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PREFACE

HIS short book is an essay on theorctical biology. Al-

though in the broad sensc philosophical in its aim, it is
cssentially empirical and naturalistic in its treatment and out-
look. To philosophical students it may secm too empirical; to,
biologists, too philasophical. But philosophy cannot dlspcnse
with empiricism any more than empiricism with phllosoph'y

To make the distinction between science and phllos\ophy
too sharp is unrealistic; a closer mutual approach is preeded for
the solution of modern problems. I have had td@ange over
many fields, and I am well aware of the difﬁcul’i:y of attaining
adequate knowledge in more than one fie
one. The interdependence of different fields of 1nvest1ga110n is
nowhere more cvident than in biclogys In an era of specialism
attempts at a synthesis of scientifi, and philosophical concep-
tions of nature are often dlscom‘aged as tending to lead no-
where. Yct I believe such a‘ttemp%“a‘f by angitd be
made: the specialist’s close contemplation of trees should not
obscure permanently hm vision of the wood. The detail of
nature has its settmg\x_fl 4 whole; we ac Isnowledge the essential

unity of this wholdywhen we call it “universe”; inevitably the
naturalist has\afinterest in the whole as well as in the parts.
Nature is theMield of individuation; but what arises in this
field de cﬁ\:is not only on local conditions but also on the
propcrt'és of the whole, in its character as a single being or
permancnt unity. As Whitehead expresses it, each instance
Ofizndwlduation is “*a special strand of unity within the general
unity of Nature.””!

The transition from naturalism to philosophy is often made,
and modern philosophy appears to be following a path that
is increasingly naturalistic. Accordingly, a discussion by a biol-
ogist may not be out of place. If I were asked to define my out-
look in a phrase, I should say it is “critical naturalism.”

L A, N. Whitehead, Adveniures of Idear (New York: Macmillan, 1933), p. 241,
5



6 BIOLOGY AND PHILOSOPHY OF ORGANISM

“Naturalism’ is a term of comprehensive meaning; in my in-
terpretation it would be the equivalent of realism. “Realism™ js
the knowledge, testable or verifiable as far as possible, of what
in reality exists and acts; its field is not only all experience, ac-
tual or potential, but whatever lies behind and conditions ex-
perience.

The main results and theoretical conclusions in any field of
knowledge should be commmunicable to those working in other
fields without too much loss of accuracy. There are, of coursey
differences of conception and terminology, but a consistent
terminology should be an aid to understanding, ratheh fHan
the reverse. “Science” means understanding; it is\afi intel-
lectual discipline, and its votaries arc likcly to ’C.g)flsiacr exact
knowledge as representing the most valuablp«}sﬁrt of experi-
ence. Scientific concepts and terminclogy)difh at simplilica-
tion; but the result is too often my-stiﬁcggibrl, and the applica-
tions of science are not always fortunate In their outcome, We
must remember that knowledge, whilc an important part of
experience, is only a part. Scignee schematizes, epitomizcs,
and atong%\%_glggaﬁmﬁlg_y_{,%@ré, largely out of deference to
human limitations, Because science is wedded to simplifica-
tion as an aid to undersganding (“entia non sunt multiplicanda
praeter necessitaternd{ )i its tendency, when it turns philosophi-
cal, is often towa}"a\éversimpliﬁcation.

Philosophical,ednceptions of the nature of scientific know!-
edge have bcg}ﬁ derived mainly from a consideration of physi-
cal, rath,e{’ﬁ’lan of biclogical, science. For this reason the sci-
entiﬁc\'@e\'\f of nature has become predominantly analytical,
in gcfeordance with the prevailingly analytical character of

~physical science. Nature is resolved into a combination and
Nirterplay of invariant factors and conditions, and its mathe-
matical characterization becomes the chief aim. This mode of
consideration yields invaluable insight, but it'should be sup-
plemented by one that is also synthetic. Now it is a peculiarity
of biology that it is a synthetic science, dealing with the most
highly organized products of natural synthesis that come under
our observation. Its endeavor is to “understand” the natural
processes by which living organisms are brought into existence
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and maintained. When biology becomes too exclusively ana-
lytical, it misses its aim. While accepting the results of physico-
chemical analysis and applying them to the living orgamsm,
biology should not forget that its field extends bevond the
mere physics of the organism. After all, the living belng is not
only a physical but a psychephysical entity (can any human
being forget this?}; the problem of the nature and role of the
psychical in living organisms is as important as the problem of
thelr physical constitution. A
To the unprejudiced observer the vital synthesis appears as
based on conditions and factors of both kinds; each living/or-
ganismm is to be regarded as a psychophysical unity. The sepa-
rate consideration of its physical and psychical aspéCts may be
compelled by the requirements of scientific o séfvation and
description; but this does not mean that thé Blysical and the
psychical in reality correspond to two distinict realms of ex-
istence, differcnt in kind and capable ¢ a.\cting in entire inde-.
pendence of each other. Rather, théyare to be regarded as
existing and acting in an iIlSCpasl:'aiCdé unity, although to our
observation this unity may pré;séeflt a dg ble aspect; this as-
pect may be either physic‘a[i’or psy\f'\’c‘m'(iaﬁr%usmfﬁar PsElves, or
only the physical may begirectly observable, as in other organ-
isms. The advantage ofthis general view is that the problem of
how the physical aQsl *the psychical interact (the “mind-body
problem’) ceases\to be in principle an insoluble one and re-
mains open telinvestigation by scientific methods.

The follwing discussion is largely a recapitulation, con-
tinuatie{l;\é’nd synthesis of contributions which I have made
in pgiq‘t’}ears to some of the philosophical problems of biology,
in <papers published chicfly in the American Naturalist, the

\'j‘&;ﬁrm! of Philosophy, and Philosophy of Science. In some chap-
ters (especially chaps. i, ii, xii, and xiii) I have incorperated,
with only slight alteration, considerable sections of these pa-
pers. I express my grateful acknowledgments to these jour-
nals.
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CHAPTER I

Living and Nonliving: Biological Evolution
and Development

HE fundamental problem of general biology may bey

briefly described as the problem of the relation betweer
the living and the nonliving. In physical nature we meet with
material and “systems’—unified collocations of matier and
energy—of both kinds, although by far the greatcy(pért of na-
ture is nonliving, in the biological sense of thc word. Experi-
mentally we find that the living is dependentdor its existence
on the nonliving in a definite manner: each'living organism
incorporates material and energy fmr'r'l'\fts\nonliving environ-
ment, often by devious ways, and aftgicértain internal changes
returns the material and the cnergy' (the latter now at a lower
potential) to the envh."c)m.nent L) fhl@ggg_&}lgg&l{g@gig{g gains
energy which it applies in ajpecial way in furthering its ex-
istence and activities, .

Considered as a phv,si}fal system, the living organism repre-
sents a focal regionétd which matter and energy converge and
from which later’they diverge. In the interval they undergo
chemical angl‘xﬁh'&’sical transformations of a highly special
kind, with gghsequences which are expressed in the character-
istic stru\cﬁﬁ}‘e and activity of the organism. Typically, this
structyre and activity are of a kind “adapted” to promote the
persistence of the species in its environment, and both arc de-
perdent on chemical changes of a complex kind not found elsc-
where in natre. We indicate the special importance of the
internal chemical reactions of the organism when we speak of
it as a “metabolizing system.”” Metabolism, especially con-
structive metabolism, is the primary physical activity of life.

