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BOOK ONE

THE PHILOSOPHY OF SCIENCE






THE FAITH OF
A LOGICIAN

A. S. M. Amico delectissimo.

LL AUTOBIOGRAPHY, as Goethe realized, must inevitably
A contain a mixture of fiction with its truth. Qur views
as to our past development cannot but be molded by our
present belicfs. But for that very rcason autobiography is
one of the ways of exhibiting one’s fundamental beliefs. The
assigning of motives is always a somewhat arbitrary procedure
—many conflicting ones are cqually plausible. But when one
has little space to develop adequately the logical reasons
which seem to support one’s main positions, it is convenient
to fall back on the form of a personal confession of faith
with an indication of the motives which led to that faith.

EDUCATION AND THE SEARCH FOR A
FUNDAMENTAL PRINCIPLE

IF pHILOsOPHY is viewed broadly as the love of wisdom or
general knowledge, I may say that such a love was awakened
in me between my seventh and tenth year by my grandfather,
a poor tailor in the Russian town of Nesviesh. Though he
never learned to write and had only a moderate reading
knowledge of Hcbrew, he had become the master of an ex-
traordinary amount of knowledge and wisdom. Walks and
talks with him first stimulated my imagination about the
world at large and its history. From him, also, I acquired a
certain ineradicable admiration for the ascetic virtues and a
scorn for the life of wealth, ease, creature comforts, and all
that goes under the old name of worldliness.

For the rest I had a rather varied education. I began, like
other orthodox Hebrew boys, with the Bible, and then went
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STUDIES IN PHILOSOPHY AND SCIENCE

on to the Talmud. The first nonreligious book which T read
was a Hebrew copy of Josephus. When, in 18go, 1 was sent
back to live with my mother in the larger city of Minsk, 1
began to read Yiddish books on Hcbrew history and soon
drifted into very secular romances. In 1892 I was brought to
New York, and in 18g5 I entered the scientific course of its
City College, where, in addition to mathcmatics, physics,
chemistry, and biology, I learned to appreciate French
literature.

Possibly the circumstances of my youth, which prevented
me from participating in the usual boyish gamecs, cmphasized
my inclination to indulge in idle or disinterested speculation.
In any case, my own limited experience is in accord with the
Aristotelian view that philosophy grows out of our native
curiosity or wonder about the world at large. To philosophize
has always seemed to me as natural and desirable in itsclf

as to sing, to dance, to paint or mold, or to communc with
those we love.

Nevertheless, the specific occasion which led me into tech-
nical philosophy was my interest in the Socialist Labor pyyqy.
Wishing to prepare ourselves for more active and intelligent
propaganda, a small group of us, young col?cge students, regq
Marx’s Das Kapital and other socialist classics. The r.eferenccs
in Marx and Engels to Hegel’s dialectic method gripped e
most emphatically. My courses in logic and cconomijcs 4
college had led me to J. S. Mill, and I felt that Lhe. fundamen.
tal issue between individualism and socialism was Inextricably
bound up with the difference between the psychologic ang
inductive method represented by Mill and the dialectic and
historical method of Marx and Engels. Not having any compe-
tent guide to philosophy, I naively turned to Hegel himself
and tried to get enlightenment from an English translation
of the third part of the Logic. This, of course, was too tough
a diet for a philosophic babe. Yet I could not abandon the
quest. I had a vague conviction that there was something
radically wrong with Mill's doctrine of induction and his

[4]



THE FAITH OF A LOGICIAN

attempt to build up a world out of independent things, facts,
or “states of mind.” After all, somchow or other, things
are intimately connected in the same universe and indeed
they often fuse their very being. Though I could not grasp the
exact force of Hegel's argument, it became associated in my
mind with Shelley’s lines: '

Nothing in the world is single,
All things by a law divine
In one spirit mecet and mingle.

My scarch for morc dcfinite enlightenment along this line
led me to the Nco-Hegelian school; and the books which
aflorded me most food for reflection were Watson's Comte,
M:ill and Spencer, and Dewey's Psychology. They confirmed my
aversion for the positivists and for their superficial efforts to
disposc of the problems of reality. Yet I could not accept the
constructive claims of the Neo-Hegelian philosophy. T had a
strong repugnance to a certain vague, supernatural clement
in it that is incompatible with the spirit of the natural
sciences, which have always secemed to me man’s supreme
achicvement in the way of solid knowledge. The intellectual
world was thus divided for me into two camps, and I could
not be at peace in cither. I thercfore fell into a slough of
philosophic despond from which desultory reading and
agonized cfforts at original thought could not extricate me.

In the spring of 1899 T gained the friendship of Thomas
Davidson. His personal affection and his touchingly unre-
strained faith in my abilities increased my zest in life and in
philosophic study. He aroused in me the great dream of a
group of congenial spirits co-opcrating to create a philosophic
encyclopedia that should do for the culture of the twentieth
century what the Brothers of Sincerity did for the Saracen
culture of the tenth or what Bayle, D’Alembert, and Diderot
did for the culture of the cighteenth century. My heart was
thus set on the systcmatic and comprehensive aspect of phi-
losophy and I was led to read generally along diverse lines.

[5]



STUDIES IN PHILOSOPHY AND SCIENCE

With the poverty of time and energy at my disposal then, and
for many years thereafter, the distension of my interests filled
my intellectual life with many enterprises that just fell short
of completion.

Davidson himself, at that time, held to an extreme subjcc-
tivism and individualism which neither gratitude nor personal
admiration could induce me to accept. At his suggestion 1
turned from the problems of socialism and metaphysics to
the problem of knowledge as dealt with by Hume and Kant.
The reading of Hume left me with a profound admiration
for the clarity and honesty of his skepticism as to various
metaphysical and religious dogmas; but in addition to being
a little irritated by that genial Tory's attitude to the rational
principles of moral and political reform, his fundamental posi-
tion seemed to me to involve flat contradictions. If the mind
is assumed to know its own impressions only it cannot logically
know that there is an external world that produces or causecs
these impressions. The relation between such an external
world and the impressions of the mind certainly does not
conform to Hume'’s own description of causality as the habit-
ual succession of impressions iz our mind. The contradiction
between the practical certainty and the theoretic skepticism a5
to the existence of the external world (expressed at the end of
the first book of Hume's Treatise) seemed to me to arise only
because he had assumed both that the mind knows nothing
but its own impressions and that we also know that our
individual mind is only one among other objects in the uni-
verse. Obviously, if the second assumption is true, the first is
false; and as the assumption of the existence of the larger
u'zor‘ld is involved in our very discussion, the mind cannot be
hm.lted to a knowledge of its own impressions only. That
Whlch. is known is always more than the mere (subjective)
k1:1c.>wmg activity itself—else there could be no present recog-
nition of past thoughts.

The effort to understand Kant's solution to Hume’s prob-
lem was interrupted at that tirne by the necessity of helping
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THE FAITH OF A LOGICIAN

to organize and, after Davidson’s death in 19oo, to continue
the practical educational work which he hoped to develop
into a Breadwinner's College. For a number of years I thus
conducted classes in cultural history, in which I tried to apply
the cvolutionary philosophy to the history of industry, of
the family, of religion, and of Greek and Hebrew literature.
The reading of some of Professor Boas' anthropologic writings,
however, soon raised doubts as to the adequacy of any formula
ol universal evolution, whether Hegelian or Spencerian. The
discovery that our histories always depend upon our assump-
tion as to the naturc of the things studied, led me to reject
the prevalent illusion that the history or temporal gencsis of
anything can cnable us to dispense with the direct study or
analysis of its present or permancnt nature. The history of
labor, marriage, and religion, while extending my vista, offered
me no solution of their contemporary problems. Historicism,
as well as psychologism, were thus ruled out for me as all-
sufficient philosophic methods or as substitutes for direct
rational and metaphysical analysis. In this I was strengthened
by the study of Aristotle, begun in the Davidson Society and
continued for two years under Professor Woodbridge. Studies
in ethics under Professor Felix Adler also brought me back
to my original conviction—to wit, that the problems of in-
dividual and social ethics were honeycombed with metaphysi-
cal assumptions.

It was the study of Russell's Principles of Mathematics,
some months after I was appointed to teach mathematics at
City College, that finally liberated me from the feeling of
helpless philosophic bewilderment and enabled me to under-
take an independent journey. The demonstration that pure
mathematics asserts only logical implications and that such
logical implications or relations cannot be identified with
cither psychologic or physical events, but are involved as
determinants of both, seemed to me to offer a well-grounded
and fruitful starting point for philosophy. For whatever the
opinions of philosophers, they must rely on the validity of
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STUDIES IN PHILOSOPHY AND SCIENCE

logical reasoning to establish their position; and at no time
could I take seriously any attempt to qucslion the fruitfulness
of mathematical method in building up scientific knowledge.
This renewed faith in logic and mathematics show.cc.l .mc how
to avoid both the Scylla of Mill’s inductive cmpiricism and
the Charybdis of Hegelian absolutism. An inadequate view of
the reality of relations or abstract universals still scems to
me the common vice of both these influential philosophices.
(1) Empiricism (the modern name for nominalism) never
seemed to me to account for the real connections in the world.
How can relations, if they exist in the mind only, connect
things external to it? Morcover what can we say about any fact
or thing that does not involve abstractions as determinations?
(2) Similarly does the Hegelian denial of the reality of ab-
stractions lead to the location of connections not in an ob-
jective nature but in an absolute totality that is beyond under-
standing. While such an absolute totality may be an ideal
demand of thought, its content is always something of which

Wwe are most ignorant. Nothing is therefore really expl
by it.

ained

The doctrine that abstract logical or mathematical relations
are real justified for me the hypothetico-deductive procedyye
of science in which we follow the implications or effectg of
one single aspect or factor of a situation. For not all things
that occur together are relevant to each other. Scientific search
is difficult just because of the exuberant multiplicity of existen.
tial coincidences whijch are irrelevant to our inquiry as to the
order of meaning, But if scientific inquiry is successful it
discovers abstract relations which do characterize the world
of phenomena. Thus instead of the alternative of either swal-
lowing the whole universe or starving intcllccmally, the
method of logical realjsmy, showed me how to bite into it.

In subsequent reflection this metaphor of “biting into the
world” proved itself peculiarly apt in suggesting that opposing
considerations must be taken into account in explaining any-
thing, and indeed that nothing is definite apart from both

[8]



THE FAITH OF A LOGICIAN

of every pair of polar categories such as form and matter,
identity and difference, mediacy and immediacy, etc. The
reality of mathematical relations, and the principle of polarity,
opcned for me the path to systematic philosophy.

LOGICAL REALISM

Tue piscovery of the logical or hypothetical character of
purc mathematics showed me in a new and clear light the
relation of scientific method to induction, to skepticism, and
to a priori rationalism. This led me to a better understanding
of the old and fundamental issue of conceptualism (or sub-
jectivism) vs. realism.

Mill's contention that the truths of mathematics were ap-
proximations or inductions from expericnce became impos-
sible after the distinction had been drawn between physics
as a scicnce of existence and pure mathematics as the develop-
ment of the logical implications of all kinds of assumptions.
That there are no two rational numbers whose ratio is \/2 or =,
is not and cannot be an induction from experience. Expericnce
alone cannot prove the absolutc impossibility of things that
have not as yet occurred.

This disposed of the absolutistic nihilism (which may call
itself empiricism, relativism, or skepticism) that denies the
existence of all necessary truths and tries to maintain that
cven propositions like “2 plus 2 equals 4” are contingent so
that on some other planet the result might be different. One
does not have to go to another planet to see that two pints of
water and two pints of alcohol will not necessarily make
four pints of the mixture. But the hypothetical truths of
pure mathematics are not affected by empirical physical facts
that do not conform to its postulated conditions. The truth
of the proposition that “two and two equals four” (assuming
the usual definitions and postulates of arithmetic) is not a
question of physical observation, nor of psychologic habit, but

[9]



STUDIES IN PHILOSOPHY AND SCIENCE

of logical proof. It can be demonstrated that its dC.nml m;
volves self-contradiction, and thus cannot maintain itsclf. I.
cannot, therefore, be true that all assertions arc mCTC]y pet
sonal opinions; or if you call them opinions, it is certainly truc

“ . . o us

that the opinion “2 plus 2 equals 5" is not as truc as "2 pl
2 equals 4,” _
. . . ? ll’

However, the same realization of the logical and hypothe

. aecl «
cal nature of pure mathematics also destroyed classical

priori rationalism. It destroyed the ground of any assertion

that we know , priori and with apodeictic certainty that

Physical space must be Euclidean, just as the development of

modern physics has rendered vain Kant's further argument

that we know 4 priori that physical nature must follow New-
tonian laws of mechanics. Indeed, renewed faith in formal
%Oglc. showed me that since all proof rests on assumption, it
S vamn for any philosophy to pretend to prove all of its mate-
Txal Propositions. It must make indemonstrable assumptions
n regard to existence, value, or duty. This is particularly
cogent against Kant's transcendental method, i.e., the attempt
to prove certain propositions true because they explain how
€Xperience i possible. We cannot explain experience or any-
thing else without assuming something; and it is 2 downright
logical fallacy to assert that because our assumptions explain
something they are therefore demonstrably true. ObviOusly
Kant does not and cannot offer any cogent proof that there
™may not be some other set of assumptions which will also
explain the facts of experience.

