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PREFACE

THis Book has been written from a profound conviction that men
engaged in the development of physical theory can profit from
philosophical reflection about the meaning of their research, and
that modern physics holds a message for philosophy. This latter
argument is not a novel one, and in espousing it the author enters
with some diffidence an arena that teems with gladiators of dis-
tinction. He should therefore state his challenge. It is that he
believes the attitudes of uncritical realism, unadorned operation-
alism, and radical empiricism, which pervade most of the dis-
cussions and much of the thinking on subjects of science, to be
outmoded and in disharmony with the successful phases of con-
temporary physics. He starts by analyzing a// experience, not
only the peripheral part called empirical knowledge in a narrow
sense. He ends with an epistemology which is in keeping with
both classical physics and the quantum theory, a philosophy of
science which allows this reputedly heterodox new discipline, this
breeding ground for paradoxes, to be seen as a culmination of
methods long present in natural science.

Brief explanations of several features which are apt to evoke
objections from the philosophic reader will be offered here. The
early chapters of the book may seem needlessly discursive and
may appear to deal with traditional philosophic problems which
it is not wholly proper for scientists to raise. These chapters were
nevertheless included not only because they prepare the way for
the nonphilosophic reader, but more particularly because the later
portions of the book will argue that “traditional” questions have
greater relevance for science than is frequently believed. However,
omission of the first three chapters will not preclude understanding
of the book’s main points.

An explanation should also be made for the occasional use of
mathematics, albeit a very limited use. No major conclusions

are drawn from purely mathematical arguments, and the reason-
v
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ing can be followed in its main outline by readers who do not
wish to encumber themselves with burdensome details. But the
clarity that comes from mathematical comprehension of certain
issues, when set against the qualitative understanding available
through verbal means, is so overwhelmingly profitable that I did
not wish to surrender it altogether. Therefore a compromise was
made. All mathematical arguments were reduced to a form in
which a reader reasonably conversant with (not necessarily skilled
in) the ordinary infinitesimal calculus can follow them. This sim-
plification entailed nothing worse than restrictions on subject
matter and required no sacrifice of precision.

The physicist is likely to find statements that are provocative,
indeed, perhaps mildly shocking. I doubt if he will take this amiss,
for his own recent discoveries have been sufficiently stunning to
render him fairly immune to shocks from philosophic considera-
tions.

Most subjects chosen for study will interest every person of
fundamental concerns who also has an interest in science. I be-
lieve it likely that he will be stimulated, and thus perhaps bene-
fited, by the present treatment, even though he may disagree with
some details of it.

There is a dearth of serious books on the methodology of the
exact natural sciences and a similar want of such courses in
America. It is my hope that the present volume may partly fill
this need. If used as a textbook, all parts of which are to be
thoroughly digested, it will probably require some basis of pre-
liminary training both in physics and in philosophy. It would
appear that seniors in American colleges, who are majoring in
one of these fields and have taken a course or two in the other,
could use the book with profit. To serve their needs, lists of books
for collateral reading have been assembled at the ends of chapters.
These have been selected without bias, and every list contains
references in which are presented points of view entirely at vari-
ance with my own.

Obviously, I owe a general debt of gratitude to many authors,
but a most specific one to my colleagues of the Philosophy Depart-
ment at Yale University, for kindling in me a genuine interest in
their problems and for leading me with patience and understand-
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ing to many literary treasures in their field. Professor Harold S.
Burr of the Department of Anatomy has done me the kindness
of reading the entire manuscript and offering advice and criticism
during its preparation; Professor F. S. C. Northrop, himself the
author of remarkable books on similar subjects, has honored my
efforts by reading proof and by suggesting improvements. Finally,
I would acknowledge my indebtedness to Adolf Griinbaum, who
read the first draft and proposed numerous changes in presenta-
tion.
HeNry MARGENAU

New Haven, Conn.
February, 1950
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CHAPTER 1

Preliminary Survey of Reality

1.1. INTRODUCTORY REMARKS

To caIN KNOWLEDGE of general principles by way of abstract
exposition is a possible but not an expeditious course. It seems
wiser to approach them with a large but well-defined project in
view, a project which calls for continued and varied application
of the principles to be studied, and which may serve at once as
goal and as illustration. The principles under discussion in this
book make up the subject known as the epistemology of science,
or more simply as the philosophy of physics and its related dis-
ciplines. The project selected as the specific goal of our investiga-
tion is to determine the meaning of physical reality.

We do not start with a fixed set of ideas. In the earlier chapters
of the book an attempt is made to condense the vague and un-
formed matrix of popular and semiscientific concepts that sur-
round the problem of reality into increasingly definite concerns
and into progressively specific questions. The terminology will
be diffuse at the beginning but will attain sharpness as the work
proceeds. A philosopher may, therefore, without harm to under-
standing (and perhaps to save himself annoyance) pass lightly
over the first two or three chapters of the book. In the present
chapter we desire to focus attention upon three rather obvious
components of the real: the enduring, the thing-like, and the
efficacious.

A quest for the real inspires most of the efforts of our race. It
fills the scientist with curiosity and zeal for new adventures; it
sets the mind of the philosopher to a contemplation of past
pinnacles of thought; it leads the historian to scrutinize the
recorded deeds of man for constant patterns. It flares in the
exuberance of the mystic and congeals to dogmatism in the reliant

I



2 THE NATURE OF PHYSICAL REALITY

knowledge of the practical man; it sings in the symphonies of
great composers and vibrates through the vision of poets. It may
attain the stature of Promethean defiance or reduce itself to the
humility of a sinner seeking divine grace. In one way or another
it is of peculiar concern to us.

The concern may be as casual as the sight-seet’s, or it may
reach the ecstasy of amazement which culminates in the outcry:
Why am I, and why is there a reality at all? Why was 7 destined
to have this fate? Between these lie all degrees of emotional
response. A concept that invokes so great a variety of reactions
is not an easy one to define, nor could it be presumed to have a
single meaning.

Sometimes, in looser discourse, reality is set rather close to
truth. When a tale is true, its characters are real; the truth about
an episode is its real course. What is true is said to be a fact, and
facts somehow constitute reality. But for the purposes of our
present investigation we wish to disregard this popular identifica-
tion of reality and truth, the specious character of which becomes
apparent upon brief reflection. For truth, as it is here understood,
is a property of statements, and statements may or may not have
reference to reality. A theorem of mathematics can be true and
yet have no bearing upon reality, while a statement about real
objects may well be untrue. Hence we shall always regard truth
as a logical term and never allow it to predispose us toward a con-
fusion of formally true and material fact. Failure to make this
distinction leads straight to the position of the medieval realists,
for whom logical truth implied reality.

This book strives for a clear, though perhaps only a partial,
understanding of what is real; it does not start with any of the
notions that are vaguely current. Nor can it analyze and criticize
them one by one, since we have as yet no criterion for such judg-
ment, and also because these notions are too numerous for review.
What finally emerges from our inquiry must, to be sure, conform
in a general way to the dominant usage of the term rea/ if such
usage is discernible; but our analysis will purge it of inconsistencies
and vain pretenses. By coupling mere inspection of usage with an
account of what is rationally and empirically meaningful, our
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report can rise above the level of semantic analysis and present an
outline, however tentative, of what reality should comprise.

In this volume an attempt is made to illuminate only physical
reality. But the metaphysician need have no fear of bias, nor
should he raise a protest against this limitation as prejudging the
issue. It is our conviction that a careful study of any field will
reveal its limitations, provided that this study is conducted in
good faith and with all the facilities it offers. The history of our
culture is full of instances in which successful disciplines recognize
and acknowledge their boundaries; physical science and mathe-
matics are the most self-critical among them. For example, the
possibility of strange kinds of geometry with perplexing properties
was discovered by men working with, and vitally concerned over,
Euclidean geometry, not by those who disliked the subject. In a
similar way a study of pAysical reality may open our eyes to other
and possibly larger kinds. More will be said about the possibility
and significance of nonphysical reality in a later chapter.

For the present, then, it seems indicated that we survey the
more obvious aspects of our problem, viewing it first from afar
and then approaching it for closer inspection. And thus we per-
ceive at once a minor confusion which is occasioned by different
historical components of the reality idea,

1.2. Tue ENDURING

From the Greeks we have inherited a preoccupation for a sort
of “principle of being,” for some ultimate reality discoverable in,
through, or beyond our sensory experience but not identical with
it. Like Parmenides and Plato we feel dissatisfied with the
messages delivered to us by external perceptions, for these mes-
sages are peculiarly incoherent, full of surprises, and cryptic in
their meaning. The mind prefers to behold conditions that expose
themselves to leisurely and careful view; to it the changeable
external world is a perpetual offense. Thus arises the suggestion
that the sensory world may, after all, not be wholly real, for it
violates the cherished postulate of permanence.

There are few thinkers today who would go as far as Parmenides
in their insistence upon a static quality of the real, but there are
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many whose attitude is strongly influenced by his famous argu-
ments. To seek general principles and laws behind the phenomena
of nature is to pay tribute to the genius of Plato, and the success
of science in its reduction of all different forms of matter to a few
elementary particles bears witness to the essential correctness of
the Greek ontological sense. The matter can, of course, be over-
done. Professor William Lyon Phelps, in his charming informal
lectures to the undergraduates at Yale, insisted that physics had
far less to say about truth and reality than did poetry. And to
prove his point he asked them: “Would you now read a physics
text that is 100 years old? Of course not. But you still read
Shakespeare!”

Perhaps one should ask here whether being and reality, more
particularly physical reality, are indeed the same thing, as we
have here tacitly assumed. Without prejudice to ontology, the
legitimacy of which will be discussed in due course, let us take the
word being in its literal sense and withhold from it the mystifying
and ominous qualities of its Greek counterpart. We then perceive
it to be an auxiliary verb, rather bare of meaning, a verb inflated
into a most independent noun. To be something is usually compre-
hensible and definite—but, to be? Perhaps it was in answer to this
query that Lewis Carroll invented the grin of Alice’s vanished cat.
The only alternative to a denial of meaning in the word being is
to identify it with reality. At any rate, this will here be done.

The term existence will be dealt with in a similar way. Aside
from its very legitimate and perfectly definite uses in mathematics
and in logic, which are excluded from consideration in this book,
existence and reality are here taken to be synonymous.

Before dismissing the Greek ontological admixture in our
modern view of reality, must we not commit ourselves as to its
legitimacy? How permanent and inflexible does the real have to
be if we are to accept it? The complete answer to this question
cannot be given at the beginning of our inquiry; it results from a
careful study of the methods by which we acquire knowledge of
reality. But a few hints may serve the purposes of preliminary
orientation. Certainly, we want reality to be more permanent
than our fleeting sense impressions: the tree, to be real, must be
in front of my window even when I am not looking at it.
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On the other hand I acknowledge that the tree, while real, will
grow, change with the seasons, and ultimately die. Our knowledge
of what is real also changes in time. In fact this knowledge
populates the world with entities whose lifetime may be long or
short: the Greek elements, phlogiston, the ether, and now the
electron and other so-called “elementary” particles—are they to
be rejected as constituents of reality because of the transitory
role they play in physical theories?

1.3. THE THING-LIKE

Leaving aside such questions and ignoring for the moment the
ontological, the static side of the concept under study, we now
examine our Roman heritage. Real is that which partakes of the
nature of a thing as distinct from thought. To the unsophisticated
the distinction is obvious; to the careful thinker it presents
thorny problems, to be dealt with later. At any rate our domina-
tion by the thing doctrine goes so far that we of the Western
Culture are prone to reject ofthand a philosophy which fails to
give significance to this distinction.

What is to be meant by a thing or an external object in a critical
sense forms the major object of inquiry of this book. But to clear
the path let us set down here a few vague and unsystematic
thoughts concerning the nature of externals, lest they trouble us
later in our more disciplined study. Let us provisionally accept
the view that, if there be a class of real things, then whatever
assails or coerces us from without must belong to it. For the origin
of these actions upon us is independent of our thought and is
therefore real in the Roman sense.

But the linguistic fate of the word res itself indicates that the
situation just described is far from clear. That word soon denies
its humble origin, takes on the abstract meaning of res publica,
and ultimately reverses its original sense in such phrases as
Leibnitz’ res cogitans. These verbal vagaries reflect uncertainties
within this idea of the real itself, uncertainties which offer launch-
ing places for devastating attacks upon it. Must the real have
properties which are themselves real? If not, if some of the attri-
butes or parts of the real are projections from the realm of thought,
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then the independent, unexpectedly impinging qualities that
served to define it are at once drawn into question. Now the
dilemma is apparent: no one can reasonably hold that all attri-
butes which characterize even the simplest variety of thing are
external and are given by sensory perception alone.

Two lines of evidence serve to corroborate this assertion, one
empirical and scientific, the other epistemological. The first notes
that external things are divisible, perhaps indefinitely divisible.
This, though superficially contradicting the naive version of the
atomic hypothesis, is the seeming verdict of modern physics,
which indicates that even reputedly elementary particles can be
divided or forced to change their identities under sufficiently
energetic treatment. Whether this expectation is borne out by
experimentation or not, the fact is that particles of atomic magni-
tude according to present conception—protons, neutrons, elec-
trons, mesons—are not perceptible in the same sense as the objects
they compose, and if present theories are correct, they will never
be thus perceptible. In the face of this circumstance we are forced
to recognize that the parts of the real are not real themselves or
at any rate are real in some other sense. But this concession tends
to dissolve the allegedly irreducible quality of whatever it is that
assails us from without.

Perhaps one ought not to expect the physical, the spatial parts
of a thing to be themselves of the nature of things. Let us see,
therefore, what result may be obtained by analyzing its percepti-
ble properties. Here we come face to face with the age-old problem
of distinguishing between the primary and the secondary qualities
of objects, the former attaching uniquely and significantly to
things, the latter being injected more or less spuriously by the
perceiving subject. The history of this problem is an interesting
one and could be developed most fruitfully by considering what
properties men at different stages of science have imparted to
their elements, the most basically real constituents of the world in
the “Roman” sense. Anaxagoras chose size, color, and taste as
primary qualities, Empedocles seized upon size, shape, and posi-
tion, rejecting color and taste as anthropomorphic. From here on
the idea of an element associates itself closely with that of an
atom, whose dominant features remain size, shape, and position.
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Newtonian mechanics, in focusing its sights upon the particle, a
somewhat more general concept including the atom, casts all its
emphasis on mass, position, and velocity as essential attributes.
The departure from the familiar plane of sensory awareness
becomes more and more evident, until finally modern physics is
forced even to deny the meaning of such terms as exact velocity
and position in connection with small particles. There is a pro-
gressive conversion of primary into secondary qualities which
culminates in the quantum theories of the present century, a
development which points ominously to a possible state in the
near future in which all primary qualities will have been resolved
and our description of physical happenings will have become wholly
abstract. Whether this will happen one cannot predict. But the
tendency, which quite patently pervades the history of scientific
thought, should give pause to him who places all his reliance upon
the sensory, the external.

The more customary arguments on this point need not detain
us long. It is a commonplace, illustrated by the fact of color blind-
ness, that things appear differently to different persons; this
removes color from the range of qualities that are objective, and
hence presumably from the realm of reality according to this
simple version. By continuing the argument, doubt might be
cast upon the opaqueness of a stone, the shape of the human body,
the very presence of a thing since we know of radiations which
penetrate all these, and since we may well imagine beings whose
eyes are sensitive to such radiations instead of ordinary light rays.
Then there is, of course, the disturbing fact that all features of
an external thing are not perceived or perceptible at once and
in situ, that memory always intrudes itself in substantiating what
amounts to a sensory object. We attribute an interior to a stone
because we remember seeing a broken one, color to the flowers at
night because we have observed them in the daytime,! a back to
the moon because we know of no physical objects without one—
although in this Jatter instance the situation is perhaps a little

! There are exceptions to this rule. President Coolidge, while riding through
Detroit, is credited with the following dialogue with an aide:

A1pE: “I see they have painted the streetcars in Detroit.”

PresiDENT CooLIDGE: “Yes. At least on one side.”
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more complex, and we go even beyond memory in our constructive
imagination. Reality, if it is to be built from sense impressions,
must at least include with actually present impressions all those
carried in memory, if not a great many more.

What is real in the sense under investigation is often more
keenly felt than known; the criteria for being a thing are applied
intuitively rather than with analytic care. And our standards
change appreciably from early youth to adulthood. Within the
limited experience of a child, fairies are certainly as real as
galactic nebulae in the experience of an adult. The utter rigidity
of our idea of the real, its inexorability, are gradually acquired
in life; and we may wonder whether this rigidity does not belong
to the lifeless crust of habits with which our indulgent and un-
questioning mind has incased itself. The cruelly beautiful myth
according to which fairies must die when a child ceases to believe
in them often creates in the seven-year-old a sort of twilight
attitude to existence, in which he feels keen concern for reality
and yet is willing to continue his belief in fairies to keep them
from dying. Of the blind reliance upon reality which later over-
whelms him, of this peculiar faith of the unbelieving, he is not as
yet capable. To him, finding reality is partly discovery and partly
invention. Can it be maintained that existence can ever be found
through discovery alone?

Parmenides and Plato looked for generality and permanence
when seeking reality; Lucretius, typifying what has here been
none too accurately called the Roman view, attempted to stabilize
the real by tying it to the deliverances of our external sense, hop-
ing thus to keep it independent of the human observer. Both
views are reasonable starting points; both lead to difficulties;
both color our present attitude toward the problem and must be
examined.

We shall not burden this book with specific comments on the
various traditional types of realism, from naive to critical. Our
stand concerning them will be made clear as we proceed and
develop a positive formulation of the problem; to ask all the old
questions involves us in some risk of getting all the old answers.
But there is one basic difficulty in every one of the known forms
of realism which have come to us as the legacy of the thing
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doctrine, a difficulty which must be noted. It is that the realist
cannot avoid having fwo objects when experience is only about
one. The act of seeing a tree involves him in a sort of give-and-
take between the real tree and what he perceives as the tree.
What he calls the two entities does not matter here; nor will it
change the situation if he brands one of them unknowable, like a
Kantian Ding an sich. The ghost is still there to haunt him, and
experience as a unique adventure is always present to disown the
ghost and to trouble the realist’s conscience.?

1.4. THE EFricacious

Aside from concern for the general and the permanent (Greece),
aside from an orientation toward the thing-like (Rome), our idea
of existence is dominated by a lively measure of pragmatism. The
real and the actual are close together; indeed the German word
wirklich, though not implying anything like res, means neverthe-
less the same as real. Literally, wirklick is that which acts, that
which is capable of having an effect.? In detail, the meaning of
the word is loose, for it fails to signify whether the effect is to be
on another object or on the mind. What is not real in the Roman
sense may well be real in this. An idea is pragmatically real inas-
much as it may have important effects; God, according to this
version, is real to the person who believes in Him.

Although this formula appears at first to have no application
to physical reality because it opens the floodgates to unprincipled
speculations, a little reflection will nevertheless show it to be of
crucial significance in science. Why did the chemist of the eight-
eenth century believe firmly in the physical existence of a heat
stuff called phlogiston? Why did the luminiferous ether function
so long as a physical entity? Why do we now believe in an expand-
ing universe? The simplest answer is in each case: Because we
observe its unmistakable effects. In fact every entity that cannot

1 Whitehead (“The Concept of Nature”), arguing against the bifurcation of
nature, puts the matter well by saying that on the view here criticized, “There
would be two natures, one is the conjecture and the other is the dream.”

2 This is at least the modern understanding. The word wirken itself originally
meant to weave,
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be directly observed—and such entities are more numerous in
modern science than is commonly believed—owes its existence to
an application of the pragmatic definition of reality which looks
to workability.

Our culture has built a shrine to the real, a shrine supported
by the three pillars described: one signifies the constant and per-
manent aspects of experience, one the thing-like, the external
aspects, one symbolizes the practical, the efficacious. Among
them we are accustomed to worship, though often without much
discrimination; for the hold which the real has upon our minds
is strong indeed, and whatever is settled before its altar is incon-
trovertible and final. For most of us, there is no higher instance of
appeal.

The role played by reality in our thinking, in our lives, is indeed
an important one. Many, perhaps fearing the fate of Lessing’s
youth who died in contemplation of the goddess of truth whose
veil he had the temerity to lift, are loath to meet reality face to
face, at least in an irreverent attitude. Let us dispense with
reverence and with the genteel prejudice engendered within us
by the study of philosophic tradition; let us set reality in the midst
of the other problems which concern us today and apply to its
study the methods which have proved useful in other realms.

SuMMARY

An appraisal of the meaning of reality, as the word is commonly
understood, recognizes three vague criteria: the permanent, the
thing-like, and the efficacious in human experience. These criteria
are cursorily examined and a number of questions are raised with
respect to the adequacy of theories based upon them.
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CHAPTER 2

Ways of Arriving at Realty

2.1. METaPHYSICS OF NATURAL SCIENCE

TuEe anaLvsis of this book will lean rather heavily upon science;
to present an apology for the scientific slant is ridiculous at a
time when everyone marvels at the material success of science in
all fields. It is in fact obvious that science should be pressed to
say all it can about any problem which is at all susceptible of
scientific treatment. But we shall encounter a strange paradox as
we turn in that luminous direction: science will tell us what things
are real but will refuse to say what is reality.

This need not occasion surprise, for it is well known that
scientists, at least in those fields which we call the exact sciences,
agree on matters falling in their specific domain but hold widely
differing views with regard to reality. Some, like Planck and
Einstein, are critical realists, others, notably Eddington and Weyl,
are moderate idealists, while Bohr and Heisenberg vaguely display
the colors of positivism and rest somewhat indifferent toward our
problem. Yet they all would hold that electrons are real and that
the luminiferous ether is not. One can practice science without
ever committing himself as to reality, without ever using the word
real; indeed, as a rule, the less said about reality, the better the
quality of the science. Within limits, even a solipsist can be a
successful physicist.

The reason for all this is, of course, that the problem is not a
physical but a metaphysical one, despite the fact that we are
concerned with physical reality. To deny the presence, indeed
the necessary presence, of metaphysical elements in any successful
science is to be blind to the obvious, although to foster such blind-
ness has become a highly sophisticated endeavor in our time.
Many reputable scientists have joined the ranks of the extermi-

12



WAYS OF ARRIVING AT REALITY 13

nator brigade, which goes noisily about chasing metaphysical bats
out of scientific belfries. They are a useful crowd, for what they
exterminate is rarely metaphysics—it is usually bad physics.
Every scientist must invoke assumptions or rules of procedure
which are not dictated by sensory evidence as such, rules whose
application endows a collection of facts with internal organization
and cohcrence, makes them simple, makes a theory elegant and
acceptable. Ask an investigator why he prefers a simple explana-
tion, why he hangs his knowledge of the universe upon a con-
tinuous and undifferentiated reference frame of space and time
when his immediate experience is strongly accented by peaks of
attention amid valleys of boredom. Ask him why he invokes a
principle of cause and effect when his experience presents him
with nothing more than temporal succession. He may answer
that he seeks the most economical representation of his experience,
or that the constitution of our minds imposes such rules for under-
standing, or that he believes in the essential neatness of creation;
all these answers refer to metaphysical convictions, not perhaps
of a grandly ontological sort, but certainly epistemological in
character. The only answer which carries no metaphysical flavor
is that given by the radical empiricist who claims that we infer
continuity, simplicity, causality, elegance, and all the rest from
immediate sense experience; and his answer is palpably wrong,
as we hope to show.

We should be foolish to leave science aside merely because it
fails to speak directly about reality, for what it says is so strong
with significance as to make it worth while for us to examine what
it implies metaphysmally Most interesting is the way in which it
ascertains its truths. In a sense to be made clear®y the detailed
subsequent discussion, reality cannot be abstracted from finite
existence; as it is the number-generating process that points to
and defines infinity, so it is the methodology of science that defines
physical reality. A considerable part of this book, therefore, must
be devoted to methodology, viewed as a part of metaphysics.

