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PREFACE

Milic Capek has devoted his scholarship to the history and philosophy of
modern physics. With impeccable care, he has mastered the epistemological and scientific developments by working through the papers, treatises,
correspondence of physicists since Kant, and likewise he has put his
learning and critical skill into the related philosophical literature. Coming
from his original scientific career with a philosophy doctorate from the
Charles University in Prague, Capek has ranged beyond a narrowly
defined philosophy of physics into general epistemology of the natural
sciences and to the full historical evolution of these matters. He has expounded his views on these matters in a number of articles and, systematically, in his book The Philosophical Impact of Contemporary PhYSiCS,
published in 1961 and reprinted with two new appendices in 1969. His
particular gift for many of his readers and students lies in the great period
from the mid-nineteenth century through the foundations of the physics
and philosophy of the twentieth, and within this spectacular time, Professor Capek has become a principal expositor and sympathetic critic of the
philosophy of Henri Bergson. He joins a distinguished group of scholars
- physicists and philosophers - who have been stimulated to some of their
most profound and imaginative thought by Bergson's metaphysical and
psychological work: Cassirer, Meyerson, de Broglie, Metz, Jankelevitch,
Zawirski, and in recent years, Costa de Beauregard, Watanabe, Blanche,
and others. Now, with his monograph on Bergson and Modern Physics,
Professor Capek has set forth the little-attended and interesting physical
doctrine of Bergson in its entirety, and with its systematic connections to
actual physics of the time and later. This monograph completes Capek's
earlier papers on these questions; it was anticipated by his noted essay on
'Bergson's Theory of Matter and Modern Physics', Revue philosophique 77
(1953) which has recently appeared in English in Bergson and the Evolution
of Physics (ed. by P. A. Y. Gunter), University of Tennessee Press,
Knoxville, 1969, pp. 297-330.
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The young Capek, working as a country schoolteacher, was happily
startled by Bergson's cordial letter about Capek's dissertation, complimenting him for his insight into the significance of Bergson's views
on matter and their relations to modern physics. It is our own pleasure
to publish the mature reflections and new insights of our dear colleague
on the same topic to which he brought a clear perception in his doctoral
thesis.

*

*

*

Boston Studies in the Philosophy of Science are devoted to symposia,
congresses, colloquia, monographs and collected papers in the philosophical foundations of the sciences. Professor Capek has joined energetically and incisively with the scientists and philosophers who gather
together for the discussions at our Colloquia. Some of his contributions
appear in Boston Studies: 'The Myth of Frozen Passage: the Status of
Becoming in the Physical World', vol. II, pp. 441-463; 'Ernst Mach's
Biological Theory of Knowledge', vol. V, pp. 400-420; 'Two Types of
Continuity' [forthcoming]. His Bergsonian studies not only reflect his
own commitment and philosophical labor but also suggest the interest,
sensitivity, and stimulation which may be brought to the central tasks of
philosophical analysis of the sciences by research into metaphysics,
phenomenology, and philosophies of nature.
Boston Center for the Philosophy
of Science, Boston University

