the import has leaked away
from them, and ibe meaning 1s not conveyed 3

Thus praeticality 1s one good ecriterion of truth. To
be sure pragmatists, who refuse to go to the extreme of
saying that the truth of a belief s 1ts practical consequences,
substitute the 1dea that such consequences are the supreme
and ultimate and hence, really, the only criterion of truth.
This 1s sometimes called esseniial pragmatism, to distinguish
it from the extreme view, which 1s designated hyper-prag-
matism.t There are, however, other critema of truth, as
for example, the wnterest to which Hocking referred, so that
this view 1s also too extreme. All the truth which ean be
extracted from the pragmatist theory is,that, practicality is
one among other criteria of truth.

3W E Hocking, The Meaning of God in Human Hoperience (Yale
University Press), Preface, p 13.

¢ This useful distinction was first made by D. C. MacIntosh in his
Theory of Knowledge, p 400.
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The Correspondence Theory of Truth

There are two forms of this theory of truth. One is an
older theory no longer current among logicians, although
held by many naive persons who are not conscious of hold-
ing 1t, and sometimes attributed to those who hold the
coherence theory by crmtics who do not fully understand
the coheience view This is the copy theory of corre-
spohdence, recently styled, one-one correspondence. True
1deas aie those which agree with the faects 1s another way
of expressing this view. The other type of correspondence
may be designated, the representalwe theory of truth, to
distinguish 1t from the one-one correspondence view. In
this case an 1dea 1s true which correctly represents the
facts, even though it cannot be said to correspond entirely
with them.

1. The Copy or One-One Correspondence Theory of
Truth According to this view we have 1deas in our minds
which copy or agree with objects in nature or with facts.
An 1dea which exactly copies or agrees with its object
18 true, one which only partly copies it 1s partially true, and
one which entirely fails to agree with 1its object is false.
The exact. pomnt-for-point agreement 1s what is known as
one-one correspondence. For example, suppose I have an
idea of a certamn table. If my idea 1s complete it will con-
tain m 1t color, size, shape, style, ete. If 1t contamns each
of these exactly as they exist in the table 1t 1s a true i1dea.
Tts truth 15 determined by the extent to which 1t ecor-
responds with 1ts objeet. Only one-one correspondence
gives complete truth.

The difficulties with this copy theory of truth are too
numerous to mention But we may pomt out that there
are numerous ideas for which there are no physical or sense
objects. Mathematical concepts are conspicuous examples.
This theory of truth cannot account for the truth of an
1dea of a non-sensuous object. Moreover, such a theory in-
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volves what is known as epistemological dualsm, that is to
say, it separates entirely the object of knowledge from the
1dea. Many present day logicians think that such an abseo-
lute separation makes knowledge impossible, sinee the only
means we have of knowing the existing table is our idea of
it We cannof gel outside of the i1dea to observe whether
it corresponds wrth 1is object or mot Hence the theory
adopted by such logicians is epistemological monism, which
denies that the object of knowledge and the 1dea we have
of it can be wholly disparate. Now epistemological monism
is mconsistent with a one-one correspondence view

2. The Representutive Theory of Correspondence. Va-
rious attempts have been made by logicians to escape the
difficulties 1 the copy, or one-one correspondence theory of
truth. All of these attempts recognize that exact copying
is an imterpretation of the eorrespondence theory which 1s
logically mmdefensible. They accordingly operate with the
notion that there 15 something in knowledge which repre-
sents the objective fact. Hence there are various forms
of the 7 epresentative theory of correspondence. I shall deal
with the two most significant forms (A4) the representative
theory of ecritiecal 1ealism, and (B) the representative
theory of Bertrand Russell, which is widely held by log-
cians of the school of neo-realism.

(4) The Representialive Theory of Critical Realism.
Some of the most distinguished logicians and philosophers
in general of our day call themselves critical realists. A
number of these men, including George Santayana, A. K.
Rogers, R. W Sellars, C A. Strong, and J. B. Pratt have
recently published a coSperative volume entitled, Essays un
Critical Realism. But the best exposition of their theory
of truth is to be found in A. K. Rogers’ more recently
published What is Truth? (Yale University Press).

According to Rogers, the universe is a dualistic affarr,
with psychical existents on the one side and physical ex-
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istents on the other. True knowledge or trueness consists
'in a definite relation of correspondence between a psychical
existent and a physical existent. Or, more exactly, any
belicf 1s true which expresses an actual correspondence
between some definite psychical existent and some definite
physical existent. But this correspondence is not so simple
an affair as the one-one type of correspondence, according
to which the psychical existent simply copies exactly the
physical existent. The matter 15 much more complicated.
‘What actually.happens 1s that the mind abstraets from the
psychical existent a certain ‘‘character’’ or set of ‘‘char-
acters.”” Taken together, these ‘‘characters’’ constitute an
‘‘essence,’’ or ‘‘meaning,’’ or ‘‘idea’’ of the psychical ex-
istent as distinet from 1ts ¢‘existence.’’ And then the mind
refers this essence or 1dea to some physical existent. The
act of reference 1s a judgment, and the judgment 1s true
when the ‘‘essence’’ 1s referred to the right physical ex-
istent, otherwise 1t 1s false. Rogers asks the question:
“‘If on certain occasions we are led to react at the same
moment that we find ourselves experiencing a sensation of
redness, why should we not automatically characterize the
existent to which the reaction points by redness, and so
have a mental tool for future diseriminations i conduct?'’
(p. 66).

This suggests that we know the right physical existent
from the fact that it is that to which the mental state or
psychical existent causes us to react, and presumably the
reference of the essence abstracted from this mental state
would be more likely to be referred to the right physical
existent the nearer m time the act of reference stood to the
act of experiencing the mental state. But this 1s a detail.
Let me quote passages setting forth the theory as a whole:

The true object of knowledge ecannot aceordingly be understood
except in terms of an intimate umon of two aspects. In its con-
struction we have to distinguish two separate processes or phases
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—the app1ehension, or direct presence 1n psychological experience,
of the character or essence which desciibes 1t, and the outgomng
reference which locates this as an attmbute of an independently
real world (p 60).

This character of the psychical state which the mind “intends”
1 its 1deas must really be identifiable with the character of the
object to which 1t 1s referred, or else in so far our knowledge
1s 1n error, and 1f the essence 1n the two cases 1s 1gg_nt1ca1 the
things whiech have such an 1dentical essence “correspond” In
this way we may answer the famihar objection (to the >cor-
1espondence theory) that if by defimtion an object lies outside
experience, there 15 no method of getting hold of 1t to ecompare
it with the mental state, and so to discover the correspondence
Correspondence 15 discovered not 1n the original act of knowing,
which 15 a unitary act of reference or identification, but through
a subsequent reflective thought, to which both the terms ahke
are on the side of their ezistence external, but also both object
and mental state alike a1e now present 1n :dea, that 1s, 1n ther
essence, and so can be compared (p 68).

The valuable part of this theory is to be found in its
linsistence that the essence of the psychical existent 1s
identical with the essence of the physical existent. By
setting up a common 1dea or meaning, this theory has a
substitute for our notion of the implicative system, and ap-
proaches very closely to the colierence theory of truth. All
that 18 necessary to turn this theory into the coherence
theory 18 to deny that the essence is abstract, and to :dentify
it with the conecretely known object.

In holding that the essence 18 an abstraction, dissevered
Jrom the existence aspect both of the psychical and physical
existents, this theory 1s really mmvolved m an impossible tri-
parte dualism, In the first place, there is the dualism be-
tween psychical existents and physical existents, which is
held to be bridged in knowledge by the identity of essence.
But 1n the second place, essence is strictly other than ex-
istence, and really belongs to another category than
existence. Ropers wrestles with this distinetion to very
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hittle purpose. For if essence 1s strictly separate from
existence 1t must fall in the realm of non-existence. Henee,
any true reference of an essence to a physical existent would
be false, since such a reference would ipso facto confer
existence on that essence, and, belongmg to the realm of
non-existence, 1t 1s incapable of existence. Existence 1s
tlways particular and conciete, whereas essence is uni-
versal and abstract. How, then, can an essence exist?
But 1t must exist both 1n the psychical existent and m the
physical existent, or the correspondence between them
would be entirely fietitious. Dr. Rogers tries to avoid
this difficulty by a further distinction between the essence
‘‘as embodied m the object,’’ and the essence as ‘‘attended
0 1n abstraction from 1t '’ Suppose we designate the for-
mer concrele essence, and the latter adstract essence. The
very making of this distinetion introduces a third dualism
which throws grave doubt on the correspondence. How am
I to know that the abstract essence which I refer to a
physical existent will not be altogether different in 1ts
concretion 1n the existent from what 1t 15 1n the abstract
form 1 whieh 1t 18 1dentical with a meanmng or an i1dea?
It now appears that at least three different correspondences
are implied in this theory: (a) a correspondence between
the abstract essence and the concrete essence as embodied 1
the mental state, (b) a correspondence between the abstract
essence and the concrete essence as embodied in the physieal
existent, (¢) a correspondence between the mental state or
psychical existent with its concrete essence and the physieal
existent with its conerete essence. To know that this last
type of correspondence holds, one must first know that both
the others hold, for the correspondence between the two
existents 1s based on the assumption that no change in the
essence is involved in passing from the mental state, with
its concrete essence, to the pure abstract essence, and from
the pure abstract essence to the physical existent, with its
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concrete essence. Now, to say the least, this 15 a very gen-
erous assumption. It seems, then, that such a compheated
correspondence, involving as 1t does the crossing of three
chasms, 15 less free from difficulties than simple copying,
which offers but one chasm to cross. But in neither case
18 1t possible to discover whether the correspondence ae-
tually holds.