Numerous other treatments have had the same aim, and some
of them have succeeded admirably in doing partially what is
undertaken here. A new discussion is indispensable, however,
because the methodology in at least one of the sciences, physics,
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has changed so radically of late that a reexamination is urgent,
and it happens that the modifications affect most directly the
idea of reality. Few have seen this more clearly than the late
Professor E. Cassirer,! with whom the author had the pleasure
and the good fortune often to discuss his views. Human experience
is not limited to science, nor do other disciplines possess the same
methodology as science. Doubts can therefore arise on the grounds
that our final answer, obtained by very special means, may lack
relevance in a wider field of inquiry. True, it might; but if our
results, though arising at the end of a particular and detailed
analysis, point beyond themselves and permit establishment of
relations with possible realities in other spheres, as indeed they
do, then they carry credentials which recommend them very
strongly for acceptance.

One may arrive at a choice of method for determining what is
real in another way. Ignoring science, ignoring all organized
knowledge as artificial and unrepresentative of immediate exist-
ence, one may set himself to the contemplation of any single
instance of reality and deeply probe its meaning. Mystics and
Hegelians have often expressed the attitude that any particular
real carries within itself, and presents to the penetrating observer,
all the qualities which constitute it as real. Further, it is claimed,
one’s judgment becomes insecure if he allows his gaze to wander
and rove all over creation, while the mystery to be solved is con-
fined within a single piece of rock or a single flower.

Where this process of abandonment to the particular leads seems
to depend greatly upon the temperament of the observer. It con-
vinced Cusanus, who saw in every object a parvus mundus in
which all reality is reflected, of the cosmic unity of existence, of
the perfection of God, and ultimately of the earth’s rotation about
its axis. It leads Jean Sartre to conclude the insignificance,
absurdity, and uselessness of all existence. Precisely because the
number of facets of reality exhibited by a particular is small, the
conclusions which may be drawn under so few constraints are
divergent and variable. Only a flavor of reality, strong but vague,
can thus be captured.

1See his “Determinismus und Indeterminismus in der modernen Physik,”
Elanders Boktryckeri Actiebolag, Géteborg, 1937.
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What has just been described might, with more fairness to the
existentialist, be regarded as only an extreme variety of the
more reasonable endeavor to extract from a /limited class of
instances the essence of existence, the essence being what these
instances possess in common. Traveling along this road, our
destination is almost certain to be the ontological terminal which
affords so beautiful a view over the Greek philosophical landscape
but obscures other vistas. Properties of different objects, when
judged without a methodological background, tend to be so
flagrantly contradictory that the common logical remainder
shrinks to insignificance. Indeed what is common reduces to
mere incidence, to that impressive singleness of being which sub-
sumes itself under the greatest of all logical generalizations, known
technically as the law of contradiction. Now it is certainly a
valid conclusion, and one which must never be lost from view,
that the law of contradiction shall rule over the realm of exist-
ence; but to say that it suffices to describe it is a patent delusion.
What follows is a well-known commonplace, known in logic as
the inverse relation between the extension and intension of terms
and often illustrated in the exact sciences, namely, that the
quest for laws which shall be invariant under a maximum variety
of conditions ends with universal principles which, while nearly
always valid, say next to nothing about any particulars. We
therefore abandon this route, having taken due note of its destina-
tion.

It should be said before going on that the conclusion just stated
affects in a sense all attempts at probing the real exclusively by
logical means. Far from disparaging the importance of logical
analysis as a potent device for stabilizing the bases of mathe-
matics, and thus for stabilizing science itself, the author neverthe-
less feels that logic’s preoccupation with classes and sets, that is,
with purely static entities within the larger realm of existence,
debars it from competence to argue before the tribunal of physical
reality, except in so far as it regulates the manner of argument
that is permitted. We shall see in what subtle ways the method-
ology of science employs constructive and imaginative devices
and how curiously selective it is in its processes of verification.
It is within neither the purview nor the competence of logical
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principles to give an adequate portrayal of the dynamic com-
ponent of experience, as is done so simply and clearly by such
devices as the laws of motion. We are speaking, of course, of
modern logic, not of the generalized and diffusive discipline
designated by this term in Hegel’s day.

It is argued here that science, when viewed as a living method-
ological system, will yield the clue to the puzzle of reality. But
are there not many sciences, and do they not employ very different
methods of procedure? They do, and this admission itself poses a
problem, to be dealt with in the remainder of the present chapter.
The sciences must be classified according to their methods. If,
despite their individual differences, they show signs of converging
toward some common basic procedure; if furthermore this basic
procedure includes as special cases the ways in which we in-
stinctively certify objects of our experience to be real-—then one
can hardly deny the importance of such procedures for our
problem.

2.2. Sciences vs. HumMmAaNITIES

To be sure, there is no agreement among philosophers or even
among practicing educators as to the disciplines that are truly
sciences. Few will argue that the study of literature is a science
or that physics is not a science, but disputes arise when this
question is raised with regard to sociology or history. Such disputes
may rise above the fruitless quarrels over terminology and attain
considerable importance, as in the question whether ethics is,
ought to be, or cannot be a science.

Usually the sciences are distinguished from what is sometimes
called the humanities, sometimes the liberal arts. Two miscon-
ceptions seem to be current about this distinction: one is that it
is rooted firmly in the history of our culture and our schools, the
other that it is obvious from the methods employed in the two
fields. The second of these we shall attempt to remove at length
while examining the procedures of the sciences; the first, being
not very relevant to our query, will be passed over briefly, though
we cannot leave it entirely unconsidered.

Historically, the liberal arts signified the secular part of the
curriculum taught in the medieval scholae, the church schools
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founded by Charlemagne in the eighth century. When this
curriculum became standardized it was divided into the so-called
trivium (logic, grammar, rhetoric) and the guadrivium (arith-
metic, geometry, music, astronomy); the latter included the one
natural science of that day, astronomy. No separation of science
as such was at all apparent until the Renaissance, when through
a rather extraneous set of circumstances a temporary division
was imposed.

Scholasticism flourished in monasteries and in schools attached
to the castles of the knights. When cities developed and the crafts
arose, a new class of society gave birth to a new secular knowledge
of great power. Craftsmen of superior skill made inventions, per-
fected and standardized their art. These men, who spoke the
vernacular, whose urban life and interest set them apart from the
Scholastics both geographically and culturally, met with the
haughty indifference of the Latin-speaking clerics in the scholae.
They included men like Leonardo da Vinci, whose unpolished
diaries, written in the popular language, elicited little interest
in their day. Among these unrenowned craftsmen were the archi-
tects of great cathedrals; their obscurity among the teachers of
the time accounts for our ignorance even of their names. Among
them were the anonymous European inventors of the magnetic
needle and of gunpowder. Empirical natural science was an
offspring of such unknown parents; its early development took
place under the stigma of illegitimacy. And this is the fact which
many of our humanists today will not forget.

History was fair, however, for it corrected its error quickly by
according to natural science the dignified status of natural
philosophy. Scientists themselves gratefully acknowledged this
gesture and transferred part of their interest to the philosophic
and cultural foundations of their disciplines. Unfortunately, this
trend was reversed when, in the present century, the extreme
specialization of scientific research forced a partial abandonment
of this interest. Certainly this is no more than a temporary
aberration, humanly understandable in view of the dazzling suc-
cesses of many concrete sciences, and already painful to the con-
science of the scientist. But it keeps reminding the humanist of
science’s lowly rebirth and obliterates from his vision the long
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centuries of harmonious cooperation. Perhaps this bias is also
aggravated by some slight resentment at a peculiar exchange of
tongues: today it is the humanist who uses the vernacular while
the scientist speaks the esoteric, the mathematical language.

But enough of complaint! Let it also be said that the situation
has another side, that scientists are often ignorant of the philo-
sophic and indeed the social implications of their work, and that
they sometimes overstate their competence with blatant self-
delusion. This bias is known and widely criticized. What matters
here is that history, seen in the large, provides no sanction for a
conflict between the sciences and the liberal arts. Let us now turn
to the sciences.

2.3. CLASSIFICATION OF THE SCIENCES

Strong voices perpetually remind us of the essential unity of
the sciences; they make us wonder at times whether anything
useful can be gained by an attempt at classification. The French
Encyclopedists of the eighteenth century, the proponents of the
Unified-Science movement ! today, tend to minimize distinctions,
concentrate attention on, and glorify the certainty of, the results
of science. To them, all research worth the name is a grand en-
deavor toward achieving reliable answers to meaningful questions,
with no methods favored and no holds barred. Common aspects
in the work of chemists and physicists, for example, reveal them-
selves not so much in how these men proceed but in the accept-
ability of their products. The correct form for presenting the
unique features of all sciences and the adequate exhibit of their
unity is, in Neurath’s view, the encyclopedia.

Much practical good can come from careful cataloguing of
reliable knowledge, but the pretense of ultimacy implied by the
movement, whose adherents are with few notable exceptions not
scientists in the strictest sense, must be exposed as spurious.
Science is more than a record of results which can be stated with

1For a clear statement of the aims of this group, see O. Neurath, Unified

Science as Encyclopedic Integration, “International Encyclopedia of Unified
Science,” Vol. 1, No. 1, 1938.
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precision; indeed facts can be so fully certain as to be trivial and
uninteresting to science, as most facts are. Perhaps the greatest
thrill for a scientist comes not when he has demonstrated a con-
jecture to be valid but when a departure from expectations
convinces him that an accepted theory is wrong. At present the
physicist’s concern over the unknown behavior of queer mechan-
ical objects, such as weighted rods moving under arbitrary con-
straints, is very mild despite the prospect that he could calculate
their motions reliably, using known principles. Instead he is
greatly agitated over such things as mesons, entities which hover
elusively on the brink of existence and challenge the power of his
method. The most interesting work is done at the threshold of
scientific certainty, and it is almost true that the facts which
emerge above it cease to be of concern. Nowhere, of course, will
science excite itself over issues which by their nature are prevented
from becoming certainties; but one must not mistake this avowed
restriction of scientific activity for its final end.

Characteristically, the proponents of the Unified-Science move-
ment picture science as a kind of surface, as a two-dimensional
structure. They are fond of calling it a mosaic, a picture puzzle
into which the missing pieces must skillfully be fitted.! Such
metaphors are woefully weak even in suggesting what the scientist
1s doing, inasmuch as they describe him as sorting existing alter-
natives when he is creating novelties in facts and knowledge; they
break down altogether when their implications are further pur-
sued. A picture puzzle 1s done when its pieces are all assembled—
a scientific problem is never done. There is a region below every
problem which is illuminated and exposed to view by its very
solution, and in this region new problems are always found. Inves-
tigation goes deeper and deeper into this third dimension, which
the encyclopedists conveniently neglect. It will never do to picture
science as a two-dimensional surface; by ignoring its depth we
falsify its nature. If a simile must be found, Neurath’s two-
dimensional mosaic should be replaced by something like a
three-dimensional crystal, slowly acquiring structure in an infinite,
amorphous matrix.

! Neurath, 0p. cit., pp. 3-5.
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For similar reasons we are compelled to reject the view, recently
expressed by Le Corbeiller,! which portrays the evolution of the
sciences as a predictable and finite process. According to this view
there is only a finite amount of knowledge to be gained in every
field of endeavor, and as discipline after discipline fills its measure,
mankind proceeds toward a millennium in which all facts are
understood, all scientific and social problems solved.

Against this prospect stands the fact that never, except in the
erroneous comprehension of certain stigmatized epochs of history,
has a field of endeavor been regarded as closed. The renowned
presumption of the physicist at the end of the nineteenth century,
who thought his job essentially done and resigned himself to
computing the constants of nature with greater accuracy, was
shattered by the discoveries of the last decades, not to be tolerated
again. Men wholly uninterested in the pursuits of science saw
this point; even Kierkegaard wrote, “With everyone engaged in
the 19th century in making things easier everywhere, someone
was needed to make them difficult again.” If the perfect state of
society can be realized only when natural science has run its
course, as L.e Corbeiller seems to affirm, our hope for it is surely a
vain one. Natural science will go on forever.

2.4. MARXISM AND SCIENCE

The founders of communism 2 have shown much preoccupation
with the sciences and have had a good deal to say about their
organization. Maintaining a focus on social matters they felt,
as did the early positivists, that all activity must be judged against
the background of the economic system in which it develops, and
particularly against the economic needs of society. When applied
to the sciences, this judgment brings into clearer view many
historical facts, many interesting motives for discovery which

1P. Le Corbeiller, Man in Transit, The Atlantic Monthly, May, 1947.

2 F. Engels, “Dialectics of Nature” (Translated by C. Dutt), International
Publishers Co., New York, 1940.

V. I. Lenin, “Materialism and Empirio-criticism” (Translated by A. Fine-
berg), Foreign Languages Publishing House, Moscow, 1947.

See also Sidney Hook, “The Meaning of Marx: A Symposium,” Farrar and
Rinehart, New York, 1934.
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previously tended to be forgotten. It has much merit in broadening
popular appreciation of scientific research. But the socioeconomic
picture presents hardly more than a historical panorama, not a
classification in keeping both with the specific contents and the
methods of the various sciences. To provide this, the Marxists
fell back upon the Hegelian dialectic.

Their procedure is well illustrated by J. B. S. Haldane.! He
shows by numerous examples how science rises from one level of
interpretation to another by three steps: asserting a thesis,
negating that thesis, and finally providing a synthesis. In early
mathematics, for instance, the dialectic process is evident in the
discovery of rational fractions, which was followed antithetically
by the discovery of irrational numbers. From the apparent con-
flict between the two notions there arose, much later, the embra-
cive theory of the number continuum in its more modern form.
The characteristic feature of the dialectic process is the temporary
reign of two rival theories, neither of which can be wholly right
or wholly wrong.

In physics, such situations arise frequently. Before the special
theory of relativity was known, two events were either simul-
taneous or not. We have now learned that many conceivable
events are neither, or both; two occurrences for example, one tak-
ing place on earth and one on the sun, with a time interval of less
than seven minutes between them, can also be said to be simul-
taneous ? because it is possible to find a system of reference in
which both occur at the same time. Another physical example is
the dualism between the particle and the wave. Thirty years ago
the physicist conceived that light, if it be anything at all, was of
necessity either a particle or a wave. Now he has performed the
remarkable synthesis of viewing both alternatives as partial
aspects of a single entity.

Chemistry developed the idea of valence bonds and explained
the stability of molecules in terms of them. But it became appar-
ent that a single assignment of bonds to the atoms in a given
molecule could not account for the facts of observation, and it

1], B. S. Haldane, ‘“The Marxist Philosophy and the Sciences,” George Allen
& Unwin, Ltd., London, 1938.
2 See Sec. 7.8 for further explanation.



22 THE NATURE OF PHYSICAL REALITY

seemed as though the theory were false. It was rescued by Pau-
ling, who devised the theory of resonance and showed how, on a
higher plane, the bond and no-bond alternative ceased to be
exclusive.

As a final example, also taken from Haldane, we mention as
thesis the biological assertion, which is undeniably true: Man is
an individual. But equally undeniable is its negation in the form:
Man is a machine in constant interaction with its surroundings.
Here the synthesis is more obvious than in the former cases: Man
is both.

The Marxist holds that by frequent repetition of the dialectic,
waltzlike movement, science rises to ever higher levels of integra-
tion, and he usually arrives at a hierarchy similar to that of
Comte. The method is impressive in its simplicity, and what it
implies is true. It holds a special appeal for the working scientist
because it gives him the comforting assurance that he will always
conquer his difficulties, for every antithesis will yield to a syn-
thesis as surely as day follows night.

But a philosophy can be so true as to be without positive con-
tent, and we wonder whether this must not be said of the Marxist
dialectic view. Despite its apparent adroitness it claims something
utterly obvious with a pretense of profundity. To show this we
take the dialectic formula to a simpler field in which its triviality
can be more clearly perceived. We consider the motion of a point
in a plane. If someone announced as a great discovery that the
point may progress in nonlinear motion, we should hardly celebrate
his ingenuity, for it is a trivial observation that motions can pro-
ceed along curves. Let us call this statement proposition A.

Now examine proposition B, which says the following: A/
motions, unless they are rectilinear, proceed in three steps. The first
is toward a certain line, the second away from it, the third again
approaches the line but under a smaller angle than the first. For the
present purpose we regard these steps as counterparts of thesis,
antithesis, and synthesis. Proposition B seems to be saying some-
thing interesting, something rather specific. It may be seen,
however, that it is identical with proposition A; it merely succeeds
in putting an analytic statement (a moving point progresses
either linearly or nonlinearly) in seemingly synthetic form.
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We shall show that every motion in a plane satisfies proposition
B. In Fig. 2.1 we have taken two extreme cases: () represents
motion along a path whose curvature does not change sign; in
(6) the curvature changes sign. In both instances the motion has
been approximated by three rectilinear segments, p, ¢, , and a
line L has been drawn. Proposition B is clearly true with respect
to the segments p, ¢, and » in both extreme instances here illus-
trated, and a little reflection will show that it is a fortiori valid

Figure 2.1

in all intermediate types of motion. Hence it is trivial. A line L
can always be drawn so as to make it true. It is nontrivial, and
it ceases to be true, when the line L is specified in advance.

Marx and Hegel do not specify the line L in advance. Wherever
they have to draw it in order to make the dialectic formula true,
there is the direction of progress. The only exception occurs,
perhaps, in the fields of history and economics, where they fore-
cast a general trend. No line is ever drawn in advance when dia-
lectic reasoning is applied to a problem of natural science. Their
whole complex formalism therefore reduces itself to the modest
assertion which is the counterpart of proposition A: Science may
progress deviously.

Our logical analysis may do an injustice to the emotional
qualities of the Marxist view, for it seems common for people
to become converted to it on grounds other than rational. The
claim i1s made by scientific men as outstanding as Langevin and
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J. B. S. Haldane that Marxist philosophy aided them in their
scientific work. In the light of the preceding analysis it is difficult
to see how the dialectic principle can accomplish this except
through an indirect effect upon their social attitudes. After all,
the fact of death is a commonplace, too, but contemplation of it
can make an important difference in a person’s life.

2.5. ComTE’s CLASSIFICATION

One of the most notable classifications of the sciences is con-
tained in Auguste Comte’s “Cours de philosophie positive.”
Based on a powerful and sweeping analysis of human history,
Comte’s theory envisions a ‘“‘natural hierarchy,” among the
special disciplines, whose development parallels that of all human
thought. Mankind has gone through two stages, the theological
and the metaphysical, and is about to enter its third and last, the
positivistic stage. The first is characterized by a belief in super-
natural agencies and engendered fetishism and theistic religions;
the second seized upon abstract ideas in its attempts to explain
events and gave rise to philosophic systems. In the positivistic
era man contents himself with perceiving the relations between
phenomena and formulating them in an invariant way. His
interest is no longer reflective but utilitarian: “voir pour prévoir,
prévoir pour prévenir.”” In a similar manner the sciences proceed
from the general and formless to the specific and the articulate;
their logical structure is reflected in their history. The basis of
the system is mathematics; going upward, one encounters as-
tronomy, physics, chemistry, biology, and finally sociology, the
science founded by Comte.

It is a striking but reassuring fact that this arrangement, which
recommends itself at once as complete and natural, could have
been made without the benefit of Comte’s philosophy and perhaps
without reference to history. For it is also in accord with the
degree of subtlety or refinement which prevails in the various
sciences. And this is probably the more significant observation.
Somehow, generality of application seems always to involve
refinement of procedure. Whether mathematics and physics enjoy
greater refinement than the other components of Comte’s natural
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hierarchy because they are more general, or whether they are
more general because they are more refined, need not be decided
here; at any rate they are not outmoded, as the positivistic
doctrine would require them to be. With this shift of emphasis
from content to structure we have come away from the philosophy,
good or bad, which underlay the classification, and again we are
facing the question of method. What, then, are the differences
in the method or methods practiced in the various sciences?

2.6. CORRELATION VvS. THEORETICAL EXPLANATION

By methods we do not mean primarily the experimental pro-
cedures in vogue. Important as they are, they can be studied only
against the conceptual background from which they arise and
from which they draw their validity. The techniques of organic
chemistry have no meaning at all to the person who does not
know or accept the theory of molecular structure; to study the
techniques by themselves with the aid of laboratory manuals is a
necessary but only a preliminary task. It seems idle to dwell on
this truism-—and yet our whole society suffers from a lopsided
appreciation of external techniques which culminates in the
veneration of gadgets. Experimental procedures are basic theory
plus skill. We propose to inspect carefully the first component,
though always in its relation to the second.

One simple thing can be said about all sciences: They collect
data, and they compare. Data are quite different in different
sciences; what is meant by them is very much in need of clarifica-
tion (see Chap. 4), but we assume here that the term is understood.
The process of comparing, on the other hand, is thought to be
much the same everywhere. The sociologist connects one datum,
e.g., church attendance, with another, e.g., incidence of war, and
finds that one often accompanies the other. The physicist “com-
pares” the appearance of lightning in the sky with the occurrence
of thunder and finds that one usually accompanies the other.
This form of sentence can be applied to innumerable scientific
activities and may seem, at first glance, to describe them well.
In a deeper sense, however, it contains a glaring inadequacy,
vaguely felt when the word compare is used in connection with
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such invariable associations as the rising of the sun and the
emergence of daylight. Comparison seems to hide a multitude of
judgments, and these must be made explicit. It is fashionable to
settle the matter by saying that the coupling of data is directly
causal and hence invariable, or multiply linked to other data in
causal fashion and hence probable, or simply accidental. But this
analysis is so superficial as to warrant no further comment, for
science, particularly recent science, is full of causes which cannot
be classed among the data that are being compared.

What we regard as the correct solution of the problem will
gradually evolve as this study progresses. Our hope at this point
is to make clear, by reference to a few examples, some purely
formal differences between the results of comparative acts in
various branches of science. This is to prepare the way for the
more systematic study contained in the following chapters.

In technical language, the simultaneous or successive occurrence
of different phenomena (our previous “data”) is called a correla-
tion, and this correlation is measurable. For simplicity, we consider
the correlation between fwo types of observations, although the
study could be made with many. But since we should be far from
the heart of science if we did not endow our observations with
quantitative properties, we shall at once introduce some quanti-
tative features. Thus, instead of merely noting the coupled inci-
dence of lightning and thunder, we also specify the intensity of
the lightning and the loudness of the ensuing thunder. Statisti-
cians have devised numerous ways of expressing quantitatively
the closeness of a correlation; such expressions are called correla-
tion coefficients. The rules for computing them from a given set
of observations, being familiar to most scientists, need not be
stated here. Suffice it to say that there are many such rules, each
leading to a numerical measure which is appropriate to certain
types of data. We shall employ one which yields the value 1 when
the two measured quantities, 4/ and B, are proportional to one
another, the value o in the other extreme when there is no correla-
tion at all. Thus in the example lightning-thunder, this correla-
tion coefficient would have its maximum value 1 if the loudness
of thunder (acoustic intensity, to be more exact) were always
proportional to the intensity of the lightning. But since no
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observations on lightning and thunder are available, we consider
others.

The first is admittedly artificial; it is chosen because the result
is almost obvious to the reader. Suppose we write in one column
the natural numbers from 11 to 30, in a column next to it their
squares. Then we erase the first digit of all numbers in the first
column, the first and last digits of all numbers in the second
column. What remains is two columns of integers, and we wonder
whether there is a correlation between the horizontal pairs of
numbers.

There is none discernible to the naked eye, but this is no proof
of the absence of correlation. When we compute the coefficient,
it turns out to have the value o.104, tantalizingly close to zero.
There is almost no correlation, yet there is a little, introduced by
the manner in which the numbers were generated.

The next example is taken from Charlier,! who presents some
interesting meteorological data collected over a period of years.
Measurements were made on: A, the yearly amount of precipita-
tion in a certain area in Sweden; B, the volume of water carried
by the rivers in that area. If the correlation coefficient between
A and B is calculated, it has the value o.705, indicating quite
definitely the presence of some connection.

As a third example, we take a series of accurate physical meas-
urements performed on pressures P and corresponding volumes
V of a gas at constant temperature (Boyle’s law). On computing
the correlation between P and 1// one finds, perhaps to his
astonishment, a value 0.9999918. The limit, 1, is approached so
closely that speculation might arise as to whether in this last
example a new kind of connection, not adequately expressible by
means of a correlation coefficient, has not made its appearance.
We suspect a “law of nature.”