That ap assumption is not proved is, of course, not an argu-
m.ent against its truth. So long also as assumptions differ there
will be groung for preferring the one that best explains the
assumed facts, Byt the recognition of possible alternative
assumptiong bankrupts the pretension that philosophic as-
Sertions are ) necessary and not merely probable truths.
Doctrines as to the material nature of the world or of our
duties in it can thus never be more than merely probable.

The principles or laws of every science are the rules or
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THE FAITH OF A LOGICIAN

constant rclations which hold amidst all the changes in its
ficld; and so the fundamental laws or postulates of pure
mathematics or logic are the invariant forms or relations
which hold of all possible objects.! Logical laws are thus
ncither physical nor mental but the laws of all possible sig-
nificant being. No material fact can be deduced from purely
formal considerations, but formal relations are assumed in
inferring any fact from any others, and indced no fact can
be formulated except in terms of the forms or universal rela-
tions embodicd in it. The world which is the object of science
(since all science involves logic) is thus a union of form and
matter. It is rational in the sensc that its phenomena do con-
form to the laws of possibility that are the objects of logic;
but the element of chance or contingency can never be elimi-
nated from it, since all proof must rest on unproved assump-
tions. The world may also be said to contain an irrational
element in the sense that all form is the form of somcthing
which cannot be reduced to form alone. The duality or polar-
ity of terms and relations cannot be eliminated by reducing
everything to terms alone, or to relations alone. We may say
that everything which is intclligible can be expressed in logical
form; but that which is expressible has no valid claim to
absolute totality. Nor is there any contradiction in speaking of
the inexpressible, since it is of the essence of all expression
to point to somecthing beyond itsclf.

THE PRINCIPLE OF POLARITY

THE PRINCIPLE of polarity is suggested by the phenomena of
magnetism where north and south pole are always distinct,
opposed, yet inseparable. We can see it in general physics
where there is no action without reaction, no force or cause

11 have tricd to show this in greater detail in The Journal of Philoso-
phy, Vol. VIII (1911), pp. 533 ff., and Vol. XV (1918), p. 673, republished
in Reason and Nature (1931), p. 171, and A Preface to Logic (1944), pP. 1.
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STUDIES IN PHILOSOPHY AND SCIENCE

of change without inertia or resistance. In biology the life of
every organism involves action and reaction with an c¢nviron-
ment. There is no growth without decay, or as Huxley puts
it, protoplasm manages to live only by continually dying. "T'his
suggests a supplement to the principle of causality. Not only
must every natural event have a cause which determines that
it should happen, but the cause must be opposed by some
factor which prevents it from producing any greater cffect
than it actually does. A physical or chemical system has the
precise rate of change that it has, an organism attains its
specific form at any moment, a social movement has just the
effect or influence which it in fact has, because of the
presence of certain opposing or balancing factors nccessary to
produce the definite result.

From this point of view not only every static, but also
every kinetic, system involves a balance or cquilibrium which
makes description in the form of equations applicable. Of
course it is only when the elements arc measurable and thus
numerically formulated that equations can generally be em-
ployed in a fruitful way. But it should be noted (1) that exact
or mathematical reasoning is not restricted to quantity, byt
1s applicable in nonquantitative realms like group theory or
analysis situs, and (2) that quantitative determination is by,
o.ne way of eliminating the indetermination of such deserips.
tions as A is hot, A is cold, A is large, A is small, ctc. State.
ments such as A is 60° F. or 5 yds. include the truth of op-
posite Partial statements, and assert somcthing definite and
determma.te in relation to all comparable objects.

The Principle of polarity, of necessary opposition in all
fietermma-te effects, thus becomes a heuristic principle direct-
08 OUr Inquiry in the search for adequate cxplanations.
Hfance, if we Pass from the realm of natural events, where
reigns the Principle of causality, to the wider realm of all
pOSSlble_ objects of consideration governed by the principle
of sufficient reason oy principle of polarity becomes a supple-

ment to the latter, It then asserts that in all determination
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THE FAITH OF A LOGICIAN

there arc opposing clements or categories, such as unity and
plurality, identity and difference, activity and passivity.

T'he obvious value of the principle of polarity is in enabling
us to avoid one-sided and interminable (because indetermi-
nate) issues, and in making us more hospitable to the com-
plexity of scemingly paradoxical facts such as that we rest
alternately on our feet while walking or that we remain
the same while growing or changing. All this is of the utmost
importance in metaphysics or general philosophy where we
arc subject to two great temptations: (1) to hasty generaliza-
tion about objects like the universe which arc not as determi-
nate as is commonly supposed, and (2) to deny the vision of
others who sce things from a different point of view.

(1) The question of the indeterminateness of the absolute
or total universe will occupy us later. At present it is well to
note that while reality has many elements and everything is
held in place by opposite forces working at the same time, our
thought and expression is linear, 1.c., we think and write along
one line at a time.

(2) That the great philosophers are generally right in what
they assert (of their own vision) and wrong in what they
deny (of the vision of others) was recognized by Leibniz. In
any case wc must be both critical and sympathetic toward
the philosophy of others, and avoid both the blindness of
excessive partisanship and the mushiness of eclecticism typi-
ficd by thosc soapy minds that, when confronted by the choice
between heaven and hell, hope to combine the good points
of each.

The effort to eliminate false alternatives or one-sided views
is characteristic of the Hegelian philosophy. Yet the principle
of polarity is not the same as that of the Hegelian dialectic.
In the first place the distinction between the formal and the
material, between logical categories and historical existences,
removes the Hegelian confusion in which concrete things
secem to be generated in time cither by ghostly conflicts or
by sublimated matings of abstract categories. Novelty in
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STUDIES IN PHILOSOPHY AND SCIENCE

concrete being cannot be generated by the combination of
pure abstract forms. This objection may be taking Hegel's
metaphors too literally; but the confusion nceds to be climin-
ated in any case. In the second place, the principle of polarity
leads to a more emphatic denial of identity between opposite
categories like being and nonbeing. The opposition between
contrary categories is neither absorbed nor in any way tran-
scended by their unity, any more than abstract unity can be
generated by abstract difference. The opposing considerations
involved in all existences (like the north and south pole of a
magnet) are different aspects which never become identical
though they neccessarily coexist. Nor docs the fact that they
are only phases of concrete existences make them in any sig-
nificant sense unreal. (We can, of course, define the real as
that which exists only as concrete; but then the proposition
that the abstract is not in this sense real becomes a mere
tautology.)

So long as significant wholes involve diverse parts, the latter
are to the scientific vision just as real or valid as the former.
On the other hand, since absolute totality is an ideal limit
in some respects never actually attained, the parts arc psycho-
logically more real or vivid than the whole. If abstractions
are parts of any possibly existing world, statements about these
parts need not be false. Partial truths are not simply false;
for in the effort to attain truth, false statements must be elim-
inated, but partial truths need only to be supplemented.

The principle of sufficient reason on which we rely doubt-
less postulates a world in which different things arc more
or less connected. But the ideal totality does not exist in
nat.:ure at any one time nor even as any actuality of knowledge.
It is a necessary ideal to indicate the direction of our scientific
effort, but it cannot serve as an explanation of any particular
thing in it.

Under the head of polarities we may distinguish between
contradictions, antinomies, and aporias or difficultics. Strictly
speaking, contradictions are always dialectical, i.c., they hold

[14]
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only in a logical universe. Thus, if I'say a house is thirty years
old, and somcone clse says it is thirty-one years old, the two
statementts are contradictory in the sense that both cannot
possibly be true at the same time and in the same respect.
Both statements, however, can certainly be truc if we draw a
distinction, e.g.,, thirty-one ycars since the beginning and
thirty years since the completion of its building.

‘Thus, two statements which, taken abstractly, are contra-
dictory may both be true of concrete existence provided they
can be assigned to separate domains or aspects. A plurality of
aspects is an essential trait of things in existence. Determinate
existence thus continues free from self-contradiction because
there is a distinction between the domains in which these
opposing statements are cach scparately true. When opposing
statements are completed by reference to the domains wherein
they arc truc, there is no logical difficulty in combining them.
In the purely logical or mathematical field, however, we deal
not with complexes of existence, but with abstract determina-
tions as such. Here two contradictory assertions always pro-
duce a resultant which 1s zero, i.e., the c_mity of which they
arc asserted is absolutely impossible.

Of incompletely determined existence—as in the case of
the total universe—contradictory propositions do not an-
nihilate each other (since they refer to a complex of existences);
and yet they cannot always (because of the indefiniteness of
the subject) be reconciled with each other. This gives rise
to the antinomics of metaphysics.

In general, the opposite statements that are true in regard
to existing things give rise to difficulties when we cannot see
how to draw the proper distinction which will enable us to
reconcile and combine these seeming contradictions. Thus, we
frequently find certain facts in a scientific realm calling for one
theory, e.g., the corpuscular theory of light, and other facts
calling for a diametrically opposite one, viz., the wave theory,
Such difficulties are solved either by discovering new facts,
which give one of these theories a preponderance, or else by

[15]
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discovering a way of combining the two theories. Somctimes
an intellectual dilemma is avoided by rejecting both alterna-
tives. This is illustrated by the old difficulty as to whether
language was a human invention or a special revelation. The
difficulty was avoided by introducing the concept of natural
growth,

Nature also presents us with sceming impossibilitics in the

form of practical difficulties, e.g., how to live long without
getting old, how to cat our cake and yet have it too, cte. Such
contingent or physical impossibilitics may baflle us forever.
Y.et some of them may be solved by finding the proper dis-
tinction. Thus the invention of boats enabled us to climinate
a fo.rmer impossibility—namely, how to cross a river without
getting wet, .
_ "This analysis puts us on guard against two opposite evil
intellectual habits: on the one hand to rcgard real difficulties as
al.)solute impossibilities, and on the other to belittle such
difficulties by calling them false alternatives. Thus it is not
sufficient to say that the old controversy between the claims
of the active and those of the contemplative life represents a
false alternative and that we need both. It is, in fact, most
frequentl)’ impossible to follow both, and the actual problem
t h(_’W much of one we need to sacrifice to the other often
Tequires more knowledge than is at our disposal.

THE UNIVERSE AS AN ABSOLUTE TOTALITY

THE pacy tha
to it naturally
Possible tq g

t we can speak of the universe and can refer
inclines us to emphasize its unity. It is, however,
that of b, peak of a h.eap OF things that have no bond c.xccpt
2 the tOfm.g together in a given space. \th.:ther the universe,

. ality of a1 things actual and possible, has a greater
unity than 5 merely spatial one, wc are, in view of the frag-
Mentary characer of our knowledge, in no position to answer.
We do not even know with certainty whether the universe
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includes a finite or an infinitc number of material particles.
Because of its essential incompleteness we can form no definite
image of it.

The universe cannot be made definite by distinguishing it
from something outside of it. Nor can it be made complete
and dcfinite by showing the order or pattern which prevails
through it, since all sorts of incompatible patterns and lack
of order are also found in it. The universe is obviously not
completely or actually in existence at any one time. It contains
many abstract possibilities which are not physically compos-
sible, so that when some of them are realized, others become
impossible. If the chaos of illusions and contradictory possi-
bilities are said to exist in the mind only, they are not thereby
banished from the universe, since the mind exists in it; and
if we define existence in such a way that illusions are said not
to exist, all illusions will not be thereby eliminated. The realm
of existence may by definition be restricted to some orderly
cosmos, but the universe will continue to include many other
things besides. This indefiniteness in what is denoted by the
term universe, as an absolute totality without qualification,
makes all sorts of contrary propositions true of it.

The universe is neither given in experience nor is it a
mental construction; yet it is certainly in some sense given.
The totality of all things is obviously not given in scnse per-
ception. What is so given is always something occupying some
part of time and space. Obviously, the total universe includes
more than we can ever perceive or form into an image. Our
experiences taper off into the indefinite, but in any case no
finite number of them can give us an absolute totality. Neither
can the universe be a mental construction. The extent and
complexity of the world is beyond our power of synthesis. We
cannot think of all the possible relations of even a finite
number of entities, and the number of possible qualifications
of our world is endless. Yet it is impossible to maintain that
nothing at all exists, or to deny that there is a world in some
sense or other.
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Out of this and similar dilemmas, we can extriciate oursclves
only by recognizing that “the world” is a symbol for some-
thing not completely determinate. It is partly known but also
always involves the unknown. Any part of the latter may
become known, but never the whole of it. Part of the universe
exi.sts, but many more parts do not. Many parts of the
universe are determined, but so long as plurality, individu-
a}lty, and novelty are not denied, contingency or indetermina-
Elon is uneliminable. Part of the universe is material and part
15 .mental. But any assertion that all is matter or that all is
mind amounts to a violent resolution to use an old word in
a new and confusing way to include its negative. For consider
the difference between the house we live in and the housc we
dream of, Whether you say both arc matcrial or bhoth are
mema.l, the factual difference remains and is accounted for
by 1ilel.ther of the monistic assertions about the universe.

Slmx].ar antinomies hold with regard to the assertion that
the.u'mverse is changing and that it remains identical. Stated
I:}?th(‘l‘;:l};:'he U_nivcrs<.z is an ideal, in the sense lh-'lt it i.ndicatcs
found, 1, lics)n in which the full nature of things is l_o -bc
cludes a]] uprese.nt f(')rmz'tlly, not actu.a]ly.. As prCscx'n it in-

nreality, illusion, ctc., which in a certain scnse

do f .
to orm the content of the world, even if we define existence
exclude them as unreal.