Ultimately Rogers holds that we know that the corre-
spondence holds because of certain prerational instinétive
beliefs. But when he faces the significant question- ‘‘How
can beliefs be jusiified, so as to separate out’the sheep from
the goats 7'’ he 1s compelled to say:

The answer I should give to this last question is the familiar
one of “coherence” Coherence I think must be rejected as a
sufficient definition of truth, or a sufficient reason for behef . ..
But with behief presupposed, 1t does seem to be the case that
eoherence 1s the only test by which we can justify behef to the
mtellect, outside the very insignificant field where intwitive cer-
tainty holds. This does not necessarily mean that we ought to
abandon all beliefs that we cannot so justify Nature will prob-
ably be too strong for us 1n any case But nevertheless we do find
on the whole that rational belief 1s the better and more satisfying
sort. And so long as we play the game of reason, and profess to
have passed beyond the first naive and non-reflective stage of ex-
perience, “justification” may be taken as meamng “inclusion
within & coherent system” (pp 11f1).

(B) Russell’s Theory of Correspondence. In his little
book entitled The Problems of Philosophy, to which we
have already referred, Bertrand Russell presents a popu-
lar exposition of the correspondence theory of truth which
hes been widely accepted by logicians of the school of neo-
realism. According to him there subsist, in a non-human,
non-physical, but logical world, certain complex entities
called fact complexes or propositions—as many, in fact, as
are needed as points of reference for our human judgments.
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A human judgment or belief 1s a purely subjeelive asser-
tion of some mind. It 1s true when 1t correctly represents
or corresponds to the proposition or fact complex to which
it refers m that mdependent world of subsisting proposi-
tions. Now, both the human judgment and the non-human
proposition are highly complex, involving both terms and
relations. The relation which ties together the consfiiuenisi
of the proposition 1s known as the object rclafion, and the
relafion which ties together the terms in the judgment 1s
known as the relation of belreving. Now the judgment 1s
true when the'relation of believing ties together the con-
stituents in the same way in which they are tied together
in the fact complex by the object relation. Otherwise, the
judgment 1s false.

To take Russell’s illustration: The judgment of Othello
that Desdemona loves Cassio 1s true if, in the subsisting
world of propositions, there 1s a fact complex having the
constituents- Desdemona, Cassio and loving, the latter
being the object relation, and 1f these two terms are actu-
ally related by loving i the way Othello relates them by
his act of believing. ‘‘Thus, a belief 1s & ue when 1t cor-
responds to a certain associated complex, and false when
it does not . . . Judging or believing 1s a certain complex
unity of which a mind 18 a constituent, 1f the remamming
constituents, taken in the order which they have m the
belief, form a complex unity (fact complex or proposi-
tion), then the belief 1s true; if not, 1t is false. . . . If we
take such a behef as ‘Othello believes that Desdemona
loves Cassio,’ we will eall Desdemona and Cassio the ob-
Ject-terms and loving the object-relation. If there 1s a com-
plex umity ‘Desdemona’s love for Cassio,’ consisting of
the object-terms related by the object-relation in the same
order as they have in the belief, then this complex umty
(fact-complex or proposition) is ealled the fact correspond-
ing to the belef. Thus a belief is true when there is a cor-
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responding fact, and 1s false when there 1s no corresponding
fact.’’ ® ’

The strong poimnt in Russell’s theory is to be found in
his recognition of the fact that falsehood 1s not objective,
not a part of the fact complex 1itself, but that a false belief
1s any belief that objects are related otherwise than they
actually are. But this 1s entirely consistent with the coher-
ence theory. Indeed, T. H. Green, one of the strongest

advocates of the coherence theory, was wont to refer’ to*
falsehood as ‘‘a confusion of relations '’

The defect 1n Russell’s theory 1s best brought to light by
asking the question: How are we to know whether a judg-
ment complex corresponds with a faet complex, assuming
the iwo to be entirely different? In his effort to explain
the nature of knowledge, Russell wrestles with this ques-
tion to very lLittle puipose. For he reaches the conclusion
that we can mever really be sure that the two compleres
correspand, He defines knowledge as belng what is vahdly
deduced from known premises. And then he explams that
the known premises are known mtultlvely ““But 1n re.)
gard to mntuitive beliefs,’’ he writes, ‘1t 18 by no means easy{
to discover any criterion by which to distingumish some as |
true and others as erroneous. In this question it 1s searcely
possible to reach any very precise result, all our knowledge |
of truths 1s infected with some degree of doubt.”” And
agaimn, he writes, ‘‘Knowledge 1s not a precise econception;
it merges 1nto probable opinion.”’ These passages show
clearly that Russell denies that we can ever be sure about
eny particular belief because we can never know whether
there 1s a fact complex which corresponds to it. And to
admit that knowledge is not a precise conceptmn is to
admit that truth is not a preeise conception. For how can
real knowledge be distinguished from truth? Knowledge,

s Bertrand Russell, Problems of Philosophy (Henry Holt), pp.
201f. See also his Philosophy, pp. 254-263.
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for Russell, practically reduces to probable opinion, with
the Tecognition that there are degrees of probability. And
‘he falls back on the notion of coherence as a test of proba-
bility or measure of the degree of probability. ‘‘In regard
1to probable opinion, we can derive great assistance from
coherence, which we rejected as the defimfion of truth,
but may often use as a ecriterion. A body of individ-
ual probable opimons, if they are mutually coherent, be-
come more probable than any ome of them would be
mdividually.’’ ®

Each form" of the correspondence theory really makes
truth maceessible to the human mind. If truth 1s an agree-
ment between a mental belief and an absolutely independ-
ent object, be it physical existent or propositional subsist-
ent, there 18 no concervable way i which one could ever
know whether this agreement is ever actually present in
any particular ease. Now, defining truth in such a way as
to make 1t maccessible begs the whole question. If we never
know when we have truth, how can we know that our theory
of truth is, itself, true?

The Real Meaning of the Coherence Theory of Truth

‘We have seen that advocates of pragmatism, critical
realism and neo-realism, accept coherence as the chief er-
terion of truth But they interpret eoherence to mean con-
sistency among our human beliefs, and when we define
truth in terms of coherence, something more than mere con-
sistency must be understood. To all advocates of the co-
herence theory, an identity of nature between knowledge
and reahty is presupposed. There is a coherence of our
beliefs with reality, as well as a coherence among our be-
liefs about reality. What we know is always some actual
implicative system in reality itself. The truth or trueness

6 Loco citato, p 218. Russell’s theory of probability 1s expounded
sbove Ch XVIT
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of any belief 1s what 1t gets by virtue of its embodying that
actual system. Thus the truth of the judgment that the
blood circulates through the human body 1s to be found in
the fact that 1t embodies within itself an actual implicative
system, namely the circulatory system of the human body
ag known to physiologists There 18 no dualism between a
belief and the content m reality which 1t embodes, for,
viewed from the logical side, that content 15 the belief.
Much of the confusion m discussions of truth 1s due to the ’
fact that the problem 1s approached from the pont of view
of biological psychology instead of from that of logie. |

Unless we hold that human science 18 progressively feeling
its way mto the actual nature of the universe, we are
really shut up i1n utter relativism and scepticism. Either
the coherence theory 1s true or human knowledge 1s a falryl
tale.