ROBERT S. COHEN
MARX W. WARTOFSKY

AUTHOR'S PREFACE

An old proverb says that 'the books have their destinies' (habent sua/ata
libelli) and this is certainly true of this one. The first idea of writing it
occurred to me in 1940 when as a student at the Sorbonne I was encouraged by Professor Emile Brehier to write an article about Bergson and
modern physics for Revue philosophique. This must have taken place in
the late spring since the German offensive was already in a full swing;
yet, neither I nor Mr Brehier expected that Paris would be in Nazi hands
within a month. This is why I did not even begin to write the article; the
whole project was forgotten for years. In 1950, long after the war was
over, I hardly hoped that Professor Brehier would remember his kind
invitation; but he did - and thus the article "La theorie bergsonienne de
la matiere et la physique moderne" was finally written and appeared in
Revue philosophique in January 1953. This article together with another
one which appeared nearly at the same time in Revue de metaphysique et
de morale represented a sort of outline for the book to be written. But
various circumstances - and various interests - prevented me from working
on it. All that I was able to do in this respect was several articles in English
and French and my participation in the discussion section "Bergson et la
physique" at the centenary Congres Bergson at Paris in 1959. Thus I did
not begin to write this book systematically before the fall of 1965 and,
while its major part had been finished in the middle of 1968, some parts
were added and some re-written as late as the fall of 1970. But this delay
proved to be salutary; for although the most decisive and revolutionary
changes in physics took place in the first four decades of this century,
important discussions about their epistemological and metaphysical significance continued and I was thus able to take them into account. Thus
the book in its final form is different from what was originally envisioned
as. None of its parts has been previously published except Chapter 2 of
Part I which appeared with some insignificant modifications under the
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title "Ernst Mach's Biological Theory of Knowledge" in Boston Studies
for the Philosophy of Science vol. V (1969).
In referring to Bergson's writings I use abbreviations, that is, the initial
letters in the titles of the English translations; for instance, C.E. for
Creative Evolution, C.M. for The Creative Mind etc. For the convenience
of the reader references are made to the paperback editions of Bergson's
works, for all hard cover editions, except the two books just mentioned,
are out of print.
Finally, I wish to express my thanks to all those who in various ways
made the publication of this book possible: in the first place, to the editors
ofthis series, Professors Robert Cohen and Marx Wartofsky; to all those,
besides the editors, who read the parts of the manuscript and made some
suggestions; to Boston University for several generous grants; to those
departmental secretaries and graduate students, in particular to Mr and
Mrs B. Hallen, who helped me to type the manuscript; finally to Professors Robert Cohen and Paul Sagal as well as to my wife who read the
proofs. It is needless to say that for the book in its final form the responsibility is entirely my own.
Boston, May 14,1971