PHILOSOPHY OF NATURE

and i of philosophic interests are the macroscopic
the microsc

Universe) opic, the infinite totality of everything (the
8¢), and th 1 - . : R :
thing, 1 e ultimate elements which enter into any

Ogicians may be most passionately j . the
largel‘ vi Y pas: cly interested in

G Stas, but a faith in truth similar to that of Browning’s
Tammariap

makes them devote themselves : inuter
Problem, es to the minu

Ist
he world one or many? Both the continuity and discrete-
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ness of things stare us in the face; and monists and pluralists
differ because they fail to do justice to both of these aspects
of nature. Since every proposition (A is B) involves elements
that arc different and yet in some way identical, there is no
hope for philosophy unless it recognizes that identity and
difference while logically different are existentially inseparable
in the nature of anything. The classical philosophers, im-
pressed by the logic of identity, naturally belittled the im-
portance of change which introduces diversity into the nature
of the things that change. Modernistic philosophers stress the
fact of change so as to ignore those clements of unity or
identity without which things cannot be said to change. Com-
mon scnse is shocked by the idea of change without anything
that changes; and logic reconciles change and constancy by
saying that the naturc of anything is the group of invariant
relations which remain the same throughout the change.

As a result of the progress of modern physics and biology
many of the formerly assumed constancies of nature, like the
cternity of the hills or the fixity of species, have disappcared.
But science has also discovered invariable order in changes
which formerly seemed chaotic and arbitrary.

If change is cssential to the constitution of natural or
temporal objects it follows that they cannot be adequately
described in terms of what they actually or sensibly are at
any moment. The actual dominates us sensibly and vitally, but
it is only an infinitesimal part of the larger world of possibili-
ties. The nature of anything must include its possibilities. The
danger of taking possibilities seriously, however, is that of
thinking of them as if they were thin copies or ghosts of
actual things floating in space.

The fact that things change according to some order gives
rise to the ideas of determinism and causality. But if anything
is to be affected by something else, it must be distinct from
that other. It must, then, have a realm which is not due to
or affected by that other. A genuinely pluralistic world can-
not be completely determined in all respects. The general
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impression that the discovery of laws by the natural sciences
rules out the element of chance or contingency from our world
is shown to be erroncous by thesc considerations:

1. The most thoroughgoing mechanism necessarily involves
contingent data. If you derive the present arrzmgcmcm‘o[
particles in the universe from a previous one by assuming
some law, you push back the contingency to the past arrangce-
ment. Mechanical forces cannot be supposed to operate except

on a given distribution of material p:\rticlcs. The contingency
of such distribution is as ultimate as

the cxistence of the
assumed laws.

2. Every physical law asserts that a certain phcnomenon or
characteristic of it depends on a limited number of factors
and on nothing else. There is no use in saying that tempera-
ture and pressure determine the freezing point, if the latter
depends upon everything else. Every law of dependence thus
implies independence of all other things, which arc thus
irrelevant to the given effect.

3. The ultimate laws of nature arc themsclves contingent.
They just happen to be. Any one law or reason from which
they might all be derived (which is logically impossiblc)
would itself be contingent, without any proof that it might
not have been different. An infinite regress cannot climinate
contingency, and the existence of a different world is always
a theoretically significant alternative.

The insistence that the search for scientific law presupposes
elements of independence as well as dependence in nature, aids
us against vicious forms of atomism, organicism, and mysti-
cism. Atomism is vicious if it makes every entity a complete
and. i-ndependent universe, in disregard of its relations to other
entlt.les. We see such vicious atomism in individualistic an-
archlsTn. and in pleas for irresponsible self-expression. Vicious
organicism is the refusal to note any relative independence
or externality of relations between things which happen to be
juxtaposed in our universe. It shows itsclf in the persistent
tendency to confuse every line of clear thought by appeal to
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a vaguc totality which is irrelevant to the point at issue.
Mysticism is vicious or obscurantist if it denies the definite
or determinate character of things in the interest of beliefs
that cannot stand the light of reason.

TELEOLOGY AND VITALISM

Tue seLier that independence, contingency, and spontaneity
in naturc are not inconsistent with genuine laws or invariant
rclations (strengthened in me by the writings of C. S. Peirce)
docs not justily the use of final causes by vitalists to deny the
scientific fruitfulness of physico-chemical explanations in bi-
ology. It is perfectly legitimate to describe organic and even
inorganic phenomena from the point of view of the conse-
quent so that the antecedent scems a means. But we must be
on guard against attributing conscious effort and intention
to nature when there is no adequate evidence for their
actual existence. It is tempting to describe the behavior of
organisms in terms of scll-preservation; but it is equally
lcgitimate to describe the life of every individual as a success-
ful cffort to attain death. The circulation of the blood in the
human body is one of the neccessary conditions of its conscious-
ness, but consciousness is not a necessary condition for the
circulation of the blood. Most of the arguments used by
Driesch, Bergson, and other vitalists against possible progress
in the physical explanation of biologic facts scem to me
demonstrably erroneous. But at best they would only prove
that in regard to certain phases of life we must remain in
ignorance. Bergson’s attempts to explain specific biologic
phenomena (such as the supposed similarity of structure
between the eye of the scallop and the vertebrate eye) by
means of “life as a whole,” conflicts with the rule of scientific
method that specific effects must be explained by specific
causes. Nor will the hypothetical “psychoids” and similar
entities of Driesch and others, stand the test of scientific verifi-
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cation. The phenomena of life are assurcdly different from
those of nonliving nature; but therc is no proof that life did
not arise (or may not now be arising) out of nonliving mate-
rial. And there is no good reason why the scientific methods
which have proved fruitful in the inorganic scicnces should
not be tried in the field of biology. Popular tclcologic evolu-
tionism, in which man appears at the top of a biologic ladder
that all other organisms are trying to mount, sccms to mc
romantic vanity. That many species—indeed all vertebrates—
have originated in simpler forms secems historically clcar. But
there is no law of evolution that all organisms must change in
a given direction. Indeed experimental biology docs not need
the concept of evolution at all. When it clings to it, it is only
out of verbal piety.

The study of biology should also impress us with the dis-

continuity of nature. For without such discontinuity we could
not recognize different species.

MIND AND BODY

THE REJECTION, in my youth, of the whole supcrnatural
world-view left no room for the mind or soul as an entity
€xisting apart from the body. I have never been able {o imagine
wh.at mental life apart from any body can possibly be. All sen-
sations, feelings, emotions, etc., scem to me to be cvents in a
bO_dY:.and to involve consciousness of that body. If, then, the
reJGCU.OH of the belicf in ghosts or disembodicd spirits be
materialism, I should call mysclf a materialist like Democritus,
?obbes, and Spinoza. Such materialism makes me reject the
undamental assumption of Freud and others who talk of
purely mental determinism. Mental life is spasmodic and
mfernfpted so that it lacks the continuity for the direct ap:
Plication of the causal relation. It is doubtless true that worry
and other emotions will have serious bodily effects. But the
cause of these bodily effects can be found in the bodily accom
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paniments of the emotions. It is therefore only in a popular
and pr;lclicul, but not in a scientifically accurate, sense that we
can speak of the mind as excerting efficient causality. The
sense of mental efficiency is an indication of vitality. But the
laws of causality operate just as truly when we are not men-
tally very cfficient.

I must emphatically reject the view of those materialists
or behaviorists who thmk that the existence of conscious
phenomena can be denied or adequately described in purely
physical terms. Consciousness, when it happens, is a real
addition to the phenomena of nature. It is unlike anything
clse. How it originates and what sustains it scem to me to
be empirical and not metaphysical questions.

The popular notion that materialism has been refuted by
the theory that atoms are composed of electrons scems to me
rather [atuous. Natural science must remain materialistic
in the sense that it must always reject explanations of material
phenomena in terms of disembodied spirits or other unveri-
fiable entitics.

The form ol materialism that is objectionable to science and
which has been refuted by philosophers since Plato is that of
nominalism, which denies the reality of relations or logical
connection between things. For purposes of certain analyses
it is convenicnt to regard matter as entirely inert; but reflec-
tion shows that a material world must necessarily involve
some spontancity; and there is no a priori reason why life and
mind may not develop in it. All we need to remember is that
our conception of the material world must include the possi-
bility of such development.

Mind is olten considered, not as a natural existence or
function of an individual organism, but abstractly, as when
we spcak of the mind of an age or nation. We thus speak of
science as a spiritual body to which different individuals con-
tribute. As a natural existence, however, science appears as a
complex of books, apparatus, the memories of individual
organisms, etc.
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ETHICS

FROM A NATURALISTIC POINT of view the whole life of the
human species is a minor episode in the history of a tiny
speck of cosmic dust; and man’s natural fate is determined
by forces which visit death and destruction upon the just
and the unjust. Yet logically the problem of ethics is just as
legitimate as the problem of physics. In both cases we may
be said to begin with a set of primitive judgments—in the
first case that certain things exist and in the second case that
they are good or ought to be. We deal with these judgments
scientifically if we examine them critically and elaborate them
in the form of a rational system dectermined by principles,
The greater difficulties of a theory of ethics are due to the
greater variability of man’s moral judgments and their de.
pendence on all sorts of conventions which differ according ¢q
time and place. Diverse peoples who agree in condcmning
murder, incest, theft, etc., as immoral do not necessarily mean
the same thing by these terms. Christians who accept the copy,.
mand “thou shalt not kill,” do not think it wrong to kil] at
the command of a military officer. Few sce anything wrong ip
long-distance killing, e.g., in our starving other peoples like
the Chinese by monopolizing the fertile lands that keep us jp,
luxury. The Old Testament horror of incest does not touct,
Abraham’s marrying his half sister.

Moral feelings are very strong, but this does not prevey,
them from appearing as irrational taboos to those who dg not
share our conventions. This should warn us against the tepq,
ency to make ethical philosophy an apology or justiﬁcatio,«
of the conventional customs that happen to be establisheq
Suppose that someone were to offer our country a wongqe,
fully convenient mechanism, but demand in return the Privi
lege of killing thousands of our people every year, How man

of those who would indignantly refuse such a request wi
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condemmn the use of the automobile now that it is already
with us?

On the other hand, there can be no moral appeal except
to some desire that persists. The most rabid amoralist like
Nietzsche must appeal to his reader’s sense as to what is de-
sirable; and the followers of Karl Marx, who boasted that
he never spoke of justice, would be dumb and ineflective if
they could not appeal to a hatred for the injustice of our
present cconomic order.

These reflections lead me to the rejection, not only of the
Hebrew idea of moral laws as commands of Yahveh, but also
the Kantian view ol specific moral rules (such as that against
lying) as absolute or categorical imperatives. It leads me to the
Aristotelian conception of cthical judgments as matters of
wisdom in the conduct of life. Specific ethical rules are lessons
as to what is good, illumined by past experience and there-
fore subjecct to correction and revision. This saves us {rom
fanaticism and such hideous inscnsibility as is involved in
Kant's condemnation of a lie told to save an innocent life
from a foul murder. The naturalistic view of morals also
carries with it a greater regard for natural desires. The moral
life must, to be sure, be one of discipline and sclf-restraint, if
like any other art it is to achieve anything. Restraints on
natural impulses are, however, good only if, like the restraints
on public traffic, they make possible a greater freedom and
a maximum of natural satisfaction of our heart’s desire. At
the same time I cannot completely accept hedonism. The
virtues of the hero and the martyr point to the incommensur-
ability of certain moral values, and this offers insuperable
difficultics to any calculus of pleasures. Nor can I accept
indiscriminate altruism or love of humanity as an adequate
principle of all moral life. It is neither possible to love all
mankind—I cannot love my neighbor's wife and children as
my own—nor would it be good to do so. We can only love
what is lovable; and the philosopher must not forget that
everything that is morally vile arises out of human nature.
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If all our natural impulses were good, all training and cdu-
cation would be needless restraint and cvil. But the impulses
of men and women to direct the conduct of their children
and to train them in certain ways arce themscelves natural,
and it is vain to try to suppress them in the interests of un-
restrained naturalness.

The truth is that our nature is full of deadly tendencices and
that the life of culture or civilization is wisdom organized
to combat natural evil. Often, indecd, such organization misses
its objective and adds to the burden of lifc so that some return
to simplicity is necessary. But the life of rcason is developed
by civilization and is not compatible with a return to a purcly
animal status.

PHILOSOPHY OF LAW

HuMAN BEINGS cannot live together without restraints on
their anarchic impulses. Yet, if laws are to be effective, these
Iestraints must appeal to the community. This difhiculty is
solx./cd by general obedience to a ruler or rule. In modern
50.Cle.ties the rule of law is relied on more and more to
eliminate the arbitrary personal bias of rulers and to make
Ten more certain as to what are their rights and what they
may safely undertake. But philosophic pluralism makes us
distrust rules; for the latter are based on generalizations as to
what takes place in a dominant number, but not in all cascs,
so that rules always work hardships in individual cases whose
peculiarities are not anticipated by the rule. Many things
must therefore be left to the intuition, tact, or good judg-
ment of well-disposed and competent judges or other officials.
Tilere can be no government by law apart from men who
will administer the law according to their ideas and feelings.
How can we guard against the arbitrary and tyrannical abuse
of such discretion? Yet, discretion or judgment, if it is sound,

embodies some reason or rule which subsequent study may
make clear.
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My interest in this field was first stimulated by the course
ol judicial decisions in labor cases. The arbitrary (and often
uncnlightened) character of these decisions revealed to me the
inadequacy of the dogma that judges declare but do not
make the law. The rejection of the absoluteness of this dis-
tinction between making and finding threw light on the issue
between realism and idealism, as to whether the mind makes
or discovers the nature of the world.