Let him who can think that what Newton and Laplace,
Faraday and Davy, Darwin and Pasteur, and all the other
honest seckers after, and contributors to, human knowl-
edge, have told us about the universe is only a fairy tale.
There will always be those who prefer to hold that the uni-
verse 18 actually what 1t 1s known to be, and that the mves-
tigations of such scientists take us deeper and deeper mto
1ts essential nature. Newton was not far wrong when he
remarked, concerning s own discovering of the law of
gravitation, that he was like a child gathermg pebbles and
shells along the seashore, whils the great ocean of truth
lgy all unexplored before him. But was 1t not something
to recognize that the shells and pebbles came out of that
ocean, and that 1t was there to be explored! Human
kmowledge is probably much less important and much more
fragmentary than we think. To repeat the dymng words'
of Laplace: ‘‘What we know is little, but what we do not|
know is immense.’”” Yet shall we abandon the little we
know in the interest of a false conception of certainty?
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And shall we kill the interest of truth seekers by telling
them that no one has ever reached the truth, and that there
is a great gulf fixed between human 1deas and conerete
facts? Yes, certainly, if we know that 1t is true that there
is such a gulf. But why assume that there is? And why
put forth this assumption as our basal eertainty? The
value of the coberence theory of truth is that it makes the
othgr assumption, and by so doing justifies the splendid
faith of men of science that there is an ocean of {ruth,
which can be, and is being, charted.



CHAPTER XXVII
MODERN INTERPRETATIONS OF THE LAWS OF THOUGHT

Postulates in Deductive Systems

It is chiefly to the mathematical logieians that modern
logic owes a debt of gratitude for the elaboration of an
extremely valuable theory of postulates. Bvi, on the other
hand, it is primarily to the idealstic logicians that credit
belongs for the best modern interpretation of certamn basie
logical principles, traditionally known as laws of thought.
Now perhaps the best way to reach an understanding of
the problem involved in interpreting these laws 1s to ap-
proach 1t through the modern conception of a postulate.

Every orderly or systematic body of knowledge, which 18
sufficiently well organized to be capable of relative inde-
pendence from the whole system of knowledge, 1s neces-
sarily based upon certamm prineiples which are taken for
granted for the purposes of that particular system. This
need not be interpreted to mean that they cannot be proven,
but only that the attempt to establish them takes one out-
side the system of knowledge 1n question. We must start
somewhere, and in deductive procedure we start with cer-
tain assumed general prineiples and see what we can get
out of them. Such assumed principles are now ordinarily
called postulaies or azioms. Thus, for every deductive sys-
tem there is a definite set of postulates or axioms on which
the system as a whole 1s based. Plane geometry is a good
example of a deductive system. The axioms one has to learn
at the beginning of plane geometry are the postulates of
that deductive system. The whole body of knowledge in-
cluded in plane geometry rests upon these postulates. Dis-

prove them, and the whole system will collapse like a house
361
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of cards. The only proof for them 1s their fruitfulness,
unless they are deduced from more fundamental postulates
such as the laws of mathematics, and that would mean going
outside the system of plane geometry. It is in this sense
that we are to understand the precise definition of a postu-
late given by Royce.

An axviom, or postulate, 15 a principle which hes at the basis
of a certain selected system of propositions, and which 13 not
demonstrated in the com<e of that system This 1s the sense
in which the trm ariom 15 still most serviceably employed 1n
modern theory Axioms, 1n the language of modern theory,
are best defined, neither as certainties nor as absolutely first
principles, but as those principles which are used as the first
in a special theory !

In concluding our exposition of syllogistic inference, we
pointed out that logicians have attempted to reduce tradi-
tional syllogistic reasoning to a smgle prineiple—the dic-
tum de omne et nullo. And it was there pointed out that
this prineiple, the rules of the syllogism and the special
rules of the separate figures, could be regarded as a set of
postulates for traditional logie. On the other hand, the
law of the nmiversality of nature or the prineiple of causa-
tion can be treated as the basiec postulate of inductive
reasoming. But there 1s also a still more general set of
postulates, which go by the name, laws of thought. The
three of these laws which were formulated by Aiistotle are
(1) the law of identity, (2) the low of contradiction, and
(8) the law of excluded middle. Leibniz, the greatest
logictan of the eighteenth century, added a fourth, the
law of sufficient reason. Now there is a sense in which
these laws are the presuppositions behind every branch of
knowledge whatsoever, or the set of postulates of knowledge

1From the article entitled, “Axioms,” in Hastings’ Fnoyclopedia
of Religion and Ethcs. Quoted by permission of Charles Scribner's
Sons.
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itself taken as a whole. For knowledge is 1mpossible un-
less they are adhered to by the thinker. The schools of
logic with which we have been dealng differ widely in
their mnterpretations of these laws. I will first formulate
them to accord with the idealistic interpretation, and then
indicate three significant points of divergence.

The Idealistic Interpretation of the Laws of Thought

The 1dealistic imnterpretation is dommated by the coher-
ence theory of truth. Although recognizing that the laws
are capable of being treated as relatively independent, the
chief trend of the idealistic interpretation is in the diree-
tion of reducing all of the laws to the ome principle of
sufficient reason, which, mn turn, is held to be identical
with the principle of the imphicative system. And, just
as essential to this point of view, 1s the theory that these
laws are not only the axioms on which all human thinking
rests, but express the actual nature of reality itself. Both
of these principles of the 1dealistic imterpretation will come
to hight as we proceed to discuss the separate laws.

1. The Law of Identsty. This law states that every
object of thought 1s 1denfical with itself: ‘A is A.”
‘‘Busimness 15 business.”’” ‘‘War is war.”” ‘“Evil 1s evil.”
It seems absurd to insist that thinking is based upon the
assumption that every thought content or meaning 1s 1den-
tical with itself. But it seems absurd because 1t is a tru-
ism which no one doubts. Yet, once you become conscious
of the existence of this postulate, you will be surprised to
find that it is frequently violated. The fallacy which
results when it is violated has already been discussed under
the name of ambiguity and equivocation. For example, a
political speaker may begmn an address by using the word
‘‘republican,’’ or ‘‘democrat,”’ in that broad semse in
which we are all republicans or democrats, and gradually
lead over to a sense in which the word is a2 designation of
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a definite set of partisan policies. When he does this 4
has become B, or something else. It is no longer the A
with which he started. The law of identity requires that
A be A, that the thinker shall be consistent throughout and
call a spade a spade. Rigid thimking gives way to haz-
ness whenever this law is viclated Logie ecannot tolerate
the shifting of the meanmg of a term Whatever a thing
18, it 18, and thought depends upon every one taking things
for what they are This is the ultimate demand of the law
of identity.

2. The Law of Contradiclion. Aristotle stated this law
as follows ‘‘The proposition A 1s B, and the proposition
A 18 not-B, cannot both be true together > And again he
said: ‘“‘It is impossible that the same predicate should
both belong and not belong to the same thing at the same
time and 1n the same way ’> In other words, according to
this law we are forbidden to hold that a thing both 1s,
and 1s not, of a certamn definite character. It either 1s that,
or 1t 1s not that It cannot at the same moment both be
that, and not be that Suppose I make the assertion:
‘‘John is a dog,”’ and then, speakmg of the same John, I
say, ‘‘John 1s a man.”” According to the law of contra-
dietion, one only of these statements can be true. dJohn
is one or the other, but he cannot possibly be both at once.
You cannot say that any object 1s at one and the same time
poison and non-polson. It is one or the other but not both.
And this applies to all opposites. To assert two opposites
of the same subject at the same time 1s to be guilty of self-
contradiction. Now this must not be interpreted to mean
that an objeet may not include within itself various dif-
ferences, for neither the law of identity nor the law of
contradiction excludes the possibihty of change. If only
means that a thing ecannot be eonceived as being the exact
opposite of itself and still be itself. Exaet opposites ean-
not be affirmed of the same subiect at the same time. And
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yet violations of this law are too common even among
educated people. It 18 not easy to avoid contradiction.
Nevertheless, seientifically exact thinking is thinking which
18 not infected with the disease of self-contradiction.

3. The Law of Excluded Middle. According to this law,
which 1s really a corollary of the law of contradiction, of
the two propositions A 18 B, and A 18 not-B one must be
trune and the other false. There 1s no middle ground or
third possibrlsty. If B and not-B are exact opposites, they
divide the world between them in such a way that anything
whatsoever is either B or not-B; it cannot possibly be some-
thing different from both, 1t cannot possibly be partly B
and partly not-B, if thought is to be possible. Behind this
law 1s the assumption that there are two sides of every
reality, 1ts positive and 1its negative side. B is the symbol
for 1ts positive side, and not-B 1s the symbol for its negative
side. Now any mentionable object will fall on one side or
the other, 1t will either have the qualitzes 1n question or 1t
will not have them There 18 no middle ground. *‘John is
a man.’”’ ‘‘John 1s a non-man.’’ If John has the qualities
of a man the first proposition 1s true, and 1if he does not
the second 1s true. And of any particular John one or
the other of these assertions i1s true. John may be an
idiot, he may be lacking 1 some of the attributes of rea-
sonable beings, yet he 1s 2 man. All thought depends upon
the principle that everything which is asserted to be true
of a given subject involves or carries with it the demal that
something else 1s true of that same subject. If a dog 18
a four-footed animal, 1t 1s not a two-footed animal. The
real meaning of the law of excluded middle 1s this principle
that opposites cannot both be true of the same subject at
the same time. It is simply a more explicit formulation of
the law of contradiction.