When we consider the living organism physically, as an ob-
scrvable object in external nature, we find that it is a physico-
chemical transformation-product of a highly special kind. It

11




12 BIOLOGY AND PHILOSOFPHY OF ORGANISM

comes into being and preserves stable existence under condi-
tions which, when we consider physical nature as a whole, are
undoubtedly very unusual. The evidence from natural science
is that life appeared on the scene relatively late in the evolu-
tionary history of nature, and only in certain restricted local-
ities where the environmental conditions—e.g., temperaturc
and the accessibility of chemically transformable material—
were especially favorable. The living system thus appears to
physical scicnce as an evolutionary derivative of the nonliving;
there was at some time in past history a transition, sudder\{)r
gradual, from thc nonliving to the living. The cwclcmsc that
living organisms may originate by “spontaneous generatlon
at the present time is inconclusive; but in any event, ‘each or-
ganism now existing is of ncecessity contmu&ﬁy cngaged in
transforming nonliving environmental matedals and cnergy
into its own living and complexly orgam}cd substance. T'his
is the indispensable condition of its¢egistence. We may say,
then, that nonliving nature is pote’ﬁtfally living and requircs
only a certain rearrangement ordeerganization of components
to become IIVigT T g‘cé}{é’mi%lologlcal problem of organiza-
tion has reference to the wature and conditions of this re-
arrangement. RA

Two chief quest QLS arise at the outset. First, can we define
clearly those g(,ncr\1 or universal characters of nature which
underlie and have made possible so remarkable a develop-
ment? And,sgecond what are the essential distinguishing char-
acters f.;he living part of nature as contrasted with the non-
living® The first question relates to the general nature of the
cqn@iiﬁons required for any process of evolution; the second, to

“thie’special criteria of life as a part of nature.

With regard to the second question, unquestionably the
fact of greatest general significance is that the living organism
of which we know most—man himself—exhibits a doublec as-
pect. We know human beings not only objectively, as physical
systems performing complicated evolutions in an external or
public world, but also inwardly or subjectively, as individual-
ized centers of experience from each of which the world is seen
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in perspective.! The world extends indefinitely in space and
time outside each living and experiencing center. This central
position determines the aspect which nature presents to our
observation. The general theory of relativity in physics recog-
nizes that the central status of the observer is always presup-
posed in the spatial or geometrical description of nature. This
self-centeredness, or what may be called the *psychological
isolation® or “inwardness’ of each living organism, is a bic-
logical fact of the first importance which must be taken into\
account in every attempt at a comprehensive survey ofy the
biological problem. Apparently it testifies to the speC\aI‘ 51g-
nificance of internal, as distinguished from external, {aetors of
determination in vital activity. In voluntary human action,
especially, initiation seems to come from wzﬂzw}\although ex-
ternal factors and restrictions, physiological and environmen-
tal, necessarily play their part in the tot'l.beﬁ"ect
The other question, which is essenu’all\? the problem of the
place of lifc in nature, may be approached from a purcly sci-
entific point of view, secking 111duct1\fely valid generalizations
from facts of observation. A .p'c;§sible\mmbﬁmﬁﬂaﬁiﬂj&gﬁ}{ers
here: can living matter be produced artificially in the labora-
tory from nonliving m tier? So far we have not succeeded in
doing this, although wekan synthesize biochemical compounds
of all classes and ca simulate by artificial models, often with
surprising acw‘rac;, many types of structure and activity
which form/:‘\rly were regarded as uniquely vital. Or the prob-
lem may e tegarded as primarily a philosophical one, leading
ultima / to considerations of the kind usually called “meta-
phg@é’al,” i.e., regarding the nature of existence itsclf, of
“which biological phenomena are one special manifestation,
\)ur consideration In the present essay will be based, as far as
possible, on tested scientific knowledge but will inevitably
have its refcrence to the metaphysical problem also, since the
problem of cosmology, i.¢., of the factors underlying all natural
L In his Analysis of the Sensations {Chicago: Open Court Publishing Co., 1914)

Ernst Mach gives 2 drawing showing the external world framed in a setting con-
sisting of the nose and cyebrows of the ohserver.
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creation and diversification, is one that lies behind the prob-
fem of evolution,

Physical scicnce assumes, as an actuality, a nature or uni-
verse which is sclf-existent, i.c., has a rcality and status which
are independent of our apprehension. It regards the physical
world as real and autonomous—as having an existence and
activity of its own. The conceptions, scientific or other, which
we form of this world may be more or less adequate and
serviceable; but in any case the conception must not be cgis
fused with the natural reality as it is in itself. This reality*is
what it Zs—possesscs its own being and characteristics<S inde-
pendently of mental representation, at least by th¢“animal
“mind.”” Real things (in the sense in which we afe now using
the word) have the same influence on the‘c'b,ufse of events
whether we have any knowledge of them af\not. In this sense
all experience indicates that physical pature is real and that
we “know”” only a small part of it. "[hé.&ttonomy of nature, it
may be said, is usually accepted withiout question by scientific
men. But this autonomy impliesa further background of real-
ity which isvthe SRESRERGE pRE®Wphical consideration; and in
this philosophical quest méthods may be used, and used legiti-
mately, which differ féin scientific methods as ordinarily un-
derstood. This brief s’ta\tcment will require amplification later,
but I make it ngw'ecause I wish to be understood as favoring
all methods of fafuiry which further insight into our cssential
problem. Philosophical and scientific methods, when properly
cmploygad:,‘}lb not contradict but supplement one another.,

In .Qénéidering scicntifically the problem of evelution, a
prpblcm concerned with the progressive transformation of onc

. Jind of natural system into another, it is important that the
imost general characteristics of nature—and, indeed, of experi-
ence in its broadest sense—should be held in view ag clcarly
as possible. The naturalist assumes that the evolution of the
living from the nonliving began and came to its consummation
in a world which already had certain stable properties and
mades of action, i.e., features which are essential tc natural
existence as such and without which nature would not be na-
ture. Can we define clearly these general features of natural
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existence? Such a question, at once scientific and philosophi-
cal, is not an easy one to answer, since existence Is expansive
and hard to pin down to any rigid scheme of definition; but
certain broad slatements may bc made, in general agreement
both with experience and with the scientific and philosophical
traditions.

Briefly, the most fundamental general fact relating to the
structure of natural existence appears to be as follows: Nature
shows everywhere a combination of constancy and change. 1t
exhibits (1) a conscrvative side, one consisting of constant ele*
ments, conditions, relations, and modes of action (invariaghs);
and (2) an active, novelty-producing or originative sidd{vari-
ants), i.e., one consisting of process, as dislinguishcdjl‘rbﬁl static
condition. Fach of these appears integral to the gt\hél‘ and pre-
supposes the other. The two are interfuseds apparently they
represent parts of an indissociable unity;x}«{Q,distinguish them

7

only by abstraction. LV

Without conservation therc can hene change; i.e., certain
constant or persistent conditions are required for the occur-
rence of any kind of event; w?i&iéiui? s%@_ggmlggrlgpoggﬁnngc
could procced for any time in a definite direction. P'he con-
verse proposition is less cvideﬁt; an unchanging exisience secms
conceivable and has, indeed, been belicved in by many philos-
ophers; but at least'itymay be said that without change, in the
form of evolutiod, many of the constant conditions which we
now find in natlfe could never have come into existence and
established fhémsclves as permanent factors.

Also, 18 to be noted that, according to modern physics, the
most&onstant property of a physical entity—-mass—is not a
singpl¥ static or inert character but is an active function or in-

Sdex of activity, ic., a manifestation of energy. Experimentally
mass appears associated with activity of a vibratory kind in the
ultimate units of matter or radiation, i.c., with a regular peri-
odicity of manifcstation, as indicated, for example, by inter-
ference phenomena in protons and electrons. Physical evi-
dence thus indicates that without change, in the form of con-
tinued activity, stations of constancy can neither be reached
nor maintained; and this is especially true of living organisms.
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In this sense, change would appear necessary to the existence
of constant conditions—-so far, at lcast, as these have a physical
side, 1.e., have thc observed characteristics of natural reality.
A further consideration, of special importance in relation o
the evolutionary problem, should also be noted at this point.
Changec is the substance of creativity; it is the prerequisite for
all novelty and synthesis. Whitchead’s phrase, “Creativity is
ultimate,” expresses the fundamental status of creativity in
nature. Creativity is the principle of novelty and lies bchmck
evolution.?