The unsatisfactory character of American judicial decisions
in labor cases led me to question the value and adequacy of
the moral principles of the American Bill of Rights which
form the justification of these decisions. “Equal protection of
law” scems highly destrable in the abstract, but in its applica-
tion to actual unequal individuals it turns out to be most
ague and unsatisfactory. But my aversion to positivism, to the
position of those who. like Duguit, claim to rcject the strictly
cthical or normative point of view. led me to see the truth
in the old doctrine of natural law and natural rights. The
moral demand that law should answer to man’s interests can-
not be ignored in the study or in the making of the law; and
the cevaluation of these interests is thus an integral part of any
philosophy of law.

Law, and cven the cthical ideal itself, may certainly be
viewed as the historic resultant of various social forces. Yet
the old problem of natural law, the problem as to what under
given conditions the law ought to be, remains. Realism in the
law can be combined with genuine idealism in the doctrine
of the inherent limitations of legal idealism duc to the condi-
tions of human nature, habits, the legal machinery, and the
limitations of man’s desire for the moral good.

PHILOSOPHY OF ART

MY GENERAL INCLINATION to naturalistic rationalism was forti-
fied by the discovery that it scemed to be the most satisfactory
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account of a field to which it is seldom applicd—to wit, the
field of art.

The ascetic and democratic ideas with which T began to
philosophize predisposed me to view acstheticism as a form
of snobbery. That which has its roots dcep in human nature,
or answers to our fundamental needs, cannot depend upon
acquaintance with rare paintings or csoteric music. Reflection,
however, on the fact that only a few who are highly trained
understand the meaning of such scientific laws as that of
gravitation, suggested that in the ficld of art, oo, training
may make clear what is otherwise vague and indistinct. This
led to a distinction between taste which is immecediate and
vision which involves discrimination in the object scen. If
taste denotes mere sensibility there scems little basis for saying
that where two tastes differ one is nccessarily supcrior to the
other. A pluralistic philosophy finds plenty of anthropologic
evidence for the view that talk about supecrior taste may mean
a blindness to its natural diversity. The terms higher and
lower have a meaning only in regard to things of the same
kind that can be arranged in a lincar scrics. But on what basis
can one declare that a taste for Da Vinci’s laces is superior
to a taste for Turner’s landscapes, or cither to a taste for Japa-
nese prints? If anyone is justified in saying that it is poor taste -
to prefer jazz to Beethoven, it can only be either on the ground
that those who prefer the latter are “better” pcople or clse
because the objective content or structurc of Beethoven's
music shows greater art than does jazz. This mcans a con-
sideration of art rather than mere taste.

If we look on the fine arts as a special group of arts we can
see that the problem of creation which they involve is ulti-
mately the rational one of adapting means to ¢nds.? To be
sure the end is not always clear at the beginning, but becomes

2This means that intelligent art criticism must be based on a knowl-

edge of the problems which face the artist and the technique whereby

they are solved. The true critic repeats in part the intellectual work
of the artist himself.
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clearer as we work towards it. But this is true also in scientific
rescarch and other activities. What distinguishes the fine arts
from the other arts is the character of the resulting product.
(I reject the suggestion that what characterizes all activity
in the fine arts is its pleasantness. Some of it may be painful
and not as pleasant as certam activities in the industrial arts
or in business.) The artistic product does generally please the
obscrver (with reservations as to the sublime), but not all
things which please us are the products of fine art. The Iatter
pleases us by producing things that have a certain structure
characterized by rhythm, harmony, or, more generally, beauty.
Beauty is generally viewed as an immediate attribute; but
reflection shows that it also clevates us above the actual or
material object which embodies it. Aristotle’s dictum that
poctry is more true than history, means that the artistic repre-
sentation of the essence of an object has more significance than
the mere recital of brute historic facts. Liberation from the
actual through a suggestion of possibilitics bevond it is as
characteristic of art as of theoretic science and religion.

PHILOSOPHY OF RELIGION

Havine pEEN brought up as an orthodox Hebrew, religion was
first associated in my mind with cultus, with prayers and
ritual observances. Study of the history of Buddhism, Chris-
tianity, and Islam confirmed the view that ritual, what men do
on certain occasions, is the primary fact, and that the beliefs
and emotions associated with ritual are more variable. The
same prayer or ritual may have quite different emotional
cflects. Also many a man like Chief Justice Marshall goes to
church without bothering his head about any question of
belief. Robertson Smith’s observation that ritual is generally
older than the myth which explains it, has always impressed
me as the beginning of wisdom in a rational study of religion.
It is certainly profusely exemplified in the succession of
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diverse mythical explanations of the Hcbrew Sabbath, the
Easter ceremony, the worship at Mecca, ctc. A Christian saint
may replace the local heathen god, but people continuc to
worship at the same shrine. o

From this point of view recent discussions ol religion initi-
ated by William James's Varieties of Religious Experience,
seem to me singularly provincial and unilluminating. '.l"hcy
throw no light on the main strecams of human experience
expressed in the great historic religions, such as Brahmanism,
Buddhism, Zoroastrianism, Confucianism, ctc. James's remark
that the religious experience of the great mass of people n
secondary, and only that of the founders is important, is
certainly superficial. The character of the founder of a religion
is largely a product of tradition. Gautama, Mosecs, and Jesus
influence the religion of their followers through the ideal
personality that tradition has molded. Tradition is the most
powerful influence in religion. Of the hundreds of millions
of people who follow the way of the Buddha, or invoke the
name of Mohammed, how many do so because they were born
and brought up in their respective communities? Flow many
of those who are convinced that the supreme truth has been
revealed to Moses or Jesus have examinced the claims ol other
religions? Clearly the forces of social cohesion determine the
main stream of religious phenomena. These considerations
have destroyed for me the force of the argument that religion
must be true because so many people believe it. As we Iecarn
more about diverse religions we find no substantial common
core of dogma or belief. Neither the belief in a personal God,
nor in personal immortality with moral retribution after
death, is common to Old Testament Judaism, to Buddhism,
and to Confucianism,

I confess that I have never been able to understand any
theism that was not anthropomorphic; and I have not since
my thirteenth year seen any logical force in the theistic argu-
ment that the entire universe must have a person (on the
human model) as its cause, designer, or director. Any concep-
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tion of personality which we can form is necessarily based
upon such infinitesimal knowledge of the unimaginable whole
whercin we move, that it seems to me blind arrogance to be
confident of the personalistic explanation. Nor can I see how
the author of our whole world can be called good, without
blunting the edge of the distinction between good and evil. T
do not like to call myself an atheist, because those who apply
that term to themselves seem as a rule singularly blind to the
limitations of our knowledge and to the infinite possibilitics
beyond us. As a pluralist T believe that the forces which con-
trol all things are ultimately many: and if I could use the term
polytheism without implyving that these forces are exclusively
personal T should call myself a polytheist.

Though I am singularly sensitive to the literary charm of cer-
tain types of mysticism such as that of St. Bernard. or Tauler,
it scems to me amazing that anvone should argue as James
did that the mystic’s costasy can prove any of the dogmas of
religion. I can sce no proof that the object of the mystic's
experience has any more objective validity than the similar
vistons ol onec under the influence of drugs. Nor is the moral
clevation ol religious conviction beyond question. There is
not a revolting feature of human life that has not at oune time
or another been an intimate part of religion. Sacred prostitu-
tion, the sacrifice of children to Moloch, thuggery, assassina-
tion, superstitious opposition to scicnce. persccution and
wars, the sanctification of slavery and other social abuses—
these arc but a few phases of religion that it is well not to
forget. Tt may be urged that religion did not originate these
practices but only sanctioned them. But il so why may not
the moral and aesthetic goods often attributed to religion be
similarly of independent origin? History does not support the
view that the actual religions of mankind have been the
source of good only.

Despite the darker side of religion, such as uncharitable be-
liefs in hell, I doubt not that it lifts men above mere brutish
existence and saves them from the deadening absorptions of
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the market place. Popular religions are doctrines of hope
which sustain men’s faith by assuring them that the world as
a whole is not indifferent to their moral strivings. I for onc
cannot see in history or in nature any rational prool of “a
power not ourselves making for rightcousncss.” But surely the
deeper religious consciousness recognizes that moral cffort
justifies itself apart from rewards or outer success. Rational
naturalism and the great religions are at cnc in impressing
us with the wisdom of humility and resignation. We arc not
gods, and cannot mold the entire world according to our
heart’s desire. But we can, by learning to face the truth, attain
peace and freedom from vanity. God is not only an existent
power but an ideal of holiness, which enables us to distinguish
between the good and the evil in men and thus saves us from
the idolatrous worship of a humanity that is full of fatal im-
perfections. Men need not live forever or beyond the grave
to attain true spirituality—to act with a vicw to the inherent

quality of our acts and to see them as parts of the cternal web
of the world.

. . . For to bear all naked truths,
And to envisage circumstance, all calm,
That is the top of sovereignty.
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HE SIGNIFICANCE of the conceptions of philosophy that have

been dominant in America is perhaps best understood if
they are viewed against the background of the carcer of philos-
ophy since antiquity.

The term “philosophy” seems first to have been used by
Herodotus and Thucydides in its literal sense, to denote the
desire or pursuit of wisdom. The speculative bias of the
Greeks made them restrict the term “philosophy™ to theoretic
knowledge only, i.e., knowledge pursued for its own sake as
opposed to that which is technical or immediately practical.
The terms “science,” “true knowledge,” and “philosophy”
are used almost interchangeably by Plato and Aristotle. The
idea that philosophy is not ordinary knowledge but has for
its object something of superior worth, to wit, the real as
opposed to the phenomenal, is due to the Platonic doctrine
that truc knowledge can be only of the immutable and the
cternal. Aristotle also emphasizes the fact that philosophic or
scientific knowledge is reasoned or demonstrative, and, there-
fore, depends on knowledge of causes or principles. Though
Aristotle wrote on political and natural history he scems to
have clearly distinguished between history and science or
philosophy. Both Plato and Aristotle, while setting a high
value on mathematics, hesitated to apply the term “philos-
ophy” to it. Thus Plato put mathematics in the borderland
between true science and opinion; and Aristotle, while ex-
plicit in his statements that metaphysics, physics, and mathe-
matics are the three parts of theoretic philosophy, and in his
reference to metaphysics as the first, and to physics as the sec-
ond, philosophy, does not explicitly refer to mathematics as
the third philosophy. Nevertheless, mathematics did not be-
come generally dissociated from philosophy until the Alex-
andrine period (e.g., Euclid), and even later we find the book
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of Sextus Empiricus, Adversus Mathematicos, dirccted against
the philosophers or metaphysicians.

The distinction between philosophy and the special sciences
was accentuated by the Stoic and the Epicurcan philosophies,
with their emphasis on ethics as the major portion of philos-
ophy. In the light of the popular usc of the term “philos-
opher” as synonymous with moral teacher or guide, and the
prevailing idea of philosophy as a modec of life, pursuits like
those of Archimedes could not be referred to as philosophical,
At any rate, the Alexandrine period finds a number of spe-
cial sciences cultivated scparately from philosophy.

In medieval times, philosophy was used to denote all the
knowledge which can be acquired by natural reason without
the aid of revelation. In practice, this mecant all the subjects
treated by “the Philosopher,” i.c., Aristotle; and as these
formed the substance of all arts courses, the faculty of arts
became known as the faculty of philosophy. The “threc
philosophies” denoted moral, natural, and mectaphysical
philosophy.

A§ a result of the development of natural philosophy into
the independent science of physics, and the emphasis on the
problems of thought or consciousness in writers like l.ocke,
the“t.erm “metaphysics” gave way to the term “mental science”
or “intellectual philosophy.” As a rcsult, also, of the expan-
S{OH_ Of. modern science and its imperative demand for spe-
cialization, the parts of moral philosophy known as jurispru-
deT{CE, law of nature, politics, and cconomics—sul)jccls on
Xg;l; ;;it;ighteenth century professor of philosopl.ly like
study on th was expectcd-to. lccture—sqon became objects of
selves witl ft?hpart of spec1-allsts who did not concern them-
pirical peyeh e rest of phxlosoph.y. For several decades em-

YF ology has becn assuming more and morc the role
Of_ a Special science, as independent of philosophy as the
sc1er.1ce Of‘optifs. In our own day there is a strong tendency
for investigators in the field of logic to regard their subject
as a branch of either psychology or mathematics; and an in-

[34]



CONCEPTION OF PHILOSOPHY IN RECENT DISCUSSION

creasing number now view the field of ethics as part of sociol-
ogy or anthropology.

After the special sciences have thus been carved out of it
what, if anything, is left of philosophy itself? The typical an-
swers to this question may be arranged in three groups, be-
tween which hard and fast lines cannot be drawn:

1. Thosc that deny that there is any peculiar subject mat-
ter or method in philosophy. This is the view of the agnostic
and nincteenth century positivist schools. To both Spencer
and Comte philosophy consists simply in the unification or
co-ordination of the various sciences. In Spencer this unity is
a mere juxtaposition—the only bond uniting the various
sciences being the fact that they all have certain vague gen-
cral Inws of cvolution in common. In Comte the unity is one
of end. In constituting the positive philosophy the various
sciences are subordinated to each other in accordance with
the nceds of the positive polity. In harmony with this is the
popular view that philosophy is simply the sum of the gen-
cral portions of the different sciences.