4. The Law of Suffictent Reason. Leibniz stated this law
as the ultimate postulate of all thinking. He formulated it
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as follows: ‘‘No fact can be found real or existing, no
statement true, unless there be a sufficient reason why
1t should be so and not otherwise.”” And he adds that
this postulate holds, even though ‘‘these reasons very often
cannot be known to us.”” But the law may also be stated,
For everything that exists or is real we must assume that
there is a full explanation or reason for its berng what 1 s
rather than otherwise from what 1t actually 1s. So stated,
this principle or law is the ultimate postulate of all think-
mg. To take our former 1llustration ‘‘If John 1s a man
1t 15 because he has the attributes of a man, and 1f John
18 a dog it 1s because he has the attributes of a dog ’’ The
sufficient reason for John’s being a man 1s the system of
things to which John belongs and of which the judgment,
‘““‘John 1s a man’’ is an expression To explam what any
object whatever is we must go behind the particular object
lo the implicalive system or inferentwal whole to which 1t
belongs. What it is, it is because it 15 grounded m
some larger system than 1t 1s itself This larger system
is the sufficient reason for its being what it 1s, and for 1its
not being something other than what 1t aetually 1s Ult.
mately, this sufficient reason will be the system of reality
as a whole

Hence, this law of sufficient reason has been expressed
by the idealistic school of logicians as the assumption that
the ultimate subject m any judgment 1s reality itself—
the whole system of things. Thus, there is the immediate
subject ‘‘John,’”’ and the ultimate subject ‘‘reality,’’ so
that the judgment should be written: ‘‘Reality 1s such
that John 1s a man.”” The sufficient reason for his being
a man 1s the complete implicative system, which is reality
itself or the nature of things.

This law has also been expressed as the principle of con-
sistency. This really assumes that reality is a consistent
system, and that in reality everything is what 1t is because
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of its place in the system. Hence valid thought must be
consistent. Unless we think things as they are in the con-
sistent system of reality, our thoughts are mere vulgar
opmion and lack truth Logie has to assume that there is
a consistent system of truth which thinking reaches. So
Creighton writes: ‘‘The laws of identity and contra-
diction are simply the expression, 1n positive and negative
forms respectively, of the prineiple of consistency. The
one fundamental postulate of all thought is that i1t must
be consistent with itself.”’? But no matter whether we
call 1t the prinerple of consistency or the law of sufficient
reason, or whether we say that the ultimate subject of
every judgment 1s reality or the nature of thmgs con-
cerved as an order system, all thinkmmg which aims at ob-
Jective truth certamnly depends upon the postulate that the
universe taken as a whole 1s an impheative system, and can
be known as such. It 1s for this reason that Professor
Royce would define logie as the science of order, order being
for him the logico-mathematical structure of the whole
existing universe.

Divergent Interpretations of the Laws of Thought

There are three significant divergent interpretations of
these laws

1. The pragmatist school, as well as some other contempo-
rary logicians, treat the laws of thought m a thorough-
gomng relativistic fashion, regarding them as purely man-
made preseriptions for the use of names. They hold that
mutual understanding and communication of thought is
impossible unless we use words with the same meaning In
the slow process of social evolution man has discovered this
fact, and the laws of thought are his way of dealing with
it. Consequently they are a relatively late product in the

2J. E Creighton, An Introduotory Logic, new ed.,, p 38. See,
also, pp 343 f
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evolution of intelligence, and are nothing more than human
conventions governing the use of names. By no means do
they indicate the structure of ultimate reality. If, a few
thousand years hence, intelligence succeeds in evolving a
better set of conventions, these laws will be regarded as
obsolete, petrified truths, esteemed only for the pragmatie
value they once had, but no longer binding upon thinking
people. This interpretation 1s thus a corollary of the
pragmatist relativity theory of truth.

‘W. Curtis S‘wabey has recently subjected this pragmatist
interpretation of the laws of thought to a penetrating
analysis He points out that it is really based upon a
dogmatic and uncritical aceeptance of the laws of natural
science, whereas scientific analysis reveals the fact that
they are strictly subordinate to the laws of thought He
has well expressed the i1dealistic answer to the contention
of the relativists:

Psychologism or sceptical relativism cannot be refuted mn case
1ts advocate refuses to accept the authority of the laws of thought,
and of the other prineiples of logie. In the end there ean be no
argument with those who repudiate the authority of clear logical
wsight. But . the logician can strengthen his own confidence
by observing how his opponents contradict themselves at every
step Relativism involves the assertion of the existence of causal
connections between the mind’s empnieal constitution and human
beliefs. It thus involves not only the formal laws of thought,
but also the prineiple of causality or of the lawfulness of nature.
If there were no causality, no umiformity of nature, our behefs
could not depend on our mental constitutions or on our particular
temperaments. Agan, if the law of ron-contradiction were
false, relativism would 1itself be both true and false, and conse-
quently neither true nor false. The ultimate laws of thought, 1n
other words, have the peculiar character of being involved 1n their
very demal and thus of automatically maintaining themselves
ageinst every attack.®

3 Philosophical Review, Vol XXXII, p. 220 Swabey has been
answered, from the point of view of critical realism, by Charles K.
Hooper, 1n the same volume, pp 631 f
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2. The realistic school is in general agreement with the
idealists in regarding the laws of thought as basiec aspecta
of the universe itself, but they object to their reduction to
one fundamental postulate. While recognizing their im-
portance, these lozicians tend to regard the laws as only
a subordmate part of the whole set of logical primciples
which must be taken for granted by the science of logie.
Russell, for example, considers the prineiple, ‘‘every prop-
osition which follows from true premises is true,’’ as an
equelly fundamental logical axiom. Thus, seferring only
to the first three laws, he writes- ‘‘For no very good
reason, three of these prineiples have been singled out by
tradition under the name of ‘Laws of Thought.” . . . These
three laws are samples of self-evident logical prineiples, but
are not really more fundamental or more self-evident than
various other similar principles- for instance, the one we
considered just now, which states that what follows from a
true premise is true. The name ‘laws of thought’ is also
misleading, for what 1s important is not the fact that we
think in accordance with these laws, but the fact that things
behave m accordance with them, in other words, the faet
that when we think in accordance with them we think
truly.’’*

Russell 1s right in holding that the name ‘‘laws of
thought’’ is misleading. But he is wrong in implying
that the three laws are independent axioms, for cur dis-
cussion has already shown that they are inherently related.
Hence, the reduction of them to the principle of sufficient
reason is justifiable. Indeed, another able realist asks,
with an implicit afirmative answer, ‘‘Is it not possible to
include the interpretation of perceived meanings, together
with the foundations of induective inference concerming

4 Bertrand Russell, Problems of Phulosophy (Henry Holt), v. 113.

X
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nature, in some general law of analogy or principle of
sufficient reason?’’®

3. The realists also hold that the laws of thought, as
well as all other basic postulates or principles of logie, are
self-evident or intuitive truths, and tbat they are, there-
fore, incapable of proof. Thus, ;n the passage just quoted,
Russell refers to them as ‘‘samples of self-evident logical
principles.’”” Moreover, the critical realists are at one with
other realists 1n adopting this doctrine of self-evidence.
On this vital 1ssue, the idealists are committed to the view
that self-evidence is a dangerous prinerple to which a logi-
cian should never appeal. They hold that there are two
kinds of proof—nternal and external. Internal proof is
equivalent to the fruitfulness of a set of postulates in or-
dermng the various facts within the system in question. In
this sense a set of postulates can be established by pointing
out the ways m which they actually function in ordering
the concrete factual details in the system to which they
belong. Ezteirnal proof, on the other hand, consists 1
deducing a set of postulates from a still more general
postulate or set of postulates than the set of the system
m question. To be sure, this mmvolves going outside of
that system. Now, the laws of thought cannot be estab-
hsehed by external proof, for the very simple and good
reason that there 1s no system more general than the
whole of knowledge, and consequently, no more funda-

5 John Laird, 4 Study of Realiem, p 123 Laird, however, is not
sure of himself, for he later adds: “This final step seems more
seductive than sohd” This wavering attitude also characterizes
the authors of the Introduction to Reflectwe Thinkwng But they
lean strongly toward the idealistic interpretation, as 18 shown by
their statement “The so-called laws of thought seem to us to
be more deepseated (than geometrical axioms). .. . They seem to
be part, not only of the very structure of our minds, but also of
the structure of the universe to which thousands of years of bio-
logicel experience has adapted the mind of man” (Pp 114f.) But
the last clause indicates their pragmatist leanings
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mental set of postulates than these laws. The most that
ean be done is to show that the first three laws are corol-
lames of the law of sufficient reason, thus in effect dedue-
ing them from it. But when we take into consideration
the fruitfulness of these laws in ordering the whole of
knowledge, we at once recognize that they are capable of
internal proof. Hence, they may be said to be ‘‘self-
mediated by the system of truth’’ (Royce). Thus wg see
that the ideahstic interpretation of the laws of thought is
part and pareel of the coherence theory of gruth.