Factors of stability and factors of change are thug (bth
necessary to any kind of natural process. The generd] “eondi-
tions just considered may be represented sahematfcallv thus:

7

Narurar Reariry \'\ 4
A, Conservative side—Tactors of stability, including’i;&rcly logical and
mathematical factors and relations, space-timeghdtural constants {in-
variants, “stcady states™), séructural COlldIthQ\‘iI} gene all forms
of permancney and regularity W
B. Active side——Tactors of change or a(.ti\ut\ including both routine
change and originative or novdtv-pwdumng change. The latter iype

of Lh'ingwg;w}m]t %ﬁ:ﬂhltronﬁm advance, creativity, will,

factors of “‘ernergence” .m f,; 515, cle

It may not be possible 1o ’make this division a hard and fast
orie, since many routlns\l) pes. of change belcmg In the cIa%s of
constants or Conser\g’a )
the reaction congtants of chemistry, or other stablc charactcrs
belonging to j{le various types of natural activity. But this
difficulty iljystrates again how closely interconnected stability
and change“are in natural events,

Follgwing Whitehead, we may assume the conservative or
stabIe ‘conditions now existing in nature to be partly innate or
'pmnordlal i.e., nontemporal in origin) and partly derivative

\or consequent (1 e., of evolutionary or other historical origin),
"The natural world, when observed comprehensively and with-
out prepossession, seems always to present the general appear-
ance of a stable field, continuum, or matrix within which
change occurs. We see this in everyday experience. When we

ECJf.B{\, N. Whitehead, Process and Reality {New York: Macinillan, 1929),
esp. p
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look out on the natural scene—a landscape, familiar streets, or

the starry heavens—the attention can always distinguish these

two complementary aspects. We observe that a large part of
nature, perhaps the greater part, is permanent, stable, appar-

ently unchanging; we receive this impression especially when

we look at a distance. Another part, consisting especially of
things close at hand and our own bodies (always part of the

natural scene), Is continually changing and active. If we apply

the microscope, we observe the smallest loose particles of mats_
Ler to be in a state of continual agitation—the Brownian moge*

went, a manifestation of heat energy. Scientific analysi\S} if

pursued in finer detail, brings into evidence the kinetig)agita-

tion of molecules and atoms and indicates that thedaltimate

physical units are fields of rhythmical or vibragignal activity.

Bricfly, nature everywhere exhibits an phichinging back-

ground, on the one hand, combined with'\@ constant under-

current or inner process of change, on theother.

The general features of the visualfield—a biologically im-
portant part of our experience, in'which the paychophysical
aspect is especiaﬂy'clealt——arle knﬁirﬁg%%@g% ﬁﬁkﬁoa%%?éﬁg‘?&th?
distinguishable objects in this'field preserve their reldtive posi-
tions, and the field itself has¥its constant characters, geomerri-
cal and other. But ingide it we observe changes: objects or
colored patches caif\éﬁﬁonding ta objects, having themselves
greater or lcss persistence, shift their positions and vary in
their size, shapé;“color, intensity, or contrast with their sur-
roundings.'{h.blher words, wc perceive change always as oc-
curring, Within a setting or background which has a certain
persistéh identity or unchanging character. This combination
of sgéﬁility and change which we find In sense perception ap-
‘Pear's, sa far as we can judge from experience, 1o be character-

\stic of all natural existence. Everywhere nature, whether ob-
served externally or felt as inner experience, presents this close-
ly interknit combination of conservative clements with chang-
ing or novel elements.

Let us now consider briefly stability itself, as a general fact
or condition in nature, and try to indicate more definitely just
what special part is to be assigned to it in the natural process.
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First we note that stability and regularity (implying mathe-
matical definability} are in essence one and the same, in the
sense that order and recurrence in cvents always imply the cx-
istence of permanent or stable conditions underlying the
events. Thus the regular alternation of day and night is based
on the stability of several broad physical underlying conditions,
viz., the speed of rotation of the earth, its distance from the
sun, and the quantity of radiation received from the sun; if
these constant factors are present or “‘given,” the end-resylt,
is a regularly recurring cyele of change.

Now let us take a more complex case. The phonoura}‘}hlc
record of a symphony is intricate in the extreme, bug the possi-
bility of its regular reproduction on the instr umcm? d(,pf‘nda on
certain clearly definable factors of stability. Sofmé of these are:
the shape and depth of the grooves cut in fliedisk; the special
features of the mechanism [or uniform rptaston of the disk; the
shape, material, and pressure of the sgcdle; and the connee-
tions of the various parts of the loud Si)'e:al\er Other extraneous
but essential factors arc the comlgmt properties of the atrmos-
phere, the Mﬁmé@f@uhhdfpm%g\ of the human auditory
apparatus, and the nervous'organization of the listener. Given
these various factors of gfability plus a single factor of change,
the uniform rotation ©fthe disk, the whole cycle unfolds itself
and may be repcab@i as often as desired,

Similarly, to.diyc a still more complex illustration, this time
biclogical: whén we see the complexly organized human be-
Ing dcve},;{[é}ﬁg with unfailing regularity from the egg—forty
or fifty\million times each year--we cannot help being im-
press’g:]:l with the extraordinary stability of the viial process and

...9f’flic structural and metabolic conditions that underlic its
\Iﬁénifestations. What arc the fundamental factors of stability
in such a casc? One answer, according to genetic theory,
would be the genes; but it is cvident that the stability of genes
presupposes as its own basis a regularly rcpetitive and stable
character in the process by which the genes are formed and re-
duplicated in each ontogeny. And this highly special process
implies, still further, a stability in the chemical processes of
specific metabolic synthesis—the fundamental physical proc-
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ess underlying all life. Again, the metabolic process implies an-
other long scries of stable factors, such as the properties of
atoms and molecules and the elementary conditions of physi-
cal change in gencral, And in the last analysis it would seem
necessary to assume an underlying or foundational stability
which is ultimate or primordial and which is the necessary
condition for any kind of natural happening.

It is especially important in considering our present prob-
lem to realize clearly that an active process or cycle, as well as a,
static condition or structural character, may have its own spes
cial type of stability, as shown by 1is exact reduplication upider
the appropriate conditions. 1o give a broad cxample, life, as
a natural fact, is constituted by an integration of n}aﬂi active
processes as well as of the structural c011diti0“{1§g{1nderlying
these. Each living organism is a unified systend Baving a defi-
nite “organization”; this organism maintains‘a definite kind
of activity and reproduces itself with r {atarity. But, as just
pointed out, such a combination of s.taﬁ.iiity and change is not
peculiar to living organisms; all rz,egttilrél facts and events have
as their underlying condition a.nd; 'pfqpmy@jﬁeaégg}gl%l%l&gﬁt of
stability, regularity, and order. In scientific description this
orderly clement in phcnqmcﬁla is most adequately represented
by the mathematical equations of physics.

It is cvident, hm\’\&ér, that stability by itself does not ac-
count for the fact(of progressive change and the appearance of
novelty in nanifé, as shown in evolutionary processes or the
creative activifies of human beings. Equally essential arc the
factors N{p}é’sented in the second group (B) of our scheme,
whichihave as their commeon feature the natural property of
9ha1igé or activity, as shown physically in the various manifes-

\t?ltibns of energy. The general term “energy” refers to that
property of nature which exhibits itsell i activity of all kinds.
But this activity requires a background of constant conditions.
Briefly we may say that in naturc stability is interwoven with
change: the two form the warp and woof of the fabric.