But is a law of nature the mere statement of a reasonably
invariant connection between phenomena? It is possible indeed
to take the position that science is the establishment of a universal
catalogue of correlation coefficients between all perceptible
phenomena. This is not an uncommon attitude among statisticians

1C. V. L. Charlier, “Vorlesungen uber die Grundziige der mathematischen
Statistik,” pp. 88£., Lund, 1920.
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and is rather close to those taken by Mach, Mill, Pearson, and
the Vienna circle. We should acknowledge at once that it is logi-
cally unassailable, and, being a minimum pronouncement, it
represents by all odds the safest view. But it does violence to
certain sciences.

What we hope to show is that there are some sciences for which
this view is proper, others to which it is foreign, and that the
former are constantly striving toward the state of the latter. In
accordance with this situation we distinguish between correla-
tional and theoretic sciences, or, better, between correlational and
theoretic procedures within science.

Investigators bent on basic explanation are never satisfied
with a statement of correlation coefficients. Their reaction to the
discovery that, in our last example, the coefficient differs from 1
by less than 0.00001 is one of curious consternation; they feel the
urge to probe more deeply, to derive this strange uniformity of
experience from principles not immediately given. A complete
understanding of what in fact the workers in all exact sciences do
is the central problem of today’s philosophy of science.

Even at the risk of belaboring this point we wish to illustrate
it in other ways. It is well known that the Egyptians, long before
the time of Pythagoras, knew and used the three-four-five rule
in surveying the land of the Nile valley. This rule expresses the
knowledge that the hypotenuse of a right triangle whose legs are
three and four units in length has a length of five units; it is in
its further implications practically equivalent to the Pythagorean
theorem. Yet we pay homage to Pythagoras’ mathematical
demonstration. (We ignore for the present discussion the historical
evidence, which indicates that the theorem in question was known
to the Hindus and to the Babylonians before Pythagoras proved
it.) Why should it be so important to devise a proof which adds
nothing to the empirical knowledge already available? What
distinguishes the Greek philosopher from the careful observers in
Egypt? The answer is: Through his act a theory was born; the
surface of mere correlation was broken, subsurface explanation
had begun. To put it another way: The contingency of correlation
had given way to logical necessity. This statement remains sig-
nificant even if it is recognized that the necessity is not absolute
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but hypothetical, dependent on the validity of the Euclidean
premises.

Scientists always hail the discovery of subsurface connections
with an acclaim that would be uncalled for if the discovery served
no purpose beyond augmenting and organizing empirical knowl-
edge. Nor do such connections merely provide a useful mnemonic
device for remembering facts. This was done perfectly well, at
the beginning of our century, by Ba/mer’s formula, which allowed
an accurate prediction of the frequencies of the lines in the
hydrogen spectrum. By inserting successive integers into this
mathematical expression the frequencies of all known lines could
be calculated with ease. Yet it was Bohr’s proof of the Balmer
formula, in 1913, which impressed the physicist as peculiarly
brilliant and as settling the problem. Again, in this proof, a theory
of the atom was born. An internal luminosity suddenly shone
through the empirical formula.

The social sciences and economics are as yet not illuminated by
numerous instances of creative proof. Psychology exhibits a few,
such as the Weber-Fechner law, and is becoming increasingly
aware of their importance; biology, particularly genetics, is
rapidly turning theoretical, and physical science has availed itself
almost throughout its history of opportunities for rational proof.
It is true that Aristotle’s science of mechanics, with its distinction
between natural and violent motions and its consequent definition
of force, was largely correlational. Not until the times of Galileo
and Newton, who seized upon the concepts of mass and accelera-
tion, did mechanics become a truly theoretic discipline. His-
torical evidence indicates that all sciences start upon the corre-
lational level and evolve progressively toward the theoretic stage.
At any given stage, no science is entirely correlational, and none
is entirely theoretic. Nevertheless, if there is a significant method-
ological distinction, it is this, that a science is either predominantly
correlational or predominantly theoretic. In this sense one may
call parts of biology, psychology, and economics correlational,
while mathematics, physics, and chemistry are theoretical sciences.

We now owe the reader a more accurate account of what
constitutes the latter type of discipline, for within its structure
lies the key to physical reality.
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A theoretic, or deductive, science does not move wholly in
the thin air of reason. It receives its validity by constant reference
to what is empirically given. The kind of knowledge to which
the term empirically given may be applied will therefore be sub-
jected to scrutiny in the following chapter.

SUMMARY

The vague and conflicting indications encountered in the first
chapter seem to attain precision within science. But what is
science? To what extent is it more than a collection of specific
pieces of knowledge? In answer to these questions we have
searched first of all for the distinguishing marks which separate
the sciences from the humanities, and we have found them largely
wanting. The widely advertised distinction is seen to be little
more than an historical accident.

Attempts are then made to classify the various bodies of
knowledge commonly known as the sciences. In this process
attention is directed to the view represented by the Unified-
Science movement, the Hegelians and the Marxists, and finally
the Comtian positivists. The conclusion is drawn that each of these
views casts illuminating side lights on the meaning of science, but
all miss the heart of the problem.

In Sec. 2.6 we endeavor to show now an analysis of scientific
method, in contradistinction to a survey of subject matter, confers
upon certain sciences a measure of uniqueness. Some proceed by
establishing correlations, that is, by comparing the incidence of
data of different kinds. Correlational procedure is analyzed with
reference to several suitable examples. At a certain stage of
development, some sciences have abandoned the correlational
method and have embraced the use of theoretical hypotheses,
from which facts can in a certain sense be deduced. As a result,
these sciences have become theoretical, exact, or deductive. No
science is wholly correlational or wholly deductive, but the
character of a given discipline may partake predominantly of one
method or the other. The significance of the transition from the
correlational to the theoretical stage is illustrated by examples.



WAYS OF ARRIVING AT REALITY 31

Inductive logic has an important place in the former, deductive
logic in the latter stage.

There is discernible in the history of all sciences a trend toward
the theoretical method which seems to give substance to the
assertion that it is a more perfect and ultimately the more desir-
able methodology. Accepting this clue, our discourse now turns
to an examination of the epistemology peculiar to the theoretical
sclences.
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CHAPTER 3

What Is Immediately Girven?

3.1. THE SCIENTIST AS SPECTATOR OF THE GIVEN

To mosT SCIENTISTS and to many philosophers, what is immedi-
ately given is not a matter for dispute. The desk on which I
write, the automobile which is moving past my window, the sun
in the sky are objects whose palpable presence must simply be
reckoned with. As matters of immediate sensation, they are
sources of knowledge, complexes in memory, origins for trains of
thought. For most purposes it is quite proper, indeed it is use-
ful, to restrain reflection when it seeks to pass beyond this com-
monplace; not only does our normal attitude toward our daily
tasks involve its unquestioning acceptance; much of science is
based on it and proves successful—notably the science called
correlational, which confines itself largely to what is given.

But when we begin to analyze the terms with which the imme-
diate is contrasted, terms like knowledge, memory, or thought, cer-
tain difficulties appear. Where does sensation end and memory
begin? Would mere thoughtless apperception result in our seeing
the sun as an external object, or would it yield nothing but a
vaguely shaped yellow patch, unobjective as a toothache? It is
our intention now to raise these questions in a tentative and
general way, only to transform them later into more specific
problems to which science in fact gives some answers. Modern
physics is based upon a specific answer; it cannot even be under-
stood coherently unless the answer is always remembered. The
questions just asked make it desirable that the nature of the
immediately given be carefully inspected on philosophic grounds;
more importantly, certain phases of modern science such as
atomic physics force this task upon us as a necessary condition
for all pursuits.

33
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To state in advance what we shall find: it is that traditional
science has been much too liberal in investing the immediate
deliverances of sense with many significant qualities, qualities
which according to the modern picture they do not in themselves
possess and which quantum physics had to take back. We shall
have to recognize that sensory fact is born a beggar and does not
carry a silver spoon in its mouth.

The simplest and also the most common way of describing
scientific activity is to picture the scientist as an observer, stand-
ing in a universe and surrounded on all sides by perceptible and
perceived matters of fact. He is part of the universe, and the uni-
verse is not part of him. He is indeed but a minor part of the
universe, and the universe can exist without him. His removal
would affect the universe but slightly, would certainly not ob-
literate it completely. There will, presumably, be other observers
who can attest to its permanence. And as to the existence of the
universe when no spectator is immersed in it, most scientists
would affirm it, though some would regard the question as mean-
ingless. A slight embarrassment arises when the proponent of the
view that asserts independent existence is asked to specify the
boundary between the spectator and the remainder of the uni-
verse. He will then have to admit that most of his body belongs
to the remainder and, upon being pressed, he will surrender his
entire body to it. Thus he is driven back to the citadel of mind as
the only truly spectatorial part of the universe. Mind, or ego,
then appears as a singularity in an otherwise regular and continu-
ous structure.

The strength of this position comes from its complete sanction
by common sense. Common sense is the popularly accepted resi-
due of scientific method, and hence the evidence for the specta-
torial doctrine lies in the circumstance that we have been able to
build physical science upon it. Its validity is indeed contingent
on the success of science thus formulated; if science begins to fail
because of it, the doctrine in question must then be abandoned.!

1 Its abandonment may perhaps entail a further noteworthy change: it may

eliminate the singularity, mind, and thus relieve the philosopher of the mind-
body problem.
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Let us see in what sense the view has produced a successful epis-
temology for science and in what sense it has failed in this respect.

3.2. THE MEecuHaNnistic ViEw oF NATURE

The development of the spectatorial doctrine has gone hand in
hand with the rise of one special branch of physics, mechanics,
and 1s indeed its logical correlate. Early Greek inquiries into the
properties of substance, condensing themselves during the Middle
Ages into the more special concern over the meaning of matter,
led to the epoch-making discovery of Newton’s laws of motion.
The very generality of these laws, the accuracy of their predic-
tions were taken as vouching for the universality and ultimacy of
the entities which they relate, namely, mass particles. Matter was
conceived as that which possesses mass and the whole universe as
made of mass-bearing matter. The spectacle envisioned by New-
tonian physics is one in which masses move in absolute space and
time and are capable of being beheld by mind.

The history of recent physics has detracted considerably from
its simple splendor. The majestic repose of absolute space, mak-
ing the motion of particles within it so impressive by contrast,
became difficult to maintain; and what first appeared to be a
stabilizing background for motion transformed itself into an
uncertain and flimsy attachment to the moving masses: absolute
space became relational space and now owes its existence to
bodies. Even so, the universe is still full of moving masses, but
the stationary background is gone and with it somehow the great
frame. To see whether one mass moves the spectator must now
look at another mass as well, for only relative motion is signifi-
cant. These curious encumbrances of mechanistic nature, though
not recognized fully until the relativity theory cast them into
bold relief, nevertheless harassed the Newtonians in the earlier
days. The writings of Euler and Kant give clearest evidence of
the quandaries into which they were thrown by the relativity of
the space of mechanics.

Then the concept of mass, too, began to lose its basic signifi-
cance. Electrical charges were found to be frequently associated
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with mass particles, and at the turn of the century all mass was
thought to be electromagnetic in character. Nowadays, with the
discovery of neutrons and photons, which have mass but no
charge, the possibility of this reduction must be denied, and mass
(energy) takes its place as an equal beside electric charge. What-
ever will be the verdict of modern research on the mass-charge
problem, it is already certain that the moving stuff on the stage
of mind is much thinner than Newton’s masses, which have been
resolved into whirling essences with a liberal admixture of empty
space. None of this, of course, seriously indicts the spectator-
spectacle drama as the basic representation of science; it merely
suggests that all is not well on the stage. Recent physics, how-
ever, presents arguments which are detrimental in a more serious
way.

3.3. MecHaNisM IN NEED oF Repair

The picture of a spectator (perhaps a mind) embedded in an
objective universe bears a strange analogy to one theory of mod-
ern physics, namely, electrodynamics. The physicist has for a
long time tried to understand the interaction of two charges by
letting the first charge produce a force which causes the second
charge to move. His analysis thus involves an ideal separation
of a field-producing charge from a moving charge. We now know
this distinction to be a spurious one and to be at best only an
approximation. It will be found instructive to examine to what
extent it was successful and why it ultimately failed.

We do not suggest that the spectator-universe relation is more
than a formal analogue of the relation between the two charges.
All we assert is that we have here two situations in each of which
an arbitrary distinction is drawn between two parts. In the philo-
sophic situation we run into difficulties but are uncertain as to
their origin. In the physical situation we encounter difficulties
which are formally quite similar, and we see their source. Here the
difficulties can be traced directly to the imposition of the original
distinction. And this leads us to wonder whether, perchance, the
spectator-universe relation is likewise to be impugned before
philosophy can move ahead.

We now consider the details of this analogy.
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In electrodynamics, a charged particle is said to interact with
other charged particles through a fie/d. More specifically, the force
of one on the other equals ¢/72, where ¢ is a constant for given
charges and 7 is the distance between the particles. This function,
which assigns a value to every point of space exclusive of the
point for which » = o, represents the Coulomb field. The point
for which » = o, and hence the two particles are coincident, is a
singularity because here the force becomes infinite. Now all of
classical electrodynamics was developed by assuming the validity
of the Coulomb field. It was highly successful provided two condi-
tions were respected: (2) The singular point must be avoided.
(4) One of the particles must remain fixed. Condition @ means
that the moving charge must remain a finite distance from the
fixed, or field-producing, charge; the second forbids all questions
with regard to the fate of the field-producing charge. The mathe-
matical singularity seals the mystery of the entity which deter-
mines the motion of the other entity, much in the manner in
which mind conceals within itself the source of its own determina-
tion. Coulombian electrodynamics impressed upon interacting
charges an artificial subject-object distinction. It thereby suc-
ceeded in explaining those phenomena in which the subject charge
was fixed and the object charge was moving. But it surrounded
the subject charge with an impenetrable barrier to understanding.

In physics, the persistence of this enigma has become intoler-
able. Recent investigations in quantum electrodynamics make it
imperative that the singularity of the Coulomb field be removed,
and some of the ablest workers have attempted to do so, though
not as yet with complete success. One result is clear: we shall
never understand the electrical interaction of several charges so
long as they are not all treated on the same footing. Holding one
fixed will not do; ignorance with respect to one introduces uncer-
tainties into the behavior of all others. The analogy with the spec-
tator-spectacle distinction will now be clear: The spectator may
be likened to the field-producing charge, the spectacle to the mov-
ing charge.

It is interesting to note that the asymmetry inherent in the
spectator-spectacle relation is giving rise to similar difficulties in
the philosophy of modern physics. Later we shall study the un-
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certainty principle in detail. Here we assume a general acquaint-
ance with this principle on the part of the reader and merely ad-
vert to its function in linking the observer with the observation.
According to this principle, the act of observation has an impor-
tant effect upon the observed; indeed the act of knowing has an
important effect upon the known.

The philosopher must not shrug this off as self-evident, as a
mere example of what he has long suspected, namely, that meas-
urements always involve an uncertainty because of uncertainties
in the condition of the measuring devices employed. The physicist
would be the first to accept this consolation and resort forthwith
to his accustomed methods of correcting for such uncertainties.
He has long used the theory of errors. This, however, will not do.
The reciprocity between observer and observation is a more basic
one and, as will be shown, requires a reformulation of the whole
of physical description; it requires, in fact, an abandonment of
some very important features of the spectator-spectacle relation.
That relation retains validity only as an approximation to a truer
description, an approximation which happens to be adequate for
the phenomena of our daily lives.

What makes many of us reluctant to yield our roles as spectators
is the solid evidence of what is presumed to be “‘immediately
given.” Moving masses are seen to move; they are obviously be-
fore us in time and space; they occupy definite positions at def-
inite instants of time. In other words, the mechanistic view,
which is so closely adjoined to the representation of the universe
here under examination, appears to be supported by every dis-
closure of our senses. Let us, therefore, not be hasty but examine
the meaning of mechanism in detail and see whether 1t will stand
the test of scientific scrutiny. But first an apology.

The use of the word mechanism in the foregoing account may
have seemed deplorably vague. We hope to redeem ourselves for
this fault in the next section. An observer watching objects about
him need not be a mechanist, since he may invest his world with
laws other than mechanical. The example of interacting charges
was not strictly a mechanical one. But these differences are
hardly important. The mechanistic view in a wider sense is held
by everyone who believes himself to be an observer in an inde-
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pendent universe and who locates all events and objects uniquely
in time and space.

We shall return to the problem of what is immediately given
later in this chapter.

3.4. THE BREAKDOWN OF MECHANISM

The quantum theory indicates that precise location of small
objects, such as electrons, is no longer possible, at least not by
methods now at hand. In telling the story of what has taken place
in physics we start again with Newton’s way of describing motion.
He assumes that a particle ! may, at every instant #, be said to
occupy a point of space and that the points it occupies hang to-
gether in a continuous curve. If it moves along the x-axis, the
position of the particle, x, is a continuous function of #; x = f(#).
To write this equation is to assert that a precise association ef
instants ¢ with positions x is meaningful.

We are not going to quarrel about the fact that any relation of
the form x = f(¢) 1s an idealization upon experience which is true
only in a limiting sense. No finite number of observations can
specify exactly the function f; there is an infinitude of functions f,
all of which can accommodate a finite set of observations. This
knowledge is as old as the science of mechanics and is not embar-
rassing. For if you wish to reject description in terms of continu-
ous functions in mechanics for the reason that experience does not
dictate this description uniquely, then the whole of mathematical
physics must be thrown out and recourse must be had to the cor-
relational procedures of the preceding chapter. All description in
the deductive natural sciences is based upon this idealization,
and the idealization would be objectionable only if science did no
more than describe immediate experience, which we deny.

It looks, then, as though Newton and all of classical physics 2
were entirely safe from every possible criticism. This is an erro-

1 A small, pointlike bit of matter; smallness is necessary in order that ques-
tions as to rotation of the body about an axis will not arise.

2]t has become customary among physicists to regard as “classical”’ the

whole field of physics which antedates quantum mechanics (about 1920). Even
relativity is now part of classical physics.
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neous inference. For even if the relation x = f(¢) can never be
completely verified by empirical means, it can fail for two very
good reasons: (¢) Observation may directly contradict it. (4) The
assumption that the relation exists may contain inconsistencies
when confronted with other facts. The second contingency is par-
ticularly damaging if it arises: Should () occur, one could pre-
sumably modify the function f until agreement with experience is
attained. But if the relation presents basic difficulties affecting
its meaning as in case (4), then there is no hope for it. In quantum
mechanics we are facing situation (4).

An example will serve to illustrate this. If you tie a stone to a
string and whirl it, you can see it moving in a circle, and a rela-
tion like ¥ = f(#) unquestionably represents our visual experience
provided that x now stands for the distance measured along the
periphery of the circle. Even if the stone is made to whirl as fast
as the hand permits, the eye can follow it and thus verify the
relation.

If a body is attached to a rapidly spinning wheel, its motion
can no longer be discerned by the unaided eye. Association of
exact positions with exact instants of time—which we shall hence-
forth call c/assical description —now becomes a slight extrapolation
upon immediate experience, but one which need cause us no con-
cern. For there are numerous ways in which the body, though it
appears as a circular streak to the eye, can be made visible for
the purpose of checking its position; stroboscopic illumination,
for instance, will do. As the speed of rotation is increased, this
method will ultimately fail, but some devices, like high-speed
photography, are still available. Even if the body makes a million
revolutions per second, photography will “spot” its (more or less)
instantaneous position.

What if it goes around 10® times per second? In this range of
speed there happen to be no means for spotting the body in its
motion, at least no means as direct as those considered so far.
Also, objects of our ordinary experience, like stones, have not
been made to revolve quite so fast, but charged particles in a cy-
clotron do. If physicists were thoroughgoing operationalists they

1 This is a well-nigh universal terminology among physicists, who apply the
word classical to everything at variance with latest theories. The word is
already collapsing under its ever-increasing burden.
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would have given up classical description at this point because of the
absence of experimental devices for corroborating the association
of x and #; but they did not do so. They clung to classical descrip-
tion long after this experimental infelicity was known.

This is because the unavailability of measuring techniques was
deemed incidental. Being inveterate optimists, physicists hoped
that someday means would be discovered whereby x could be
measured as a function of £. And in this optimism they fell prey to
the complacent assumption that classical description must of
course always work. They now know that it violates the laws of
nature.

To see this let us leave the uncertain region of speeds which lie
just beyond the limit of direct detectability and go down to the
atom, where, according to Bohr’s “classical” theory, the electron
revolves about 10'® times per second. Measurements as such can-
not confirm this figure. Yet our minds can visualize such motions
as easily as they picture the whirling stone. In spite of this free-
dom of our imagination we could never see the electron. If it were
to be seen, it would have to reflect or emit light, and it takes time
for light to be emitted or reflected. The “birth period” of an
ordinary beam of light ! is approximately 107° second, that is to
say, it takes a light beam about 107'° second to emerge from its
source. In this time, the electron in the Bohr atom would have
performed a million revolutions, and the best which light could
tell us is that the electron’s position is a circular smear.

Here one begins to wonder whether we have no obstetric means
for speeding a light ray’s birth. In trying to do so one runs straight
into a fundamental difficulty, long known in optics but not ap-
plied to the point here in question. Reducing the birth period of
a light ray means shortening the length of its wave train. We
know from Fourier analysis that shortening the wave train in-
volves broadening the spectrum toward higher and lower fre-
quencies. Our electron, however, does not possess enough energy
to supply the high frequencies. In other words, seeing the elec-
tron in its motion would contradict the laws of classical physics!

Light is not unique in its refusal to tell us what the electron is

1 This birth period is essentially the “lifetime” of an excited atomic state. See
for instance H. E. White, “Introduction to Atomic Spectra,” McGraw-Hill Book
Company, Inc., New York, 1934.
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doing at x and £ Every other conceivable messenger (conceivable
within the framework of the known laws of nature) is caught in
the same contradiction, and indeed in several others. Among them
is the well-known interaction between the messenger and the
electron, mentioned in the preceding section; the electron’s reac-
tion to sufficiently energetic signals is strong enough to alter its
motion; and the message itself would be confused between what
was and what is now the state of motion. To summarize: No con-
ceivable observation could possibly substantiate the relation x
= f(¢) without violating the laws of nature. We are facing, not an
empirical difficulty, but a serious inconsistency in the very heart
of science.

Thus the physicist was confronted with a simple alternative:
either to give up the contravening laws or to alter his classical
mode of description. Closest inspection of the contravening laws,
which include the principle of conservation of energy, left no
doubt of their validity; modified laws ! designed to remove the
conflict met with failure. Hence physics was forced to renounce
classical description. It is no longer proper to speak of an electron
as having a definite position at a definite time. Intuition is delud-
ing us when it insists on the significance of this association. After
all, intuition has often deluded us before. Did it not also convince
the Greeks that atoms have taste? Does it not somehow suggest
that electrons have color? We have accustomed ourselves to dis-
missing common sense in these instances. We shall also have to
accustom ourselves to the thought that particles do not have
unique positions in space at specific instants.

Our present purpose being served, we need not continue here
with a detailed account of quantum mechanical description, the
type now current in atomic physics. This account will follow in
due course. But to keep the reader’s imagination in reasonable
bounds we do wish to guard against certain conclusions.

a. Classical description cannot be saved by merely saying: The
electron is an extended body which occupies many different points

1 See the attempt of N. Bohr, H. A. Kramers, and J. C. Slater [P4i/. Mag.,

47:785 (1924)] to modify the principle of conservation of energy and its refuta-
tion by W. Bothe and H. Geiger [Zeits. f. Physik, 26:44 (1924) and 32:639 (1925)].
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at a given time. Several models of an extended classical electron
have been proposed; ! none is satisfactory.

. It is not correct to say that the electron has properties which
science cannot comprehend. The evidence lends no support what-
ever to this sort of mysticism; quantum mechanics continues to
describe the electron, and its description is adequate, though dif-
ferent from what is customary, as we shall see.

¢. It is often said that all is well, provided that the electron is
pictured as a particle for most purposes but as a wave for the
sake of discussing its motion. This procedure transfers the difh-
culties elsewhere and solves nothing.