MILIC CAPEK

INTRODUCTION

When Bergson's views about the nature of matter were formulated in
Matter and Memory, especially in its fourth chapter, in 1896, they appeared,
in contrast to the prevailing classical picture of the physical world, so
grotesquely improbable, that they were largely ignored. Even later, after
the publication of Creative Evolution, when Bergson's philosophy became
both fashionable and controversial, his views of matter were rarely analyzed; if they were, they were compared to the irresponsible speculations
of German Romantic Naturphilosophen. This was at least the view of
Rene Berthelot, who concluded his criticism of Bergson's 'philosophy of
physics' on the following harsh note: "Thus the way in which Bergson's
views on matter developed show the uncertainty of his thought and the
extravagance of his results. Do not mistake for the rise of a star this
unsteady light of the will-o'-the wisp floating over the swamps of Romanticism." He explicitly compared Bergson's views with the speculations
of Goethe and Schelling on nature. This was written in 1913, one year
after Russell's scathing attack on Bergson's philosophy in generaI.1 But
Russell, unlike Berthelot who was one of a few opponents who read
attentively all Bergson's works, did not even mention Bergson's views
about the physical world; he thus missed an opportunity for further
invective and ridicule.
It is interesting to observe what the attitude of Bergson's admirers was
in this respect. By 'admirers' I do not mean the uncritical public, which
at the time when Bergson's philosophy was fashionable, was crowding the
halls of the College de France and applauding its master. This public
was mainly responsible for the appearance of pseudo-Bergsonism, which
was nothing but a mere literary fashion, comparable to existentialism
today. It is hardly any exaggeration to say that the content of this
pseudo-Bergsonism consisted in the enthusiastic response to the emotional
color of certain words, like 'intuition', 'creation', 'elan vital', without the
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slightest effort at critical analysis. In this sense what Julien Benda called
"Ie succes du bergsonisme" 2 was in truth the greatest damage done to the
authentic Bergson's thought; authentic Bergsonism was misunderstood
because it was wrongly identified with its fashionable and literary counterfeit. But even critical and responsible disciples of Bergson and those who
showed a disciplined, positive attitude to his thought were mostly
embarrassed by Bergson's treatment of the physical world; either they
passed it over completely or they politely expressed their embarrassment.
There is one explanation for this attitude of Bergson's opponents and
disciples: the year 1896 - the date of the publication of Matter and
Memory. Although at that time the first rumblings under the foundations
of classical physics were discernible, hardly anybody could then guess
even remotely the extent of the coming scientific revolution. The classical
corpuscular-kinetic view of nature still remained unchallenged. The
evidence for the corpuscular structure of matter and electricity was
steadily increasing and the epistemological doubts of Stallo and Mach
about the fruitfulness of mechanistic explanations were both isolated and
premature. Even when the complexity of the atom was discovered, its
constituent parts - the electrons and the nuclei - still retained a number of
the classical features of the ancient Lucretian atom: its permanence
through time (the materialization and dematerialization of the electrons
was discovered only in the fourth decade of this century), its definite
shape and definite spatio-temporal location (which only de Broglie's
discovery of the undulatory nature of matter in 1924 made questionable).
Similarly, despite the increasing difficulties in constructing a satisfactory
mechanical model of the aether, nobody doubted its analogies with an
elastic medium in which transverse vibrations take place. Certainly
nobody anticipated that the aether would eventually lose - under the
impact of Michelson's experiment - even the most basic kinematic
properties. The view that matter and its spatio-temporal framework
eventually would be stripped of their classical, mechanistic features,
which yielded so easily to pictorial models, was at that time looming on
a very distant horizon, indeed - and only in a few and heretically daring
minds.
Bergson was one of these, and he was fully aware why his theory of
matter was either ignored or misunderstood: "This particular point [Le.
his philosophy of physics] has been hardly noticed for one very simple
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reason: since my views about this question were formulated at the time
when it was regarded as self-evident that the ultimate material elements
should be conceived in the image of the [macroscopic] whole, they
confused the readers and were most frequently set aside as an unintelligible
part of my work. It was probably assumed that this was an accessory
part. Nobody, with a possible exception of the profound mathematician
and philosopher Whitehead, noticed ... that this was for me something
essential which was closely related to my theory of duration and which
lay in the direction in which physics would move sooner or later."3 In
other words, Bergson was fully aware that it was the non-pictorial
character of his 'model' of matter, conceived as consisting of imageless
events, which was the main stumbling block for his readers. Writing
these words in 1938 he was also aware how far physics had moved since
the years 1912-1913 - the time of Russell's caricature and Berthelot's
indignation. It has moved still farther since 1938.
An interesting question arises in this context: to what extent can a
thinker imaginatively anticipate the future development of science?
Bergson, in stressing the word 'direction' ('in which physics would move')
rightly disclaimed the anticipation of any specific discovery. For only the
general line of the future development can be foreseen - and that only by
a thinker who has an unusual insight into the inadequacies of the accepted
conceptual scheme. Yet even the anticipation of the general trend sometimes does imply important specific features. Democritus did not anticipate
the law of multiple proportions nor the size of the atoms; but he did
anticipate the atomistic structure of matter and the limitlessness of space
- not a small achievement at his time! To use a less well known example:
when Nicolas d' Autrecourt was forced in 1348 to recant his view that
light moves with a finite velocity, and that this velocity is too great to be
perceived, he was forced to deny what Olaf Roemer experimentally
confirmed more than three centuries later. It was Bessel who first determined the parallax of the 'fixed' stars in 1837, thus confirming Giordano
Bruno's view, expressed two and a half centuries earlier, that "the stars
beyond Saturn" are only apparently "fixed", their motion being imperceptible because of their enormous distance. Bacon and Descartes did
not anticipate the kinetic theory of heat in its details: but they did anticipate one of its basic ideas - that the difference between the solid and
liquid state consists in the degree of internal molecular motion. Now it
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would be absurd to say that Bergson anticipated Heisenberg's principle;
but he did anticipate the elementary indeterminacy of microphysical
processes which restricts the applicability of Laplacean determinism to
the physical world. (In this respect, he was not alone; before him Boutroux
and Peirce were bold enough to affirm it.) He certainly did not anticipate
wave mechanics; yet - like Whitehead later - he did assert that matter
consists of imageless vibrations devoid of any intuitive, material substratum. But more about this in the text of this book.
The book consists of three parts. The first deals with the biological
theory of knowledge in the way it was amended by Bergson; comparisons
are made with the older views of Spencer, Helmholtz, Mach, and Poincare, and with more recent views of Reichenbach and Piaget, which Bergson's view resembles, but from which it also differs. This aspect of
Bergson's thought was largely ignored; Rene Berthelot, who was one of a
few who was aware of it, rejected it because of his traditional rationalism.
Yet without an understanding of this aspect of Bergson's philosophy, no
genuine understanding of his other views is possible. The second part
deals with the meaning of the controversial term 'intuition'; it explores
in great detail the structure of the Bergsonian duree reelle, shows its
implications, and takes into account some significant criticisms. The
third part deals with the Bergsonian theory of matter and its relation to
contemporary physics. It shows that his central ideas are closely related
both to his general theory of duration and to his biological theory of
knowledge; it traces Bergson's relations to other thinkers, especially to
Leibniz, Boutroux, Whitehead, Bohm and de Broglie; it analyzes what is
valid and what is wrong in his later comments on the theory of relativity.
Two appendices deal with Russell's complex relations to Bergson and
with the much discussed relation of microphysical indeterminacy to
freedom. Appendix III deals with Bergson's views on entropy and their
relations to modern cosmogony.
NOTES
Rene Berthelot, Un romantisme utilitaire, Paris, 1913, II, p. 213, Bertrand Russell,
'The Philosophy of Bergson', The Monist 22 (1915) 321-347.
2 Julien Benda, Sur Ie succes du bergsonisme, Paris, 1914.
3 Bergson's letter to the author, July 3, 1938.
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PART I