CHAPTER XXVIII
RECENT CRITICISMS OF LOGIO

A Btatement of the Criticisms

Although they are at swords pomts on some issues, as
we have learned in the last two chapters, contemporary
logicians are, curiously enough, near unanimity in con-
demning traditional logic as little more than a poor exer-
e1se 1n mental gymnastics, Thus the authors of the Intro-
ductiwon to Reflective Thinking dehberately adopt an en-
tirely new approach which excludes all of the Aiistotelian
logie, because, ‘‘The older so-called formal logic seems
strangely technical and remote to the student of the pres-
ent day. Its nice distinctions and mathematical precision
may be appreciated and enjoyed, but they do not seem
to be carried out of the textbook into everyday Lfe’’
(p. 16). In faet, most pragmatists and realists regard
traditional logie as a more or less barbarous relic from
antiquity, incurably corrupted in its transmission to us by
the schoolmen of the Middle Ages. As Whitehead puts 1t:
‘“A science which hesitates to forget its founders 1s
lost To this hesitation I aseribe the barrenness of
logie.””* Moreover, many of the i1dealists appear to hold
much the same wview. Thus, m a very recent article
R. C Lodge, an avowed follower of the greatest of
the 1dealistic logicians,—the late Bermard Bosanquet,
writes concerming traditional logie that, ‘‘while it is still
largely taught’’ and, ‘‘with its tricks, puzzles, fallacies
and repartees, can be made entertaining to elementary
students,’’ nevertheless, ‘‘its chief edueational value con-

1A N Whtebead, The Organization of Thought, p. 115.
372
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sists in the exercise it gives in paraphrasing poetical and
rhetorical passages, with minimal loss of meaning.’”” And
he adds the comment: ¢‘Itis trivial and superficial.’”’ His
own textbook, prepared especially for elementary students,
only mentions the syllogism once and that reference is in
a footnote.? But that some of the idealistic logicians are
less radical in their criticisms of traditional logie is shown
by the following comment, from the article quoted in.the
last chapter, by W. Curtis Swabey: ‘‘The historie tradi-
tion, which goes by the name of Aristotelian logic, has
weathered many a storm and will probably continue to
play 1its rdle after many of its more ambitious rivals have
come to figure only i the history of philosophy.’”” This
disecriminating estimate 1s shared by the majority of the
1dealistic as well as by some other logicians. For it goes
without saying that the neo-scholastic school of logie is
committed to a high valuation of traditional logie. It is also
mteresting to note that an attempt has quite recently been
made to rehabilitate the historiec tradition by giving to it
a symbolie interpretation.® On the whole, however, tradi-
tional logie is rather out of favor just at present. ‘‘Away
with this mummy from antiquity, make room for some-
thing hving and modern!’’—this is the far-flung battle-
ery of many doughty champions of novelties in logie.

As we learned above, Bergson, the distinguished French
philosopher, is the leader of a sigmificant school of con-
temporary philosophy known as anti-intellectualism, which
exalts intuitive insight far above logical analysis. Ta
be sure, Bergson himself acknowledges, in the closing pages
of his Introduction to Metaphysics, that the highest intui-
tive insights cannot be reached without an extensive prepa-

2 Philogophical Review, Vol XXXII, p 689. Compare F. C, B.
Schiller: Formal! Logiwc, and the article entitled, “The Reformation
of Logie,” by A W. Moore, in the pragmatist volume entitlea
Oreatwe Intelligence

8 See Bradford Smith, First Book wn Logio.
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ration in logieal analysis, but in so far as he subordinates
concepts to intuitions and insists that logical explanations
falsify the facts, he is an enemy of all logie. There can be
no doubt that the anti-mtellectualist movement has eon-
tributed to the reaction against logiec. Moreover, it has
wide ramifications outside of the ranks of techmical phi-
losophers. Laterary enthusiasts have always heaped scath-
ing, denunciations upon logie. This anti-intellectualist atti-
tude of the poetic and 1maginative temperament is well
expressed in the interesting lines of Dana Burmnet’s little
poem entitled ‘“‘To a Logician’’:

Cold man, in whom no animating ray

‘Warms the chill substance of the sculptor's clay;
Grim reasoner, with problems in your eyes,
Professor Sage—however do they call you?
Far-seetng Blindman, fame shall yet befall you;
Carve you 1n stone—that winter of the wise!'—
And set you up in some pale portico

To frown on heaven ahove, on earth below.

T shall make songs and give them to the breeze,

And die amid a thousand eestasies!

T shell be dust, and feel the joyous sting

Of that sweet arrow from the bow of time

‘Which men call Spring.

And out of my dead mouth a rose shall come like rhyme!
But you, 1n your eternal state of snows,

Shall thrill no more to life’s resurgent flood,

Nor cast death’s laughter into Aprl's rose!

You shall be marble who were never blood.

A Defense of Logic against These Criticisms

We may dismiss the eriticism of all logic of the anti-
intellectualist, which comes to clear expression in this poem,
with the words of the great French interpreter of Aris-
totle, Barthélemy Saint-Hilaire: ‘“Without logie the mind
of man can admirably energize, admirably reason; but
without it does not know itself through and through; and
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ignores one of the fairest and most frmtful of its facal-
ties. Logie brings to the mind self-acquaintance. Such
is its use and 1t cannot have any other.”’* For even though
logic 1s not the whole nor even the better half of life,
even though there are bloodless and spineless logicians who
come near fitting the poet’s sarcastic deseription, yet logie
has 1ts rightful place. Cultivated modern lhfe is really
not complete without 1t, bloodless though it be. Nor is it
necessarily bloodless. Even a logician may have his ee-
stasies and ‘‘cast death’s laughter into April’s rose.”
And surely all who know something of the contributions
of modern science to human knowledge must recognize the
educational value to elementary students of a study of
the logical procedure involved in making these disecoveries.
‘Whatever one may think of traditional logie, surely every
one who knows anything about the matter at all must con-
cede that logie, in the sense of methodology, is an indis-
pensable adjunet of modern science.

Recognizing the demand for a new interpretation, which
shall take account of modern logical developments, one
need not accept the wholesale and practically unquahfied
condemnation of traditional logie For, in the first place,
the crities overlook the fact that elementary students are
simply barred from advanced work in this field until they
know the rudiments of traditional logic. The whole tech-
nique of logical science is beyond the reach’ of him who
has not fully mastered Aristotelianism. There is hardly
an advanced treatise on logie, if we except the new sym-
bolic logie, which does not bristle with technical terms
whose roots are in the Aristotelian logie. Moreover, the
authors of these treatises presuppose a knowledge of these
terms on the part of their readers. Even the crities’ own

4 Barthélemy Saint-Hilaire, De la Logique d'.Ariatofe, P 42;
Quoted by J Brough, in the article entitled “Logic,” in Hastinge
Encyclopedia of Religion and Bthios.
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condemnations cannot really be understood or fully ap-
preciated apart from such knowledge. Hence, teachers owe
1t to their most gifted students, who may later develop into
logicians, to present the content of traditional logie.

The critics may answer that a teacher is not justified
in loading onto the whole class content which will only
benefit the occasional and exceptional student, who may
prepare for graduate work in this field. Hence, in the
second place, 1t must be mentioned that these techmical
terms of traditional logie have entered into our language as
a whole to such an extent that it 1s hard to appreciate
Iiterary masterpieces and scientifie treatises without a
knowledge of them. Nor can adequate knowledge be
reached by the slavish process of repeatedly consulting
dictionary definmitions. These terms must needs be learned
m their context. The cultural value of a mastery of tra-
ditional logic 1s a sufficient justification for its inclusion 1n
an elementary course And note that this 1s entirely dif-
ferent from 1ts diseiplinary value, on which the erities as-
sume a defender of Amnstotehan logic must rely. Without
any question, the open-eyed student who has been through
Part One of this textbook, has already repeatedly met
words and passages n his other readmg on which a flood
of light has been thrown by what he has learned Before
studying logic such passages were read superficially, with-
out comprehension.