2. Thosc that insist that philosophy still has a subject mat-
ter distinct from that ol the special sciences, viz., the real or
the rational. This group includes representatives of most
diverse schools of philosophic thought, who. of course, con-
ceive this subject matter in different ways. Thus, the Hegelian
school conceives the subject matter of all philosophy to be
the ultimately real, or absolute, Idea, a knowledge of which we
obtain by a system ol rcasoning. The mystic schools all con-
ceive the real, which is the quest of philosophy, to be in the
ineffable One attained in certain experiences, called fceling
or intuition. Between these two schools may be placed an in-
fluential group of thinkers like Miinsterberg, Duhem, and
Bergson, having little in common save the view that the spe-
cial sciences all deal not with reality, but with systems of use-
ful constructions of the mind, and that it is, therefore, left
to philosophy to deal with reality itself, by intuition (Bergson),
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by dialectic reasoning (Miinsterberg), or by faith and rcason
(Duhem).

3. Mediating between 1. and 2. is the view that philosophy
has a distinct subject matter of its own, but that this subject
matter is no other than the system of the special scicnces; that
is, that philosophy is itself a special scicnce, viz., the science of
the sciences. This science may be conceived in quite naturalis-
tic fashion. . . . “Sciences, then, arc as rcal things as facts
themselves. . . . We can analyze them as we analyze Tacts,
Investigate their clements, composition, order, and subject”
(Taine). However, the view which, owing to the influcnce of
Herbart, Wundt, and the Nco-Kantians, has prevailed for the
last generation, has been a more critical onc. It is supposed to
be the business of philosophy to analyzc and criticize the fun-
damental concepts and assumptions of the special sciences,
an'd to build up a consistent world view on the basis of this
critical work.

In spite, however, of all these diverse views as to the nature
O_f philosophy, all are substantially agreed that its aim is to
81ve us a coherent view, or outline chart, of the universe and
the Place in it of man, the external world, and the higher
reality, if there be any. There is also a practical agrecement
that 3 department of philosophy in a college or university
ShO.UId teach metaphysics (including philosophy of mind and
Phllosophy of religion), logic, ethics, acsthetics, and the his-
tory of Philosophy. The late Professor Fullerton made the
lr.ltefesting attempt to show that these apparently diverse dis-
ciplines (including psychology) have not been grouped to-
gether by mere accident, but that they all have somcthing fun-
damen.tal in common, viz., that they all raise problems of
reﬂ.ecm.re thought, ie., problems involving the critical ex-
amination of the meaning of our ideas.

_The history of modern American philosophy may also be
d1v1c¥ed Toughly into three periods, the theologic, the meta-
Physical, and the scientific. The first of these periods might
be dated from the beginning of the Journal of Speculative
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Philosophy, the sccond from the beginning of the Philosoph-
ical Review, and the third {from the Journal of Philosophy,
Psychology, and Scientific Methods. This division into periods
probably does as much violence to the facts of the case as any
other, but it has the merit of calling attention to a certain
shifting of the center of gravity of philosophic discussion.
During the dominance of the St. Louis School, the motive of
philosophy was well reflected in the motto of the Journal of
Speculative Philosophy: “Philosophy can bake no bread, but
she can procure for us God, freedom, and immortality.” The
leaders of this movement were not academic or professional
tcachers of philosophy, but rather, like Brockmever and Dr.
Farris, practical men who believed they had found. from their
supcrior point of view, fruitful insight into the ficlds of re-
ligion, art, history, education, and even practical politics.
With the founding of the Philosophical Rewview, the control
of philosophy passed into the hands of a number of college
professors, most of whom had been taught in Germany. This
tended 1o make philosophy more sccular, and the dominant
conception of philosophy was the one which associated it
most intimately with science. Philosophy was thus conceived
as an architectonic science, criticizing the assumptions of the
special sciences, and supplementing the latter by building up
their results into a complete Weltanschauung. This view was
held by most of the pupils of Wundt, and, in this country,
perhaps most characteristically carried out by Professor Ladd.
The greater intimacy, however, between philosophy and the
special sciences during recent years has brought to light the
following considerations: that the criticism of the assump-
tions of the various sciences can be made only by those who
are already in possession of a certain definite Weltanschauung:
that there arc no contradictions infesting the special sciences
to such an extent that the scientists arc helpless and need the
aid of philosophers; and that the fundamental concepts of
the different sciences can be analyzed only in the light of the
special content of these sciences, and that the specialist is, if
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he undertakes it, the best qualified to make this analysis. At
any rate for our purpose, this sccond period may bhe said to
have ended with the publication of Royce's The World and
the Individual and Ward’'s Naturalism and Agnosticism.

Since the publication of Dewey’s Studies in Logical Theory,
philosophy seems to have entered on a new carcer, the distine-
tive aims of which are, on the one hand, to give up the old
idea of philosophy as a critique of the special sciences, and,
on the other hand, to make philosophic discussion itsclf scien-
tific, i.e,, to narrow it down to certain definite and decidable
issues. Professor Woodbridge put the first of these aims to the
foreground in his presidential address before the \Western
Philosophical Association in 19og thus: “I modestly shrink
frOm a calling that imposes upon me the necessity of complet-
ing the fragmentary work of the physicist, the chemist, and
tl.le biologist, or of instructing thesc men in the basal prin-
c1_p1es of their respective sciences. My work lics in a totally
different sphere, deals with totally different problems, and can
be pursued in independence of them as much as they pursue
their work in independence of me.” 1

_Professor Dewey emphasizes the second of the above-men-
UOfled aims. He expressly breaks with the tradition that
philosophy has to do with a certain mode of lifc or with such
conc“epts as God, freedom, and immortality. In an article on
the “Postulates of Immediate Empiricism,” # he tells us bluntly
t%lat, considered as a specics of sanctions, philosophic concep-
tions l.lave outlived their uscfulness and that the only road
open 1s that of immediate empiricism, which we are assured
1s identical with that of science.

It is thus seen that while the movement under consideration
tends to dissociate philosophy not only from cthics and the-
ology, but also from the content of the special sciences, it
really aims to erect philosophy into a modest special science,
dealing with definite problems and giving definite answers, so

1 The Philosophical Review, Vol, XII, pp- 870 £
2 The Journal of Philosophy, Vol. 11, p. 890.
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that he who runs in this busy land may read the authoritative
answer.

In spite of all appearances to the contrary, Professor James's
books are no exception to this general tendency. With all his
intenscly human sympathies, his conception of philosophy is
really of this last type. To students of philosophy his volume
on Pragmatism simply raised a highly technical issue: How
is truth to be defined? Nor does the volume on a Pluralistic
Universe center its attention on a genuinely new view of the
universe. Accepting the current vague theism, Professor James
devotes his encrgies to disproving one of the wavs in which
this theism is sometimes cstablished. viz., the Rm'c‘c-]}r;ldlcv;m
arguments for the absolute. To those who come 'to philosoi)hy
for the relief of a certain cosmic anguish, who are troubled
by old-fashioned doubts about the meaning of life and destiny.
who cannot sce whether there i1s or is not a divine govcrnmcl-u
of the world in which we find ourselves, Professor Jaumes does
not scem to offer any new or direct answer.

Il anyonc is inclined to minimize the extent to which the
historical and wider conception of philosophy has been super-
seded by this narrower conception, et him reflect on the fate
of Professor Ormond’s volume, Concepts of Philosophy. This
important book, the result of a whole lifetime of reflection
covering the whole field of philosophy, has scarcely caused
a ripple on the philosophic waters, and (o many of our
younger philosophers it appeared simply as a survival from a
past which philosophy has rightly outlived,

Now the eﬂcc.t qf our current .rcduction of philosophy to a
purely form'al discipline, viz, epistemology, cannot be said to
have as yet increased vital interest in philosophy. Py :
it is true, has made a great stir in ourppopu1‘}!:1?1;:11:{;%:;?1;1:;
is it really the pragmatic theory, rather than mee:sor ]:u‘nes's
striking style? As for his younger apostles, many of us, I dare
say, have found them more brilliant than illuminatil;w. Cer-
tainly flashes of genius cannot permanently take the pTace of
the steady light of reason. Professors Dewey’s and Tufts
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superb textbook on Ethics is simply a continuation of the
anthropologic method so clearly applied in this ficld by
Wundt and Hoflding. In theology the antihistorical bias of
pragmatists generally prevents them from joining forces with
the only group of genuine pragmatic theologians, the Ritsch-
lian—for the latter trace their descent from Kant, and this
is anathema to the ordinary pragmatist.

Nor has the new realism been any morc fruitful. It is only
a confirmed idealist like Royce or Miinsterberg that can still
find his philosophy in such intimate contact with the content
of life that he has to overstep the bounds of his particular
academic function,

It may be noted in passing that while philosophers have
thus been withdrawing from contact with science, scientists
have not been afraid to lay their secular hands on the sacred
ark of metaphysics—witness Russcll among mathematicians,
O'stwald among chemists, Driesch and his disciples among
blolog-ists. The significance of this latter movement for philos-
ophy is a Very important question which the limits of this
Paper prevent us from considering now—we only nced to
notice here the irrepressible nature of metaphysics. No sooner

Is it i i ! !
suppressed in one place than it suddenly springs up in
TOSt unexpecteq quarters,

.It .is also worthy o
Yielding of what he
ophy, and hjs conce

f note that in spite of Professor Dewey’s
considers the debatable ficlds of philos-
admit of g c ntratign on those prol)lems which alone
certainly sos?emlﬁc solutlon,. the rcs_ult of 11.15 work has not
Philosopherg ar reduceq the irreconcilable d.xﬁcrcnccs. :11119ng
I shall a‘t’t nor does it even scem to tend in Lh:l.t dn’ectlc_m.
modesty on tngt to question I.amr whe.thcr thlS. excessive
So far T have € part of recent phllosophy x.s a g(.tnumc vn'tuc.:.
only attempted to show that if a virtue at all, it
The caiesz szer}: profitable one. . )
. this last change in the conception of philos-
OPhy is to be Sought in the conditions of university teaching,
for nearly all of our philosophers are now professional tcach-
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ers. The period between 18go and 1goo was one of rapid ex-
pansion for the American colleges. The most important of
them were then transformed into real universities. Now the
conditions of university teaching require a far higher degree
of specialization on the part of pupils and teachers than the
old college did. The old college teacher—of whom the late
Professor Garman was a striking example—had to teach the
wholc field of philosophy, and could not, therefore, avoid
bringing his subject into intimate relation with the various
branches of science and life. The university teacher of logic,
psychology, metaphysics, or even of cthics, as a rule {cels no
responsibility for the student’s total view of the universe. Few
teachers in any department of a university have the time or
courage to poach on another’s preserves, and teachers of philos-
ophy are especially timid about venturing into ficlds in which
they arc not specialists. Thus the old idea of philosophy as
a kind of universal knowledge, so vigorously maintained by
Paulsen, no longer finds any adherents.

Now if we assume the possibility or desirability of philos-
ophy in the old sense, i.c.,, a working view of the universe and
of man’s place in it, it is of course indispensable for the philos-
opher to be acquainted with the results and something of the
procedure of the special sciences. But is this task really as im-
possible as our excessively modest friends would have us be-
lieve? Are we prepared to accept the view that the work of
the special sciences is of an esoteric nature which none but
the initiated may comprechend? If they do have something to
tell to the world at large, why may not the philosopher, if he
takes the trouble, learn it as well as anyone else? With the
rapid expansion of the different sciences this task may seem
impossible, and it is certainly a difficult one. Moreover, it
subjects the philosopher to the most perilous of all dangers,
the danger of being considered a dilettante. But the wisdom
of life seems to show that as much is lost by excessive timidity
as by recklessness.

The great strength of the new movement lies in the serious
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way in which it takes and applics the idea of philosophy as a

science. Once we consistently adopt this ideal there is no

doubt but that a good deal of what has always been regarded
as philosophy must go overboard. But is it nccessary to accept
this ideal? So long as life is wider than knowledge, may not
the task of the philosopher be different from  that of the
scientist? There are undoubtedly many ficlds of philosophy,
like logic, which are capable of being developed into strict
sciences, and any progress in that direction is undoubtedly
great gain, but to admit this is not to admit that the whole of
p}.lilosophy can be reduced to logic or cpistcmology, or to any
science at all.

The idea that philosophy may not be a science is so re-
pugnant to professional philosophic tcachers that it scems
almost futile to maintain such a thesis. The reasons for such
repugnancy, however, are cxtraneous rather than cssential.
"The wonderful achievements of science during the past one
hundred years have thrown a glamour over the word itself so
that even philosophers arc not frece from the allurements
%hereof. Moreover, everyonc who has to teach undergraduates
is for.ced to emphasize the certainty and definiteness of philo-
sophic df)ctrincs as against the vague and arbitrary opinions
of l.mtramed minds. One fact, however, must always prove a
veritable .thorn in the side of those who belicve philosophy
to be a science—and that is the fact that in spitc of 2,500 years
Of- warfare, in spite of the fact that all mecthods have been
tried—the mathematical by Spinoza, the experimental by
Hume, and so on—there is still a complete absence of any con-
sensus. There is no such thing as a definite philosophy which
can !)e taught impersonally. There are still only philosophies
of different schools, and the choice between them is largely a
matter of vital or temperamental preference.