BERGSON'S BIOLOGICAL THEORY OF KNOWLEDGE

CHAPTER 1

THE CLASSICAL BIOLOGICAL THEORY OF
KNOWLEDGE: HERBERT SPENCER

'Anti-intellectualism' is a label frequently applied to Bergson's philosophical thought, but only rarely is the meaning of this term properly
understood and fully clarified. It is generally not realized, or at least not
sufficiently stressed, that his alleged anti-intellectualism is opposed only
to a certain, though historically the most important and still the most
dominant, form of human intellect; that is, to what he himself called
the 'logic of solid bodies' and what, perhaps more appropriately, may
be called the Newton-Euclidian form of intellect. This form, as Bergson
stressed, is a result of a long evolutionary process the duration of which
certainly transcends the duration of the human species. This duration
itself is the ground for its practical justification and its approximate
applicability to our ordinary daily experience; but when we are confronted with the new types of experience which do not fit the traditional
patterns of thought, a new and fresh effort is required to create more
flexible and more adequate forms of understanding. Although Bergson's
language is not always as specific as we would wish to have it, the meaning
of his anti-intellectualism is unmistakably clear for an attentive and
unprejudiced reader, especially as he becomes aware that it is an organic
part of Bergson's biological theory of knowledge. In my opinion no fruitful
study of Bergson's thought, and, in particular, no true understanding of
his sometimes paradoxical philosophy of nature is possible without
taking his biologically oriented epistemology into consideration.
The view that the cognitive functions of the human mind are not static
and immutable entities but, like all other physical and psychological
features of man, are subject to gradual growth and development, began
to gain ground in the second half of the nineteenth century after the
advent of the theory of evolution. It seemed natural and consistent to
apply the theory of evolution not only to the physical organism of man,
but also to his psychological features, including that which is usually
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designated by the words 'reason' or 'thought'. It was Darwin himself
who, in his study of the Expression of Emotions in Man and Animals,
applied the evolutionary method to one specific problem of human and
animal psychology (1872). But there is no question that Darwin was in
this respect not the first one; as early as 1855, that is, even prior to the
publication of Darwin's Origin of Species, Herbert Spencer applied the
evolutionary and genetic method in the first edition of his Principles of
Psychology. This book, especially in its later editions, was, and probably
still remains, the most systematic exposition of biologically oriented
epistemology.
That Spencer's philosophy reflects the intellectual atmosphere of the
second half of the nineteenth century is well known. His influence was
very extensive and culminated around 1900; in many respects he was one
of the most representative and influential thinkers of that period. The
fact that this philosophy is now regarded as outdated merely shows how
quickly philosophical fashions change. Unfortunately, changing fashions
frequently affect terminology rather than the ideas themselves; and it is
amusing to observe how those who would be offended by being called
Spencer's disciples still retain his basic philosophical outlook. Charles
Singer pointed out how, despite the prevailing neglect and even contempt
for Spencer's philosophy, his ideas and even their verbal expressions,
which he coined, continue to form a part of the twentieth century language,
especially in what is today called the 'behavioral sciences'.! Certainly, the
present psychological and sociological determinism and cultural relativism are not significantly different from the view which dominates both
Spencer's Principles of Psychology and his Principles of Sociology. We do
not share the view of Professor Aiken 2 that Spencer's philosophy is
bound for revival; unfortunately his influence, notwithstanding verbal
declarations to the contrary, is still very much alive and does not need
to be revived. We say 'unfortunately' because this unacknowledged
influence is in many respects retarding. But this does not mean that future
generations will not show a greater fairness to his thought than is outwardly being shown now. At present, Spencer is too outdated to be
regarded as important, and not ancient enough to be included among the
classical thinkers of the past. Together with a more just evaluation of his
persistent, though unacknowledged, influence, posterity will probably
more clearly differentiate between the truly outdated parts of his thought
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and those whose fruitfulness is far from being exhausted. The present
situation is curiously reversed; the most influential parts of Spencer's
thought are those which are most clearly marked by the nineteenth
century atmosphere while its most interesting aspects with the greatest
potential bearing on some contemporary problems are now almost
universally overlooked. To these potentially fruitful aspects belongs his
biologically oriented theory of knowledge, especially when it is freed
from its nineteenth century coloring.
It was precisely Bergson who made an attempt to amend Spencer's
biological theory of knowledge in order to free it from its outdated and