In the third place, the study of traditional logic does
have a diserplinary value which cannot be destroyed by
the jibe of ‘“mental gymnasties.”” Why aren’t ‘‘mental
gymnastics’’ just as legitimate as ‘‘physieal gymnasties’’?
The fact that one does not use certain muscles 1n ordinary
hife 18 no reason for mneglecting them in the gymnasium.
Nor is the fact that we do not use daily, every logical
process dealt with in traditional logie, in the precise for-
mal way in which they are studied in an elementary course,
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any argument against spending a few hours of one’s life
mastering such processes. The observant student will find
in his own experience full justification for the testimony
of John Stuart Mill as to the value of a study of these
traditional logical processes. He writes  ‘‘There is no
more 1mportant intellectual habit, nor any the cultivation
of which falls more strictly within the provinee of the
art of logie, than that of disecerning rapidly and surely, the
identity of an assertion when disgmised under diversity of
language .. The student of logie acquires hal)'xts of
circumspect interpretation of words and of exactly measur-
ing the length and breadth of his assertions, which are
among the most indispensable conditions of any consider-
able attainment in science, and which 1t 15 one of the pri-
mary objects of logical disecipline to cultivate’’ (Bk. II,
Ch. I). And agam, in Autobwgraphy: ‘‘I am persuaded
that nothing m modern education tends so much, when
properly used, to form exact thinkers, who attach a precise
meaning to words and propositions, and are not 1mposed
on by vague, loose, or ambiguous terms.”’

Nor need the student go outside of his own college or
university environment to find ample verification of the
truth of the words of another great English logician, De
Morgan, who said that it 1s the negleet of formal or Aris-
totehlan logic which gives us ‘‘swarms of legislators,
preachers, and teachers of all kinds, who can only deal with
their own meaning as bad spellers deal with a hard word.’’
And the wise college student will not forget that he 1s fre-
quently gomg to be called upon throughout his lhife to
express to others, clearly and concisely, his own meaning.

Moreover, 1f traditional logic 1s worthless, trivial and
superficial, the empirical fact, known to every teacher of
logic who knows why students enroll in the elementary
course, that so many successful professional men and scien-
tists warn their own sons and daughters against the neglect
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of elementary logic, is simply inexplicable. For two or
three decades ago, when these men were undergraduates,
traditional logic made up the bulk of the content of courses
i elementary logie. Yet this is one of the few courses
which numerous suecessful men single out from among all
that they had, as having been the most helpful to them in
their professional career. It 1s highly questionable
whether, twenty or thirty years hence, successful men will
be able to pay a sumilar tribute to the substitutes for tra-
ditional logiec which some of them are now bemg offered
m our colleges‘ and universities. In this age of iconoeclasm
beware lest the eritics persuade you to sell your intellectual
birthright for a mess of pottage!

The mere fact of the antigmity of Aristotelian logie does
not justify substituting some other content for it, any more
than the antiquity of Euchdian geometry would justify
a teacher of mathematics 1n substituting non-Euchdian
geometry for 1t in high schools and academies. Indeed,
the fact that logic comes to the modern college student
clothed 1n the wondrous garment of antiquity should make
the subject peculiarly fascinating to a beginner. What
a superb privilege to study that which formed a vital part
of the educational equipment of the immortal Cicero, and
of countless other immortals down to our own day'! The
persistence of the Aristotelian logic as a part of the pro-
gram of studies since the days of its founder proves its
imperishable value. Nothing worthless could survive the
acid test of eriticism through so many centuries. What 1s
needed to-day is not the abandonment of Aristotelian logie,
but a reinterpretation of 1t which will embody the signifi-
cant modern contributions to the science. To accomplsh
this purpose has been one of my dominant aims 1 writing
this textbook. I may have failed, but I relinquish the
task with full confidence m the power of traditional logie
to weather the assaults of its contemporary eritics.
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No attempt is here made to give an exhaustive list of
books and articles on logic. For the best extant bibliogra-
phy, see Benjamin Rand’s i Baldwm’s Dictionary of
Phalosophy and Psychology, Vol. 111, Part II, pp. 647-703.
My aim is to indicate some books and encyclopedia articles
of more recent date, which should be helpfpl to students
and teachers using this textbook, who may wish either to
supplement my discussions, or to go more deeply into some
of the problems which I have barely been able to suggest.
Begmnmg students will find 1t to their great advantage
to read regularly some other account parallel to what I
have given, and teachers will do well to encourage this by
keeping on an open reserve shelf in the reading room of
the library, copies of the elementary textbooks listed below,
and by makmg from time to time definite reference m the
classroom to various subjects especially well treated in
one or another of these books. For it goes without saying,
that every textbook 1s clearer on some pomnts than on others.

In order to orient the student i the general field of
logie, and to get him into the habit of usmg other books,
1t 1s suggested that he be required to read the openmng
chapter 1n two or three elementary texts, and to write a
discussion about one thousand words in length on some
such topie as one of the following; this discussion should
be prepared during the first week of the course:

The Defimtion of Logie
The Relation of Logiec to Psychology.
The Relation of Logiec to Language.
. The Relation of Logic to other Sciences,
. Is Logic a Science or an Art?
. The Umt of Logical Science.
. The Sense 1n which Logiec 13 Formal,

. The Practical Value of Logic.
379
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It 18 also recommended that students be asked to find
illustrations of the various mmduective methods, as well as
of the logical processes dealt with in Part I, from their
own reading. It is a good plan to require a brief written
discussion, contamning illustrations of the chief methods,
worked out in steps, and based upon a reading of one or
more well-written scientific essays in which the methods
stand out fairly well. For this purpose the following waill
be found especially valuable Huxley, A Piece of Chalk;
Tyndall, The Scientrfic Use of the Imagination; F. W, West-
away, Scientific Method, Book III, Famous Men of Science
and Thewr Methods; R A. Gregory, Discovery; T. B Strong
(editor), Lectures on the Methods of Science; and various
parts of the four volumes of J. A. Thomson (editor), The
Outlime of Science. Another valuable book, containing
many fresh and interesting examples of the methods of
science and wiitten especially for beginners, is the Iniro-
duction to Reflectiwe Thinking, so frequently referred to
m the text, writlen by nine associates 1 philosophy 1
Columbia Umiversity. It 18 of the utmost importance mn
teaching logie, and particularly in teaching methodology, to
get the student to see for himself the connection between
the aetual thmmking done in scientific research and the
statement of the methods given i this book The more
he 1s able to correlate logical processes with the methods
actually employed by scientists, the better he will grasp
the logical significance of methodology.

ErLeMENTARY TEXTBOOKS

Boog, B. H., An Outline of Logic
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CreieHTON, J E, An Introductory Logic (new ed.).
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JoNEs, A. L, Logic: Inductive and Deductive.

JonNEs, E E. CoNSTANCE, A Primer of Logic.

JoserH, H W. B., An Introduction to Logic (2d ed.).
YNES, - 1es and, Exercises wn Formal Logrc.
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MmLowNE, S. K., An Introductory Textbook s Logio.
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SeLLars, R. W, The Essentials of Logac.

WeLToN and MONAHAN, An Intermediate Logic.
WELTON, J., Manual of Logee, 2 vols.

WesTaway, F. W., Scientsfic Method (2d ed.).

OrEEXR ELEMENTARY BooOKS

The books 1n this list contain a great deal of valuable logical
materal, and they are all within the reach of the begmner in
logte

DewEgy, JoBN, How We Think.

Gisson, Boycr, The Problem of Logic (2d ed.).

JaMes, WiLLiaM, Pragmatism

The Meaning of Truth

-Principles of Psychology, 2 vols.

Jevons, W S, The Principles of Science.

PrarsoN, Karr, The Grammar of Science.

Rovce, JosiaH, The Problem of Chrstianity, 2 vols. (The
first volume contamns the best extant account of the epis-
temology of Charles S Peirce )

RusseLL, BERTRAND, The Problems of Philosophy.

Sipewick, A., The Use of Words in Reasomng.

——Fallacies

——The Application of Logic

TaoMSON, J ARTHUR, An Iniroduction to Science.

WaETEAM, W. C., The Foundations of.Science.

ApvaNCED TEXTBOOKS AND GENERAL TREATISES

The books 1n this hist are more or less techmeal and abstract.
They are beyond the reach of the average beginmng student, but
for advanced students end teachers they contain invaluable
logical material :

Barpwin, MARK, Genetic Logic, 3 vols.
BosaNQUET, BERNARD, Logie, 2 vols. (2d ed.).
Essentwals of Logic.