T'hls absence of any consensus has, of course, been only too
ol;?v1ot.ls to the rest of the world, and those who maintain the
sc1ent.1ﬁ.c c.haracter of philosophy have had a hard time trying
to minimize or explain away the fundamental differences of
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the various schools. From time to time, however, some con-
scientious person suggests the other alternative, viz, the con-
struction of a philosophic platform which will bring nto
clearness the fundamental agreements. Thus it is hoped to
usher in the philosophic millennium, when the idealistic lamb
shall lic down beside the realistic wolf, or perhaps when some
pragmatic tiger shall so have swallowed up all opposition that
complete peace shall reign thereafter—at any rate, the swords
of controversy shall be changed into the plowshares of em-
pirical investigation. But the believers in philosophy as a
science scem peculiarly unresponsive to this appeal. Like other
Utopian ideals, it does not scem to have the potency to bring
warring schools together, and the reign of complete peace
among philosophers seems as far off as the reign of complete
justice on earth, which Renan confidently tells us is at least
100,000 years off.

No doubt there has always been controversy among scientists
also, but those have been restricted to particular fields and
have always been regarded as capable of being definitely de-
cided onc way or another—witness the heliocentric theory,
natural selection, cte. Can philosophy show any such results?
An attempt to formulate propositions to which all philos-
ophers could subscribe would be devoid of genuine philo-
sophic significance, for these propositions would have different
connotations in the different schools.

A number of years ago Dr. Kate Gordon, in an article en-
titled “Mectaphysics as a Branch of Art,” propounded the in-
teresting thesis that art and mectaphysics deal with general
ideas, while science deals with particular facts—that the truths
of art and of metaphysics are felt truths, but are not facts
which have at any time been demonstrated. In a subsequent
controversy with Dr. Ewer, her challenge that he point out
some respect in which metaphysics and science agree, re-
mained unanswered. Now it is easy enough to deny her thesis
by showing the inadequacy of her antithesis between particu-
lar facts and gencral ideas. Well-developed sciences deal with
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general laws rather than with particular facts; and mathe-
matics is as much a study of the implications of certain gen-
eral ideas as a study of particular facts. It is likewise casy to
show that the fundamental motive for mctaphysics is the same
as that of pure science gencrally, viz., the desire to know the
truths Philosophy and science both agree in their desire o
eliminate arbitrary opinion, in their insistence on mcthod or
system and on logical rigor or consistency, and in their cffort
to eliminate external authority, prejudice, personal interest
and the like, in the consideration of what is truc.

At the same time a careful consideration of its history shows
that, unlike science, philosophy has never been able entirely
t? dispense with pure speculation, nor has it been able en-
tirely to eliminate the bias of temperament, and in these re-
spects philosophy resembles a certain art, viz, the art of
poetry and of reflective literature generally. Actual scientific
kr.lowledge is too fragmentary to enable us to form a complete
Rlcture of the world to which we must rcact, and so imagina-
tion must be called in. Sometimes imagination and scicnce
wc'>rk together, but often imagination does all the work and
science 1s a silent spectator, as in the case of Fechner’s Zend-
Avesta,

It h.as generally been assumed that of two opposing systems
Zié’h;;isompiz; :).g.,frcalism and idc_alism, onc only can be true
lessly divided e false; anfl $O ph'llos?phcrs have been hope-

: on the question, which is the truc one. The as-
;lir:g::)l’:n::;:dof this.; attiliudc is that. philoso_ph'y is dcter-
ge which will not admit of variation. But is

this ass i :

umption necessary? Cannot two picturcs of the same
3 This ;

but it ic rESl“asscrt‘lon may by many be regarded as a blatant platitude,
acainst thoa ¥ an important truth which needs to be vigorously defended
til:)ns and se who wqu]d subordinate pure science to its practical applica-
ever’its Or;n,emph)'Sle to theological and cthical considerations. What-
profound asg:}r:’ the passion for knowledge is with many natures as
e H . . ’ . -
passion as im desire for material comfort, and the satisfaction of this

. > portant as the invention of gasoline ui and otl
philosophically doubtful blessings. s craines ane ofer
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object both be true, in spite of radical diflerences? The pic-
ture which the philosopher draws of the world is surely not
one in which every stroke is necessitated by pure logic. A cre-
ative clement is surely present in all great systems, and it does
not scem possible that all sympathy or fundamental attitudes
of will can be entirely eliminated from any human philos-
ophy. The method of exposition which philosophers have
adopted leads many to suppose that they are simply inquirers,
that they have no interest in the conclusions at which they
arrive, and that their primary concern is to follow their
prcmiscs to their logical conclusions. But it is not impossible
to think that the minds of philosophers sometimes act like
those of other mortals, and that, having once been determined
by diverse circumstances to adopt certain views, they then look
for and naturally find reasons to justify these views.

There are a number of points in which the method of
philosophers is preciscly that of literary cssayists of the type
of Sainte-Beuve, Matthew Arnold, Stevenson, or Lowell. Both
use cxamples to suggest or illustrate rather than to demon-
strate. In science this would be called the fallacy of one ex-
ample. In both literature and philosophy the temper of the
lesser Napolcon, aut Caesar aut nullus, is very prominent. In
science this might be called the ““all or nothing” fallacy. Con-
stant reservations and numerous qualifications destroy literary
sweep, and take away the air of profundity from philosophic
discussion. Some philosophers, notably Aristotle and St.
Thomas Aquin.as, might perhaps be excepted from the last
statement, but in spite of all our hankering after the epithet
scicnce, I cannot sce that we have been making much progress
in this habit of sclf-control against the extravagance of gener-
alization. Again, both literature and philosophy wo;‘k by
appcaling to certain reigning idols. These idols come into
vogue in different ways. They are seldom rcfuted or directly
overthrown. Generally they are simply outlived, or they do
not survive the change of fashion. In the later eighties or in
the earlier nineties the term relation was a magic word to
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conjure with. It was brought into mode by Thomas T\
Green, and died a natural death with the eclipse of his in-
fluence. Today if anything is characterized as experimental,
functional, or dynamic, that is enough to allow it to pass all
the watch dogs of philosophic criticism, and to characterize
anything as static is to consign it to the lowermost depths from
which no power can rescuc it. I am not anxious to bring down
the wrath of the gods by questioning the allsufficient potency
of such terms as experience and evolution; but may I ask what
progress would mathematical physics have made if cvery
time one approached a problem of stresses, he were [rightened
off by the warning that he must not for 2 moment entertain
that most heinous criminal, the static point of view? I humbly
agree with those who claim that the static point of view is
mechanical and lifeless and, therefore, inapplicable 1o the
entire universe, but I am quite sure that the dynamic point of
view itself may be mechanical and lifcless.

Lastly, literature and philosophy both allow past idols to
be resurrected with a frequency which would he truly distress-
ing to a sober scientist. If a philosophic theory is once ruled
out of court, no one can tell when it will appear again. There
1s no doctrine of res adjudicata, or statute of limitations in
metaphysics. Those of us who have been taught to read the
Greek philosophers with a degree of care have always sup-
posed that Plato had once for all and forever refuted the
Protagorean doctrine of absolute relativism, but Mr. Schiller
with characteristic English conservatism has urged us to move
the hands of the philosophic clock back a trifle of over 2,300
years.

In thus pointing out certain respects in which philosophy
resembles literature more than science, I do not mean, of
course, to imply that it would be well for philosophy if it
ceased to aim at scientific rigor. Let philosophy resolutely aim
to be as scientific as possible, but let her not forget her strong

kinship with literature.

Has philosophy more affinity for chemistry than for political
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. o - ke those
science? ot ate the wmethaods of the Thilesopiet e, W these
of the cytologist than of the sociologist? Tradition would
have us believe that the natural sciences are exact. that the
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PHILOSOPHY AND
SCIENTIFIC METHODS

T MAY SEEM presumptuous for one who is not himself a
I scientist to lecture to you on the scientific method. But 1
propose only to raise questions for discussion rather than to
instruct you. In doing so I shall proceed on the dictum of the
famous American philosopher, Josh Billings, that “It is better
not to know so much than to know so much that ain’t so.”

It sounds rather paradoxical to assert that with regard to
the nature of the scientific method scientists themsclves are
not always possessed of clear and sound idcas. Yet on reflection
this ought not to seem incredible. Men who have attained old
age in good health are not necessarily competent to tell others
l_low to‘achieve it. Nor is the successful businessman always
mstructive when he comes back to college and very naively
explains to the young hopefuls how he achicved his success,
g?nerally attributing it to some platitude that he learned from
his GI:CCk professor, or from somebody else who didn’t know
anything about his business. Now men working in a labora-
tory gencrally follow certain techniques that arc cstablished
habits or routines in their field, so that the trained worker
cannot readily depart from them, and he thus becomes almost
mcafpable of making certain kinds of mistakes. But when he
begins to generalize about the scientific method as such, he

Is apt to, and generally docs, repeat the conventional (and

I venture to think erroneous) views of a lawyer named Bacon,
or of a public administrator such as J. S. Mill

The proof of the fact that men of great scientific achieve-
ment do nOt.alwayS clearly grasp the essence of the scientific
method outside of their owp field of research is shown by
the character of their utterances on politics, religion, and al?
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sorts of other issues. To avoid invidious personal references,
let me cite a round robin signed a few years ago by a number
of leaders of American science, in co-operation with a number
of liberal Protestant theologians and a number of businessmen.
It contained a declaration that according to the teaching of
science, “God reveals himself through countless ages in the
development of the carth as an abode for men, and in the
agelong inbreathing of life into its constituent matter.” Now,
no one questions the right of anyone engaged in some branch
of science to express the theologic beliefs that he shaves with
the fcllow members of his religious denomination. But to
assert that these beliels are founded on science is to ignore
completely the nature of scientific evidence, the determination
of which is the essence of the scientific method. If the state-
ment in uestion were true, there could not be any atheists or
agnostics among scientific geologists and biologists. Now one
nced not refer to the actual inquiry of Professor Leuba, which
shows that atheists and agnostics are more frequent among
men of science than among the rest of the population. Nor
nced one cven mention such outstanding figures as Huxley
and Jacques Loeb. It is sufficient to point to the general
recognition by religious as well as nonrceligious thinkers, that
the methods of proof in empirical sciences like geology and
biology arc not suitable to cstablish any proposition about
God’s plans, or even whether life was or was not breathed into
mattcr.

Nothing, it scems, could be plainer than the distinction
between the truths of science, which are verifiable by anyone
who rcpeats the experiments or calculation, and the pcrsonal
opinions of men of scicnce about questions outside the field
ol their special competence. Why then is the distinction so
olien ignored, not only by the public and the press but also
by distinguished men of science? I venture to suggest that
in the public mind the scientist has taken the place formerly
held by the priest, as one having access to absolute truth or
omniscience. Very few can follow accurate reports of scientific
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work, and so most people accept popularized and oversimpli-
fied accounts of it on faith. Nowadays men working in some
particular branch of science arc nccessarily laymen in other
fields, for no one today can cover all the various ficlds or cven
keep up with reliable reports as to what is being achicved in
them.

It might be supposed that the scientific habit, of drawing
no conclusion except on the basis of rigorous and accuratce
evidence, could be carried over from the domain of onc’s
training into any other region. But actual instances show that
this is not always the case in regard to social, political, and
religious issues. The discreet silence that it would generally
involve goes against the human grain. How can we be silent
when everyone about us is confidently certain?

11

IF WE DIsTINGUISH as we must between the verifiable truths
of science and the fallible opinions of the individual scientist,
we may define science as a self-corrective system. A system of
theology, for instance, cannot admit that it may be mistaken
in any part. Its truths once revealed must remain indubitable.
If you doubt you get out of the system and arc lost in outer
darkness. But science invites doubt. It can grow or make prog-
ress, not only because it is fragmentary, but also because
no one proposition in it is in itself absolutcly certain, and
so the process of correction can operate when we find more
adequa.te evidence. But note, however, that the doubt and the
correction are always in accordance with the canons of the
scientific .method, so that the latter is the bond of continuity.

One mlght draw a parallel in this respect between science
'fmd copstltutional government. A constitutional government
is one in which every particular law or institution can be cor-
rected or abolished by constitutional mecans. This is not pos-
sible in an absolute monarchy, or in any form of dictatorship.
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In the latter you cither accept the whole or clse have to over-
throw it all. Science may thus be viewed as the method by
which any particular proposition, which we now believe to
be true, may be corrected on the basis of new evidence. Con-
sider, for instance, the great Syntaxis of Ptolemy. Contrary
to a popular impression today among those who do not read
him, Ptolemy was a great scientist, He had the real essence of
the scientific method in him. His observations and those of
others were carclully correlated. His reasoning was closely ar-
ticulated, and his book is still a good example ol a scientific
treatise. But he proceeded on a hypothesis that has been re-
placed by asimpler one, since Copernicus reduced the number
of cpicycles. Morcover, the Copernican astronomy now fits
in with a type ol physics that enables us to discover a mech-
anism for the motion of the stars and to show that this mech-
anism is precisely the same as the mechanism of carthly
motion. The new hypothesis thus enables us to enlarge and
correct our previous knowledge, but it does not prove that
the old one is all wrong. Newton sometimes relied on Ptolemy.
If cvery new discovery simply replaced all previous knowledge,
we should have something like an oriental dynastic change
where the new regime kills off all the remnants of the old
regime which it displaces. The progress of science is not a
complete replacing of the old by the new, but a process of
continual self-correction.