We have indicated above that the factors of change may be
of two kinds: (1) routine or regularly repetitive (cyclical) and
(2) originative or novelty-producing. [t seems necessary 1o
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make this distinction because of the fact that many forms of
natural activity have the appearance of being in large part in-
detcrminate or ‘“‘spontaneous’’; i.e., we cannot account for
them compietely on the basis of regular or physically identifi-
able causes and conditions. This inability may in some cases be
due to ignorance; but such facts as the appcarance of new
forms of life in the evolutionary succession and creative origi-
nality in human beings seem to indicate that an element of
real novelty is present in such activities; they cannot be ace
counted for solcly on the basis of routine physical causation:
In fact, we usually find in even the simplest natural evendy if
our examination is close enough, something (it may b&a small
detail) which is unforeseen and incalculable. qufc‘r%h(:less, it
is well known that many scientific men and’@hilosophers
have at times maintained that there is noltea! spontaneity
in nature; that all events arc dctermingd® completely and
unequivocably by fixed conditions, ie ’b\w factors alrcady In
existence and uniformly operative. Blfigiview has found one ex-
pression in the *“closed-universe” gzoim'eption of certain philoso-
phers: reality, 2% B NGR FX @M hging and only appears to us
to change because of the acg:ii;leﬁt of our situation as finite be-
ings set inside the univgr.sé'and viewing it in a partial man-
ner.* ~&
Certain forrus off &ieﬁtiﬁc “materialismm” have been simnilar-
ly absolutistic, ir\the sense of asserting a rigid or invariant
causal intercqniic'étion between all natural events. Such a view
implies thagythtre are never any alternative possibilities of out-
come in @1y natural situation; each event presupposcs all the
othe}*g{}sast and future; the whole system of physical reality
is tiglitly interlocked. It secms clear, however, that this con-
“lision has been reached by formal deduction rather than by
\impartial observation; it is logical, rather than empirical, in
its derivation, and it does not appear consistent with what we
know experimentally about physical nature at the present
time. It seems to be more in accordance with scientific (as well
as gencral) experience to hold that in any natural occurrence

L] F._Braclley’s position, al least in his Appearance and Feality (2d ed.; New York:
Macmillan Ge., 1902). In America, Jusiah Royee has represented a similar view.
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both kinds of factors—(1) law-abiding and (2) spontaneous
(freely acting or physically indeterminate}—are always pres-
ent, but in proportions which show extremely wide variations
in dilferent events and situations. According to this view, nat-
ural events are never completely predictable, ie., in all of
their detail; and on the whole this view appears to corrcspond
more closely with our actual experience of nature than docs
the absolutistic conception.

The law-abiding factors determine the uniformity andg
regularity which we observe in natural events, while the inde-
terminate factors are responsible for a certain tendency t'O\'\‘;EiT\Y
from fixed rule, and hence ultimately for the continualappear-
ance of novelty in nature. The latter factors have acertain for-
ward-tending quality and also a certain arbitrarjzﬁcéé; they are
responsible for that element in the future Which is not un-
equivocally determined by the past. In theNéng run they de-
termine the evolutionary trend. In ]i\jifig‘t)rganisms they ex-
press themselves in spontaneous variation or in voluntary ac-
tion. N

Tt is true that these factors always act WHBLILISSEEG HPRiset
by the law-abiding factors, a§wcll as by the actual state of na-
ture at the particular plge and time. The past is fixed and
forms the necessary afd inescapable condition of present ac-
tion; but it is also ’go\s} noted that the conditions of natural ac-
tion are not nepessarily the same at all places and times. New
rules are continitally being made as new permanencics appear
in nature,%orfle of these rules may be merely local and transi-
tory, w;h\\tié others may have a wide application and 2 high de-
grce.jc'if permanency. This subject will be considered later in
mp:r\e ‘detail.* The essential point to be emphasized now 1s that

Neertain factors of the second class (B in our scheme) are to be
regarded as only partly determinate in the usual physical or
causal sense of the term. These factors, acting in the present,
i.e., in the transitional zone between the past {fixed) and the
future (*not yet’), appear to have a certain range of inde-
terminacy; i.e., alternative possibilities exist with respect to
the precise time and dircction of their incidence. Although

4+ Chap, =i, p. 150,
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this range may be small in the physical sense, being fixed (ac-
cording to Heisenberg’s principle of indeterminacy) for each
clectron event by the valuc of the quantum constant, it is
sufficient to free natural events from the absolute invariance or
fixity to which otherwise they would be held, and hence leaves
room for a certain measure of spontaneity.

It is a part of the thesis of this essay that the essential peculi-
arity of the vital organization—as contrasted with the non-
living part of nature—is that these spontaneous or free factogsy
whose action is internally determined and largely independent
of environmental and past conditions, are somehow ’c{lébxlcd
to assert themselves in a unificd and cffective mauner. The
directive and integrative features of vital activityh as well as
the spontaneity and originativeness which it,j&géliibits under
certain conditions, are to be referred to thisgwdividually or in-
wardly conditioned determination withats’partial independ-
ence of cxternal control and of the pa.sf\ T’hy'sical research has
shown that single microphysical events have a certain degree
of indeterminacy in the sense ofviot being completely calcu-

wiw dbraylibrary. orgin : : i
lableorprccﬁctaﬁ%; us, o offeican predict when a singleradi-
um atom will shoot off an.gléctron. Predictability enters only
when large numbers of {hits are acting in concert; it is statis-
tical prcdictabﬂity.,q“n\ living organisms the indeterminate
characteristic, whi€hbexhibits itself in single elementary physi-
cal events, appeérs to become in some manner an essential
factor in theebntrol of the whole complex system. Hence an
internal ’d\e';&fmination, as distinguished from an external or
environmental determination, may under appropriate cir-
cur;l:i’c:ances assume the upper hand and guide the course of

Jyital'activity in a manner which is largely independent of en-
\Jironmental conditions. This integration and independence
are most clearly seen in voluntary human action. They also
appear to play a part in ontogenctic development, although
this is largely a sterectyped process and dependent on the con-
stancy of physical conditions, both internal and external. The
incomplete character of the physical determination is also
shown in the variability and spontaneity of living organisms, as
exhibited in their genetic mutations and especially in their in-
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dividual behavior. Here we touch on a fundamental biologi-
cal problem, to be considered more fully later. It would appear
that in the last analysis reference must be made to intra-atomie
factors (and apparently beyond) if we are to account satis-
factorily for this spontaneity and internal determination.

A further bricf statement regarding some of the merc gen-
eral features of organized vital action, especially as scen in in-
dividual development, seems to be desirable at this point, We
observe that each individual living organism is a temporary;
construction, complexly organized according to a constang
pattern and built up out of materials originally distributédat
random in the cnvironment. On the whole, it is in its idlivid-
ual development {or ontogeny) that the organism thws most
impressively its character as an integrating ceniéry Materials
and energics which previously were isolated-af2d indcpendent
come into close association, under some kihnd'of directive in-
fluence or compulsion, to form a charad@ristically organized
unity. This is equally true whether swe)take as our example a
bacterium or a yeast cellin a culture mnedium or a higher ani-
mal (such as man) in its comple‘x énvgwla%pguﬁg[ el \SEGase
development appears as eqsennaﬂy an integrative process, i.e.,
a process of concrescence, in'which a variely of materials come
together to form a closely™unified whole. For a time this unity,
no matter how co likfettely organized, has a stability which is
automatically copscrved, together with a correspondingly uni-
ficd complex.a@tivity. After this period of maintained organi-
zation and aétivit\» which varies greatly in length in differcnt
organismg;ythe system disintegrates; 1.¢., it loses its wholeness
or unlt’l\&dnd is again resolved into randomness and relative
mrp{ﬂjmty. Its materials are then again dispersed in the en-
Firenment,

N\ ‘Such a general description would apply to any higher or-
ganic individual; a cycle of integration is followed by one of
disintegration, the whole scquencc constituting a coherent
combination of processes which is the characteristic life-cycle
of the organism under consideration, Some biologists might
object here and might say that the lapsing into randomness at
the end of ife-cycle is an incidental, rather than a necessary,
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feature of the living organism—the protozoans and the germ
cells are regarded as ‘‘immortal.” Nevertheless, it seems gen-
erally true that any organization of the highest complexity
carries with it certain factors and conditions which, in the long
run, render maintenance difficult or impossible. Sooner or
later, the integrative activity of the system declines; it appears
as if the second law of thermodynamics were for a time suc-
cessfully disregarded, only to resume its dominance later; the
physical components of the organism then suffer dispersion: O

This contrast between integrated activity, on the one hand,
and undirected or random activity, on the other, alwa\s im-
presses us when we compare the living with the d,ea{l organ-
ism. As we shall indicate later, the contrast sg€ms to corre-
spond, in a broad way, to the essential contra‘s\t between the
living and the nonliving systems of nature. Fhe vital trend or
impulse, to use Bergson’s term, has as it§/natural tendency or
effect the synthesis of beings or sysefns which combine with
complex organization and actlwty apersmtent and character-
istic unity. T\0 such integrationgds, discernible in the materials

arwwr.dpr au brar

hefore thcy are thu roughﬁgogether to form the living sys-
tem, although various fundamental clements of order are
present, in corresponds@ce with the prevalence of order in

+\J
nature as a whole. \\

N\
%



CHAPTER 11
Living and Nonliving Systems

E SHALL now try to describe more fully and concretely

the essential differences between the living and the non-
living systems of naturc. First of all, attention should be die\
rected to certain gencral characteristics of the external wonld,
i.e., of nature as we see it outside ourselves, Obviousl}g.{af’fysi-
cal nature is highly diversified, but it also shows cyerywhere
certain characteristics that appear simple and unyarying—or
at least lend themselves to simple modes of descfiption.