——Implication and Linear Inference.
Braprey, ¥. H., Princsples of Logic (2d ed.).
DewEY, JoEN, Essays in Ezpersmental Logic.
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Enzniques, F. (K Royce, tians.), The Problems of Science.
Hosrousg, L T, The Theory of Knowledge
Husserr, EpMUND, Logische Untersuchungen, 2 vols.
Joaouim, H. S, The Nature of Truth
JorxsoN, W. E., Logic, Part I and Part II
Keyr~es, J M., A Treatise on Probability
Lairp, JoHN, 4 Study of Realism
Lossky, N, The Intuitwe Basis of Knowledge.
MacIxrosn, D C, Tke Problem of Knowledge.
Mickexzig, J. 8, Elements of Constructwe Philosophy.
MEINONG, ALEXIUS, Gegenstandstheorie
——Uber Annahme.
Mrt, JorN STuart, System of Loguc.
Moorg, G. E, Philosophical Essays
Prirce, C. S. (M R Cohen, editor), Chance, Love and Logc.
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Porxcare, H, Science and Method
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Rrssewn, BorTraND, Scientific Method e Philosophy
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—>Mysticism and Log:c
WaITEHEAD, A N, The Orgamzation of Thought
Principles of Natural Knouledge

——The Concept of Nature

The New Realism, Creatwe Intelligence. and Essays in Critical
Realism are collective volumes contaimng valuable articles on
logie by various authois

ENCYCLOPEDIA ARTICLES

The following encyclopedia articles are of the highest value,
and although they are difficult, the beginner should be able to
get something from them They ae really indispensable to the
teacher who wants a digest of the best thought in ths field

Encyclopedia Britanmica (14th ed ). The mticle entitled
“Logie,” contains the best available survey of the hstory of logie.

Century Dictwnary and Cyclopedia. The defimtions of logical
terms 1n this digtionary were written, for the most part, by C. S.
Peirce, and they are very complete and sound
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Baldwin’s Dictionary of Philosophy and Psychology: “The
Laws of Thought,” “Tiuth and Falaty,” by C S. Peirce

Hastings’ Encyclopedia of Religion and Ethies “Logie,” “Be-
hef,” “Concept,” ‘‘Judgment,” “Inference,’ “Method,” by J.
Brough, “Axioms,” “Error and Truth,” “Mind,” “Negation,”
“Order,” by Josiah Royce, “Epistemology,” by James Iverach;
“Probability,” by J G Hibhen, “Analogy,” by G. C Joyce,
“Cansality,” by F R Tennant, “Science,” by J Arthur Thomson.

Ruge’s Encyclopedia of the Phulosophical Sciences, vql I,
“Logic” All of the articles in this volume are valuable, blit those
by W Windelband and Josiah Royce on the “Principles of
Logie” are unusually significant

Consult also the Proceedings of the Anstoteltan Socwty (pub-
hished annually)

Symsonic Logic

The following are among the most important works on symbolie
logie.

BooLe, GEORGE, The Laws of Thought.

Coururat, L. J, The Algebra of Loge.

DE MorGaN, A, Formal Loge

Dorrerer, R. H, Beginners’ Logic (contains a good chapter on
Symbolic Logic).

Lewis, C. I, Survey of Symbolc Logiwe (the best historieal
smvey)

RusseLn, BerTRAND, Principles of Mathematics

Russern. B, and WaiteREAD, A N, Principia Mathemaiica.

ScuroEDER. E , Vorlesungen uber der Algebra der Logik, 3 vols.

SHEARMAN, A T, The Development of Symbolic Logic

SuiTH, BraDFORD, First Book wn Logre (Anstotelian Logiw
1 symbolic form )

VENN, JoBN, Symbolke Loge.

RECENT PUBLICATIONS

Since the first edition of this hbook was published, I have
prepared a sourcebook 1n logic and seientific method, entitled
lustrations of the Methods of Reasoning, which contans
numerous examples of each of the methods of reasoning ex-
pounded m Parl II, as well as many examples of the various
parts of traditional logic In an Appendix will be found John
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Stuart Mill’'s own exposition of lus Experimental Methods and
John Tyndal's now classic essay on the Scientific Use of the
Imagination.

The series of sourcebooks 1n the various sciences, which are
now being prepared under the general editorship of Professor
Gregory D Walcott, the first of which—Shapley and Howarth’s
Source Book mm Astronomy—has already appeared, will be of
spectal value to teachers of logiec on account of the original
illustrations of the methods of seientific research which they will
contamn. Edwin Slosson’s Creative Chemisiry, R Vallery-Radot’s
The Life of Pastenr, R A Gregory's Discovery, and the co-
operative volumns entitled Clhemistry in Medicine, Chemistry n
Agriculture, and Chemistry mn Industry (2 vols) are obtainable
from the Chemical Foundation, Inc, at less than eost These
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scientific methods.
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BoaosrLovsky, B. B., The'Techmque of Controversy
BrmeMan, P W, The Logic of Modern Physscs.
DewEY, Jouw, Experience and Nature (Carus Lectures).
The Quest for Certawnty (Gifford Lectures).
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Absolute terms, 23f.

Abstract essence, 354,

Abstract sciences, 222.

Abstract terms, 19f

Abstractiomst theory, 2031,

Academy, 62, 335

Accent, fallacy of, 190

Accident, 36; fallacy of, 193.

Acquaintance, knowledge by,
10957

Added determinants, 101f

A fortior: argument, 157

Agreement, method of, 264ff

Agreement and difference, joint
method of, 272ff

Ambigwity, 20, 57, 82, 123, 363.

Ambiguous middle, 123

phiboly, 190

nalogy, 298-306, examples of,
3, 10, 31, 44, 302f, 310, false,
304,

Analysis, 11, 52f, 211ff

Antrantellectualism, 295, 373

Apes, 10ff, 322

Apphied logie, va

Applied sciences, 223

Argumentum ed rem, ad homs-
nem, ete, 197f

Arnistotle, 7, 16f, 32, 91, 110, 188,
203, 298, 335f

Aristotellan analogy, 298, cate-
gornes, 32ff, 38ff, defimtion,
63f; logic, wvn, 333ff, 340,
375¢

Art of logic, 12, 335.

Artificial samples, 240.

Attributes, 16, 30, 33, essential
and non-essential, 36f, 56f.

Augustine, 34, 258.
Axioms. See Postulates.
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Bacon, 2, 63, 206, 262f., 276, 307,
314, 338f

Bergson, 160, 2051 , 373,

Binary classification, 62

Bode, 185, 306

Bosanquet, v, 5f, 8, 16, 24, 47,
114, 116f, 142, 211, 298, 348,
372

Brahe, 202

Branford, 221

Br1ll, 305f

Broad, 215, 323.

Burke, 59f

Burnet, Dana, 374

Butler, Bishop, 229.

Carmnot’s principle, 297
Carpenter, 329

Categorical propositions, 78f.;

element 1n hypothesis, 79f.,
169f
Categores, 30-36, relation to

class and genus, 40ff

Causation, law of, 253f

Cause; casuality, 253-261

Chimpanzees, 10, 322,

Circularity in defimtion, 58; fal-
lacy of, 195

Crrcumstantial evidence, 308.

Class, 38f., 54, 86, 242, 321; re-
lation to category end genus,
40f

Classification, 62ff , 242f.; alpha-
bet systems, 70; binary, 62f;
Comte’s hierarchy, 86f.; Cu-
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vier's, 66f, Dewey decimal
system, 69f; of propositions,
81; of sciences, 221ff , of sc1-
entific methods, 224ff , value
of, 87 phylogenetic, 71, sym-
podial, 71

Cohen, M R, 64

Coherence theory of truth, 345,
358fF

Collective terms, 21f

Columbia Associates, 8, 212, 286,
202, 370, 372

Comparative method, 318f

Comparison, 75, 3]9. See Anal-

ogy
Complex conception, 101f
Complex question, fallacy of, 190
Composition, fallacy of, 192
Comprehensive defimtion, 55
Comte, 6o.
Concomitant variations, method
of, 276ff
Concrete essence, 354
Conerete terms, 19ff
Connotation, 45, 50.
Con=istency, 118, 318 347f, 366
Contemporary logie, 340ff
Continuity, 259
Contradiction law of, 364

Contradictory term« 23, propo-
sitions, 91

Contraposition, 98ff

Contrary terms, 25, proposi-

tions, 91

Contersion, 93f

Correlative terms and doctrine
of, 23f

Correlation, 244

Correspondence theory of truth,
350ff

Counter-dilemma, 181.

Counter-probability, 233

Creighton, 56, 108, 183, 211, 343,
3487.

Criteria of truth, 349, 358.

Cuvier's classification, 86.
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Deduction (S8ee Induction and
Logic); 1n science, 314f, 316

Deductive systems, axioms 1n,
361f

Defimtion, 367, 62-81

De Morgan, 26, 187, 181, 377

Denotation, 43, 50

Derimvatine sciences, 222

Description, 53, knowledge by,
109ff

Descriptive sciences,
potheses, 308

Dewey, John, 1, 8, 114, 226, 342

Dewey, Melvil, 69f.

Dichotomy, 62f.

Dictum de omne et nullo, 140ff

Difference, method of, 268ff

Differentie, 36f, 53f

Dilemma, 162 (chart), 176-186

Discourse, umverse of, 26ff

Disjunctive propositions, 79f,
syllogisms, 162 (chart), 170ff,
318, verification, 318.