unsatisfactory features. We know from Bergson himself that at the beginning of his academic career he was a fervent disciple of Spencer, and
that his main ambition at that time was to improve Spencer's system in
some details without altering its essential features. 3 It is true that very
early, as early as the time of writing his doctoral thesis, he radically
departed from Spencer's mechanistic monism, and that his main work,
Creative Evolution, was written in a conscious opposition to what he
termed the "false evolutionism" of the English philosopher. But this fact
tends to obscure another equally important truth, that traces of Spencer's
influence never completely disappeared from Bergson's thought. This is
only apparently paradoxical; we have only to remember that we are often
as strongly influenced by that against which we react as by what we like,
and that underlying different and even opposite solutions of one and the
same problem there is often a tacit agreement about the way in which
the problem is formulated. The thesis which remained common to both
Bergson and Spencer even after their ways parted was the view that the
theory of life and the theory of knowledge are inseparable 4; more specifically, that no theory of knowledge can be adequate without relating
the genesis of the cognitive forms to the whole evolutionary process of
life. For this reason an outline of Spencer's evolutionary epistemology
will provide us with the necessary contrasting backdrop for Bergson's
own version of the biological theory of knowledge.
The general character as well as the specific features of Spencer's
epistemology are determined by his views concerning the nature of life
and its development. The following passage contains the essential
features of his theory of knowledge which follows naturally from his
whole evolutionary and mechanistic outlook:
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Whence it becomes manifest, that while Life in its simplest form is the correspondence
of certain inner physico-chemical actions with certain outer physico-chemical actions,
each advance to a higher form of Life consists in a better preservation of this primary
correspondence by the establishment of other correspondences.
Divesting this conception of all superfluities and reducing it to its most abstract
shape, we see that Life is definable as the continuous adjustment of internal relations to
external relations. And when we so define it, we discover that physical and psychical
life are equally comprehended by that definition. We perceive that this which we call
Intelligence, shows itself when the external relations to which the internal ones are
adjusted, begin to be numerous, complex and remote in time or space; that every
advance in Intelligence essentially consists in the establishment of more varied, more
complete, and more involved adjustments; and that even the highest achievements of
science are resolvable into mental relations of co-existence and sequence, so coordinated as exactly to tally with certain relations of co-existence and sequence that
occur externally. A caterpillar, wandering at random and at length finding its way on
to a plant having a certain odor, begins to eat - has inside of it an organic relation
between a particular impression and a particular set of actions, answering to the relation outside of it, between scent and nutriment. The sparrow, guided by the more
complex correlation of impressions which the color, form, and movements of the
caterpillar gave it; and guided also by other correlations which measure the position
and the distance of the caterpillar; adjusts certain correlated muscular movements in
such way as to seize the caterpillar. Through a much greater distance in space is the
hawk, hovering above, affected by the relations of shape and motion which the sparrow
presents; and the much more complicated and prolonged series of related nervous
and muscular changes, gone through in correspondence with the sparrow's changing
relations of position, finally succeed when they are precisely adjusted to these changing
relations. In the fowler, experience has established a relation between the appearance
and flight of a hawk and the destruction of other birds, including game; there is also
in him an established relation between those visual impressions answering to a certain
distance in space, and the range of his gun; and he has learned, too, by frequent
observation, what relations of position the sight must bear to a point somewhat in
advance of the flying bird, before he can fire with success. Similarly if we go back to
the manufacture of the gun, by relations of co-existence between colour, density, and
place in the earth, a particular mineral is known as one which yields iron; and the
obtainment of iron from it, results when certain correlated acts of ours are adjusted
to certain correlated affinities displayed by ironstone, coal, and lime, at a high temperature. If we descend yet a step further, and ask a chemist to explain the explosion
of gunpowder, or apply to a mathematician for a theory of projectiles, we still find that
special or general relations of co-existence and sequence between properties, motions,
spaces, etc., are all they can teach us. And lastly, let it be noted that what we call truth,
guiding us to successful action and the consequent maintenance of life, is simply the
accurate correspondence of subjective to objective relations; while error, leading to
failure and therefore towards death, is the absence of such accurate correspondence. 5