Of first importance is the fact that each digtiviguishable ob-
jectis set in an environment and, at the safhe’time, has its own
interior. This interior is separated from’the surroundings by a
houndary which is sometimes welNdtfined and sometimes
Huctuating. Each object may thug)] be.drscxisd gea _yl%?g.li dif-
ferentiation within the spatigtemporal continuum. Physical
nature appears to the obsefyer as a public spectacle or per-
formance; it is an extepality, something outside the experi-
encing center, resolvable into materials, systems, and activ-
ities distributed thréughout an indefinitely extended space and
time. Viewed cpfprehensively, the external world appears as
a continuumM¥hen so rcgarded, what impresses us chiefly is
its unity: it \1%5&? single belng, a cosmos; its diversity is detail set
in a baﬁ{(grr’ound which Is continuous and largely homogene-
ous. '

. .E';fCI:Ythre, go far as we can observe, there is apparent a
‘certain unchanging neutral or static property, furnishing uni-
form conditions for motion, radiation, electrical maniflesta-
tions, gravitation, and the other fundamental types of physical
action. The oldcr concept of an ether had reference to this
omnipresent physical condition. No physical endty is isolated;
everything forms part of a larger system; if there were com-
plete isolation for any entity, we could never be aware of its
25
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existence, since then it could not be a source of radiation or
other action affecting the sense organs of an observer. The
natural diversity has its place (and presumably had its origin)
in a setting, medium, or matrix having properties which,
broadly speaking, are stable and uniform. But such a compre-
hensive view neglects detail; in its more usual aspect nature is
a manifold, a mosaic, a complex tissue of many separate sys-
tems and events. Multiplicity and diversification, rather than
unity, are what chiefly impress the human observer or—I fee,l\
sure—the animal struggling for existence,

In the summary statcment just made, I have spoken Jdna-
ture as if it were primarily a physical systemt; bio!ogg}: and
especially physiology, have usually regarded the liging organ-
ism as a purely physical object existing in a pHgical world.
The question of how far the phenomena of lf{g)are represent-
able in terms of physical models has been giwxch debated. Un-
doubtedly, physical models and concegbns have proved of
the greatest value 1o biclogy; recently) however, there have
beenn many \iﬂr%\’d“iycggi_or\sbthgt the tide of scientific opinion is
swinging away from an é’;l(,{uosigbrﬂf physical conception of the
organism. An illustration is j{’hé' rise of psychosomatic medi-
cine, as a department of practicc in which psychology and
physiology are regardef s of cqual importance; and certain
departments of bi qugw; arc now called “‘psychobiological.”
Physics is, in its Dature, the spatial representation of phenomn-
ena; its subjegfdnatter is an external world, consisting of en-
titics and fabtbrs with exclusively spatiotemporal interrela-
tions. Ph{Sidlogy is also an ““externoreferent™ science; it con-
ceives{ife as complex physics, as an externality which, how-
evergomplex in kind, may be expected in the long run to yield
Ttshsecrets to persistent physical and chemical analysis. But

\from the standpoint of a general biology it may bc objected
that this conception represents only a partial aspect of life;
there is also its inner side, as felt in direct experience, and this
experience, as immediate and undeniable, has its priority over
the externalization and physical analysis of physiology. We
are now rcferring to the physical, as distinguished from the
physical, aspect of life.
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It is unnecessary to enlarge on this at present; every man is
aware that his inner life has features which are not spatially
representable, or, indeed, representable (symbolizable) in any
terms. No descriptive combination of concepts, however in-
genious and exact, can be a substitutc for any strongly felt im-
mediate experience. A pain is what it zs—pure affective ex-
perience; its scientific characterization is no consolation to the
suflerer; in fact, we cannot describe it; we can only point to it
and describe some of its conditions. Similarly, no one can ded\
scribe the exertion of will; it has to be experienced direetly
and in the present: the willing agent is immediately awar®,6Fa
kind of activity not representable in physical terms. All e can
do is to call attention, verbally or otherwise, to thee&perlences
themselves, These have terms or qualities com.ln()h to all hu-
man beings-—pcrhaps to all experiencing subjccts other than
human, There is a character of ultimacy,dbdut these elemen-
tary types of experience—pure feeling.dnl pure voliton; and

certain ultimates seem unanaly?'able ke the concept of en-
ergy in physics.

Neverthelcss, it is often scmnnﬁcal\l,swgqmbk%rggya&al 7€
complex experiences into th& ultimate factors, as far as pos-
sible. In the case of the liying organism, the best we can hope for
is that both phys‘lolog;ma}and psychological analysis, if carried
far enough, will con\érge to the same ultimates. As already in-
dicated, the realifile approach to the fundamental problems of
biology regards%he organism as a psychophysical, rather than
a purely pk{?}cal system and considers its problems, according
to theig special nature, from either the physiological or the
psychalegical point of view~—or from both.
mFﬁ‘s’t lct us consider the biological problem in somic of its

Sngre general aspects. Viewed from the purcly physical or
naturalistic point of view, as a phenomenon in external na-
ture, lifc appears as a process, which differs in a striking manner
from other natural processes in exhibiting a predominantly
synthetic and integrative type of activity. Claude Bernard em-
phasizes this in his sentence (often quoted), “Life is creation.”

ULa Stience expérimentale {Paris: Bailliére et Fils, 1878), p. 52: “La vie, c’est la
création.” For an account of Bernard’s views on theoretical biclogy cf. the recent
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The distinguishing physical feature of life is a complex type
of material organization having constant and specific struc-
tural and chemical characters which are combined with con-
stant metabolic activity; this organization is built up through
the orderly association and transformation of malterials and
energy laken from the environment where they are distrib-
uted at random, i.e., in a manner which shows no relevance to
the kind of system formed later by their association. \
It is also highly important to note the “vortex-like” fcuture
ol the vital constitution. The living substance is conginally
changing; its stability is dynamic rather than static: “al living
structure is actively maintained structure.”? An ¢ld compari-
son is that with candle flames, vortexes, fou{}@iﬁs, and other
systems which prescrve constant structuraltand active char-
acters in spite of continual change of material. Such systems
have been classed by Wilhelrn Osty 2Ide as “stationary sys-
tems”; cach represents not a staticaBut a kinetic (or dynamic)
equilibrium—what we now often zall a “stecady state”’; there
is a balance ?ﬂfwcgg;a‘t&ﬂﬁlélg E}ch{'i%fssil)ativc processes. In living
organisms these processes %6}11831'“ essentially in chemical reac-
tions of a complex kindy hence the designation “metabolizing
system.” Materials axie energy converge to the living center;
undergo there c Lacteristic transformations, among which
chemical and stwuctural syntheses are conspicuous; and are
again distribuiéti at random to the surroundings. In exhibiting
this specightypc of transformative cycle the living organism is
unique @mong natural systems.
The'most striking physical feature is the dependence of the
w}\lb.lé system on organic syntheses of a highly complex kind,
“Medding especially to the production of protcins, the chief
characterizing compounds. Directly dependent on this chemi-
cal cycle is the integration, which is the other unique physical

arlicle by W. Ricse, “Claude Bernard in the Light of Modern Science,”’ Bulletin
of the History of Medicine {Johns Hopking University), XIV (1943), 281, See also
the biography by J. M. D. Olmsted, Glaude Bernard, Physiologist {New York:
Harper & Bros., 1938), esp. Part III {pp. 231 fI.).

t]. B. Haldane, Mechanism, Lift and Personality (New York: E. P. Dutton &
Ca., 1914), p. 67.