If we approach the problem of the scientific method from
this point of view, we can, I think, prevent some misunder-
standings that hinder clear analysis.

III

SoMmEe of the misunderstandings of the nature of science arise
from the fact that today scientists are not generally trained
in history, i.c., in the interpretation of ancient documents or
records. The terminology of modern science has changed
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so rapidly that it is impossible todz_ly fqr a -I?h'\'s'i(“isl m: ‘nnl
astronomer, unless he is a carcful historical s.ch()l.n, Lo reac
the Latin writings of the Renzlissm}cc or Middle :~\§;('s :1'111(1
really get their modern equ%valcnt. Lven tl'losc _ph_ys_u m_s who
have some knowledge of Latin find Newton's Przn('l‘[)m (hlhcu_lt
reading, because his terminology as well as his s.ynt.hcuc
method is no longer familiar. On the other hand, 1>l'0?cssmnnl
historians generally do not know muc}.l about lh(:' lnsl()ry of
science because they are not familiar with the subject matter.
Thus you have the recent spectacle of a pl'CSlll]l:ll.)]y areat
historian who says in effect that there was practically

no
science before the seventeenth century; that hefore that time
there was a lot of speculation but no observation of [acts: that

the idea that we ought to build up science from the ob-
servation of facts never occurred to anybody before (he time
of Bacon, Galileo, and Descartes. AIl mankind was blind and
lived in utter scientific darkness, according to this account,
until these three men, about the same time, conceived the
brilliant idea that instead of speculating they would observe
the facts, and so they gave birth to science. Now that, 1 think,
represents a prevalent myth about the history of science. And
it is one of the many myths that the future will record as
current in this age which thinks of itsclf as scientific, but is
as full of its own superstition and mythology ag any other
age.

It is not difficult to recognize the exis
the seventeenth century. All we hav

works of men such as Euclid, Archimedes, Ptolemy, or
pocrates. There is not in |

act a single one of the scie
which the foundations were not laid in Grecian times.
Whether yoy take mathematics, astronomy, mechanics, hydro-
Sti-ltl'CS, Optics, physiology, zoology, or botany, or anv other
SCIENCe, you wil] fing that the clements were clearly expounded
before the thirq century A.p.
My theme i

attention tg ,

tence of science before
¢ to do is to look at the
Hip-

nces of

Not the history of science. But T do wish to call
myth about the scientific method, namely, that
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it consists in banishing all hypotheses or anticipations of
nature and begins with the observation of the facts them-
selves. Irancis Bacon is the hero ot this myth. Bacon was
not ouly a courticr but a lawyer wained in the professional
Inns of Court. So he conceived the idea that nature could
be studied in just the way that law was studied in his day,
that is, by cases. According to this view, if you went out into
the ficld and recorded the facts of nature, according to sched-
ules outlined in the Novwm Organwm. you could build up all
the sciences. (Bacon thought he could have done it himself if
he were not so busy with other things.) This notion, which is
d,mnhcd by the name of induction, has become so fashionable
that nothing is so familiar in the intellectual world as the
boast that onc’s procedure is inductive and not deductive

Now that is a superstition for which, it scems to me, there is
no Jusuhcmon except the iniual disinclination to think. Re-
{lection shows it to be absurd to suppose that the scientist
begins with an cmpty mind, with a tabula rasa, on which he
writes his observation of the facts. It would be interesting if
those who talk this way about induction and the experimental
method actually tried it In point of {act we do not know what
1o look for unless we have some idea to start with. Actually
the people who have made discoveries in any of the sciences
have not followed the Baconian prescription of avoiding
anticipations of nature. On the contrary, they have always
been men who were not only familiar with what was already
known in their ficld, but gifted with many anticipatory ideas
which they tried to test. It is when a man of genius hits upon
a fruitful idea that great discoveries become possible.

v

IN THIS CONNECTION, it is well to be cautious about fashionable
doctrines concerning the advantages of the open mind. It
is true that too obstinate an attachment to an accepted theory
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may be a hindrance to progress,! but it ought also to be obvious
that in science as elsewhere, no great achievements are possible
without courage. And the persistence in a theory, though the
facts seem at face value to be contrary, is onc ol the ways by
which men like Copernicus and Einstein have sccured great
triumphs. To suppose that the sun does not move around the
earth, or that relativity might be applied to gravitation and
accelerated motion, scemed at first to fly in the face of the
facts. But the scicntist must be skeptical as to what arc the
facts. All too frequently they turn out to be accepted preju-
dices. Onc might, thercfore, define science as the method
whereby we ascertain what are the facts. When we know that,
we don’t need anything clse.

In support of the empirical myth in the conventional history
of science are the assertions that Kepler discovered the laws
of planetary motion by looking at Tycho Brahe’s tables, and
that Galileo discovered the laws of falling bodics by rolling
balls down inclined planes. I venture to assert that one who
does_ not already have the geometry of conics in mind cannot
possibly sec Kepler’s laws in Tycho Brahe's, or any other,
35[T0f.10mical table. In fact, we know that Kepler tried other
theories before he tested whether the recorded observations
WOl.lld'ﬁt i.nto the theory of ellipses. Similarly, I have no
hesua'non In maintaining that no onc who tries Galilco’s
exﬁperl.mem on falling bodies, under the conditions that he
tried it (without any machinery or even a highly accurate
clock), will see his laws rigorously verificd. We know that
in fact he arrived at the idea of a simple proportionality
between the elapsed time and the velocity acquired in it by
a process of a prigy; reasoning (part of which was fallacious),
and that h-e then made his experiments to test it and was
satisfied with the rough results, because of his prior con-
viction that 'reality or the book of nature was conceived by
the Creator 1n simple mathematical relations.

18ee section IX.
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Along with this it is interesting to note the persistence of
the myth that Galileo disproved the Aristotelian theory that
heavier bodies fall more rapidly, not by reasoning but by go-
ing to the leaning Tower of Pisa and dropping down two
objects ol uncqual weight. Professor Lane Cooper has recently
arouscd the wrath of the scientific public by questioning the
historicity of the incident.* But so far as I know, no one has
yet brought forth adequate evidence to climinate the doubt
thus raised by Professor Cooper.

I must, however, pass over this and raise the more logical
question: Suppose that Galileco had actually performed the
cxpcl'imcnt, what would it have proved? Popular philosophers
who praisc Galileo for resorting to obscrvation and experi-
ment scldom think of repeating the experiment, and it never
occurs to them to remark that feathers, snowflakes, rain drops,
hail, and pebbles do not all come down with the same speed.
The most obvious fact is that the resistance of the air, as of
any other medium, is not the same for all bodies. It is a
commonplace of physical science that only in a vacuum would
bodies of uncqual weight come down with the same velocity,
and that the retardation due to the friction of any medium,
such as the air, does depend on the mass as well as on the
shape of the falling bodics. Now, Aristotle (who did not be-
lieve in the existence of a vacuum) was doubtless wrong when
he thought that in the air the velocities of falling bodies
would be simply proportional to the masses. The functional
relation is more complex than that. But Aristotle’s error in
this respect was generally recognized in amiquit_y (for instance
by his commentator Philopoemen); and Lucretius gave a true
and simple statement of what does happen.®

It is sad to find the issue inaccurately represented in such
a wonderfully good book as Einstein and Infeld’s Evolution of
Physics. Myths all too frequently triumph over science.

2 Lane Cooper, Aristotle, Galileo, and the Tower of Pisa. Corncll
University Press, 1935. .
3 Ibid., pp- 49 and 58 (a convenient source of Lucretius’ statement).
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v

But LET us come closer to our main theme—the nature of the
scientific method. And here I am glad to avail mysclf of a
very wise remark by Einstein: “If you want to know the es-
sence of scientific method don’t listen to what a scientist may
tell you. Watch what he does.” And I supposc we should
qua]ify it, “Watch what he does when engaged in scientific
work, not when he is taking a holiday or is on a picnic, or
discoursing on somecthing beyond his compctence.” If we
take the advice and really follow the actual workings of
scientific research, we find that one of its first conditions is
a willingness to hold all our information as tentative or
provisional. That means a willingness not to question all
things at once, for that is impossible, but to question any
one proposition by asking, “Is it so?” Of course, to most
people that is generally an impossibility, because so many
things scem to us too obvious to be questboned. But it also
seems obvious that the earth is flat, and that the sun and
stars revolve around us. Generally we do not hesitate to
condemn anyone as mentally deficient, who docs not sce what
we do. When no issue of great importance to us is involved,
we let the poor fellow alone. But if he annoys us we may put
him in a lunatic asylum or in prison, or perhaps kill him. But
the questioning of the obvious is an cssential service in
science. And this is true both in regard to principles and
what appear as facts.

All human disciplines, so far as they have aimed to be
scientific, have not only used mathematics, but have till
recently looked up to Euclidean geometry as a model of a
scientific system. We can trace that influcnce even in politics,
e.g, in the Declaration of Independence, with its appeal to
certain truths as self-evident.

Euclidean geometry begins with certain axioms from which
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certain propositions are deduced or demonstrated. And what
does strict demonstration mean? It means that we can show
it to be impossible to accept Euclid’s axioms and not accept
his thecorems. But for over twenty centuries it never occurred
to pcople to question the axiom that from a point outside of
a straight line only one parallel can be drawn. In the nine-
teenth century, however, a Hungarian, Bolyai, and a Russian,
Lobachevski, and subsequently a German, Riemann, by
questioning that very sclf-evident proposition, opened up new
ficlds in gcometry. After the parallel axiom, others began
to be doubted, for instance, that the part can never be equal
to the whole. Startling as the last seems, it is yet true that
the whole thcory of transfinites is based on it. In a similar
way the axioms of Newtonian mechanics are being questioned
today, and a new physics is being developed in which we no
longer accept the Newtonian conception of time and space
as absolute, nor the absolute constancy of mass, nor the con-
stant ratio between force and the acceleration of a body.
Notice that Newton has not been thrown to the garbage heap
as some popular accounts would have us believe: Newtonian
physics is still sound, still true, but not sufficiently accurate for
certain purposes. What we have achieved by our questioning
is to correct Newton's gencralizations by showing that they

are only spccial applications of wider laws under limited con-
ditions.

VI

Now, if you follow me, you can see that the same skeptical
attitude must be observed in regard to what scem to be ob-
vious and self-cvident facts. In scientific work we must always
be prepared to raise the question with regard to any assumed
fact—is it so? One of the distinctions between science and
common sensc is precisely the fact that in science we are not
satisfied merely to observe things and believe all we see. We
must doubt, examine, and verify. To do this we must invent
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all sorts of apparatus and means to avoid sceing what doesn’t
exist and find ways and means of secing what to the ordinary
man is not usually visible. That most pcople sce things or
events that do not exist or happen is shown cvery day in
courts of law. Witnesses often swear in good faith that they
saw certain things, and when they are cross-examined it is
proved conclusively that they were situated at certain points
where what they think they saw was not at all visible. We
all tend to see what we expect to sce and science must help us
to overcome that tendency. But scicnce also invents instru-
ments, like the telescope, microscope, and others, to cnable
us to see things that are not visible to the ordinary cye. In
both of those ways, then, science enables us to answer more
critically the question, is it so?

The foregoing, however, is not sufficicnt. One of the main
causes that make common sense so unreliable and render our
political discussion and our so-called social science so full
of im-erminable controversics, is the failure to formulate our
questions in definite terms.

Is man good or bad? Are you a pessimist or an optimist?
Do you or do you not believe in the possession of private
property; in the rights of man? All who answer these and simi-
lar questions in the affirmative or negative are agreed to
despise those who refuse to answer before determining what
precisely these terms mean. )

.If our procedure is to be scientific, our terms must be defi-
nite. And r?al definition of terms doesn’t mean merely finding
verba_l eguwalents. The clearest way of making our terms
definite is by the process known as mecasurement.

Wl}at does measurement really accomplish? The answer is
tl}a,t, it enables us to avoid such expressions as “‘this plant is
big -(or small). Measurement gives us a number, which is
definite; and the number enables us to corrclate the length
or weight O_f any particular object with any other object of
the same kind. I.n that way we avoid all the vagucness of
common categories, and by substituting definite terms we
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make issues clear and definite. When we do that, we can
generalize and corrclate various relations, and so have a sys-
tem, cnabling us to sce things not in their isolation, but n
their functioning or interaction with other objects.

VII

Ir wE BEAR In mind the necessity of both actual observation
and the correlation of our observations or measurements into
a system, we can avoid all the fruitless controversics between
induction and deduction. For it is not truec that we can begin
with pure facts any more than with pure theory, independent
of facts. We always operate with both, and it is doubtful
whether i adult intellectual life we cver find one of these fac-
tors alonc. There is no scientific problem or rescarch except
where onc asks how certain known facts are to be cxplained
or their fuller nature discovered, e.g., what causes the heart to
beat, or cancer to grow in certain tissucs. And this means that
we not only have our ideal of what would constitute a satis-
factory explanation or completion of our knowledge, but also
some anticipation (true or false) of the direction of the
inquiry or rescarch that will lead us to the desired result.
Doubtless, as was admitted before, obstinate clinging to old
ideas hinders the discovery of new truth. But it is well to
remember what the great naturalist Charles Darwin said
on this point, that thc mischief of false thcories is slight
compared with the mischief of false observations. For a false
theory such as that of the phlogiston or the older views of
nerve functions still enabled us to correlate a number of facts
and thus reveal the need for some corrections, whereas every-
thing built on a false observation has to be eliminated before
progress can be resumed. Moreover, it is neither possible nor
desirable to clear our minds of all anticipatory ideas or hy-
potheses. The facts of nature would not of themselves stream
in properly ticketed and labeled into such emptied minds.
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The real cure for obstinate bias is to multiply the number of
possible hypotheses or points of view before us, just as the
cure for fanaticism is to become familiar with other forms
of belief. This is aided by formal logic which cnables us to
make our assumptions explicit and then to formulate their
contraries or alternatives. This procedurc is beautifully ex-
emplified in Lobachevski’s Imaginary Geomelry.