The lesson to be learned is simple: In basic matters we must
discipline our intuition and rely more heavily on abstract thought.
In essence, the new analysis ceases to specify x as a function of ¢;
but it does state the probability w that the electron be at x. Thus it
describes the smear; if, for example, w is constant, the electron is
equally likely to be encountered anywhere on the circle; if w is
large in a certain region, the electron is more likely to be encoun-
tered there in measurements. The new description implies nothing
about the place of an electron at every instant, for it talks about
happenings when observations are made.

Suppose w, when integrated over the upper semicircle, has a
value 23, its value over the lower being 14. Then we know the
following: Let an apparatus be arranged to determine whether
the electron is in the upper or the lower half of its path—this
can be done without violating laws of nature so long as no pre-
tense is made as to determination of the exact time at which it
was there. The apparatus will catch the electron sometimes in its
upper, sometimes in its lower arc. Our w function asserts that it
will be found twice as often in the upper as in the lower part
of the circle. w(x) does, in fact, not even say it was there, for it
refers only to what is observed. Extrapolations, while not forbid-
den, are always undertaken at some risk.

The new description is less extravagant than the old; it is
weaker in a logical sense. w(x) is implied by ¥ = f(¢) but does not
imply it. Hence the quantum mechanical probability could be

! Abraham developed a theory picturing the electron as a solid sphere; Lorentz
assumed it to be a spherical shell. Schrédinger at one time pictured it as a cloud.
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computed if classical description were valid; but an exact associa-
tion of » with ¢ cannot be inferred from quantum mechanical
(probabilistic) description. Classical physics, though abundantly
fed by our fond imagination, leads an indoor life and is bound to
succumb to that vitamin deficiency which befalls theories when
‘they withdraw themselves from observation. This is the accurate
epistemological diagnosis.

Fortunately, the ailment leaves the patient at present unhin-
dered in all practical affairs. For when quantum mechanics is ap-
plied to the motion of ordinary objects, it can be shown to yield the
same results as classical physics. Practically, therefore, the latter
discipline retains its lease on life because it is a good approximation
to the correct form of description. This accounts for its successes.
But it should not be forgotten that in a basic sense a stone obeys
the same laws, and is subject to the same kind of uncertainty
regarding its instantaneous position, as an electron. But the
amount of uncertainty, being inversely proportional to the mov-
ing mass, is very much smaller. While we could not localize the
electron in its entire orbit, our inability to localize the stone is
confined to a region so small as to be quite insignificant.!

Modern physics is an indictment of the universal adequacy of
common sense. [t cautions against too glib an acceptance of the
so-called “deliverances” of our senses. And for that reason the
foregoing considerations have an enormous bearing on the prob-
lem of the present chapter: the character of what is immediately
given in experience.?

3.5. THE THEORY OF AuxiLiARY CONCEPTS

The physicist has made his choice in rejecting as basically incor-
rect the classical description of motion. The philosopher has not

1The mass of a two-pound stone is about 10® times as great as that of an
electron. While the uncertainty in the position of the electron within an atom
extends over 1078 centimeter, the corresponding uncertainty in the position
of the stone would be confined to a region of 1078 centimeter and could never
be directly observed. See Chap. 18.

* Experience, in the terminology of this book, is a// experience and includes
thought, conjecture, and feeling as well as sensation. But the word empirical
is used in its customary sense as opposed to rational.
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always been willing to follow him. The philosopher’s reluctance,
strengthened by the cajoleries of common sense, is aided and
abetted by the physicist, who, when talking as a philosopher,
sounds like a classical physicist. The confusion of the actual
situation is best presented by a bit of dialogue. A theoretical
physicist, having solved a quantum mechanical problem, tells his
philosopher friend what he has found. The latter objects: “Good
heavens, man, you don’t mean what you are saying! We all know
that phenomena take place continuously in space and time. Your
results cannot be true.” To which the physicist replies: “Oh, I see!
I’'m glad you pointed this out to me. Of course you must be right,
for you should know.” Then he begins to mince his words to
please his friend. But he goes right on solving the Schrodinger
equation.

Our philosopher, too, has a second thought. He cannot quite
forget the physicist’s embarrassment. Hence he invents the theory
of auxiliary concepts. It holds that science, released from the bond-
age of sensory experience, no longer describes reality but makes
“models” of reality which serve only the purpose of explanation
and calculation. They are what the Germans have called Rechen-
grossen, quantities or entities useful in calculating and predicting.
No one will deny their usefulness, for they allow us somehow to
sneak up mentally behind reality and say peekaboo to it. In its
extreme form, this is the view of Mach, who regarded all non-
perceptible entities (e.g., atoms) as artifacts, as auxiliary concepts
not related to sense impression. Accepting it, we are assured that
all is well; the electron together with all other invisible entities of
modern physics are figments of the imagination.

This is the extreme form of the theory of auxiliary concepts. It
is the most defensible and at present the least widely held. Its
more moderate form, which counts numerous adherents both
among philosophers and physicists, appeases science by granting
that electrons, photons, protons, mesons, having perceptible qual-
ities, are indeed more than Rechengrissen and belong to “nature.”
Then it faces the other way and proclaims that our description of
them, deviating as it does from the straight and narrow classical
path, is more or less subjective and presumably not final. Accord-
ing to this view the physicist, in abandoning the classical form of
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description, permits himself a methodological lapse into imagina-
tive territory. He is forced to make it, so the argument goes, be-
cause he 1s ignorant or because his methods for observation are not
sufficiently detailed. But the physicist restores his scientific status
by at once admitting it and by regretting his lapse. This equivocat-
ing attitude deserves no comment but condemnation.

If there is anything characteristic and incontrovertible in the
procedures of modern physics it is the fact that quantum mechani-
cal description is more true to the nature of electrons than the classi-
cal assignment of x to . Only because they wished to remain
true to observation did Heisenberg, Dirac, Schrédinger, and Bohr
abandon the latter practice. Anyone who believes the part of
physics which accounts for the motion of stones and planets and
yet takes it upon himself to criticize the theory of the atom be-
cause it is too abstract is guilty of deceit; for he endeavors to en-
force upon scientific method the familiar features of his grade-
school world, refusing to learn anew. If science is trusted in what
it says about the moving stone, it must also be believed in what it
says about the electron. Common sense is a most docile thing; it
can be trained to regard this and even stranger things as obvious.

"It never leads, it always follows science.

3.6 THe Given Is INTERNAL, NoT ExTERNAL TO EXPERIENCE

We started this chapter by conceiving man as a spectator of
the universe and recognized how the polarity of the spectator-
spectacle becomes an obstacle to ultimate understanding. We saw
how mechanism, as the formal structure and the driving power
of the spectacle, tended to lose its validity because of its failure
to include the observer. And finally we witnessed at length how
the character of what the spectator thought he was perceiving,
namely, the hallowed space-time-matter complex, degenerated
into probabilities for perception. The spectacle has begun to
involve the spectator. It is with this background of knowledge
that we now face the problem we were so long in approaching:
What is the nature of the immediately given?

Let us acknowledge one simple fact: [t must be sought within
experience. It is wholly unwarranted to start a theory of knowledge
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with the ontological premise characterizing the spectator-spectacle
distinction. If experience, on proper analysis, invests this distinc-
tion with meaning, we are ready to accept it, but even then only
as a property of the contents of experience, actual or possible.
I do not deny that the tree in front of my window is a real tree—
real in a sense to be clarified—a tree which can be seen, touched,
climbed, or felled; I refuse to perform the leap from this tree to
another entity behind it, an entity which “causes’” me to have
these experiences. This restraint is proper throughout science,
throughout epistemology. Physical science needs no ghostlike
world beyond that to which it refers.

The reader may sense here an unfriendly attitude toward
metaphysics, a kinship with positivism. Whether we shall live
up to this prejudgment is uncertain, for there will be a good deal
of metaphysics later in this book. It seems most unwise, however,
to make a particularly violent metaphysical assumption, that of
transcendental realism, at the very beginning before the investi-
gation gets started, and to let it put an a priori limitation on all
procedures. If it turned out that science becomes impossible or
difficult, if experience could not provide a stable basis for an
objective world from within itself by immanent procedures, then
we should be forced to undertake the initial metaphysical plunge.
But we hope to show this to be unnecessary.

Whoever wishes to undertake this plunge can still go along with
us, but only under one condition. He must not impart uncritically
to the transcendental elements of his universe those synthetic
properties which our mind is only too prone to bestow upon them:
existence in common-sense space and time, substantiality, and
so forth. He may accept the Kantian Ding an sich if it gives him
comfort. The author prefers to start his journey without meta-
physical impediments and to acquire them en route as needed.

The given, we have urged, is to be sought within experience,
not, of course, within mind. Whatever mind may be will emerge
from a careful study of experience; it is a fatal error to lift it
out of context at the beginning of all inquiry and thus to convert
it into an intractable singularity in the field of experience, without
use or meaning. The Lockian view with its material and mental
substances is a typical attempt to avoid these difficulties; it fails
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because it creates a dualism, a system in which the difficulty has
been made into law. Northrop! points out interestingly how
Locke’s philosophy is a natural sequel to Newton’s physics. This
gives perhaps the clearest perspective in which Locke’s episte-
mology can be viewed and indicates at the same time its science-
bound limitations.

Location is not one of the properties of bare experience, though
elements within experience may or may not have location. It
is therefore never necessary to say where experience is. Nor is
there anything external to experience, for such a spatial attribute
can at best be only a metaphor. However, in saying this we do
not surrender what is commonly meant by an “‘external object”
if that term is correctly understood. The adjective external as
used is in fact gratuitous, added perhaps for the sake of emphasis
but not with metaphysical deliberation, and implies a quality
peculiar to certain things of our experience. We shall call this
quality objectivity, and we shall indeed find room for it, the rules
certifying what is objective in things being a major part of the
epistemology here presented. The problem of externality thus
becomes the problem of objectivity.

Ability to invest objectivity with meaning is what saves the
present approach from landing us in Berkeleian idealism. Berke-
ley’s error was to regard experience as not significant in itself, as
requiring transcendental stabilization, which it attained by being
the thought of God. For Kant, on the other hand, significance is
an essential element of experience, an element with which expe-
rience is born and which is attached a priori in different measure
to different parts of it. The point we shall endeavor to make is
that experience does not come with predetermined significance
nor without any significance whatever: significance has to be
determined within it, has to be discovered by procedures of which
we all are vaguely cognizant and which reach highest precision
in the methods of the theoretical sciences. Only in this way can
we avoid the difficulty which Husserl raised for Kant by asking:
Why should not all clear contents of consciousness be allowed to
compete with sense data in determining reality?

tF. S. C. Northrop, “The Meeting of East and West,” The Macmillan Com-
pany, New York, 1946.
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3.7. SENSE Darta

Having defined the field within which the immediately given
is to be sought, let us then look for it. What is a sensory perception
when it is not construed as a message sent by the unknowable?
It is simply an element of experience distinguished from others
by its spontaneity, by its relative independence from the other ele-
ments, by its irreducibility. Kant’s apt phrase, “the rhapsody of
perceptions,” describes it well. The sensory part of my experience
in seeing a tree is the residuum which remains when all rational
aspects and all mnemonic associations are deleted from that
experience. This residuum cannot be conjured up at will; it can
be thought or represented in memory and yet declares itself to
be unmistakably different from thought and representation.
It can be the source of thought and the terminus of an expectation.
Being the irreducible residuum of experience it withdraws itself
from rational manipulation, and this is the reason why pure
elements of sense perception, such as the blue of the sky as cur-
sorily apprehended, or the fragrance of the flower, or the seen
shape of this desk, can never figure by themselves in physical
theories. They must be translated into wavelengths, chemical
compounds, and geometrical figures: they must be “rationalized”
before being scientifically treated. In fact, they must be rational-
1ized before they can be discussed at all. In this sense they are
truly immediate, residing on that level of experience which defies
analysis, but they are not part of a stratum of significance that
transcends experience.

There is another way of putting the matter: Uninterpreted
sensory perception is the completely passive component of expe-
rience. One can of course be passive and yet highly alert. An
attitude of expectancy combined with the passive phase may
surround sense data with a texture of rational relations, but it
does not make them rational in themselves. It is in recognition
of this feeling of passivity that language tends to describe sense
data in the passive voice: we are being assailed, we are being
given—the very word datum reflects this tendency. Unfortu-
nately, the hazard of insinuating the presence of an ulterior
“giver” is not always easy to overcome; traditional “substance”
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realism finds an ally in linguistic habits. To avoid the bias to
epistemology it might be well to replace the word data by habita,
but we shall bow to custom (while urging the reader to make his
own clear decision on this point) and continue to use “‘data.”

Equally seductive is the word presentation, which seems to
suggest the introduction either of some unknown newcomer
politely given to us by nature or perhaps of a poster with a message
suddenly held up before us at the end of a long pole, the other end
of which is not visible. The only virtue of the term presentation
lies in the ease with which it can be related verbally to represen-
tation, the active repetition of data in memory.

Neither the property of being spontaneous nor that of being
passively encountered sets a bona fide sense impression apart
from sudden pain, dreams, hallucinations, and optical illusions;
the latter are or can be as irreducible, as clear, as vivid as the
image of the sun in the sky, and their perception need not be
confined to a single person. They are therefore not to be excluded
from the class of sense data. Whether or not they are significant
is another matter. Significance, however, is not a characteristic
indelibly stamped upon the deliverances of sense and therefore
cannot be determined by reference to sensory data alone.
Strangely, the realm of the immediately given is divided into what
is valid and what is not by an appeal to principles which are not
themselves furnished by sense. But more of this later.

If the immediately given is defined by the attributes of spon-
taneity and a certain passivity characterizing its incidence, if it
is nothing more than that which, within experience, declares
itself to have a character of its own, then we have no right to
limit its range to what is called sensory perception in the narrower
sense. We must indeed include all its manifestations, the sensa-
tions ordinarily regarded as objective (seeing the tree) as well as
the affective presentation of awe in a religious experience. The
reason why the former are usually singled out as sense impressions
par excellence is that science has evolved a universally accepted
formalism for rationalizing data, by means of which their objec-
tivity can be certified. For the latter type of immediate experience
this has not been achieved on nearly so wide a scale.

Finally we would note that the use of the singular, datum, is
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not a happy one. What we encounter in purely sensory experience
is ineffably complex and multiple; every attempt at dividing it
into individual parts is artificial and arbitrary. When we divide
the tree into trunk, branches, and leaves, we are not dissecting a
group of sense data (tree) into “datums”—we are dividing an
object into parts. The denotative immediacy of the sensory tree
can be vaguely decomposed into “‘solid brown round upright,”
“green moving patches,” and so forth, but individuality and
singleness cannot be assigned to any part of it.

The foregoing study is far from complete as an account of
experience. For one thing it ignores emotional and volitional
factors and says little about judgment and action. Occasion may
later arise for dealing with them, and our omission thus far is
not meant to be detractive to the importance of such factors in
experience. In physical science, it is true, they play a lesser role;
but they are of greatest aid in linking science with the whole of
human activity. Second, our study has been evasive with respect
to a rather critical point: #hose experience does it describe, yours
or mine? It might seem to leave the author sinking in the morass
of solipsism, where he calls to himself for help. At this stage the
temptation to draw such a conclusion may be great, and I ask
the reader to postpone his decision, for later on we shall find
unique criteria for discerning the objective from the nonobjective,
and there is room in every experience for objects having expe-
rience. Meanwhile, I can only hope that I have described correctly
a certain limited part of both—your experience and mine.

SuMMARY

Most of the contents of Chap. 3 are matters on which philo-
sophical controversy has nourished itself for centuries. They are
elementary and are deemed by many to be below the level of
present-day philosophic interest; they raise questions that are
not wholly scientific, certainly questions that do not yield to the
techniques of modern empiricism. In the center of our discussion
stands the query as to what is immediately given in experience.

There is an important need for returning to such questions
despite their unpopularity at the present time. Twenty years ago
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the physicist was disposed to consider them academic and useless,
as inviting idle speculations among philosophers. Meanwhile,
however, he himself has disinterred the bones of old disputes; his
quantum theories have raised again the very issues he thought
academic. Quantum theory is meaningless without a clear under-
standing of what, precisely, is immediately given. For if the physi-
cal investigator were undeniably given such facts as the position
and velocity of particles—to cite a famous example—how can
the uncertainty principle deny their observability under any
circumstances? [f time is given immediately in sensation, how can
the physicist make theories that fashion time after abstract
mathematical patterns? Modern natural science presents many
such challenges to unsettle the complacency of those who thought
they had been emancipated from the debates of “school philos-
ophy.”

In the vein of these convictions we have examined the mechanis-
tic view of nature, in which the observer or possibly his mind is
exposed to the spectacle of external events. It is found that the
spectator-spectacle relation is difficult to maintain in the face of
the newer knowledge of science, primarily because the knowing
subject intrudes itself unpreventably into the objective scheme of
things. The theory of auxiliary concepts, which is briefly sketched,
will not exonerate the spurious spectator-spectacle distinction,
and it becomes apparent that a new start must be made. An
analysis of a/l experience 1s suggested as the correct point of
departure. The simplest type of experience, i.e., immediate expe-
rience, or sense data, is then superficially examined, and it is
shown very briefly how it functions as a terminus for cognition.
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CHAPTER 4

Departure from the Immediate;
Constructs

4.1 THE CONTINUITY BETWEEN THE SPONTANEOUS AND
THE REFLECTIVE!

O~E orTeEN THINKS of data as kinds of experience which point
beyond themselves. By virtue of this transcendent linkage, it is
supposed, data enjoy a unique position in the scheme of reality,
with a stability and a significance all of their own. This view has
very naturally created the illusion of a marked cleavage within
experience, between sense data as parts of the immediately given
on the one hand, and representation, abstraction, thought on the
other. Accordingly, data are easily distinguished from concepts.

On our view, which encourages experience to walk on its own
feet and denies it the use of ontological crutches, and which
therefore forces us to seek meaning and significance within our
own cognitive procedures, the difference between sensory fact
and thought is not so apparent. We shall argue that sensation as
part of the process of knowledge is not wholly sui gemeris and
that a passage from the qualities that signify an act of clear
perception to those characterizing pure thought may well be
gradual.

Beforehand, however, one possible misunderstanding should
be forestalled: In asserting such continuous gradation we are not

1 The arguments set forth in this section are rudimentary and incomplete.
For a careful and competent treatment of all matters within the purview of
the present task, but from different philosophical standpoints, see B. Blanshard’s
two volumes, “The Nature of Thought,” and C. L. Lewis, “An Analysis of
Knowledge and Valuation,” The Open Court Publishing Company, La Salle,
1L, 1947.
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referring to psychological continuity only. Psychological evidence
is indeed in our favor; but we mean to say that, in addition, an
analysis of the immediately given and of rational concepts as
methodological parts of the cognitive process, or of logic in its
wider sense, will reveal elements common to both realms.

The coerciveness of the given, when not interpreted as the
mystic hint of the real, resolves itself into spontaneity and
passivity of experience, as has been shown, and these qualities
are not wholly peculiar to sensory perception. One may talk
eloquently, and in general meaningfully, about percepts vs. con-
cepts; yet the speaker finds himself embarrassed when asked, for
example, whether the equality in size of two objects, fleetingly
perceived in a casual glance without intent at judgment, is the
one or the other. On the one hand, many concepts have sensory-
empirical aspects because of their reference to the immediately
given (indeed this empirical circumscription of thought has been
made a basic recognition by British empiricism and by some of
its modern descendants), and it is quite clear on the other hand
that sensory data require concepts for their interpretation. Torn
out of its context in experience, the immediately given becomes
as grotesque as its counterpart, the rational, has often been
when nourished in seclusion. Unless one is careful not to disturb
the natural setting of data and thought, one’s philosophy is
artificial and certainly unrepresentative of science.

Let us then acknowledge what is evident: An act of perception
may be heavily weighted on the side of immediacy; I may dream-
ily or joyfully dwell among the ineffable, loosely integrated aspects
of a clouded, sunlit sky. Or it may be pregnant with rational
relations, as when I watch the swing of a galvanometer on a scale,
expecting confirmation of a causal prediction. Again, a concept
may be so abstract as to invite no response from the world of
data, as for example the idea of a unitary matrix or a differential
operator. Or it may be accented on the intuitive side, as the con-
cept of a man or a tree. We believe that experience can move con-
tinuously between all four of these, that there are typically
rational and #ypically sensory parts of cognition, and that it is
wrong to ascribe to mind, as the receptacle of experience, one spe-
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cial faculty of perception ! and another of reasoning. Certainly,
concepts and percepts can in general be distinguished, and we shall
continue to regard them as discernible; but they merely form
extreme types of activity, or results of activities integral to the
process of knowledge.

Most of this activity is in the field of concepts; what is imme-
diately given in sensation lies, figuratively, in a thin limiting
layer, or on a limiting plane of experience. We are endowed with
the ability to pass from there to any point among concepts, arbi-
trarily far from the limiting plane. How this is done will be
further discussed in Secs. 4.3 and 4.4.

4.2. Tue HaziNess oF THE IMMEDIATELY GIVEN

The fact of continuity between the spontaneous and the reflec-
tive elements of experience has an important bearing on logic.
To the degree in which a concept approaches the spontaneous, does
it incur difficulties of precise explicit definition. A pure abstraction
1s always easy to define: as an example, the mathematical concept
of a group may be considered. Its definition is complete and
adequate, for there is never any doubt as to whether a set of quan-
tities forms a group. Denotatively given things, on the other hand,
always elude precise definition. When they are to be incorporated
in a logical system, either they function as undefined elements or
else generous allowance for uncertainties must be made. If a dog be
defined as a four-legged mammal with numerous other charac-
teristics, all of which are specified, then a difficulty arises every
time a three-legged dog is encountered.

There is this inherent logical diffuseness in all parts of the
immediately given, and it is important that this be clearly recognized.
Because of it one may deem it questionable whether formal logic
can ever ingress far enough into the spontaneous elements of
experience to give a satisfactory account of them. At any rate it

1'The term perception, when used without qualification, is intended to be
synonymous with sensation, sensory awareness, and the like. It may designate
the content of the perceptive act as well as the act itself, both being aspects of
the same experience in the view we advocate. For finer distinctions, see Blan-
chard or Lewis, op. cit.
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is obvious that an epistemological investigation like the present
one need not pause, in fact cannot undertake, to define exactly
what it means by such terms as percept and concept, the spon-
taneous and the rational. We shall encounter this penumbra of
meaning again in another context (cf. Chap. 6).

If the view here stated is correct, it must have important effects
upon the meaning of reality, and it allows an important lesson to
be drawn. Spontaneous experience is richer than logic, to be sure,
but it is also richer than language, which is a primitive form of
logic. The rational can be adequately symbolized, either by ordi-
nary language or in some other way, but the immediately sensed
loses its fullness upon expression. Again the metaphor of a penum-
bra comes to mind. The process of translating experience into lan-
guage may be likened to the projection of the shadows of objects
upon a screen. A point source of light casts sharp geometrical
shadows, a broad source surrounds each shadow with a region of
haziness. It is as though the source of illumination increased in
size as we proceed from reflective to spontaneous or sensory
experience.

We may now properly judge the transition from meaning to
language to logic. Something vital is sacrificed in every one of
the steps involved, and the loss is greatest in the field near percep-
tion. That is why logical positivism, in so far as it restricts itself
to an analysis of scientific language, can never do complete justice
to science; it must forever talk about propositions, where the
scientist concerns himself with meanings that are prior to proposi-
tions.

4.3. THE Passace From Data To OrRDERLY KNOWLEDGE

At this point the reader may perhaps reach a conclusion most
unfavorable to the objectives of this book, namely, that the
author’s position, in so far as it differs from positivism, differs by
his embracing mysticism. And it may not seem worth while to go
on reading an argument if its writer openly admits being hazy
about the definition of some of the terms he uses. But here we
ask the reader’s indulgence and beg him to consider two things:
first, that the frank acknowledgment of the existence of logical
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uncertainties, grounded in the nature of experience and not
injected by carelessness, dispels rather than creates mysticism;
second, that the reader, to the extent to which his experience 1s
richer than our language, is able to reconstruct from hazy outlines
the sharper contours of meanings. Thus it is quite proper for us
to assume that we know what a dog is even if we may not be
able to define him, that we understand the difference between an
ass and a horse although the mule may baffle us. Similarly, we
are justified in taking for granted the difference between the
rational and the immediately sensed in our own experience despite
the existence of regions where they merge. And, above all, it is
still significant to ask how we get from one to the other. It is this
passage which has recently worried Eddington and many others,
who found it difficult to make sense out of the physicist’s assertion
that a physical object, as revealed by semse, has constituents
(atoms, electrons, latent photons, etc.) whose properties are
described by mathematical abstractions. Here lurks a problem of
which traditional philosophy has not always been wholly aware.