I quote this lengthy passage purposely; it shows, with a Victorian overexplicitness, that what we call truth and error on the human scale can be
defined in behavioral terms as the presence or absence of adjustment to
the environment and that in this respect the human situation is merely
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the last and culminating stage in the general evolutionary process. The
terms 'knowledge' and 'intelligence' are used by Spencer in a very broad
sense in order to be applied to what may be called the 'knowledge' and
'intelligence' of animals which resemble human knowledge and intelligence at least in important behavioral aspects. (Unlike Descartes and
unlike behaviorists, Spencer does not deny the existence of mental
qualities in animals; for him the introspective data and the cerebral
processes are two aspects of the same reality in the sense of the doubleaspect or identity theory which is still popular in some philosophical
circles.) Defined in this broader sense, knowledge in both its human and
subhuman forms has primarily a practical and biological function; it
is a weapon in the struggle for life. A better knowledge means a better
chance for survival. There is no question that in stressing the biological
and practical character of knowledge Spencer anticipated later important
trends in epistemology. The empirico-criticism of Mach and A venarius,
various forms of pragmatism, including the 'partial pragmatism' of
Bergson and the instrumentalism of Dewey tread, whether consciously
or unwittingly, in the footsteps of Spencer.
It is true that present human thought, especially in its more complex
and abstract forms, seems to be purely speculative and disinterested. For
this reason the emphasis on the biological and practical character of
human thought is resented by rationalistically minded thinkers, who are
committed by their metaphysics to regard reason as a faculty sui generis,
and who consequently resent any naturalistic attempt to regard it as a
continuation and culmination of subhuman forms of intelligence. It is
resented also by abstract logicians who, though generally free of similar
metaphysical inhibitions, remain by the very nature of their limited
interests either hostile or indifferent to any kind of genetic approach.
There is hardly any question that the hostility towards pragmatism stemmed largely from these two main sources. But it must not be overlooked
that this apparently disinterested and purely speculative character of
human thought is of relatively recent origin; it would have been impossible
without the economic and technological conditions which freed the
human mind from its subservience to immediate material needs and
released its energy into new channels not directly related to practical
activity. Who would seriously question that even the most abstract
sciences can be traced to humble, purely utilitarian origins? Has not
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geometry developed from the art of surveying, astronomy from astrology
and chemistry from alchemy? Does not this practical character of human
thinking become quite obvious when we consider the less developed forms
of human societies?
It becomes even more obvious when we consider rudimentary forms
of intelligence in various subhuman species, although only in the higher
vertebrates is the affinity to human intelligence clearly discernible. It is
true that cognitive functions in animals, with the exception of the higher
species, consist mainly of the faculty of perception; but it is precisely
the character of perception which exhibits most convincingly the close
connection between knowledge and biological needs. In the ascending
hierarchy of organic beings, the field of animal perception is gradually
widened as the corresponding sense organs grow in complexity and in
adaptation to various external stimuli. Thus the surroundings, to which
the animal becomes adapted, is gradually wider and wider; at the same
time, with the appearance of memory and imagination, that is with the
increasing capacity to retain traces of past impressions and rearrange
them into new patterns, the animal ceases to be confined within the narrow
limits of the present moment and is able to become adjusted even to
conditions not yet existing. Thus by the appearance of memory and anticipation the field to which an organism is adjusted is widened in time as
well. Needless to say the greater number and greater precision of external
stimuli registered by the increasingly more complex and more accurate
sensory organs is reflected in the growing complexity and accuracy of the
concomitant motor reactions; and the quoted passage of Spencer shows
how the anticipatory character of both perception and motor reaction
becomes more prominent in higher species. This widening in space and
in time of the milieu to which the organism reacts is one of the most conspicuous features of organic evolution; we may say that the place of a
living being in the hierarchy of organisms is generally determined by the
spatial extent of its sensory field as well as by the temporal span of its
memory and anticipation.
The evolution of human intelligence is ruled by the same law. In
Spencer's own words:
From early races acquainted only with neighboring localities, up to modem geographers
who specify the latitude and longitude of every place on the globe - from ancient
builders and metallurgists, knowing but surface deposits up to the geologists of our