Distributed terms, 47, 83

Distribution, rules of, 85

Distributive terms, 21

Division, 61-68, fallacy of, 192

Doctrine of correlatives, 24

222, hy-

Egosm and egotism, 9

Eliminatine induction, 209f,
217, 317
Enthymemes, 146ff, 159
Knumeration, 224, 243
induction, 206ff,

numerative
217f, 239
Epicherremas, 148, 160
Epistemology, 1, 351
Essence, 352ff
Euler’s diagrams, 86f, 124
Evolution, 321. See Genetic
method
Exceptive propositions, 84.
Excluded middle, law of, 365
Exclusive propositions, 83.
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Exzistence, 218.

;/E?:perlmental methods, 225, 262-
285, 317

Explanation, 289-207, abstrac-
tionists’ theory of, 295f;
Bergsoman theory of, 295f ;
examples of, 290, 323ff , meth-

ods of, 297-322, stages 1in,
205f, 313f , ruhsidiary process
of, 320f

Extension of terms, 43-52.
External proof, 320, 370.

Fan sample, 238f

Fallacies, 123ff, 187-200, classi-
fieation of, 187ff , dilemmatic,
183, disjunctive, 67f, 172,
equivocation, 191f (sec Am-
biguity) , hypothetical, 166,
presumption, 194ff , statisti-
cal fallacies, 240ff.

False analogy, 304ff

Figure, 121ff, 336, rules of the
four figures, 132-137

Galileo, 322
Gautier, 302ff
Genera, 6l1f.

Geneial and particular, 43,
methods, 224, sciences, 222,
terns, 20

Generalizations, empirical v sct-
entific laws, 207, 245, 293f,
304

Genetic definition, 56.

Genetic method, 318f, 321

Genus and species, 36, 53f, 61
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Gilbert, Wm , 117, 202f, 286f,
338f

Gocleman sorites, 151, 154f, 174

Green, T, H, 357.

Hegel, 116, 343.
Herachel, 262f.
Hibben, 236.
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Historical method, 318
Hobbes, 15, 110, 339
Hocking, 59, 72, 160, 349.
Hollingworth, 241f., 248
Hume, 72, 257f, 264, 325.
Husserl, 4f, 333, 343
Huxley, 67, 239f
Hypothesm 307-313. =
Hypothetical propositions, 79f.;
sorites, 173, 316, syllo
162, 166ff. vllogigens,

Jdea, 6f, 30 See Terms |

Identity, law o’, 363ff

Ilheit process of the major a.nd
muuor terms, 125f

Imagery (psychical image), 6

Inagimary 1deas, 46f

Immediate inference,
107f

Implicative system, v, 8ff, 15,
77, 108, 111§, 214f, 259f,
367 See Order
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of, 216ff , by analysis, 211Iff,
defimtion of, 203f , inductive
leap, 205, 211f, 215 (note};
perfect ¥ imperfect, 207, rela-
tion to deduction, 204f ; rela-
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ries of, 206ff
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tive system), rmmediate, 90-
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of, 143f , novelty in, 107f ;
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111f.

Inferential whole See Implica-
tive system, and Order
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Instrumental theory of truth,
346f

Integration, 10.

Intension of terms, 43-52.

90 - 108,
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Internal proof, 320, 370.
Interpretation, 108.
Inversion, 100

Irrationals, 297.

Irregular arguments, 155-160.

Irrelevant conclusion, fallacies
of, 196ff

James, 17f, 109f., 242, 253,
346f

Jevens, 6, 21, 137, 207/, 235,
264, 279, 283f, 308

Joint method of agreement and
difference 272

Joseph, H W , 12, 24, 101f,
109, 148f, 179, 187f. 209 .
218, 258, 341

Judging, 1dea a babit of, 7

Judgment, 75ff. See Proposi-
tion

Kant 32, 41f, 111, 343

Kevnes, J. M, 230.

Keynes, J N, 102.

Kind names, 32f

Knowledge. 3, 5, 10ff. 109§,
345, 352f 357F . by acquaint-
ance and description, 109f ,
defimtion of, 8, intwitive and
demonstrative, 110, relativitvy
of. 229f ; unit of, 6-9

Kahler, 10f.

Laboratory method, 177.

Lawrd, 370

Language, 16, ambiguity of, 20.
relation to logie, 5

Laplace, 103, 339, 359.

Law, definition 1n, 60f , of causa-
tion, 253f , of parsimony, 140,
of thought, 111, 362fF, 369f,
of uniformity of nature, 217§,
230f.

Leibniz, 8, 339, 341, 365.

Linear theory of inference, 1147,
142f, 148,
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Locke, 5, 24, 76.

Lockyer, 219.

Lodge, R C., 372.

Logie, art of, 12, 334; chopping,
33G; contemporary schools of,
310-343, defimtion of. 17, de-
ductive and inductive, 1, 204;
formal, 118, relation to other
sclences, 47 . w<cholastie 117,
128, 137 336f; syllogstic,
115ff - symbolie, v, 341, value
of, vu, 71, 85, 93 372-378

Logistie, 341

McDougall 322

Mach, 319

Madantosh 221, 349

Mackenzie, 50

Map of ~cientific knowledge, 223

Mathematiecal lome, 341

Mathematical reasomng, 36, G5,
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McCabe, 133

Meaning, 6ff , 43ff.
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Meverson, 297

Mk vi. 46, 52f, 141. 2171, 225
258, 260, 262ff 2727 . 305,
317, 333, 339, 377
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Mood, 120f.

Moore, G E, 347.

Muirhead, ., 114.

Murray. 312

Names, 17

Naming, act of, 15f.

Natural samples, 238ff.

Nature, 218, 204

Necessity 78, 295

Negation. 24ff , 2687 . 318

Negative defimtion, 58, instances,
204; names, 24ff, 96, prag-
matism, 349, propositions, 80,
98; verification, 316
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Neo-scholastic logicians, 340.

Newton, I, 231, 270, 278, 292,
339

Non-sequitur, fallacy of, 198f.

Novelty 1n inference, 108ff

/{bservatwn, 214, 219, 224, 317
Objects, nature of, 15, 50
Obversion, 95f
Occam’s razor, 140
Opposition, 91ff
Order, order-systems, 112ff, 294,

367 See Imphicative system
Ordering data, 243
Organic theory of

114f

inference,

Particular propositions, 80f.

Passnity, category of, 35

Pearson, 244ff , 294

Pierce, 207f

Petrus Hispanus, 137

Phenomena, 204, complexaty and
reciprocity of, 260f

Phylogenetic classification, 71

Pickering, 70, 322, 327

Plato, 16, 62, 181, 335

Porphyry, tree of, 63
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25f
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tion, 316

Postulates, 111, 362ff

Pragmatism, 342f, 346f, 367f,
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Predicables, 36ff

Privative terms, 27f
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233f , logical, 232, methods
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and, 226f.

Probable error, 245

Probable laws, 235f
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Proof, 7, 370.
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Proportion, 143, 239.
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83f , logiwcal form of, 82f ;
singular, 88, wumversal and
particular, 80f

Protagoras, 334

Psychological logicians, 4.
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Real definition, 53

Realism, 342, 350ff, 369f, 372f.
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Residues, method of, 280f
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112f, 208, 343, 362, 367, 371.
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Schiaparelli, 322, 327.
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219, 224ff, 237ff, 262-286,
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Skinner, 330

Social pattern, 319

Sociology, 69, 223, 319
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Speaial pleading, fallacy of, 190f

Spencer, 24, 58

Statistical veiification, 317

Statisties, defimtion of, 2377,
methods of 242-246, value
and defect of, 246ff

Subsistence and existence, 217f

Subatance, category of, 32f

Sufficient reason, law of, 365f

Swabey, 368, 373

Syllogism, categorical, 115-155,
disjunctive, 162, 170, figures
of, 121, 132ff, hypothetical,
163-170, 174, logical form of,
119f , M:1l’s eritrcism of, 117,
prosyllogisms and episyllo-
giums, 148/ , rules of, 122f ,
sorites, 150ff ; eingular, 137.

Syllogistic  inference, 115f.;
basic principle of, 140f.
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Tennant, 257, 259
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distribution of, 47f , intension
and cxtension of, 43ff

Theoretical probability, 234,

Theory and fact, 290ff , of truth,
344

Thinking, 2f. 11, 16, 30 See
Inference and Judgment

Thomson, J A, 66, 221f., 247,
320f

Time, category of, 34.

Tourtoulon, 60

Traduction, 137 (note).

Tree of porphyry, 63.

Truth, 78, 344-360.

Tyndall, 265f, 309

Undistiibuted middle,
of, 124
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niformity of nature, law of,
2174, 230f, 253f

Unnérsal 1n inference, 111ff.

Umniversal propositions, 80.

Universality of judgment, 78.
Universe of discourse, 268ff.

fallacy

Value of logie, vii, 12, 85, 93,
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