The passage in question, while not abrupt, nevertheless has
its starting point amid sensory awareness and ends among items
of orderly knowledge, thus correlating fragments of experience !
of different sorts. Its simplest form is the act of reification, which
associates with the various ephemeral aspects of the visual tree
the public object “tree.” This process is often erroneously de-
scribed as a synthesis or an integration of immediately perceived
qualities or relations. In fact it is much more than this, for the
intentional object ““tree” implies an infinitude of aspects not given
in sensation. Werkmeister,? though yielding to convention in his
use of the terms symthesis and integration, speaks in his most
careful passage of an “imaginative supplementation” of the
perceptually given. Clear cognizance of this distinction has been
apparent in the Kantian and Neo-Kantian school of thought, and
much of the emphasis conferred upon this point by that school
is now indispensable as a condition for comprehending modern
science. It is not our intention, however, to follow the Kantians

1 As to our meaning of experience, see footnote 2 on p. 44.

* W. H. Werkmeister, “A Philosophy of Science,” p. 103, Harper & Brothers,
New York, 1940.
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beyond their clear recognition of an important distinction, toward
what appears to us an untenable position of transcendentalism,
with its attendant dichotomy of mind and nature.

Let us make sure that we understand the difference between
the seen tree and the physical object, tree. The visual, tactile,
kinesthetic impressions composing the former are supplemented
by two kinds of qualities when knowledge of the objective tree
results. The first kind has reference to sensations, though not
actually present sensations. The immediately given involves
nothing but a few spatial aspects of the tree at any moment: one
side of the surface is seen, parts of the surface are touched, the
trunk is found to be solid, and so forth. Various aspects can be
combined in integrative fashion; we may look at different places
and combine in one synthetic impression the different bits of
awareness. Whether we say that we have at this stage already
passed beyond the evidence of what is immediate is of no impor-
tance; to affirm it would indeed be an artificial limitation of the
realm of sense data. The transition, as has been noted, is a gradual
one. But we do not stop here. We draw on memory and attribute
to the tree an interior which is not now seen, an interior which is
brown and hard when seen and felt though not now exposed to
view and touch. We assume that it has roots which could be made
visible by digging, cambium that would bleed if its bark were
injured. All these properties might be called integrative since they
result from an addition of a multitude of remembered perceptions.
They do not, however, constitute the objective tree.

For this is after all the whole of all properties, including those
not remembered and those not known. Natorp and Cassirer have
often signalized this fact by a linguistic artifact in German which,
unfortunately, loses its point in English. An object, they said, is
not gegeben but aufgegeben; it is not “given” in the usual sense of
the word but “posed” as a problem. We leave aside for the present
all the mysterious implications of this thought-provoking phrase-
ology and focus attention on what it clearly means, on the con-
ceptual character of the objective tree. This has brought us face
to face with the second kind of quality, previously mentioned,
the kind which is more than an abstraction from or integration of
sensory perception. This class includes the noteworthy property
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of permanence, or continuity of existence, which could never be
abstracted from data. For a finite sequence of perceptive impres-
sions can supply continuity no better than a finite number of
points can generate a line.

The act of reification of data involves more than integrations:
it involves construction, construction in accordance with rules.
Objectivity emerges as a result of this procedure; to assert objec-
tivity is our way of acknowledging the success of the transition
from data to the rational wholeness of constructed objects. But
this does not mean that we have solved the problem of objec-
tivity, for it is necessary to illuminate the obscurity surrounding
the word success. We have indicated only that objectivity, if it
attaches to experience, is brought into the scene during our passage
from the immediately given to what may here loosely be called
concepts or ideas.

What these concepts are must be further investigated. They are
not, as is sometimes claimed, the invariant aspects of sense data.
This view mistakes the invariant for the rational, and the rational
can hardly be called an aspect of sense. Furthermore, objective
things change in a manner somehow conformable to data and
therefore can lay no claim to temporal invariance. The other view
which should be mentioned as unsatisfactory is one which iden-
tifies the object with the sum total of all possible sense data, as
was done by Mill, Hamilton, and Pearson. For it leaves the matter
trustingly in the hands of the unknown, as does every reference
to the possible. Aside from being evasive, this view is also false,
since the known character of an object determines what future
sense data are possible quite as much as these determine the
object. We postpone for a while the study of these conceptual
objects and return now to the “rules” which led to them.

4-4. RuLEs oF CORRESPONDENCE

Are these rules unique, and is their verdict inescapable? Do the
impressions which normally evoke the idea, tree, always compel
this response? Brief reflection here is likely to lead to affirmative
answers—longer reflection may, however, negate them again.
We wish in fact to show that the rules are not unique. So long as
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attention is confined to reification, which constitutes the most
obvious and therefore the most difficult example of a passage from
data to reflective knowledge, the Kantian view of necessary corre-
lation (through schemata) is the most natural. But if we look upon
this act of reification as an elementary form of a device used under
more complex circumstances throughout science, if we view it as
the simplest instance of a universal class of relations which join,
in a less intimate way, the smell of gas to an open valve, the
elasticity of rubber to the shape of its molecules, the blue of the
sky to a certain wavelength of light, then perhaps the illusions of
predetermination and of inescapability in these relations dis-
appear. That all these relations are of the same type epistemologi-
cally cannot be doubted, I believe, for 1 am struck with the fact
that I am doing the same kind of thing when I note the complex
of sensa before me and pronounce them a desk as when I look
again and associate with its color a certain wavelength. If there
is any difference it is the trivial one that I learned to do the one
as a child, the other within my memory.

Now certainly there was a time when people had the impression
“brown” but did not pass (by virtue of one of our so-called
“rules”) to the concept wavelength. Nor is life particularly
unpleasant for those who do not make this passage now; indeed I
sometimes wonder if the physicist does not spoil his own aesthetic
enjoyment by indulging too freely—by habit if not by desire—
in complicated associations of this kind. However that may be,
they are not unique, and, perhaps worse, they change as scientific
theories change. If reification is one such rule of correspondence,
applied automatically, it must owe its semblance of uniqueness to
the practical invariability with which it is performed.

Of course we can refrain from seeing a light and constructing it
into an object, as we do in the dim consciousness of half waking.
It is quite possible that in other cultures, among the orientals for
instance, the transition is performed in a different way or is not
performed at all. Could it be that the Hindu’s nirvana, reputedly
so unattainable to Western man, is its willful suppression?

Notable is also the fact that we do not apply any such rule to a
large part of our immediate experience. We have seen that, as far
as immediacy and spontaneity are concerned, many affective
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sensations are indistinguishable from perceptions. Yet rarely,
and never uniquely, do we proceed to construct objective essences
as analogues of affective sensations. From the point of view of
epistemology the theologian who seeks the “rule” for passing from
an immediate experience of religious awe to a divine presence is
doing precisely the same as the neurologist who correlates this
feeling with a certain condition of the nervous system; and both
are attempting what the physicist does when he associates a
wavelength with a color sensation. The questions as to which rule
works and is finally adopted and whether a given set of data may
be translated into concepts by several different rules cannot be
answered until we investigate the part played by the concepts.
Against the Kantians we should thus argue that the specific
character of the passage from raw data to organized knowledge,
so clearly discerned by them, is not grounded eternally in the
nature of experience. It has simply evolved. The act of reification
is, in fact, the first step taken by our race toward more sophisti-
cated procedures now prevalent in the exact sciences. To see in it
and in similar rules the “transcendental conditions for the possi-
bility of all experience,” to smuggle in a few synthetic a prioris in
the guise of forms of pure intuition along with them, is more
hazardous now than in Kant’s day, when a sweeping phrase-
ology, liberally interspersed with the mystic and untranslatable
schlechthin and diberhaupt, was sufficient to ensure exalted stand-
ing for theories of knowledge. Science has made continued inroads
into the a priori; it has taught us the danger of forming unquali-
fiable beliefs about experience. And so, to be safe, we shall regard
the rules not only as having evolved but even as alterable.
Throughout the writing of the preceding pages a mild shudder
has run down the author’s spine every time he used the term rule
for the manner of passage from data to concepts, since there is no
assurance that this usage may not give an altogether unfortunate
bias to the meaning intended. A rule is usually something which
can be stated, has a range of application, and has content. The
relations here in question cannot always be stated except by
reference to the terms they relate; they are often simply passages.
In a sense, therefore, they have no content of their own. Their
range of application is also difficult to specify; we know when the
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tree rule applies, when the stone rule, or the sunset rule, or the
person rule, or the wavelength rule, or the electron rule applies;
but this knowledge is often habitual and is clear only in its appli-
cation; indeed it could hardly be otherwise in view of the haziness
of the given. In many respects, therefore, the word rule is a
misnomer; it was chosen because of its lack of color; we wanted
to avoid mystifying the reader even at the risk of temporarily
misleading him.

F. S. C. Northrop,! in discussing the connection between the
“empirical component of any complete object of knowledge to its
theoretic component,” uses the very appropriate term “epistemic
correlations” for these rules. When adopting this phrase occa-
sionally hereafter we shall remember that the correlations do not
have positive epistemic content, that is, do not confer validity
upon knowledge in and by themselves. They have to be considered
within a larger context of method before they become significantly
epistemic, and their acceptance is determined by the functioning
of the conceptual apparatus which they generate. In earlier writ-
ings, the present author 2 has called them “‘rules of correspond-
ence.” Later we shall see that Bridgman’s 3 operational definition
is a special type of these rules. It seems best at this time to illus-
trate their use by reference to further examples.*

1 F. S. C. Northrop, “The Meeting of East and West,” p. 443, The Macmillan
Company, New York, 1946; see also his earlier writings.

2 Phil. Sci., 2:48,164 (1935).

3P. W. Bridgman, “The Logic of Modern Physics,” The Macmillan Com-
pany, New York, 1927.

¢ The rules of correspondence might be regarded as a modern, though very
specific, version of Kant’s ‘“transcendental schemata of the understanding.”
Similar concepts in the more recent literature are Norman Campbell’s “dic-
tionary” of a theory (“The Elements”) and Bridgman’s “text” of equations
(“The Nature of Physical Theory’). The distinction now current between the
“syntax” and the “semantics” of a theory (see Charles Morris, “Signs, Language
and Behavior,” Prentice-Hall, Inc., New York, 1946) also makes manifest the
need for our rules of correspondence, which fulfill a semantic purpose. Semantics
is in fact the study of those rules of correspondence which join immediate
experiences ostensively with the words of a language.

It is thus seen that the function of these rules extends very far. In this book
we limit our discussion of them to certain aspects which are of importance in
science, leaving aside for example the vast field of linguistics.
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Examples of Passages from Data to Orderly Knowledge. When
one studies the linkage between the immediately given! and its
conceptual counterpart in isolation from the totality of scientific
method, as we are now about to do, he is bound to be troubled by a
sense of artificiality pervading the whole analysis. This is because
relations that are merely exhibited necessarily appear ad hoc.
Hence we beg the reader to defer his final judgment on the appro-
priateness of our account until he has seen a little more of it.
Meanwhile, let us consider five different examples illustrating the
points at issue.

1. The simplest application of the rules has been discussed; it
is the act of postulating a thing in the face of certain sensory
evidence. This was called reification. That this thing be an external
object cannot be certified by the “rules” alone but requires
documentation of another sort, documentation which refers to
the coherence of our entire experience. We must thus distinguish
between a rule that reifies and the larger part of experience that
objectifies. The inverted palm tree seen in the sky over the desert
is a thing but not an external object in our sense. The reifying
rule of correspondence only has been applied to it. We acknowl-
edge that the present use of terms, thing and external object, is
arbitrary, but the distinction intended is not. In this chapter we
pay no attention to the validating procedures which supplement
the application of the rule.

2. Another passage from Nature 2 to concepts, which is a little

11t will be economical and less pretentious if we now introduce a simpler
term in place of the “immediately given.” We have already used “data.” In
doing so no attempt has been made to separate those immediate experiences
from which transition always is made to orderly, conceptual knowledge (these
are usually called sense data) from those which at present do not permit such
transitions in a manner acceptable to all (sensation of guilt, sudden pain, etc.).
We now collect the former class of experience and call this part of the imme-
diately given, “Nature” with a capital N. Although aware of the fact that this
usage is not in agreement with custom—for nature includes far more than
Nature—we shall nevertheless select this artifact for its brevity and leave until
later all questions concerning the relation between the two. Similar semantic
decrees will be encountered as the book proceeds. Our discourse will thus become
more convenient even if somewhat strange.

3 For the meaning of “Nature” as distinct from
footnote.

«

‘nature,” see the preceding
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less direct than the foregoing, occurs whenever the postulated
thing is endowed with specific qualities of its own, qualities not
“read from data.” As a case in point we mention the assignment of
mass to bodies, the act which sets the science of mechanics going.
Newton’s apocryphal experience in the orchard at Woolsthorpe
led him easily to the object, apple; assigning mass to the apple,
however, was another step. By taking it Newton was enabled to
formulate laws of motion, the law of universal gravitation, and
so forth. Now it is to be observed that mass is something very
specific, not seen or even felt, something that requires careful
definition in terms of data.! What interests us here is the circum-
stance that adoption of the idea “mass” again lands us in rational
territory where theoretic procedures are possible, which are not
possible among the bare elements of Nature. And the way by
which we got there is different from that which led us to reify the
apple. Mass, though not part of Nature, has some intuitable
aspects; but it lies somewhat farther from Nature than does the
apple.

The intuitable qualities, vague as they are, of concepts such as
mass tend to delude us into thinking that they are data. This
tendency is strongly augmented by the bluntness of language,
which fails to provide different words for separate meanings.
There is a way of feeling the mass of an object, as Dr. Johnson did
when kicking the stone in order to convince Berkeley of its reality.
This so-called “mass” is immediately given; but a glance at a
physics text will convince anyone of the difference between it and
the mass which the physicist employs in the laws of motion.
The same confusion embraces almost all quantities encountered
in natural science; force, energy, light, sound are examples. To
avoid its annoyance the physicist has found it necessary to use
the words subjective and objective, which illustrate the difference
but leave it with a metaphysical prejudice. Let us then be careful
in ferreting out the multiple meanings of words.

3. The rule of correspondence between color and wavelength,
already referred to, deserves brief examination. On the side of
Nature there is the visual red. Certain operations, not unlike the

1See, for example, the elaborate definition of Mach, of which a résumé is
given in Lindsay and Margenau, ‘“Foundations of Physics,” pp. 92— 94.
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inspective, the tactile and kinesthetic investigations which re-
sulted in the idea “tree,” must be performed before the concept,
wavelength, arises; a spectroscope with prism or grating must be
at hand, the light must be properly collimated, the slit adjusted,
the telescope focused until a line appears on a scale. Finally we
read the wavelength, let us say 6,948 angstrom units, from the
scale. The rule in this case is highly instrumental and leads to a
concept which is not very obviously related to its perceptible
counterpart. The wavelength itself, of course, is not perceptible
even if a line is seen on the scale. But it might be called pseudo-
sensible because it admits of sensual representation in the form
of the length of other types of waves which can be seen.

4. There are instances in our immediate experience where one
body is repelled by another. Under certain circumstances the
physicist considers it proper to say that these bodies are elec-
trically charged, and he proceeds forthwith to ascribe an electric
field to the surroundings of the repelling bodies. He goes further
and associates with every point of spacc in the neighborhood of
the bodies a vector called fie/d strength which he denotes by E.
Its numerical magnitude is the force which would act on a certain
charged body if it were placed at the point in question. The field
strength is not a force, but a latent force which can be made
evident by suitable procedures. Clearly the rule by which E is
constructed is of a highly complex sort, involving both instru-
mental manipulations and mathematical processes. Moreover, E
is not found in Nature and is difficult to visualize; we shall call it
abstract and understand this term as the opposite of concrete in
the customary sense, not literally as “drawn from” sensory
experience.

Abstractness of explanatory concepts does not trouble the
modern physicist; in this respect his mood differs significantly
from his predecessors’ of the last century. Faraday, for instance,
whose great contributions to science include the formulation of E,
found himself unable to accept it as an abstractum and invented
the space-filling ether to give it respectability. To him, electric
fields were stresses in an all-pervading ether. But we now know
from the theory of relativity and from many experiments that
respectability, if it is to be construed as the quality of being
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imaginable through sensory representation, is purchased at too
high a price. So the ether was abandoned, and electric fields
became physical quantities in their own right, quite apart from
matter. The fashion concerning respectability has changed to
more formal proprieties, which are studied later in this book
(Chap. 3).

5. As a final example of the operation of the rules of correspond-
ence we choose an even more difficult one, and one which empha-
sizes strongly the point just made about abstractness. Conditions
occur in which the physicist asserts the presence of electrons.
We shall assume here for simplicity a rather idealized though not
impossible situation where he can allow single electrons to be
emitted by an electron gun. He wishes to find the position of an
electron a certain time after its emission.

Now we have already seen in Sec 3.4. that this position cannot
be determinate; hence the use of the word position must be
acknowledged to be loose. In other respects, too, we have been
forced and shall continue to be forced to use common words
ambiguously. For instance, the whole description of the last
paragraph was indiscriminate in sometimes referring to Nature
but more often to concepts already separated from Nature by the
application of our rule in various forms. Thus we talked about E
as related to Nature and summarized this relation by a linkage
between E and the force on bodies. In fact, however, neither force
nor bodies are parts of immediate sensation. Yet we have used
these terms in that context as though they were, tacitly expecting
the reader to supply the further simple rules of correspondence
which make them such. This incompleteness of statement will
be apparent in much of the following discussion; it can hardly be
avoided, except by adoption of a highly formalized and artificial
language. With this understanding we return to our example of
an electron’s whereabouts.

To satisfy his desire the physicist sets up an electron counter
which clicks whenever an electron enters its opening. Assume the
opening to be very small and the gun pointed exactly toward it.
Then it will be found that an emitted electron will sometimes enter
it and sometimes miss it. A person acquainted with modern
physics will not think this strange, for it stands to reason that
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various influences conspire to deflect the electron from its straight-
line path. But numerous facts, firmly embedded in the theory of
quanta, require us to reject this explanation of the electron’s
manifest departures, force us to say it has no exact position.
Hence the physicist repeats the experiment many times, allowing
electrons to be emitted from a gun fixed in position but with the
counter in slightly different places. He thus determines the prob-
ability (or relative frequency, if the reader pleases) with which
an electron, whose state is prepared in a definite way, is found
at the various points of space. The function ¢, defined in such a
way that the squares of its absolute values shall be identical with
the observed probabilities, is then the state function of the elec-
trons thus prepared.

The ¢ function is a property of an electron just as truly as the
blue color is a property of the sky. It is a physical quantity in the
same sense as a wavelength or an electric field. And it corresponds
to aspects of Nature. But the correspondence, while perfectly
unambiguous, is highly instrumental, selective, and refined. The
rule in this case takes us from data by a long path into the field of
the abstract, but it plays nonetheless the same methodological role
as did the rules encountered in the preceding four examples. They
take knowledge from bare sensory fact to a domain in which
logical processes are possible; for in terms of ¢ functions we
can reason and predict, where no amount of listening to counter
clicks would have made this possible.

Notice, too, how another unusual feature has made its appear-
ance. A ¢ function is related by a rule of correspondence, not to a
single event in Nature, but to many. A/ the counter responses
are synthesized via the rule into one state function, and the syn-
thesis involves the idea of probability. This may seem strange or
even objectionable from the standpoint of classical physics. If it
does there is but one remedy: The methodology of classical science
must be enlarged to accommodate such features.

1 Dirac’s book, “Quantum Mechanics,” Oxford, New York, 1930, contains
most of the arguments which make this conclusion inescapable. See also
J. von Neumann, Mathematische Grundlagen der Quantenmechanik, Springer-
Verlag, Berlin, 1932. The present discussion is an anticipation and a brief sum-
mary of the material developed more cogently in Chaps. 16 to 18.
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4.5. CoNsTRUCTS

The examples of the foregoing section were selected with a
purpose in mind. They illustrate in their chosen order a progres-
sive widening of the gap which is spanned by the rules of corre-
spondence. In reification we take but a small step toward con-
cepts, in assighing mass we move a greater distance, until finally,
in defining a state function, we make a flight of considerable
magnitude into the very abstract. We have spoken of one rule in
each of these instances, but this should not predispose us against
admitting the resolvability of any rule into an arbitrary number of
simpler rules. In theoretical formalisms, including logic, it is
dangerous to count entities, for there is rarely a way of determin-
ing what entities are basic. Ideas, concepts, relations do not satisfy
the axioms of arithmetic.

If such reduction is performed, it will be found that among the
new relations there are some which do not have one terminus in
Nature but join two or more different concepts. For instance the
relation, counter clicks — ¢ function, could be broken up into
two: (1) counter clicks — electron; (2) electron — ¢ function. Of
these the first has one leg in Nature, the second none. Whether
or not we regard the second as a rule of correspondence is a matter
of nomenclature only; we prefer not to do so at present and con-
sider it a relation between entities already made determinate by
rules. But it should be clear that any given rule of correspondence,
or epistemic correlation, can be arbitrarily extended on the con-
ceptual side by adding relations of type 2.

A rule of correspondence links what has here been called Nature
to entities which we have vaguely termed concepts, ideas, reflec-
tive elements, and so forth. For these, too, we should now intro-
duce a special name. A particular tree or a particular electron is
hardly a concept because of the generic implications of that word.
And yet our rules lead to particular trees and particular electrons.
Nor can these entities be termed ideas unless one wishes to open
the floodgates to misunderstanding. On the other hand they do
partake of the character of concepts and ideas by being rational,
by submitting themselves to logical procedures in a much fuller
measure than do the data of Nature.
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To indicate that they are not mere gleanings from the field of
sensory perception, that they come into their own through what
are felt to be creative processes in our experience rather than
through passive contemplation; to emphasize their rational
pliability and yet to distinguish them from shadowy concepts,
the writer has previously called them comstructs. Although this
usage has justly been criticized as vague and has at times been
misunderstood, I am still at a loss for a more appropriate name.
Every familiar term is preempted, and I should incur the wrath of
my scientific colleagues were I to waste a Greek word on anything
less than an atom-smashing device. Hence, with apologies to the
reader, I shall continue to use the term.

A construct is not found ready-made. It has many of the qual-
ities of an invention. Here perhaps even the sympathetic reader
will shake his head, for it is obvious that tree, mass, electron are
more than inventions and hence more than constructs. But we
do not deny that they are more than mere constructs. They are
useful, or, to be much more precise, they are valid constructs,
valid in a sense to be more precisely defined later. Ghosts, mirages,
and the luminiferous ether are also constructs. It is the principal
business of a methodology of science, and indeed of all epistemol-
ogy, to investigate what requirements a construct must satisfy
to be admitted as valid, or, as we shall later say, to become a
verifact. To this task we devote the next two chapters. Let us
understand, then, that our designation, construct, is intended to
assign to trees, electrons, ghosts, and devils merely their correct
genetic status in experience; the character of being a construct
does not alone provide an entity of thought with scientific im-
portance.

At the risk of repetition it is necessary once more to consider
the already labored point about the difference between concepts
and constructs. Clearly, the tree is the construct; the unitary
experience of the tree is summed up in that way. The tree is
permanent exactly to the extent to which permanence has been
invested as a rational element in the construct. There is not a
tree and my construct of it, nor a wavelength and my construct
of it.

Nevertheless there exists a large area of discourse in which the
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word construct, as we have employed it, is wholly synonymous
with concept. Thus, to consider another example, the construct,
electron, when used without any qualifying reference to time and
space, is also what is commonly called the concept, electron. But
when we speak of the concept of a particular electron, that which
has just impinged upon a fluorescent screen, we are prone to
imply a distinction between that concept and the actual object
on the screen. The attitude we have endeavored to sketch wipes
out this distinction. The electron, as an external object, is the
construct. Of all the words readily available, concept is the closest
to what we wish to designate; but a desire to avoid commitment
to realism on the one hand and to idealism on the other, and to
avoid reopening the problems which such a commitment would
involve, has determined the author to continue the use of the less
customary term.