¢ Wilhelm Ostwald, Vorlesungen iiber Nuturphilosophie (Leipzig: Veit & Co., 1902).
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feature. Although each organism has a great variety of dis-
ringuishable components, existing in constant structural and
other associations, ncvertheless the whole system holds to-
gether, maintains its identity, exhibits its characteristic be-
havior, grows, and reproduces. In its properties and activities
it is sharply contrasted with it environment; yet it comes into
e¢xistence through the orderly association and transformation
of materials taken from this environment; and physiological
research has been ablc to trace many of the transitional stéps \
of the vital synthesis as this occurs in the interior of the orgar-
ism. Nevertheless, from the physical point of view, it r€gains
a continual source of astonishment that the cornpgsi'};idn and
activity of the system—especially when we remefhber that it
is a flux, not a static structure—should cxhib'm}\sﬁch remark-
able constancy. What enters the system is undrganized; even
carnivorous animals break down their food tnaterial into sim-
ple compounds before they incorpora.te,\if.'

In the synthetic process which fdl:loivs incorporation, these
malterials are recombined in acp’qfdance with a constant or-
ganizational pattern which ig Scharacerid B EAEH B pBR s,
Each animal or plant orgamization, once it i3 synthesized, is
maintained with an cséential constancy of structure and ac-
tivity throughout a gertain limited period or lifetime, which
varies greatly from}pecies to species and is biologically prede-
termined, i.c,, {nhérited. In this sense, each organic individual
is transicnt',,ﬁé:, passes through a temporally limited life-cycle,
usually divifled into successive subcycles of development, level
maintehdnce, and scnescence, after which it dies or disinte-
g‘rqtes’:o But before this stage is reached, certain special por-
tsgn\s of the organism, usually germ cells, are detached and be-

in similar life-cycles; in this way the continuance of the
species is assurcd. Apparently, the species itself has no such
limited lifetime; the individuals of which it consists may be re-
peated through an indefinite number of generations with only
slight variation from a constant norm. This norm represents
the scientific conception of what is stable and characteristic
for each species; it is a general picture or ideal, not an ob-
served physical fact; what we actually find in nature is a ge-
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netically interconnected succession of similar individuals
which die and are replaced.

We may sum up our general description bricfly as follows:
Each animal or plant is constituted by a syntheiic process
which, complex as it ig, is stable—i.c., is regularly repeated in
the single individuals as they appear in successive generations,
Each of these individuals conforms to a delinite biological type
or pattern with constant spatial (structural or morphological
and temporal (developmental and behavioral} characters;
if the biological individual were represented graphicallf by a
geometrical diagram, it would require a four- dilnéh%ibnal
type of construction. The vital synthesis is a pchas of con-
crescence? occurring within a larger spatlotem;pral environ-
ment. Its special unitary character appears¥o physical anal-
ysis as a consequence of the orderly aSSO\Lathn and integra-
ticn of a large number of materials, I&Igles, and subproc-
€838, X\

We now come to a c0n31derat10n of certain more special
features of the > Opgal i%&;ﬂ&nct: the living material is continual-
ly being oxidized and br {((,n fown 1o vield free energy, there
is always the necessity of rcpldcement hence the problems of
maintenance, growth,*and reproduction are the most general
biological problems. ™ “These processes are based on specific
chemical synthetes, and they include chemical reactions of a
highly special(kind, which differ widely from those found in
inorganic nétarc Accordingly, much of the effort of physical
biolo&x& &Yas been to show that the special processes of the
orgafism do not vary in any fundamental way from those
pOSSIble in the laboratory. In fact, modern biochemistry and

\”“kglophysws have been astenishingly successful in their analysis
ol many vital processes into known processes of inorganic
physics and chemistry, The purely chemical distinction be-
tween living and nonliving has largely been broken down; al-
most any biochemical compound can now be synthesized, in-
cluding polymers (polypeptides) which have all the essential
characters of the simpler proteins. No scientific man now
doubts that for many scientific purposes living organisms are
¢ Whitehead’s term in Process and Reality,
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to be regarded simply as physicochemical systems of a special
kind, to be investigated by the methods of physics and chem-
istry.

While the foregoing conclusion is amply justified experi-
mentally, we must rcmember that it has reference to the
organism in its character as a physical system only. It is truc,
of course, that the psychical characters of the organism are
dependent on the physical characters, in the experimental
sense that psychical phenomena are found to be constantly as?
sociated with physical changes in the brain and sense orgahs.
But an exclusivelv physical outlook is required for magy, pur-
poses of investigation, and a spccialization or ab§iraction
which provisionally ignores the psychical side of liihg organ-
isms does not neccssarily deny its biological inﬁ‘p\:rtance. The
physical characters of organisms are so rematkable and excep-
tional that their possession of other claracters which are
unique, including the psychical, doe$ n& seem altogether sur-
prising; one might expect that a psyehophysical systcin would
show many diffcrences from oneg swhich is exclusivcly physical.

As physical systems, living:.t;ﬁéani5111‘.3:‘1”5\1%{:5[6'311{?1]%%%5%?{' s
and unique fcatures, oneg, oftthe most significant of which is
the high degree of chémical and structural diversification
which their matcri%\‘sdbstratum exhibits on the microscopic
scale of dimensigns. ‘Protoplasmic units (usually ‘“cells) are
small-scale ulg'(z's;“mbjects for microphysics and microchem-
istry. Finenegs/of physical subdivision and dilferentiation and
a ﬁne-gQi?iéd heterogencity of structurc and composition are
univer§al*features of living protoplasm. Its chief biochemical
co‘ngfi,fuems, the proteins, are correspondingly heterogencous
'm} their chemical structure and form large and diversified

olecular complexes, sometimes having a molecular weight
of some millions. These compounds consist chiefly of asym-
meltrical amino-acid groups or “residues” (R-groups), united
by dehydration to form chemical structures of highly varied
type. There may also be great morphological, as well as chemi-
cal, diversity within the small volume of a single cell, as is
shown perhaps most strikingly in the protozoans. In addition,
living protoplasm contains many compounds, like salts and



32 BIOLOGY AND PHILOSOPHY OF ORGANISM

sugars, which are of low molecular weight and present in
simple aqueous solution; and it iz remarkable that these also
are distributed in a nonhomogencous manner. Physical chem-
istry has shown that to build up and maintain such a state of
nonhomogeneity requires work, since the automatic tendency
of dissolved substanccs, in conformity with the sccond law of
thermodynamics, is to distribute themselves uniformly by dif-
fusion throughout the solvent. The work expended in opposing
this dissipative tendency (called “concentration work™

“osmotic work™) may become relatively large (in progoxtion
to the total energy freed within the system) when the'yeltimes
are small, as in the cell, and the dlﬁu‘,ion-ffrcuhgnts corre-
spondingly steep. Accordingly, the characterisilg*heterogene-
ity of living protoplasm, existing as a stahle’ L})ndmon during
life, is possible only when there is a condtant source ol free
energy within the system to perform/wils work; we know,
however, that such encrgy is C(JIlT.ll'll\dll\ being furnished by
metabolic oxidation or otherwisdub.g., by sunlight in green
pld,nts, and ?artbl of 1Tsa§nerlgg‘ forms what has been called the

“energy o maintenance.

In general, local meguahues ol concentration in fluid sys-
tems are soon e\:ened'\‘out automatically by diffusion—unless
conditions are p eﬁ%nt which resist or compensate diffusion
or unless the i negualities are maintamed by the local addition
or removal,ofPdissolved substances. In systems having a sofid
structurah@amf work, diffusion-proof partitions (mcmbranes)
may bepresent; and differences of composition or concentra-
tiondicross such partitions may be passively maintained, a
conc‘htlon frequent in living organisms. But local differentia-

o t10n of structure and chemical composition may be highly de-
\f(,lopecl within single celis not internally partitioned, as in
many protozoans. And even where regions are delimited by
membranes, the gradients must first be established by osmotic
or other work.