It is only when we approach a problem with a number of

alternative hypotheses in mind that the process of verification
has any sense.

VIII

THE TERM “verification” has, indeed, become a kind of fetish
to be worshiped, but not critically examined. Very few have
actually analyzed its precise meaning. Now it scems to me
that verification should be clearly distinguished f{rom con-
firmation. Any hypothesis which explains things is to that
extent confirmed. But every superstition can be confirmed in
that way. If, for instance, you believe that thunder is caused
by Zeus shaking his rod, every instance of thunder can con-
firm it. If you believe that everything a man does is due
to his subconscious or unconscious ego, then cverything that
l.xappens can be interpreted that way. But such confirmation
is not verification for it does not exclude the possibility that
some other theory may explain it just as well or cven better.

Let me give you a concrete example of what I have in mind.
A woman goes to a psychoanalyst and in talking freely she
refers to a friend of hers by her maiden name. The psycho-
analyst pounces on that and says, “You don’t like her hus-
band?” and she admits that she doesn’t.

Freud uses this to prove that our dislikes prevent us from
remembering certain things. Well, that is an explanation of
fhe fact, if it is a fact. But some other explanation might be
just as good or even better. For instance, on January 1st,
January 2d, and some days thereafter, most of us keep on
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writing the old year. Is that duc to the fact that we don't like
the new ycar or have some sort of prejudice against it? The
explanation in terms of habit seems better because it explains
so many other things without more arbitrary assumptions.
Scientific verification consists not in accepting a hypothesis
because it explains things, but in comparing two difterent
hypolhcscs and secing which explanation is better.

Now consider this question of memory: Why do we remem-
ber some things and not others? Formerly we used to talk
about the faculty of memory, but that did not provide any
basis [or the distinction. Now the advantage of the hypothesis
that memory is physiologically conditioned is that it enables
us to deduce possible experiments as to what kind of physical
things or sounds arc more casily remembered than others, and
the results of such experiments cither confirm or refute our
hypothesis. Confirmation, therefore, is not itsclf a distinctive
wrait ol science, because every belief can be confirmed if we
wish to hold on to it.

If you are a pious Mohammedan and believe that every-
thing happens according to the will of Allah, then cvery event
will confirm that faith. But by the same procedure non-
Mohammedan [aiths can also be confirmed. The difference
between verification and confirmation, then, consists in the
fact that the former involves some diflerential or critical test.

This is clearly illustrated by the experiments of Fresnel and
Young on the diflraction of light. If the Newtonian corpuscu-
lar theory were true, certain results should follow, contrary
to what would be the case if Huyghens’ theory of waves were
true, and vice versa. And so an experiment that confirms one
but contradicts the other shows the first to be preferable. The
actual results of the experiment were contrary to what fol-
lowed on the corpuscular, but agreed with what was to be ex-
pected on the wave, theory. This made the wave theory the
pre[crablc one. The same is true in regard to the difference
between the continental theory of Ampére that clectricity acts
at a distance, and the English theory of Faraday that clectric-
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ity acts through a medium. No preferences between the two
theories could be scientifically established until we had a
crucial experiment. This was the discovery of Hertzian waves
—which can be reconciled with the Faraday thcory, but not
with the continental theory. It is only when of two theorices,
one explains the facts that are in conflict with the other, that
we have real verification. What verification docs, then, is not
to prove a theory, but to show that of those available, one is
the most probable.

It is well, however, to keep in mind that onc experiment
or observation may be inadcquate. Thus for years the be-
lievers in the Ptolemaic astronomy urged that the Copernican
hypothesis could not be true because if it were true, Venus,
being an inner planct between the sun and the carth, should
show certain phases like the moon. But since it didn’t, the
CoPernican astronomy was held to be demonstrably false.
This was in fact a sound argument against the Copernican
astronomy, but was shown to be baseless when people began to
u§e the telescope and the phases of Venus became actually
visible.

_ It seems to me that if we take the foregoing view of verifica-
thn,' we can make some sense out of Mill's canons. Consider
Mill's formulation of the method of agreement and the
method 9E difference. The first asserts in cffect that if you
?bserve nstances of any phenomenon all you have to do
Is to note what is a common circumstance and you have the
cause. Now suppose you want to know the cause of cancer.
Obviously there are all sorts of common circumstances that
are not the cause of cancer. It is only some differential cir-
cumstance, that is to say, some circumstance that is present
whenever cancer is present and absent whencver cancer is not
present, that can be a cause; and so we are driven to the
met-hod of difference. But even that might not be sufficient.
Things may be accidentally correlated for a long time and yet
not be causally connected. To establish a causal connection
there must be an intimate relation; there must be some rela-
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tion of identity of substance or energy, and Mill's canons give
us no clue as o how to find it.

Consider, however, an actual situation when we are ap-
proaching a problem with a number of possible alternative
hypotheses as to what, ¢.g., might be the cause of cancer. Then
Mill's canons formulate with some degree of appropriateness
how by the process of verification 1 eliminate circumstances
that fail to meet the requisites of a cause, i.c., of being neces-
sary and suflicient conditions for the phenomenon observed.

IX

Most rrorLE draw a sharp distinction between natural science
and social science. There is some justification for this, but
it is unfortunately misleading as a dichotomy. If there are
facts about human nature they are just as much the object
of natural science as any other facts. The real difficulty, how-
ever, is that students of social science are interested not only
in facts of cxistence, but in promoting certain more or less
partisan purposes. Thus whenever we deal with sociology, or
politics, or cconomics. or any of the so-called applied sciences,
we arc concerned with two different kinds of questions: (1)
how things exist and are connected, and (2) how to promote
certain purposes.

The problem of human purpose is a difficult one because
it docs not scem that all human beings do have in fact the
same purposes. And if there actually are ultimate differences
of purpose, it may not be possible to come to any agreement.
In other words, when people really want different things you
cannot prove that they don’t want what they do want.

Mr. Bertrand Russell has said with regard to philosophers
that the reason they do not attain truth is because they do not
want to, meaning that they prefer to maintain their points of
view rather than see the truth. Well, whether that is true or
not about philosophers, it is certainly true in social studies.
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For in the latter field we are much more anxious to achieve
certain results, and our minds are thus closed to the possi-
bility that we may be wrong in our fundamental assumptions.
Take a concrete example: There are in the world today
at least three different theories concerning what is the best
form of government. Now, all of those theorices arc being tried
experimentally in the difterent countries. Which works best?
There seems to be great difficulty in deciding that objectively.
Partisans of each one of these theories point to the country
in which the experiment is being tried and say: ““T'here, you
see how well it worksl” Well, the others arc not willing to
accept their judgment as to whether communism docs work
well in Russia, whether fascism works well in Germany or
Italy, or whether democracy works well in our own country.
These questions cannot be settled so far as I can see by the
same canons by which we settle questions of physics. More-
over, the problems of social science are much more compli-
cated I.)e.cause they involve not only the clements of physics
a'nd blleogy, but additional historical and psychologic con-
sideration. And at that we still have many unsolved problems
n PhYSfCS, e.g., the problem of what will happen if you take
an Or.dmary chair and spin it around: the mathematical
equat'lons are exceedingly complex.

gri:vxl; bz’l nf) means certain that our rr-lethod_s will kecep on
g until we do solve all of our difficulties. It does not
eve‘nlseem highly probable that we shall ever reduce all
iy Bt relaions so sl i they v v
Nevertheless, the k ) geable systele of Cquat-xons.
o dicates tha’t m‘;n Otll)]e. 1s t:ere and the history of science
later yielded to theyhur;ngs that scécmed unsolvable, soo'ncr‘ or
an resolution to solve them. This gives

us no assurance, but makes hope possible.
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X
PROCEEDINGS OF THE SEMINAR

Dr. Bramsverr: Professor Cohen, speaking for myself, I en-
joyed your lecturc very much last night, and I suppose it is
because you said some things that I agree with. If some of
the rest of the people here feel differently, perhaps it will
be because they disagree with some of the things you said, and
that ought to be a good situation for starting the discussion.

Dr. ScuwarTz: Considering the many important discoveries
in scicnce that have been made by accident rather than by
design, and that the biological sciences in particular have used
the method of direct observation with and without instru-
ments of precision; that many of the fundamental discoveries
in biology have resulted from observation, and sometimes by
persons without training in science: must we not say, therefore,
that the mcthod of biological science is largely inductive
rather than deductive?

Dr. Conen: Well, if T assumed your {acts, I suppose I should
draw the samc conclusion, but I should not grant your as-
sumptions to be facts. In the first place, I should not admit
that any great discovery in science has been made by accident.
I know that conventional history books say so; but every
account that I have checked up has proved to be erroneous.
Let me give you some classic cases. It is said that Roentgen
discovered X-rays (or Roentgen rays) by accident—just picked
up 2 photographic plate, and finding a picture of a key,
naturally concluded that a new kind of radiation must have
caused it. But, in point of fact, Rocntgen had previously
devoted ycars of study to the different kinds of radiations, so
that the accident was the kind that could happen only to
one who had thought as much about the subject as he had.
It is only because he was ready to see the importance of that
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particular picture that he discovered the rays that caused it.

Some books also say that it was by accident that Hertz dis-
covered electric waves. But if you read what Hertz himsclf says
you learn that he was for years concerned with the question of
whether the existence of electric waves could be shown. He
had been set that problem by Helmholtz to test Faraday's
theory of the ether. Otherwise he would not have recognized
what he saw as electric waves. Nor do I know of a single imn-
portant discovery made in scientific biology by anyonc to
whom it was not a matter of special interest and study. Of
course, you can mention carly observers like Lecuwenhock,
who was only a janitor. But I think we must get rid of the
n9tion that a man’s intellectual equipment is determined by
his social position or office. Leecuwenhock was, undoubtedly,
a keenly interested and close observer, because he was looking
fOF definite things. The ordinary man can look through a
microscope but he doesn’t see anything of importance. I know,
for T looked through microscopes when I was a student, and
could not see anything except patches of what looked like
ml.ld. I was told to draw what I saw, but I couldn’t draw any-
thlng definite when I saw nothing definite. Some idcas arc
required pefore you can have rcally intelligent observation.
We see .thh our mind’s eye as well as with our physical eye:
and. scemng with our mind’s eye is precisely what is meant by
having anticipatory ideas.

Dr. TuckermaN: I am wondering whether that is quite clear.
¥ am puzzled about your viewpoint. Take Lecuwenhock, for
Instance. He saw things and then he saw more things, and
after a Wh.ile, he said, “What does that mecan?”’ I have just
be.en I:eadmg Dobell’'s book Antony van Lecuwenhoek and
Hs L”tl.e Animals (Harcourt, Brace, 1932). I could find no
preconcerved ideas in the excerpts from Leeuwenhock’s writ-
ings. The generalizations he made were built out of the things
he saw after he had seen them. He was interested, yes, he had

a mind, yes; but did he first have a lot of preconceived notions
that he tried to verify?
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Dr. Conen: Most decidedly, yes. My point is this: unless he
had anticipatory ideas, he would not have noticed the things
that he saw. Take people from the street, give them a micro-
scope with the sort of things Leeuwenhock had before him,
and ask them what they see. Try it

Dr. Tuckernan: I tried it myself as a kid when I got a
microscope, and I saw things I never heard of.

Dr. Conen: If you had scen what Lecuwenhoek saw you
would be in his class.

Mr. Wircox: T should like to ask how your theory differs
from the more usual type of explanation of the scientific
method. To make it concrete. would vou indicate the steps
in your outline in contrast with the four steps in the classic
illustration of the discovery of Neptune, taking as the conven-
tional outline: (1) Observations ol the positions of the planets
by Tycho Brahe, (2) Induction into the three laws of Kepler;
further induction into onc law by Newton, (3) Deduction, in
the form of mathematical computations by Leverrier and
Adams, leading to the theoretical position of an unknown
planet whose existence was set up as a hypothesis to account
for the irrcgularities in the orbit of the outermost known
planct, (4) Verification, when Galle sct his telescope in the
indicated position and discovered Neptune (September 18.46).
The point I am asking is how docs your explanation of the
scientific method differ from those classic four steps?

Dr. Conen: It differs because T do not believe that mere
observation is the first step. For, as pointed out before, in
order that the obscrvation should be significant, in order to
find anything of importance in science, we have to know what
to look for. Take the example given in some books—the
example that you gave—namely, Kepler looking at Tycho
Brahe's tables and sceing the planetary laws. That is a most
absurd story and no onc who has ever seen those tables or read
any of Kepler's works can for a moment believe it. The fact
that the thing is current in textbooks shows to what depth
of ignorance reputable writers on logic and the history of
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