Among more modern writers it was Karl Pearson ! who gave
currency to the word construct. However, he employed it in quite
a different way and ascribed its use to the biologist Morgan. On
page 41 of “The Grammar of Science” we read:

Owing to the large amount we ourselves contribute to most external
objects, Professor Lloyd Morgan, in the able discussion of this matter
in his Animal Life and Intelligence (p. 312) proposes to use the term
construct for the external object. For our present purpose, it is very
needful to bear in mind that an external object is in general a construct—
that is, a combination of immediate with past or stored sense impressions.
The reality of a thing depends upon the possibility of its occurring in
whole or part as a group of immediate sense impressions.

The spirit of the foregoing discussion precludes our acceptance
of the meaning of the term with Pearson’s excess of positivistic
seasoning.? Trees, molecules, electrons, genes are not compounded
from sense impressions, past and present, alone. They also contain
rational elements which point beyond all the aspects of immediacy
that go into their making.

We hold that abstraction is an elementary form of construction,

1 Karl Pearson, ‘“The Grammar of Science,” 3d ed., Part I.

2 Pearson goes on to say (ibid., p. 66): “The mind is entirely limited to the
one source, sense impression, for its contents; it can classify and analyze, asso-
ciate and construct, but always with this same material. . . .”
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and only an elementary form. An abstraction is the union of
particulars into universals and occurs at all levels of a science.
Construction, in addition to performing this union, endows the
product with suitable properties of its own: it is a creative as
well as a synthetic act.

The difference can be made clear by considering the ideas of
space. The space abstracted from experience has very little uni-
formity; it is a kind of private space, nonhomogeneous, non-
isotropic, with a bewildering variety of idiosyncrasies. Indeed
it is hardly proper to speak of one abstracted space—one should
speak of many, a visual, tactile, auditory space, and so forth.
Constructed space, however, like Euclidean or Riemannian space,
towers above these others by virtue of a postulated uniformity
which, in a way to be discussed hereafter, both welcomes and in
large measure defies the onslaughts of immediate experience. The
word construction is meant more nearly in Russell’s sense.! To
him, it signifies the replacement of complexes of sensation by
mathematical relations because of formal similarities between
them. In the following it will appear, however, that his emphasis
on mathematical similarity is stronger and his conception of the
replacement more phenomenalistic than is advocated in this book.

SUMMARY

Experience, in becoming complete and integrated, moves from
the sensory and spontaneous to the rational and reflective. By
this transition, the elements of the given take on orderly traits
and allow reason to take hold of them. Among the peculiarities
of bare sense data is a certain logical haze, a tangled connected-
ness, which defies classification of mere data as individuals. For
this reason it is not possible to define datal experiences in a manner
other than denotative or extensive.

The passage to orderly knowledge involves the positing of
constructs, which are the rational elements to which datal expe-
rience is made to correspond. An external object is the simplest

1 B. Russell, “Our Knowledge of the External World as a Field for Scientific
Method in Philosophy,” The Open Court Publishing Company, La Salle, IlL.,
1914, and George Allen & Unwin, Ltd., London, 1926.
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construct which we habitually set over against most kinds of
sensory awareness. Others are geometric forms, numbers, and
most of the refined entities of modern physics. Invention of a
construct does not carry with it the assurance that the construct
is scientifically acceptable or that it is part of reality. The condi-
tions under which these qualities may be asserted are subject to
examination in later chapters.

Experience moves from data to constructs via guiding relations
which are called “rules of correspondence.” These are studied in
connection with several examples, and the following facts emerge:
The simplest rule of correspondence is the reifying relation, the
transition from the unanalyzed visual aspects “tree” to the ex-
ternal object, tree. Others are less direct, as for instance the rule
which leads the physicist to postulate a wavelength when a cer-
tain blue light is seen. The rules of correspondence, it is held, are
not eternally grounded in the nature of things, nor are they
immediately suggested by sensory experience; they are important
parts of every theory of nature and receive their validity from
the consistency, the internal neatness and success of the entire
explanatory scheme.
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CHAPTER 5

Metaphysical Reguirements
on Constructs

5.1. Constructs ARE Not WHoLLY DETERMINED
BY PERCEPTION

From THE NARROW FIELD of the immediately sensed, experience
flows along channels marked by “rules of correspondence” into
that freer domain of concepts in which logical operations become
possible. If the rules of correspondence were uniquely set by
sensory experience and if their correct discernment, effected by
contemplation of data without recourse to metasensory principles,
satisfied our yearning for understanding, then the term construct
as a designation for the counterparts of data would be ill chosen.
If, however, the rules are not in themselves unique and if, further-
more, the rules do not settle whether what they define is physically
acceptable, the conative flavor of the word recommends its use as
proper. In that case other validating principles, not yet considered,
must be at work in the cognitive process. The counterparts of
sense are then merely suggested by data; they are tentatively
offered for examination or provisionally constructed under the
guidance of assumed rules of correspondence. We shall endeavor
to show that the latter is the case.

The history of science is full of instances which corroborate our
view. Selecting a particularly obvious one, we recall that the
sensory experience “water” was correlated with a geometrical
figure (icosahedron) by Pythagoras, with smooth atoms by
Democritus, and is at present correlated with the formula H,O
and with all that it implies. This is a paradox if Nature conveys
to us predetermined and valid rules of correspondence. Similarly,
one cannot follow the development of optics, the changes in our

75
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conceptions of heat, sound, electricity, chemical affinity, combus-
tion, the firmament, or our notions about the human soul without
being impressed by the multitude of ways in which man has
endeavored to link Nature with reason. Nor can he maintain, in
view of such evidence, that the method now in vogue has any
likelihood of being ultimate.

The situation is badly confused by those who insist that our
choice of rules is but apparent, arising from the limitations in our
knowledge of Nature, and that there would be no uncertainty and
no choice if all possible sensory experience were now at hand. If
this were true, one would have to regard the historical process as
self-correcting and as converging upon the ultimate rules of corre-
spondence, and furthermore this convergence would have to be
regarded as enforced by data alone. Now there may be such con-
vergence, and the historical process may be self-correcting rather
than periodic or cyclic or random—this point cannot be es-
tablished by scientific evidence alone. But the corrective factor,
if present, is not supplied entirely or even predominantly by
external observation; internal consistency, simplicity of concep-
tion, and elegance of formulation have at least an equal share in
controlling scientific progress. Data alone do not furnish suffi-
ciently stringent conditions to render our understanding unique.

This fact has been recognized and at times exaggerated by
modern thinkers. Poincaré attributed so much weight to formal
principles, which he regarded as subject to fairly free manipula-
tion, that he termed the selection of constructs in large fields of
science conventional. Mach and his followers clearly perceived the
failure of constructs to be uniquely given by Nature; and therefore
they took them to be fictitious concepts, invented for the purpose
of economy of thought. Such attitudes do reflect a significant
aspect of all constituents of physical theory. But they are in error
because, upon recognizing the insufficiency of observations for
defining theory, they stop all inquiry and look no further. In the
present chapter we shall investigate certain ideal principles which
supplement the rules of correspondence in their function of pro-
ducing acceptable theory. But to show more clearly the need for
such principles, let us illustrate further the insufficiency of these
rules for generating constructs.
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The simplest, and certainly the safest, type of epistemic corre-
lation is one between sense data and the workings of a divine
Providence. Experience can never controvert it, and if Nature
alone determined theory, this would be the best possible interpre-
tation of the sensory universe. However, scientists reject it; they
reject it, not because it fails, but because it fails to satisfy them,
and it fails to satisfy them because it is too blunt; it lacks, strange
to say, the appropriate degree of metaphysical refinement. The
very fact that it can never be shown in error is against it,
makes it violate what might be called the spirit of science, the
rules of the game. Soon we shall have to answer carefully the ques-
tion: Why is such a theory unscientific despite the circumstance
that its rules of correspondence are simple—simpler perhaps than
those which cause us to reify an object—and despite the fact that
they cannot miscarry?

A similar though less trivial situation arose in physics at the
beginning of the twentieth century. The habit had been formed
among investigators to correlate data with mechanical models.
Here men were on surest ground, for Poincaré had shown, or was
believed to have shown, that every phenomenon could be reduced
to some form of model. No serious doubt on this point arose until
Heisenberg and Dirac appeared; yet models had been abandoned
in electrodynamics and optics long before the decisive discoveries
of quantum mechanics were made. Clearly, such abandonment
was not required by new experimental facts; it took place for
subtler reasons. And let it be noted that the attitude of the late
mechanist, his insistence on models and his preference for intuita-
ble schemes, was itself rooted in a texture of convictions about
the world, and not dictated by Nature.

Our knowledge of the force of gravity has gone through a
number of interesting phases. With Aristotle there was no force
at all; falling bodies were in natural motion and required no
force. This position, together with the strange definition of force
which it implies, is quite unassailable on empirical grounds but is
unsatisfactory on others. It yielded to Newton’s conception of
universal gravitation, one of the grandest scientific theories ever
known. General relativity now tends to replace it, and it is
instructive to see why that theory claims to be superior. In the
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realm of the immediately given one finds only two exceedingly
small effects which are out of accord with Newton’s law: the
advance of the perihelion of the planet Mercury and the deflection
of light rays passing near the sun. Both of them could be easily
taken care of by a slight correction of Newton’s law, a correction
which leaves its essential constructs and its rules of correspondence
intact. But Einstein wishes to scrap its entire conceptual structure,
do away with masses and forces, assume that all bodies move
along straightest paths, and put the blame for apparent deviations
upon space. His arguments are powerful indeed; his case, however,
does not rest on the little effects mentioned above but attains
significance and persuasive power by an appeal to principles which
unify our understanding.

Finally, we cast a hurried glance at one of the problems of
today. The constituents of atomic nuclei are held together by
forces which are known to be vastly more intense than the familiar
forces of electric or gravitational attraction. They also show an
unexpected kind of variation with the distance between attracting
particles. Why should the physicist regard these facts, which he
could well accommodate within the old scheme of things by
acknowledging the discovery of a new and strange set of forces,
as a challenge to his intelligence? The only answer is that he felt
that there could be nothing so blunt and matter of fact as a new
set of forces entering the scene unannounced and coming from
nowhere; his faith in the internal fitness and the simplicity of all
explanatory schemes reasserted itself and is now rewarding him
with greater knowledge about mesons, of all things! For it turned
out that the meson, the newly discovered nuclear particle, is the
origin of these strange forces.

What, then, are the principles, aside from rules of correspond-
ence, which guide us in forming constructs, and whence do they
come?

5.2. SCIENCE AND METAPHYSICS
We have endeavored to show that the directing principles do

not come to us out of the sense world. It is perfectly proper to
say that they are imposed on experience by reason, provided that
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we mean by imposing a manner of fitting rather than of constrain-
ing. The conformity between theory and experiment is not that
between a die and its cast but that between a liquid and an object
submerged in it. The metaphor becomes even more appropriate
if we think of the object as elastic and yielding slightly to pressure
of the circumambient fluid and of the fluid as shearing off or
dissolving minor irregularities from the surface of the object.

To speak less vaguely and to show the rational principles at
work, we select the example of nuclear forces for further brief
consideration.! First there was the empirical evidence of new
forces between the elementary particles composing matter, a
state of affairs created by new observations (Chadwick’s discovery
of the neutron, recognition of protons and neutrons as building
blocks of nuclei, binding energies of nuclei, the scattering of
neutrons and protons by protons) coupled with old rules of corre-
spondence. The baffling features in this situation were the enor-
mous strength of the forces between nucleons ? (about 10%® times
the strength of the gravitational force) and the extremely short
distance over which they act (this distance, called the range, is
only 1/10,000 of the diameter of an atom). Why should these
features be bafling?

In the eyes of the nonscientist the greatness of a discovery is
often commensurate with its strangeness, with the amount of
public surprise it occasions. To the scientist, however, this is a
clear misapprehension, for he distrusts great departures from
expectation and suspects error or incompleteness in a strange
discovery. He is more easily bafled than the newspaper scientist
and has greater faith in the reasonableness of his experience. In
the case of nuclear forces he simply concluded that the departure
from reasonable expectation was too great, that it represented a
violation of what has sometimes been called the “consistency of

1 A simple account of this subject may be found in B. Hoffmann, ‘“The Strange
Story of the Quantum,” Harper & Brothers, New York, 1947. A somewhat
more technical account is in a paper by H. Margenau and R. B. Setlow, 4m. J.
Phys., 13173 (1945).

* The name nucleon for any of the particles composing an atomic nucleus is
coming into general use. Nucleons known at present are the proton, the neutron,
and at least two kinds of meson.
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nature” (meaning experience); he preferred to believe he knew
only part of the story.

The Japanese physicist Yukawa then made a brilliant sugges-
tion: If particles of mass intermediate between that of an electron
and that of a proton existed in the neighborhood of two inter-
acting neutrons or protons, the attraction between them could
be explained in the same way as that between ordinary charged
particles. The suggestion was brilliant because it lessened the
strangeness of the original discovery, because it restored consist-
ency to experience. And the remarkable fact is its success; the
conjectured particles were found in cosmic-ray researches.

Belief in something like “consistency of nature” is certainly a
powerful factor in scientific research. An account of the philosophy
of science, indeed of the meaning of reality, cannot afford to
neglect it as a methodological factor. Under the name of consist-
ency of nature the principle in question is certainly vague, and we
intend to formulate it much more clearly. But despite its present
obscurity one sees immediately that the principle is not implied
by any specific set of data and, in so far as it regulates our inter-
pretation of the immediately given, its character cannot be deter-
mined completely even by the finite totality of all data. Of course
it is substantiated by sensory experience and psychologically
ingrained in all rational procedures. In a logical sense the belief
in consistency—and other beliefs like it—are independent of
sensory data, though it is not very meaningful to say that they
are prior to perception. Whether or not they represent synthetic
judgments will be left for later discussion, for that is a matter of
some importance and also cause for much misunderstanding.
Clearly these “principles” contain a hortatory element which has
some aspects of the analytic. They have something in common
with Kant’s categories. To view them as a priori conditions of all
experience, however, is to epitomize them to extinction; for while
they are independent of spontaneous experience, they are never-
theless part of, and are stabilized by, experience as a whole. Yet
we believe that there can be experience without them.

Metaphysics is an odious word in some scientific quarters. Its
meaning has fluctuated widely throughout the history of phi-
losophy. But since Kant it has tended to designate two large
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branches of thought, ontology and epistemology. We hold with
Kant that epistemology must precede ontology and that epis-
temology denotes the methodology of the cognitive process. The
methodology of science involves deliverances of sense as well as
rules of correspondence, constructs, and principles regulating
constructs. Having learned that the latter are not conveyed by
sensory data and yet function in guiding experience, we should
call them metaphysical principles in the modern sense of the word.
Metaphysical principles, thus understood, are an important part
of all procedures which ultimately define reality.

They are not predetermined for all time by our organs of
knowledge; their immutability is a myth, openly exposed in the
study of the history of every science. Saint Thomas Aquinas’
postulate of compatibility of revelation and scientific method,
Descartes’ insistence on the identity of what is formally estab-
lished with what is materially perceived, are metaphysical prin-
ciples which have both been abandoned by modern science. And
the same may be said about Kant’s a priori conditions of knowl-
edge and about Maxwell’s belief in the ultimacy of mechanical
models as symbols of explanation. It is true, however, that meta-
physical principles change relatively slowly and that a slight
change in them occasions profound modifications in the detailed
structure of science.

What, then, is their origin? We hold that they first emerge in
the stream of experience as tentative expedients, grow into
implicit beliefs with increasing application, and finally, strength-
ened by repeated success, pervade the entire texture of our
theories about the world. Their ubiquity makes them difficult to
discern and indeed leads many positivists to deny their presence
altogether.

Having recognized their presence and the role they play, let
us now attempt to get a clearer understanding of their specific
nature as it regulates the theories of present-day science.

5.3. THE ReQuireMENT OF LocicaL FerriLrry (A)

This book does not pretend to give a complete analysis of the
metaphysical principles used in the deductive sciences; it merely
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attempts to enumerate them and to show them in action. We are
not sure that our enumeration is exhaustive; we may say with cer-
tainty that the individual items, that is, the requirements on
constructs, which are separately labeled and treated in Secs. A
to F, are not cellular; they will be seen to overlap. As is often
the case with ideal issues, they refuse to divide themselves neatly
into countable parts, and there is no reason why they should;
as already mentioned, ideas do not obey the laws of arithmetic.
Thus, for example, when the present section is devoted to the
requirement of logical fertility and the next to that of multiple
connections, the distinction drawn is somewhat arbitrary. A
separation of the two connected topics is advantageous merely
because the first requirement speaks only of constructs, the second
refers to constructs and rules of correspondence.

The demand that constructs shall possess logical fertility (or
manageability) is so simple as to be nearly trivial. It requires that
constructs shall be so formulated as to permit logical manipula-
tions. They may be subjects or predicates, particulars or uni-
versals; they enter as terms into propositions which may include,
contradict, or imply one another. All this, which is here crudely
stated but forms the subject of many treatises on logic, will be
expressed by saying that the constructs shall odey logical laws. 1t
asserts little more than that they have relational meaning. But
in no sense does the present requirement make it necessary for
the proposition involving constructs to be materially true, to
have an existential counterpart. The detailed connection between
constructs and immediate experience is far from obvious and
will be examined more closely in Chap. 6.

A theory which wholly violates the demand of logical fertility
is difficult to imagine; a system like Berkeley’s, which views man’s
perception as an occurrence in the mind of God, is perhaps a close
approximation to this negative ideal. For it would be devoid of
logical fertility were it not for the rational structure of God’s
mind. Appeal to blind fate is another instance of relative sterility,
though not a perfect instance.

The absence of good examples which violate the requirement
completely does not detract from its importance. Theories can
obviously differ in degree of logical fertility. And the present axiom
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inclines us to look with favor upon the one possessing most,
provided that all other requirements are equally met.

By virtue of this requirement physical laws may be stated as
universal propositions from which passage to particular instances
is possible. Such terms as mass, molecule, chromosome are capable
of denoting concepts as well as individual entities; the general
concept of number becomes relevant in science, and, on the highest
plane, mathematics becomes applicable to constructs, all by virtue
of this demand for logical fertility. The factual success of mathe-
matics in sclence is not, of course, ensured by the present axiom
alone.

Nor do we discern anywhere within the methodology of science
convincing cause for the preference enjoyed by two-valued logics.
Aristotelian logic was the first type available and has been used
almost exclusively by scientists thus far.! There is no reason why
it may not be abandoned at some future time. Experience cannot
prove or disprove directly the law of the excluded middle (tertium
non datur); hence it is certainly subject to tentative denial. But
one thing, though it is sometimes advocated by scientists as well
as philosophers, cannot be done. One may not assume that
tertium datur in certain domains of science, such as the theory of
probability and the quantum theory, and then proceed to use
the conventional form of mathematics elsewhere without major
scruples, as though nothing had happened. For many of the
accepted results of mathematics have so far been obtained only
with the use of two-valued logic and may be inconsistent with the
basic tenets of many-valued calculi: compatibility must first be
proved. This is particularly true for all results established by the
method of reductio ad absurdum, which fails when there are more
than two truth values.

Except in a very general and cursory way, natural science is
joined with logic through mathematics. A change in logical axioms,
to be effective in science, must first be traced through the entire
structure of mathematics, and the necessary modifications in
that field will have to be made. Only then can the success of the

1 Unless we agree with Russell, who points out that this logic does not justify

relational inferences of the kind: If horses are animals, then heads of horses are
heads of animals.
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change be judged by an application of the modified mathematics
to empirical science. Unfortunately, however, this is more easily
said than done. The mathematics now used in physics (e.g., the
differential calculus, operator theory) are not on the friendliest
of terms with logic, even with two-valued logic; complete reduc-
tion of one to the other has not been achieved, and so long as the
compatibility of useful mathematics with two-valued logic re-
mains problematic, it is difficult to say what the ultimate fate of
many-valued logics is going to be.

¢.4. THE RequireMeNT oF MuLtipLE CoNNEcTIONS (B)

Through their definitions, constructs enter into relations with
one another. The process of definition deserves closer attention
than it receives at this point, and we shall return to it in Chap. 12.
At the moment our interest leaves aside the origin and settles on
the character of the connections which constructs may enter.
These may be of two types, formal and epistemic.

A formal connection is one which sets a construct in a purely
logical relation with another construct; an epistemic connection
is equivalent to and arises from a rule of correspondence which
links the construct with data. Examples of formal connections are:
all relations between geometric quantities which are provable on
the basis of a suitable set of axioms, such as the relations between
angles and sides of a triangle, the sine law, the cosine law, and so
forth, the relation between a number and its square, a circle and
its radius. In physics and chemistry also, every connection be-
tween entities that is derivable from postulates is a formal one:
Examples are the relation between force and acceleration of a
given mass (postulate: Newton’s laws), the relation between
a point charge and its electromagnetic field (postulate: Maxwell’s
equations), between the curvature of space and the quantity of
matter in the universe (postulate: Einstein’s law of general rela-
tivity), between the temperature and the mean kinetic energy of a
gas (Gibbs’ statistical mechanics), between the structure of a
molecule and its molecular weight. It is true that all formal
connections are stable only so long as certain postulates are main-
tained, that they are in this sense hypothetical judgments. It is



METAPHYSICAL REQUIREMENTS ON CONSTRUCTS 85

also true that their formal character becomes less obvious when
they are empirically verified, as many of them are.! This, however,
need not concern us now.

Epistemic connections will doubtless occur to the reader in

considerable abundance: They exist between the objective tree
and what is called the vision of it, between a force and an aware-
ness of muscular exertion, between the weight of an object and a
reading on a scale, between a wavelength and the discernment of a
line on a photographic plate. All
these experiences are linked by
epistemic connections. One of the @
terms is a construct, the other
is in Nature. There are instances
of connections which are difficult
to classify, connections which
are formal according to one and
epistemic according to another
theory. In view of the gradual
transition already noted between
sensory experience and con-
structs, this fact need give us no
concern. Here again we encounter
the possibility of different detailed Figure 5.1
interpretations; what matters is
that each interpretation produces its own unambiguous set of
formal and epistemic connections.
" In Fig. 5.1 we have represented Nature, that is, the aggregate
of all experience which is immediately given, by a vertical line
marked N. Formal connections are indicated by single lines,
epistemic connections by double ones. All constructs are denoted
by C, with or without primes.

Those without primes stretch two or more arms, either toward

N

@)
Nature

1 Many physicists insist that Newton’s second law, for instance, is an empirical
relation. What is meant by this assertion and why it can be correct without
invalidating the above analysis will be shown in Chap. 12. Suffice it to say here
that the formal relation—it must be formal because of its universal character—
would have been abandoned were it not also empirically verified in particular
instances.
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other constructs or toward Nature; they may be described as
multiply connected. Every construct used in natural science will
be seen to be of this type, permitting passage elsewhere in at
least two ways. For example, from the idea of an electron one can
pass to its mass, its charge, its field. From its electric field one
can go in one direction to the idea of potential, in other directions
to certain observable aspects of experience (along double lines).
It is instructive to trace this nexus in any theory of physics.

But we also note in the figure a certain construct, labeled C’,
which is peninsular, possessing only one connection with a normal
construct. It hangs loosely within the system and obtains what
meaning it has only from a coherent set of others. An example of a
peninsular construct is the color of an electron. No harm is done
if color is assigned to it, but there is no way of substantiating this
attribute, for it leads to no other significant knowledge by any
formal route, nor does it allow verification by any possible rule
of correspondence. The only egress from the idea is along the line
which constituted it originally, that is, by repeating the categor-
ical statement: The electron has color.