From such general considerations it is clear that free energy
is continually being applied within the living system in direc-

® Estimuates of its magnitude have been made by A. V. Hill (Adventures in Bio-
physics [Philadelphia: University of Pennsylvania Press, 1931]), and by others.
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tions opposed to the forces of diffusion. Diffusion is the mani-
festation or effect of the random thermal motions of molccules;
therefore, it is always down a concentration gradient. Itis a dis-
sipative process, making for uniformity of distribution; hence it
tends to break down any organization based on local differ-
ences of concentration or composition. As a constant factor,
present in all fluid systems, it acts in opposition to what is per-
haps the most characteristic physical activity of living proto-
plasm, the building-up of complexly differentiated structure,
from dissolved molecules. To give a concrete illustration:
solid protein structurcs ol specific constitution are continpally
being built up in growing cells from dissclved an}mp\'acids.
The concentration of the amino-acid residues iny#he ‘protein
structure is much higher than in the fluid partiel the proto-
plasm; hence, to form this structure the digsblved molecules
must be moved up and placed in position ag\a{nst the resistance
of diffusion. o\

Just how energy is applied in mpving the molecules against
concentration, or in sorting moleduies of diffcrent species so as
to get the observed fine-grainedl QdifTereXHatHRT A b raieainas
yet unsolved. But processes ‘of this kind arc universal in living
gystems: a specializaliomr\’of this kind of selective action is seen
in the process of seceétion which is universal in living organ-
isms. The [actors i‘;%glvcd have been described collectively as
“antidiffusion factors,” but their physical natre is obscure.
Itis concei\-‘/.{ﬁh\e that elcciric forces might be concerned in the
case ol chaveed bodies, like jons or colloidal particles; but in
such afé&’e the distribution of the potentials would have to
corregpond to the distribution of the pariicles thus guided—
a\fp}oblem in itself—and the case of uncharged molccules

ould remain. Short-range forces like those concerned in
crystal formation have also been regarded as acting; and since
crystallization is a highly selective process—e.g., a growing
tartrate crystal will distinguish between right- and left-handed
molecules—some of the specific features of protein synthesis
might conceivably thus be explained. But, in general, crystal-
lization requires supersaturation, and the problem would then
arise of accounting for a supersaturated layer of amino acids
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in contact with the growing protein structure. A closely re.
lated general problem of physical biology is secn in the fact
that many cells assemble their nutritive and other supply from
highly dilute solution, as scen, for example, in the growth of
molds or bacteria in weak solutions of organic compounds,

In addition to the pbyvsical problem of the factors underly-
ing this universal ability of living organisms to perform selec-
tive work of concentration, there are the special biochemical
problems presented by the metabolic transformation of the™
materials thus assembled. The general process to be accounged
for is the transformation of a dilule agueous solution@f"nu-
trients and salts into the organized living protoplasti. The es-
sential physical prercquisites are: (1) an incree;sc;fin"the con-
centration of dissolved substances and (2) a sd@s?ive distribu-
tion or sorting-out of molecules in accordance with a definite
spatiotemporal {four-dimensional} schgmé:or pattern. 'L'hese
changes are preliminary to the speciahhehemical working-over
or rearrangement constituting the fietabolic cycle of the sys-
tem, through,mﬂ]jp;h,]ib&g}:ﬁa;@@?ls:are transformed specifically
s0 as to produce and maimtaiithe characteristic chemical or-
ganization. The chemical reattions of this cycle arc extremely
diverse and complex; Q{;::y consist essentially in biochemical
sequences (“chaing éﬁ;tions”) interrelated in a manner which
1s constant within §rrow limiis, as is shown by the constancy
of the biologicz{l'.oﬁtcomc in growth and development. It must
always be pe\ifaembered that vital organization is a product of
metab(%;"m‘; especially synthetic metabolism; this metaboliam,
howexcr is controlled by physical and other conditions of a
k@n@ only partly understood at present.

“\MA fundamental biological fact is that the synthesis of the
vital organization occurs only under the direct influence of a
pre-existent organization ol the same kind—omne vivum ex vivo.
In all species of animals and plants the lactors of organization
preserve a stable existence from generation to gencration; this
is the general biclogical condition to which the term “hered-
ity” has reference; and a chief aim of the modern science of
genetics i3 to specify these factors exactly. Here, again, it is to
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be noted that the cssential factors are small-scale in their physi-
cal dimensions and incidence.

Cytological investigation, in corrclation with experimental
genetics and biochemistry, gives ample evidence that the
specific molecular configuration of special nuclear proteins,
which form an essential part of the biological units called
“genes,” is a fundamental factor in the dctermination of the
detailed course followed by the developmental synthesis, The
growth and maintenance of single cells, as well as the develop<
ment of the organism as a whole, are also dependent on au-
clear conditions, as is shown experimentally by the effeets ol-
lowing the removal of nuclei from cells. There is a larg&’body
of experimental evidence supporting the conclusi.én"’that in
each protoplasmic unit an essential part of the prtga"nizing con-
trol emanates from the nucleus; this structure is a centrally
placed aggregate of specifically constitytgd/ materials which
are reduplicated exactly in mitotic cel}d}éi’sion. Later we shall
discuss in more detail the possible(biblogical significance of
nuclear control in metabolism Egmi;dévelopment.

The foregoing bricf descriptidpdescribes i B B B
present conceptions regarding some of the more fundamental
physical factors concer edNn the vital synthesis. The essential
activities, whilc conceived as physical, are recognized as being
selective, or dirccgi\\s} in a highly speeial sense. We know that
the compoundg-présent in a typical cell, such as a yeast cell,
when mixed a:t\random in a test tube, interact chemically in a
manner, very different from that which they show inside the
cell whi 1t is living. Experimental proof of this is secn in the
diﬁ"c;ént course taken by the mtracellular reactions after the
dt;fiﬁh' of the cell, as in self-digestion or autolysis. What is most

\stfiking in this difference is the cessation of the synthetic reac-
tions, especially the formation of proteins, on which mainte-
nance and growth depend; chemical reactions continuc in the
dead cell, but they are now predominantly hydrolytic and dis-
integrative. It is reasonable to infer that the autolytic break-
down represents, in large part, a consequence of the substitu-
tion of random molecular motions for the dirccted motions
which are normal during life. If this is true, it would scem that

Q"
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the synthetic reactions of the cell must depend in some way on
special directive factors which control the motions of molecules,
According to this view, the synthetic activity and integration
so characteristic of vital processes arc the manilestation of some
factor or [aclors whose effect is to limit or counteract the pure-
ly random molecular motions and impart to these motions a
directed character. Such a factor would be closely related to
the “antidiffusion factor.”

Let us now consider in somewhat more detail, at firstdh
terms of a purely physical analysis, what is implied in the €x-
istence of such a selective control of molecular motiah, With
the dependent differentiation and integration. In tl‘l[. growing
or developing organism we observe the buﬂdlng up of an or-
ganization; there is a steady progress from & 16s¥ ordered to a
more ordered arrangement of componentd Whitchcad’s term

“concrescence” may be used to descnbt;\{he assembling and
rearrangement of materials to form tlﬂs ‘Oorganized whole.