The construct C” has no connection whatever with others, nor
with Nature; it is insular. Its insertion into a theoretical system
makes no difference whatever. An example of an insular construct
is the God of deism, which has no place in science. There can also
be a group of isolated constructs, mutually connected but without
epistemic connections, such as those surrounded by the dotted
circle. They may be said to form an island universe, consistent
in itself though unverifiable. Science sometimes generates such
tantalizing curiosities, then looks for possible rules of correspond-
ence which might give them significance. But they are dropped
again unless such rules are found. An instance has arisen in the
quantum theory of the last two decades. The exclusion principle
(see Chap. 20) demands that the states of a group of certain ele-
mentary particles, electrons for instance, shall be represented by
mathematical functions which change their signs when the coordi-
nates of any two particles are exchanged. This demand gives rise
to many relations between constructs, and the constructs them-
selves have counterparts in Nature. Now the urge is strong to
see what happens when the opposite demand is made, namely,



METAPHYSICAL REQUIREMENTS ON CONSTRUCTS 87

that the state functions shall retain their signs upon an exchange
of coordinates of elementary particles. This conjecture produces
an equally interesting set of relations, but the entities involved
fail to correspond to immediate experience. They form an island
universe and are not at present considered as valid constructs of
physics.

One might add the interesting speculation, often entertained
by physicists, that epistemic connections which give substance
to these conjectures may someday be discovered. Perhaps there
are particles in the far reaches of the astronomical universe, not
yet explored, which conform to the rules just mentioned. Science
has at times made progress by thus uniting an island with its
main body of knowledge.!

The metaphysical requirement here under examination may
now be stated briefly: Constructs admissible in science must be
multiply connected; they may not be insular or peninsular; sets
forming an island universe must be excluded.

This axiom is not meant to settle all possible future contin-
gencies. It should be admitted that situations can arise which
render the established methodology of science powerless, where
new and more precise directives are required. Science then has
to feel its way and modify its metaphysics while proceeding.
Indeed this question may have occurred to the reader: What if a
single line could be drawn between one of the normal C’s in the
figure and one of the constructs of the island? Frankly, the state
of affairs would then be embarrassing, not only to the philosopher
of science who attempts to formulate its metaphysics, but also
to science itself. We happen to be confronted with just that situa-
tion in physics today. ‘

According to Dirac’s theory, an electron can be in states of
positive and in states of negative kinetic energy. The latter states
have never been observed. At first they were thought to form an
island universe and were forthwith dropped from consideration.
But alas, the same theory showed that an electron, residing
inoffensively in a state of positive energy, can pass without notice

1 For an example of insular constructs in relativity theory see H. Weyl,

“Philosophy of Mathematics and Natural Science,” p. 118, Princeton University
Press, Princeton, N. J., 1949.
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into one of the objectionable states! The line in question had been
drawn. Much confusion in scientific quarters was the result; even
now physicists are holding final judgment regarding the “reality”
of negative-energy electrons in abeyance, hoping for further clues.
Very few regard the state of the theory as satisfactory.

One final reminder before we go on to the next requirement. A
glance at Fig. 5.1 shows that normal constructs C do not invari-
ably stretch one arm to Nature. It is sometimes asserted, though
erroneously, that every element of a physical theory must have a
direct empirical counterpart. Atomic theory is one among many
which violate this supposition, for as we have already seen, there
is no way of relating the minute constituents of matter directly
to experience. But it must always be possible, and it is possible
in atomic physics, for us to pass from an acceptable C via other
C’s to Nature. In this milder form, the proposition is implied by
our requirement of multiple connections.

5.5 THE REQUIREMENTS OF PERMANENCE AND StaBiLiTy (C)

It goes without question that the elements of a theory may not
be arbitrarily altered to fit experience. What is once accepted must
be retained with respect to all its implications for sensory expe-
rience. It is to be judged true or false as an integral logical com-
plex; there must be permanence in its structure and in the rules
of correspondence which give it epistemic importance. Thus,
similar sets of external impressions do not connote a tree in one
instance and a rock in another, nor does a tree ever become a rock
in theoretical manipulations. The same stability is observed in the
less familiar procedures of natural science: a luminous sensation
cannot correspond to an electromagnetic wave in one case and to a
particle in another, nor does a particle transform itself into a wave
when it is treated in accordance with the quantum theory. Even
in that branch of science, which has suffered so severely from mis-
representation, a construct remains what it is so long as the
premises of the theory are accepted.

The permanence to which we are drawing attention is not, to
be sure, of an absolute sort. Theories are often modified or
rejected, rules of correlation are changed in the presence of new
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evidence. But these modifications are then universally applied to
all instances; the liberty of using the old rules here and the new
ones there at the investigator’s convenience is basically denied.
What is here called permanence, and what indeed exhibits itself
as permanent structure in a temporal sequence of applications,
turns into an aspect of uniformity when viewed as the uniform
principle in many simultaneous applications. But in either sense
this permanence, we now note, is not unlimited: it extends over
the lifetime of a given theory.

The process of cognition involves another noteworthy quality
closely connected with permanence, a quality which for that
reason we wish to include under this heading. When I see a tree,
I am sure it is a tree and not a rock; that is to say, I am not in
doubt as to the rule of correspondence which relates my immediate
experience to objects. Uncertainty of identification can arise only
as a result of ambiguities in the immediate experience, not through
an available choice of rules of correspondence. These rules are
clear and unequivocal in their action once they have become
maxims of experience. It is therefore improper to assert that a
given complex of sense data relates to objects with probability
only, that one rule has a greater chance of being correct than
others. The theoretical components of experience are taken to be
sharply defined and uniquely determinable, whereas the immediate
ones are subject to defects of clarity. We shall return to this
situation in Chap. 6. ]

In stating our position, we acknowledge the possibility of an
alternative view, one frequently held by philosophers of science
who received their training in correlational discipline. It is that
data are unique in their givenness and that uncertainties or prob-
abilities are introduced by theoretical processes. We see no reason
why a complete understanding of scientific experience cou/d not
be built upon this premise. For while it is necessary to relax the
stringency of the correspondence between constructs and data
somewhere in order to provide for verification in finite terms, this
may be done with equal a priori justice on the side of theory and
on the side of data.

But we are not describing here what could be done; we are
giving an account of what is being done in deductive science.
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Hence our choice of position. A physical theory defines its concepts
sharply—albeit often erroneously—transforms them by means
of unambiguous mathematical equations, and predicts with exact-
ness. The rigor of such predictions is finally softened by an admis-
sion of experimental errors.!

It seems to us that the requirement of stable constructs, which
is quite manifestly made in science as was noted, also conforms
more closely to the ways in which we ordinarily comprehend the
world. Everyone is willing to admit the limitation of his sensory
perceptions; these are regarded as unavoidable imperfections of
knowledge, whereas similar imperfections of reasoning are con-
sidered as mistakes which can be and are to be avoided.

To summarize our somewhat discursive treatment of require-
ment C: the constructs generated in explanation of a set of
immediate experiences must, so long as the theory of which they
form a part is accepted, be used with utmost respect for their
integrity of meaning in all applications. They are to be treated
as logically clear and sharp entities which may or may not corre-
spond to clear and certain empirical situations.

5.6. THE REQUIREMENT oF ExTENnsiBiLITY OF Constructs (D)

None of the principles reviewed thus far accounts for the
expansive drive of physical methodology, for the ever-widening
encompassment of new domains by science. On the one hand,
scientists judge the quality, and ultimately the correctness, of a
given theory by its range of application, taking the generality of a
system as a measure not only of its usefulness but of its credibility.
On the other hand, the same tendency, the same judgment ex-
presses itself in the common belief that ultimately a single theory
will render an adequate account of all experience. Our endeavor
to reduce the findings of biology, psychology, and even the social
sciences to a basis of physical laws is a case in point.

1 The foregoing description is incomplete in so far as theories rarely predict
data from nonempirical premises; they usually “transform” data, i.c., they
start with one set of data and produce another. In doing this, theories never
introduce uncertainties of their own except through voluntary approximations

made by the computer; they merely modify the uncertainties inherent in the
initial set of data. This will be further discussed in the next chapter.
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To incorporate this trait into the methodology of science we
record, as the fourth metaphysical requirement, extensibility of
constructs. Its specific meaning is easily illustrated by a host of
important instances.

a. Galileo’s greatest achievement was the formulation of a
theory which explained the falling of terrestrial objects, a theory
wholly satisfactory with respect to requirements A to C. In a
limited sense, it was also extensible since the ideas of mass and
acceleration could be applied to a great variety of bodies, namely,
all those located near the surface of the earth. However, Newton’s
discovery of the law of universal gravitation won far greater
acclaim because it was more extensible; it included within its range
the celestial bodies. By seizing upon the idea of a gravitational
force acting between a// particles and varying inversely with the
second power of the distance, Newton provided a concept of
impressive width and thereby significantly advanced the science
of mechanics.

4. Similar progress was made when special relativity was super-
seded by the general theory of relativity. The former found it
necessary to adopt the special notion of Newtonian forces, al-
though it treated them in a distinctive and a more successful way.
Its virtues were most evident where it confined itself to inertial
systems.! This led to the distinction between two kinds of forces:
those caused by physical agencies (e.g., gravitation, which is due
to the attracting earth) and those caused by mere motion of the
body under consideration (e.g., centripetal force). Aside from this,
the success of the special theory as an explanatory scheme was
satisfactory. Then Einstein showed, by generalizing the axioms of
geometry, how all forces could be regarded as being of the latter
type. Gravitation, which previously enjoyed a status of its own,
now appeared as an instance of a more extensible construct: the
curvature of space-time.

¢. In chemistry, similar transformations have often taken place.
The concept of a valence bond seemed for a long time to be
irreducible. Despite its success it left chemists embarrassed be-
cause of its failure to be sufficiently extensible; it explained how

1 An inertial system is one which moves without acceleration relative to the
mean position of the fixed stars.



92 THE NATURE OF PHYSICAL REALITY

atoms unite to form molecules but very little else. Relief was felt
when Heitler and London, in 1927, proved for the first time that
valence forces themselves are mere instances of a vastly more
extensible idea: the quantum interaction between electrical
charges.

d. Expansive tendencies are equally manifest in the life sci-
ences. Vitalism, for example, has fallen into disrepute not because
it provides an inadequate understanding of the facts of biology—
which is hardly true—but because it affirms autonomy and non-
extensibility of biological explanatory constructs. It thus sins
against the requirement of extensibility. In a similar way, the
opponents of behaviorism, often unable to find factual fault with
the procedures and the results of that movement, rest their case
primarily, it seems, upon the special and inextensible nature of
the behaviorist’s assumptions, upon his unwillingness to avail
himself in full measure of the theoretical aspects of neuro-
physiology and chemistry. The stimulus-response relation which
is so fundamental in this theory is admittedly limited to living
things.

Conflicts like these are frequently confused and made difficult
of solution by being represented as grounded in observational fact.
It should here be emphasized that the point at issue is whether
vitalism, behaviorism, or many another interpretative doctrine
contradicts or satisfies a metaphysical requirement. This can be
finally settled only by an analysis of the whole methodology of
science. In other words, it can hardly be settled at all unless we
arrive at more general agreement with regard to those matters
which are here being examined. The dispute about vitalism, like
many other general controversies, high-lights the importance of
our recognizing the presence and the action of metaphysical
principles in science.

e. Finally, we undertake to discuss an example in which the
need of the methodological approach becomes critically important.
Science has grown and is growing without conscious philosophic
control. It is this author’s belief that it could grow faster if
attention were given to the principles which have guided it un-
wittingly in the past. Physics, having undergone a number of
erratic changes in its recent history, is at present alive with a
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slogan that we must look for different laws of nature on different
scales of magnitude. The nucleus of an atom, it is said, is to be
described by rules appropriate to domains of the order 10712
centimeter in linear dimension, rules which have not yet been
discovered. Atoms, themselves, and other physical entities of the
order of 1078 centimeter in size, are subject to the laws of quan-
tum mechanics; bodies of ordinary size
are governed by Newtonian mechanics;
stars and galaxies behave in a distinctive
manner of their own. A glance at history
and at the principles operative within
the development of science certainly
exposes such clichés as irresponsible, and
one may hope that a respect for these
principles, particularly for the require- Nature
ment of extensibility here under discus-
sion, will curb unduly multifarious en-
deavors along the line of “special laws
for special physical domains.”
We have seen the principle of extensi- ®

bility in action from afar; it is well for

us now to observe it more closely. Con-

structs, we recall, enter into two types

of relation: with Nature and with other

constructs. Hence they should be exten- Figure 5.2
sible in these two ways. Figure 5.2 illus-

trates this: it shows two central constructs of mechanics, mass
(Cy) and energy (C;). Mass has been extended via rules of cor-
respondence (double lines), not merely to the legendary stones
which Galileo dropped from the Leaning Tower of Pisa or New-
ton’s apple at Woolsthorpe, but to all other material bodies, to the
moon, the planets, the stars and finally to electricity and light.
Energy can be identified with equally many empirical data; all
moving bodies, electricity, light are known to possess it. Hence
the number of double bonds stretching from C; and from C; to
Nature is exceedingly numerous. Constructs must be extensible,

first of all, in this sense.
 Furthermore, there exist mediate relations between C; and C,
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via other constructs such as C;. If C; stands for velocity (the
figure omits its rules of correspondence), then the equation
Kinetic energy = 14mv? exemplifies such a relation. One of Ein-
stein’s great achievements was to provide a more direct link
between C; and C,. This occurs in the famous mass-energy rela-
tion, which asserts that every mass is equivalent to a proportional
amount of energy. The idea of mass has thus finally extended itself
to include energy, or, what amounts to the same thing, that of
energy to include mass.

At this point, the requirement of extensibility shows a close
affinity to B, the requirement of multiple connections. Both are
satisfied in the same creative act, for while Einstein merely intro-
duced a new relation, that relation happened to be one of equiva-
lence which allowed the merger of two constructs and hence the
extension of either. The greatness of this discovery comes from
the unusual way in which it satisfies a metaphysical drive and is
felt instinctively by every scientist.

Figure 5.2 illustrates a small part of mechanics. Almost any
other theory of physics could have served as well in exemplifying
the meaning of requirement D here under examination.

5.7. THE REQUIREMENT OF Causarity (E)

There are places in every book where systematic development
demands one sequence of presentation while pedagogy demands
another. We have reached such a place. Causality is indeed one
of the metaphysical requirements of physical theory and should
therefore be listed here, but its detailed study involves technical
matters which would arrest us unduly at this point and had better
be left for later discussion (Chap. 19). For that reason, we present
here a bare preliminary outline of this requirement.

The word causality will here be used in a very specific sense,
not with the quadruple meaning of Aristotle (formal, material,
efficient, final cause) or the fortyfold proliferation of causes that
occurred in the seventeenth century.! It represents a relation
patterned after the good old “If 4, then B.” Certain obscurities
in this relation, however, need to be clarified. Above all it must

1See A. Wolf, “Spinoza’s Short Treatise,” A. & C. Black, Ltd., London, 1g910.
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be stated whether 4 and B represent immediate experiences, i.e.,
data, or constructs; if the latter, then whether they are ojects or
states of objects. Also, the ambiguity inherent in “if”” and “then”
is to be eliminated, for it is perhaps not clear without comment
whether these are to be taken in a conditional or in a temporal
sense.

The answers here given are far from obvious at first sight; they
definitely require justification (Chap. 19). We wish to regard
causality as a relation between constructs, in particular as a rela-
tion between states,! or conditions, of physical systems. The prin-
ciple of causality asserts that a given state is invariably followed,
in time, by another specifiable state. Even without closer analysis
this formulation will be seen to possess two virtues: It is precise
and definite, and it reflects the best practices in the exact sciences.
Later we hope to show that more customary views of causality,
in so far as they are meaningful, can always be reduced to this.

Lightning is said to be the cause of thunder, or thunder the
effect of lightning. To take this relation as one between imme-
diately perceived phenomena has numerous disadvantages: For
one thing it contradicts usage, as lightning is meant to be the
cause of thunder even when the lightning is not seen. Furthermore,
it is difficult on this interpretation to get around the powerful
arguments of empiricism, which sees in causality merely an over-
whelmingly frequent succession of experiences. This is precisely
what the causal relation would be if cause and effect were not
taken as constructs.

In the sense we advocate, lightning is a condition of the atmos-
phere describable in terms of physical quantities, such as electric
field strengths, ion densities, excitation of atoms and molecules,
luminosity. In fact, all these are measurable quantities. There
exist laws by means of which another condition of the same
medium, described as thunder and characterized by other measur-
able quantities, e.g., rhythmic variation in density, can be in-
ferred as the consequent of the first condition. If this condition is
verified sufficiently often, the laws are said to be valid and are
said to be causal laws. Truly, then, causality is a property of
physical laws and not of observations.

1 States are special constructs, to be considered more carefully in Chap. 8.
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The word condition is here used loosely. We shall see later
(Chap. 8) that every theory contains or generates constructs
which can be employed to designate the states of physical systems
uniquely and completely. Causality holds with respect to states
defined in terms of such significant variables only, and this will
here always be understood. Thus the mechanical condition of a
mass particle which can enter properly into causal connection with
other states is one defined in terms of position and velocity; it is
irrelevant to the causal description of mechanics whether the
particle is blue or malodorous. On the other hand, its blueness
may be a proper causal condition with respect to a theory of
optics. We see, therefore, that the word condition requires further
limitations and careful alignment with the other components of a
given discipline. What matters at this stage of our discussion,
however, is that there can be laws which give rise to conditions
showing an invariable linkage in time and other laws which do
not.

We hold that causality is a metaphysical requirement. It
demands that constructs shall be so chosen as to generate causal
laws.

There is no need for revising this appraisal of the causal postu-
late in the face of modern physics, which is often claimed to have
done away with causality. As a strict relation between immediate
perceptibles, quantum theory has taught us to deny it. The
impropriety of that view should have been, and was, plainly
evident to the thoughtful students of classical physics; it was
destroyed by Hume long before the day of Heisenberg and Born.
But the contribution of these latter men is of greatest significance
also, for it shows what strange and unexpected properties the
states of physical systems must possess in order to be causally
related.

5.8. Simpricity AND ELEcance (F)

Most embarrassing among the metaphysical requirements is one
which is often called the postulate of simplicity, for it is more
elusive and more difficult to state than all the others. When two
theories present themselves as competent explanations of a given
complex of sensory experience, science decides in favor of the
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“simpler” one. The victory of the Copernican over the geocentric
system of astronomy is often cited as a case in point. Ptolemy,
whose Almagest contained the most successful account of sidereal
and planteary motions, ascribed to each heavenly body a circular
path (epicycle) the center of which revolved on another circle
(deferent) about the earth. A large number of unrelated epicycles
was needed to explain the observations, but otherwise the system
served well and with quantitative precision. Copernicus, by plac-
ing the sun at the center of the planetary universe, was able to
reduce the number of epicycles from eighty-three to seventeen.
Their complete elimination was impossible because he assumed
the orbit of a planet to be a circle, not an ellipse (Kepler). Histor-
ical records indicate that Copernicus was unaware of the funda-
mental aspects of his so-called “revolution,” unaware perhaps of
its historical importance, he rested content with having produced a
simpler scheme for prediction. As an illustration of the principle
of simplicity the heliocentric discovery has a peculiar appeal
because it allows simplicity to be arithmetized; it involves a
reduction in the number of epicycles from eighty-three to seven-
teen.

Unfortunately, however, there are few examples where the
situation is so unambiguous. The electromagnetic theory of light
superseded the hypothesis of a luminiferous ether because it was
simpler; but what is there to be counted in this situation? Quite
probably, what is at issue is already cared for by the preceding
postulates in our list, chiefly those of extensibility and multiple
connection. It seems doubtful, therefore, that another postulate
is needed on logical grounds, although no harm is done by adding
it. Our inability to count ideas, which makes the simple so elusive,
also prevents a discrete, nonoverlapping classification of our
methodological principles.

Historically, simplicity was early recognized as a guiding motive
in research. Occam’s razor is perhaps the most celebrated device
for effecting it: “Non sunt entia multiplicanda practer necessi-
tatem.” The professed nominalism of the doctor invincibilis has
impregnated the dictum with a certain philosophic partiality in
its origin, and it is still bearing this color in its more modern
version of economy of thought. In truth it has no color; it is a
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plain confession of faith on the part of those who seek scientific
knowledge. It somehow expresses the totality of all metaphysical
requirements in concert. Kepler ! voiced it often: “Natura simpli-
citatem amat”; “Amat illa unitatem”; “Nunquam in ipsa quic-
quam otiosum aut superfluum exstitit”; ‘“Natura semper quod
potest per faciliora, non agit per ambages difficiles.” Planck,
Einstein, and Cassirer, among many, have avowed it fervently.
Thus we bow to history and include simplicity in our list.

There is also an aesthetic element, closely allied with simplicity,
to be discerned in the metaphysics of science. Some discoveries are
pretty, some are beautiful and awesome; the scientist often em-
ploys these words to express his aesthetic satisfaction. The ecstasy
of creation, which proverbially is the artist’s reward, is proper to
scientific achievement in equal measure, as the writings and oral
utterances of scientific genius amply testify. It comes as a glorious
fulfillment to the expectations which sensitivity to the metaphys-
ical requirements of science has instilled in a researcher.—But it
is questionable whether we are now discussing things relevant to
methodology; perhaps we have gradually drifted into the precincts
of psychology.

We thus end our account of the metaphysics of science. What
has it availed us? The realistic reader, who suspected from the
beginning that we were telling a rather subjective story of the
affairs of science, may now find his suspicions confirmed. He will
perhaps take issue with the basic premise which marks the con-
cepts of science as something close to inventions. In fact the posi-
tion outlined in the book thus far can, without much shift in em-
phasis, be interpreted as idealistic. If the certainties of scientific
experience are mere constructs, the critic will ask, where does
science get the stability which it obviously possesses? Why does
it lay claim to possessing facts in a more solid sense than other
disciplines? Without an anchor to “reality,” he will conclude, our
epistemology, itself amorphous, floats within experience like jelly
in an ocean.

To answer him, we would first object to the seemingly innocent
bias introduced into the argument by the simple word “mere”:

1See I. Hart, “Makers of Science; Mathematics, Physics, Astronomy,”
Oxford University Press, New York, 1924.
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generically, the elements of scientific theories are undeniably con-
structs. But they are not mere constructs, as idle inventions would
be. They do not owe their existence to accident or caprice but
stand in uniform correlation with immediate experience; and
after their birth they are subjected to a most rigorous regime of
methodological principles. These constraints alone eliminate any
mereness from the nature of scientific constructs. Their scientific
validity, their complete trustworthiness, however, is conferred
upon them by further, even more limiting and more exacting pro-
cedures: by a continual test against immediate experience, called
confirmation. This we propose to analyze in the following chapter,
where the constructs now introduced will be seen to transform
themselves into what we shall call verifacts. After that we hope to
make it clear how these scientific constructs, instead of drifting
anchorless within experience, congeal into the firmest kind of
reality we know.!

SUMMARY

To be acceptable to science, as to common sense, constructs
must satisfy two kinds of demands. The first is of a formal sort:
it requires that every explanatory system possess a consistency
and a logical fertility which sense data alone do not confer. The
second demand is one of empirical verifiability, a problem ex-
amined in the following chapter.

1 The view here expressed is found documented in the writings of outstanding
men in modern physics. To quote de Broglie: “Si tranchée que paraisse 4
premiére vue la distinction entre la découverte expérimentale et I'invention
théorique, une étude plus attentive ne tarde pas a I'attenuer considérablement:
car elle montre que la découverte des faits expérimentaux, du moins dans la
science actuelle, est 4 bien des égards une invention tandis que I'invention
théorique est en quelque mesure une découverte.”

Max Born, in “Experiment and Theory in Physics,” Cambridge University
Press, London, 1944, says: “I believe that there is no philosophical highroad in
science, with epistemological signposts. No, we are in a jungle and find our
way by trial and error, building our road éehind us as we proceed. We do not
find signposts at crossroads, but our own scouts erect them, to help the rest. . . .
My advice to those who wish to learn the art of scientific prophecy is not to
rely on abstract reason, but to decipher the secret language of Nature from
Nature’s documents, the facts of experience.”
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The formal requirements are here called metaphysical, for their
function approximates closely the role which was played by
metaphysics in the older systems of philosophy. Here these re-
quirements are analyzed into a spectrum of six more or less specific
axioms, or postulates (A to F), which are not wholly distinct but
blend together into a system which might be called the logic of
theoretical science.

SELECTIVE READINGS

Born, M.: “Experiment and Theory in Physics,” Cambridge University Press,
London, 1944.

Bridgman, P. W.: “The Nature of Physical Theory,” Princeton University
Press, Princeton, N.J., 1936.

Broad, C. D.: “Perception, Physics and Reality,” Cambridge University Press,
London, 1914.

Broad, C. D.: “Scientific Thought,” Harcourt, Brace and Company, Inc., New
York, 1923.

Burtt, E. A.: “Metaphysical Foundations of Modern Physical Science,” Har-
court, Brace and Company, Inc., New York, 1927.

De Broglie, L.: “Continu et Discontinu en Physique Moderne,” Albin Michel,
Paris, 1941.

Dingler, H.: “Die Grundlagen Zicr Physik,” Walter De Gruyter & Company,
Berlin, 1932.

Eddington, A. S.: “Fundamental Theory,” Cambridge University Press, London,
1948.

Lindsay, R. B.: “The Meaning of Simplicity in Physics,” Phil. Sci., 4:151
(1937).

Mach, E.: “The Analysis of Sensations,” The Open Court Publishing Company,
La Salle, I, 1914.

Peirce, C. S.: “Principles of Philosophy,” Vol. I, Collected Papers, Edited by
C. S. Hartshorne and P. Weiss, Harvard University Press, Cambridge,
Mass., 1931.

Smith, N. K.: “A Commentary to Kant’s Critique of Pure Reason,” Macmillan
& Co., Ltd., London, 1923.

Spaulding, E. G.: “The New Rationalism,” Henry Holt and Company, Inc.,
New York, 1918.



METAPHYSICAL REQUIREMENTS ON CONSTRUCTS I01

Strong, E. W.: “Procedures and Metaphysics,”” University of California Press,
Berkeley, 1936.

Urban, W. M.: “Language and Reality,” George Allen & Unwin, Ltd., London,
1939.

Weyl, H.: “Philosophy of Mathematics and Natural Science,” Princeton Uni-
versity Press, Princeton, N.]J., 1949. See particularly Secs. 20 and 21.



CHAPTER 6

Empirical Confirmation

6.1. THE Circult oF EMPIrRIcAL CONFIRMATION

RULES OF CORRESPONDENCE work two ways. They allow us to
pass from Nature to the field of constructs, and when used in re-
verse they provide us with expectations. In this latter mode they
furnish what Lewis ! has aptly called “terminating judgments.”
The reversals are, however, in need of some analysis, for they can
be accomplished in trivial and in nontrivial fashion.

A trivial reversal of a rule of correspondence occurs when the
path which led originally to the formation of a construct is re-
traced. Seeing a tree is an act which, though integral in a psycho-
logical sense, nevertheless involves the heterogeneous elements of
immediate awareness and construction; it serves to set up the
external object, tree. If, having seen a tree and then gazed else-
where, I turn back in the former direction and expect to see the
tree, that expectation is a trivial reversal of a rule of correspond-
ence. Another is the judgment that the sun will rise tomorrow, or
that sweet coffee contains sugar, or that an electrical discharge
in mercury vapor is green.

But suppose we hear the sound from a bell and, remembering
simple physics, assume it to be a vibratory disturbance in the
surrounding air. Very little reflection then tells us that, if there
were no air, the vibrations could not exist and the bell could not
be heard. Hence, having become curious, we place the bell under a
jar, evacuate it while the bell is ringing, and find the sound slowly
dying away.

In “predicting” this we went through the following little
exercise: From the sound sensed in Nature we proceeded by a

1C. 1. Lewis, “An Analysis of Knowledge and Valuation,” The Open Court

Publishing Company, La Salle, Ill., 1947.
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rule to the constructs, air, vibration—in fact to the proposition:
the air is vibrating. From a hypothetical denial of this proposi-
tion one can pass back to Nature via the same rule of correspond-
ence, which then implies the absence of sound. In our example,
the denial was forced by taking away the subject of the proposi-
tion, i.e., by removing the air. This was a nontrivial reversal, or
rather a nontrivial return to Nature.!

While it is interesting to dissect the logical structure of this and
all other instances of prediction, the detail encountered is usually
so great as to forbid it, and we shall therefore follow custom and
avoid it. The methodological movement is clear: It passes from
perception to the constructional realm, where it undergoes a logi-
cal transformation, and then it returns to perception. The trans-
formation, that is, the transfer in the constructional sphere from
one element to another, characterizes the return as a nontrivial
one.

To simplify the terminology, we may speak of the class of all
perceptions that may enter experience as the P field, of all con-
structs as the C field, thus permitting ourselves a use of the term
Jfield which is descriptive, but not accurate in the technical math-
ematical sense. The P field is identical with Nature and might be
pictured as a two-dimensional plane, to conform with the lack of
analytic depth peculiar to perceptions. The C field is to be thought
of as a sort of three-dimensional continuum of rational structure.
The movement sketched above then represents a circuit which
starts in P, travels to a point in C, say C,, goes from there to an-
other point in C, for example, C3, and thence to a point on P.
The greater the distance between C; and Cj, the greater the de-
parture from triviality in the circuit.

A few examples will clarify the meaning of these circuits. The
examples are arranged in the order of increasing distances be-
tween C; and C,.

1 The latter phrase will be preferable to the more meticulous reader who
realizes that the rule employed on return differs from the first because it says
non-B implies non-A, while the first says 4 implies B. To establish the justifica-
tion for this logical transformation in symbolic terms is interesting and impor-
tant. The scientist rarely pauses to do so, trusting his mathematical intuition
to keep him afloat.
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a. We see a stone. The idea, stone, involves that of matter with
all its logical attributes, such as hardness. This leads to the expec-
tation or prediction that the sensed stone will be hard to the touch
of the hand.

4. The sun is seen. The sun is an astronomical body subject to
certain theoretical laws. Hence the conclusion that the sun will be
found to be highest at noon.

(c) A falling object elicited in Newton the conjecture of masses
subject to the law of universal gravitation. Analytic procedures,
made possible by the theory of “fluxions” ! and involving addi-
tional constructs such as the distance between the earth and the
moon, led him to “predict” the period of revolution of the moon.

d. The physicist studies the spectral lines emitted by a sub-
stance named sodium. Having collected a large body of empirical
evidence, he is able to construct, using rules of correlation which
have recommended themselves by their fruitfulness in other in-
stances, an ordered arrangement of electrical charges called the
sodium atom. On further theoretical investigation of considerable
laboriousness and mathematical complexity, but without essential
guidance by other empirical data, he comes forth with an appar-
ently unrelated prediction concerning the index of refraction of
sodium vapor.

e. The nuclear physicist, studying the atomic weights of all
elements, observing the constituents of nuclei, noting the scatter-
ing of one kind of nuclear particle by another, and so forth,
evolved the idea of a strange force between nucleons. There the
matter stood for a while. The new force, though arising from re-
spectable and compelling epistemic correlations, was fundamen-
tally not tied to other constructs; it was felt to be unexplained.
The physicist found himself at a loss to make any but fairly
trivial returns to Nature. All this changed with one brilliant con-
ception. Yukawa said: There must be “mesons,” to be discovered
by noting certain sensory facts in Nature. And there were.

The methodological form of these examples is (somewhat
naively) illustrated in Fig. 6.1, which represents what scientists
call prediction. The start is made at some point in the field of per-
ception Py; our quest then sweeps over rules of correspondence R

+*Newton’s name for the differential calculus.
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into the field of constructs; here it is embedded in logical rela-
tions, attains meaning and scope; finally it sweeps back over other
rules of correspondence toward Ps, a second point in P, which is
said to be predicted.! The combination of constructs (enclosed
within the circular contour of the diagram) which were utilized in
this movement forms a theory.

The conditions enabling a prediction are thus seen to be of two
kinds: empirical knowledge symbolized by Py, and the rational
knowledge symbolized by constructs. No prediction is possible
when one of the two is missing. The claim of the rationalist, who
wishes to omit the first part of the journey and to start within C,
is as futile as that of the empiricist, who thinks he is going directly
from P; to P,. And yet it is remarkable how nearly both are right.
It is not wholly wrong to say with H. Cohen: “Nur das Denken
kann erzeugen, was als Sein gelten kann.” Nor does it falsify our
picture to insist, with Locke, that “Nihil est in intellectu quod non
prius fuerit in sensu.”

The circuit drawn in Fig. 6.1 may be interpreted in another
way. Only if the theory through which it passes is already ac-
cepted does it function as a prediction. The other interpretation
conceives the circuit as a device for establishing a theory; it in-
volves to begin with merely a tentative acceptance of that theory
and views the passage to P as a challenge to Nature. If the chal-
lenge is met, the theory is said to be confirmed or verified in this
instance. And the theory is va/id if it is confirmed in a sufficient
number of instances. Furthermore, the constructs which form
organic parts of a valid theory will themselves be called valid con-
structs, or verifacts. Processes of validation, when conjoined with
the metaphysical requirements discussed in the previous chapter,
create scientific knowledge. It is this purgatory of validation which
removes from constructs the figmentary stigma which their episte-
mological genesis first attached to them.

1 The word prediction, as used in science, does not mean “forecast” in a tem-
poral sense. Pre- implies “prior to completed knowledge”; it does not contrast
with post-, as does ante-. The counterpart to prefix is not postfix but suffix. It
is therefore unnecessary to coin a new word, postdiction, to denote what we
should call prediction of the past. The use of this word, though it has been
suggested, would seem a bit “preposterous.”
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But this leaves us with two important questions: (1) When is
the number of instances of confirmation sufficient? (2) What con-
stitutes agreement between theory and observation? The second
question is particularly troublesome because, as has been pointed
out, theoretical prediction is always definite, whereas the imme-
diately given is of necessity surrounded by a haze of uncertainty.
To answer it requires the exposition of slightly technical considera-

C-field P-field
(or P-plane, or “Nature”)

Figure 6.1

tions; these will be presented in the following sections. Question 1
can be treated at once.

Though it may seem strange to the logician, scientists are none
too meticulous in their demands for sufficiency in the number of
validating instances. They have never evolved a pretentious for-
malism for deciding when they may stop testing a theory. A few
crucial confirmations often satisfy their quest for certainty, per-
haps to the consternation of staunch empiricists. But the reason
for their modesty should now be apparent: It is to be found in the
orderly relations which exist among constructs before they are put
to test. Reliance upon the logical coherence of his conceptions ex-
empts the scientist from the need of exhaustive verification. There
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is an important sense in which a theory is more than the class of
sentences it can generate, and the awareness of this transcendency
inclines scientists to unhesitating acceptance of a theory after it
has been subjected to a number of tests which are wholly inade-
quate statistically. This pervading rational nexus also allows them
to decide what experiments are crucial.

6.2. THE MEANING OF AGREEMENT BETWEEN THEORY AND
OBSERVATION

In claiming that all immediate experience is uncertain one
seems guilty of exaggeration, for it is true that some aspects of
perception attain the highest possible measure of certainty.
While an infinitesimal doubt may affect my experience of seeing
a tree, the act of seeing nevertheless is indubitable. But as we
progress to higher degrees of qualification, elements of uncertainty
creep into our declarations: “I see a red rose” is questionable if I
am color-blind; “This table is three feet high” is sure to be sus-
pected as lacking exactness—every physicist knows that he may
not state the value of a physical constant without estimating the
error of measurement which the value admits. Thus, as we pro-
ceed to greater refinement of perception, the uncertainty, while
often becoming smaller, also becomes more manifest. We are
confronted with intrinsic uncertainties everywhere on the level
of particularized immediacies. Of course it must be admitted that,
on the level of language, these uncertainties can often be artfully
undone: If I say, “This table is about three feet high,” I cannot be
accused of inexactness—but the underlying equivocality of expe-
rience is not changed by this form of statement.

Now it happens that science in its more advanced stages is
interested primarily in experiences of a highly specific type, called
measurements. All measurements involve numbers. But this gen-
eralization should not be understood as barring from scientific
interest many observations which do not yield numbers, examples
of which are easy to cite. Suppose, for instance, that according to
some theory a certain substance should emit a spectral line in a
given spectral region and that according to another the line is



108 THE NATURE OF PHYSICAL REALITY

forbidden. Whether or not it occurs is a matter of much impor-
tance, and it is settled wholly without an appeal to number.
Again, it may be of great value to know whether two straight lines
drawn on paper do or do not intersect. Observations of this sort
again are not significantly represented as numbers; in our sense
they are not measurements, but they are nevertheless important.

Turning now to measurements proper, we note a variety of
ways in which they lead to numbers. Eddington believed that all
measurements result from readings of the position of pointers on a
scale, but in this he strained the facts for the sake of uniformity.
To wit, there is at least one important kind of measurement that
cannot be reduced to pointer readings, namely, counting. Much
useful physical information was obtained by the early workers in
the field of radioactivity through the tedious process of counting
scintillations on a screen or by listening to the clicks of a relay
activated by a Geiger counter. Observations on the growth of an
embryo and on cell division yield numbers, though not via pointer
readings. All these activities should be classified as measurements
in the wider sense.

There has been much discussion concerning the kinds or classes
of numbers encountered in immediate perception. It is usually
argued that they are rea/ numbers, the supposition being that
v/ =1 does not occur in immediate experience. But neither does
any other number. An appeal to number already involves a pas-
sage to the C field, a passage so obvious that it easily remains un-
noticed. Thus even the customary statement of the results of an
observation is already a paraphrase, though a harmless one, of an
immediate experience. With this realization it becomes clearer
that complex numbers need not be excluded from the records of
observation, and their use does indeed conform with modern
practice. Engineers employ theories which attribute complex con-
ductivities to all substances. The real part of the conductivity is
a measure of the electrical power transmitted by the substance,
the imaginary part a measure of the phase change which the
power undergoes. Both are measurable, customarily on scales
that are calibrated in real numbers. But for the sake of use in
formulas the numbers on one scale must be multiplied by v/~1.
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It is therefore quite proper to maintain that the entire field of
complex numbers is available for expressing the results of obser-
vations.

There is the further distinction between rational and irrational
numbers, the former being ratios of integers, the latter such quan-
tities as /2, which cannot be written as a ratio of integers. Pre-
sumably every measuring instrument has a “least count,” a
smallest interval of reliable detection. The smallest division on a
carpenter’s rule is 24 in., and it is doubtful that a person using the
rule can discern a fraction of it. Whatever the least count for an
operator using an instrument may be, his measurement must re-
sult in a multiple of least counts. If, then, the least count is a ra-
tional fraction of the unit of measurement, the result is a rational
number of units. This is the argument which has convinced some
writers of the impropriety of irrationals in science.

The argument is not very conclusive, however, for suppose we
were to choose as our unit, not I in., but = in. Since  is irrational
(and transcendental), the value obtained with a carpenter’s rule
is now irrational (and transcendental). Or suppose we wanted to
measure the side of a square and, lacking a ruler, we employed an
integraph, a device which measures the area. If the result were
200 cm?, the measured length would be irrational. We see how
troublesome it is to decide the issue between these two classes of
numbers. '

Fortunately, the decision is unnecessary, and the issue with
regard to measurements is quite illusory. The intrinsic uncer-
tainty of perception relieves us of all the difficulties. Being finite,
this uncertainty surrounds every measured value by a range of
other possible values, and since rational numbers intersperse the
irrational ones in every small interval, the measurement allows
no discrimination. Perhaps this relief is no sheer satisfaction, for
the mathematician cannot help feeling slightly aggrieved at an
empirical science which permits him no application for so beautiful
a concept as the distinction between the rational and the irrational
numbers. The moral to the philosopher, however, is a simple one:
the distinction has certainly not come from sensory perception;
reflection upon this point furnishes an indictment of pure empiri-
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cism, and perhaps a recommendation for the kind of construc-
tional epistemology here presented.

We should now take a closer look at the uncertainties under
discussion. Suppose we measure the length of a table. If we are
satisfied with a rough result, we may use a carpenter’s rule and
state the length as 6134 in., realizing, however, that we may be
in error by about 1% in. A more careful procedure, and one adopted
in scientific practice, is to perform the measurement with a more
precise instrument, perhaps a rule equipped with a vernier scale,
and also to repeat the measurement a number of times. This yields
a set of results, such as 61.36 in., 61.40 in., 61.39 in., 61.37 in., and
so forth. None of them is more trustworthy than any other, and
there is no way of finding which is “true.” Greater refinement
would produce another set of numbers, more closely spaced but
again without preference as to individual values. It is this equivo-
cation of immediate perception, wholly unalterable in principle
by effort or design, which concerns us here.

In particular, it forces us to return for more serious study to
the question asked in the preceding section: How can deductive
theory cope with equivocal observations?

6.3. MEASURES oF PrEecision

First, let us not forget that a circuit of empirical confirmation
(Fig. 6.1) has two termini, not one. Hence there is one haze of un-
certainty surrounding the point P, another surrounding P,.
Neither the rules of correlations nor the deductive procedures in
the C field introduce uncertainties of their own. If a theory is to
be confirmed, then, it must propagate and transform the haze
around P, into a predicted haze about P,, and the actual haze of
P, must somehow overlap, or in some other sense be in agreement
with, the predicted one. The idea of overlapping would seem to
recommend itself as attractive and practical if only the range of
uncertainty could be numerically defined. To say, for instance,
that the range of P, extends from the smallest to the largest value
measured will not do, since if more measurements had been made,
still smaller and still larger numbers might have appeared. Our
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first task will therefore be to indicate how a finite error, or a
measure of precision, can be assigned to a scattered set of numer-
ical data. This will take us a little distance into the theory of
errors.

The word error carries an overtone of “falsification” or “depar-
ture from truth” that is misleading in so far as it suggests a true
value which experience could reveal to us. Observation delivers
no true value; what is taken as the true value on the basis of a
given set of measurements is fixed by methodological agreement.
We see how even here, at the very boundary of the immediately
given, regulatory devices from the C field must be invoked to
stabilize the epistemological situation. What is actually done is
this: One chooses as the true value of a set of observations the
most probable value—most probable under conditions to be out-
lined forthwith—and this happens to be the arithmetic mean.
Having fixed the “true value,” one assigns to it a range of error,
that is, an interval about the mean, the size of which is a measure
of the untrustworthiness of the chosen value. To be sure, the ex-
perimenter often talks as though there “existed” an absolutely
true value to which the mean is the best approximation; and he is
prone to say that the assigned error marks the range within which
he judges the true value to be confined. This, however, had best
be regarded as a convenient metaphor, for except in cases where
the true value is fixed by definition (the atomic weight of oxygen
is 16.000 without error!) we have no way of determining true
values exactly.

Why is the arithmetic mean of a series of observations the best
choice for the true value, and how is the range of error deter-
mined? In outline, the reasoning is this. There are two kinds of de-
partures from constancy in a measured value, those called deter-
minate, or systematic, and those called random errors. The former
presumably result from mistakes on the part of the observer, in
reading a scale or in recording his data, from faulty or incorrectly
adjusted instruments. They are usually large, detectable, and
avoidable and are therefore assumed to be eliminated in a good
series of observations. Random errors, on the other hand, are in-
determinate, f.e., they have numerous unknown causes and are
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unavoidable. It is assumed that they produce a unique distribu-
tion of measured values about their mean, the so-called “normal,”
or Gaussian, distribution, which may be described as follows.

If x is the result of a measurement, then the number dN of
measurements yielding values between x and x + dx is, according
to the normal distribution,

AN = const ¢~ ¥ =" gy (6.1)

where k and x, are unknown and therefore adjustable constants.!
The reasons for assuming the validity of this law will be presented
in the next section. Once it is accepted, the following procedure
for the treatment of data suggests itself:

First the measured results are plotted, the number of measure-
ments yielding a certain x (called 4N in Eq.(6.1)) as ordinates vs. x
as abscissas. The plot will in general be bell-shaped and conform
vaguely with the plot of Eq. (6.1). We then draw the best Gaus-
sian curve through the plotted points and determine both x4 and
k from this curve. Now there is always some uncertainty in the
choice of xy, which is the “most popular” measured value in the
sense that the greatest number of measurements lie near it; but
this uncertainty can be eliminated by a theorem provable with
Eq. (6.1) as the premise. The theorem states: If a set of measured
values has a normal distribution, then the most probable x, is
their arithmetic mean. We avail ourselves of this theorem in de-
termining ¥, and then proceed to find & by curve fitting. The first
of these quantities, x, is arbitrarily identified as the “true value,”
while & is called a measure of precision.

The greater the value of , the narrower the graph of the normal
distribution, and the smaller the number of observations depart-
ing considerably from xo. Hence its name. The reciprocal of %
has the same physical dimension as x and represents a departure
from xy, called an error. It would seem natural to take 1/k as a
measure of the error in a given set of observations. Certain con-
siderations from the theory of probability, however, indicate that

1The numerical value of “const” in this equation is not at our disposal be-
cause the sum (or integral) of all N’s must be made equal to the total number
of measurements.
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this would be an unduly pessimistic estimate and that a more
flattering measure should be chosen. Hence scientists have accus-
tomed themselves to using one of the following three types of
error, or measures of uncertainty, each having a specific statisti-
cal meaning:

o.
Probable error: r = L}jz

0.701
Root-mean-square error: m = p

0.564
Average error: a==-

The probable error 7 is a departure from the mean in a normal
distribution, so chosen that one half of the errors of all observa-
tions made are greater, and one half are less than r. The average
error is the arithmetic mean of all errors without regard to sign,
while the root-mean-square error, also called the standard devia-
tion, is defined by its name.

There is no agreement among scientists as to which of the three
is the most adequate measure of the uncertainty of observations,
as indeed there cannot be in view of the arbitrary meaning of the
measures. Practically, the differences are unimportant—so unim-
portant that scientists have hardly felt the need of getting to-
gether for a common declaration of faith in one choice or the
other. But the philosopher of science is obliged to take note of
this remarkable fact: both “truth” and ‘“‘tolerance” must be
fished out of the uncertainties of the immediately given by more
or less arbitrary rules not immediately presented in Nature.

Such tolerance, or error, makes possible a comparison between
theoretical prediction and observation which would be worse than
problematic if “point” predictions had to be matched with point-
like data. Hence a decision of whether a given theory is verified
is practically attainable. The point P, in Fig. 6.1, at which the
predictive circuit starts, is surrounded by a range of error. Two
methods can be used in carrying through the confirmation. One
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neglects the error at P; and inserts into the theory the “true”
value of the measurement; it comes out with an exact P,. Con-
firmation is achieved if the exact predicted value is included
within the tolerance of observations on P,. Cautious scientists,
wishing to be safe, choose the probable error as their tolerance.
The second method is to take account of the tolerance at P;, and
to let the theory predict both a true value and a tolerance at P,.
If the predicted and the observed tolerance have a range in com-
mon, the theory is considered to be verified.

6.4. THE NormaL Error CurvEe

As was seen, acceptance of the normal curve as given by Eq.
(6.1) 1s crucial in the outlined treatment of observations, and a
clear exposition of our reasons for endorsing it is indispensable for
critical understanding. Not uncommonly one finds a scientist
justifying his use of the normal law by an appeal to direct expe-
rience, saying that a sufficient multitude of observations have
yielded to the law and hence establish its truth; that the law is
substantiated empirically. The weakness of this reasoning is ap-
parent, not merely in its circularity, but more notably in the false-
ness of its premises. For experience presents the scientist with in-
numerable skew distributions, differing perceptibly from the nor-
mal law. These he often dismisses or corrects, because for some
hitherto unstated reason he objects to them. He uses the normal
distribution both as an inductive generalization from experience
and as a criterion for the trustworthiness of that experience. Thus
he is lifting himself by his bootstraps unless an independent argu-
ment can be given for the normalcy of that distribution.

This can be done by means of probability theory, a calculus
whose applicability to observations we shall here take for granted.
It is necessary to do this in order to break the vicious circle which
always results when the treatment of observations is justified by
exclusive reference to observations. What is left obscure will be
further and more carefully examined in Chap. 13; for present
purposes it is sufficient to assume that probability, a construct
like many others and defined by rigorous mathematical methods,
is related to empirical data via rules of correspondence. Failure to
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realize this simple fact can easily transform the probability calcu-
lus into a mass of inconsistencies.

The normal distribution can then be proved on the basis of
three hypotheses:

1. There is a very large number of agencies, or “causes,” pro