Now processes of this general kmc}, leadmg to the production
of more };,j,gh.}}a@;g@gg@%l_gyg_t@pﬁ's from randomly distributed
components, need not be cofifined to living systerns; such a
change may occur in nonli#ing systems, even as the result of
random or undirecied: %u,tivity, but (it is important to note)
only as an CchpIional occurrence—the probabilitics are
against it. T yplcahv the transformation of a complex ordered
system subjectcd to random agitation is in the direction ol de-
creased order it’is casier to destroy than to build up. In physics
the SECQRd aw of thermodynamics is regarded as the general
expres}s\)(m of this automatic tendency in nature at large—-an
lnmdcntal result of its composition out of actively moving

- smblcculcs
\J The general nature of the foregoing conditions may be indi-
cated by a simple type of model. Take an ordered pack of
cards, with the suits separate and consecutively arranged, and
shuffle them again and again. According to the theory of
probability {a branch of science which deseribes mathemati-
cally the observed behavior of such collections of freely mobile
units), a sufficiently large number of shufBings and reshufHings
will arrange the cards in their original order. The implicatien
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is that the orderced arrangement represents merely one out of a
large number of possibilities, all of which have equal chances
of being realized; experimentally, this means equal frequen-
cies of occurrence when the number of cases is large, implying
that mechanically one arrangement is as easily produced as
another. Yet to produce any particular arrangement at will
requires a highly sclective course of action—if the desired or-
der is to bc produccd with constancy and within a reasonable
time. Such a course of action must be controlled by a definite,
purpose or plan. Now this plan represents a special condition;
existing in advance, which persisis throughout the entire pro¢:
ess of rearrangement and determines its course; expressed
somewhat differently, it is a stable factor, whose presence in-
sures that the succession of activities will lead to agdéfinite final
result, 'This end-stage has a unitary charactee{cbrresponding
to the plan; i.e., the plan is an integrating factor, which unifics
the series of actions. The scquence whi It governs is of the
kind generally called “‘telcological,’s Qllustrating what some
biologists have called “finalism.” _y I . ‘
An imaginary experiment, which coulc ‘éﬁ};ﬂ?‘}%‘éf i;?é'?fa’f?ﬁ%d?
may indicate more clearly t’hé"réquircments for such a final-
ism. Let us place our sorted,pack of cards on the floor of a glass
chamber (so that they edu all be seen) and then make a mov-
ing picture of them%hile they are being scattered at random
by a strong currefitol air. The picture will show a succession
of casual or unto-ordinated events transforming the ordered
state into orevef disorder. The individual events are cntirely
incohergx@}f‘{x’hat happens to one card of the collection has no
conste}n‘t\relation to what happens to another. There is no
singleXtype of behavior uniquely characteristic of the scattered
&ollection as a whole. If it can be spoken of at all as integrated,
the state of integration is a very loose one—the system is ‘‘un-
organized.” We then run the samec film backward; this gives
a picturc showing the reverse kind of change, a progress from
disorder to order. At the end of a scries of movements, at first
apparently quite irregular, a definitely ordered system ernerges.
In spite of the casual nature of many mMOVEmMENts, We sec an re-
viewing the sequence as a whole a steady progress toward the
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definite order which is finally attained. No matter how often
we repeat the experiment, we get the same result; the random
arrangements with which the various sequences begin are all
different, yet in the picture they all transtorm themselves by a
series of rearrangements into the samc ordered end-stage. If we
watch the scquence closely as it unfolds, we observe the units
forming, apparcntly spontancously, combinations which be-
come more and more “improbable,” until in duc course the
final stage is reached with the suits all in order. A persistgnt
dircctive or controlling influence seems to be asserting,itdelf
throughout the whole process. '\

Such a picture may be regarded as a model showm\z, the dif-
ference between a guided and an unguided sequcn ceof events,
i.e., a modcl of a teleological process. It is {r u\th'lt in the re-
versed film the appearance of teleology isihlenc sense an illu-
sion, since the end-stage of the sequengeNs already laid down
at the outset; its successive stages arefuerely brought into ap-
pearance in an order which is artifigially made the reverse of
the natural order. The complgicly organized end-stage was
originally dhﬁ@bﬁhé‘@ﬂ%‘é‘i@ﬁél’f‘!&?%h@ experimenter and realized
concretely through his vah;iztéry action; the integrative activ- '
ity of his mind was amessential factor. But, although such a
model may not “explain” the process by which a yeast cell or
bacterium transférms the randomly distributed molecules of
the culture médium into its own specifically organized living
protoplasmpn¥ét in certain aspects there is a significant re-
semblanégyietween the two kinds of transformation. If we re-
gard ‘the’ cards in the reversed film as corr esponding in their
behawior to molecules, the picture would correspond to a local
phvnlcal process associated with a decrease of entropy, instead

\ )of the increase which is the usual course of change in an iso-
lated physical system.

Processes of this kind are by no means infrequent in physical
nature, but they always require the addition of free energy 10
the local system; this energy is taken directly or indirectly from
the surroundings. As already pointed out, such addiiion is a
constant feature of living organisms: in green plants the cnergy
required for growth and diffcrentiation comes from the ab-
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sorbed sunlight; in animals, from the oxidation of food mate-
rials. Tt is clear, however, that the special features of the final
organization cannot be accounted for as the effect of a simple
increment ol encrgy (although this is essential); a complete ex-
planation would include an account of how the encrgy is ap-
plied divectively within the living systcm so as to give rise to
the characteristic differentiation. The existence of the living
statc is dependent on a directed (ordered or integrated), as con-
trasted with a random, application of energy. Any random ap-
plication of energy is disorganizing in its effect; this is llugs
trated, for cxample, in an explosion or in the process of ath’lS‘r-.\
sis in the dead cell, as well as in mixing and shuffling processcs
in gencral. "N

Yo far we have been considering only the physical aspects of
vital action. Let us now consider an integrative ﬁréccsg cceur-
ring in a living organism where both physicahadd psychic al as-
pects arc open to obscrvation. Such an oggdnism is one’s own
self. Take the simple act of writing a Seltence with a pen on
paper. As the words flow through theymind of the writer, there
is a corresponding flow of ink frgm the pen, tepths BRRS oy
know from experiment that e physical processes by which
the ink is deposited on thefaper, is adsorbed by the fabric, is
fixed and dried there, gl so on, are scientifically definable
with a high degree of }hw\;ision as phenomena of capillarity, ad-
sorption, evaporatfert, ctc. What happens physically is the
same at every poitit traversed by the pen; a purely physical
analysis woul(izé'ivc a sufficient account of the process as it oc-
curs Iocal‘%“éach Jocal event is a simple instance of physical
cause angl*cffect.

Bl}ﬁfilicrc is one feature in the writing which it would be
difficult or impossible to explain physically, and that is the
precise direction of motion taken by the pen at each point in
its course. This direction determincs what words are formed,
and is itsclf determined by the voluntary control of the writer
as the words come into his mind. At the same time, the act of
writing is itself largely automatic; and scientific investigation
shows that, in addition to the physical events just mentioned,
there is a highly complex succession ol physiological events,
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occurring chiefly in the neuromuscular system of the writer.
Let us supposc that we analyze this physiclogical sequence
into its physical and chemical components as completcly as
possible. All the analytically distinguishable materials and
events making up the sequence would appear as having con-
stant characters conforming to definite scientific conceptions.
As we continue to resolve the single events into their finer
small-scale components—ultimately with the aid of the clee-
tron microscope—limits would eventually he reached to fug? \
ther physical analysis. The reason for this limitation, according
to our modern conceptions, is that in the smallest obsgtyable
physical field the events occurring in each minute j}lc‘lrl(: nt of
volume would depend for their special dlrenuon vand char-
acter upon energv exchanges determined by quantum leaps,
whose “causes” could not be specified in thendividual cases.
It is true that on close examination usfiformitics would be
found, showing a correlation with the Ia}ge scale uniformitics;
but these would be scientifically characterlzed in terms ol prob-
abilities rather than of fixed quantities which are assignable to
all the indiviaR4PECEHIET Y068 Rumber of single obscrvations
and a statistical analysis would be required in order to define
the uniformities exacﬂy;\'i.e., to determine the mathematical
conditions (algebrai¢ \férmulas, curves, or geometrical con-
structions) to whlcﬁley would most closely conform.

It is to be notetespecially that these submicroscopic physi-
cal factors woud show a parallelism with the psychical con-
trolling faetors, since both series of events have cxperientially
their cgmstant characters and proceed side by side. The special
part piay ed by the mental factors, as mental, would then have
tQ be determined if the investigation is to be complete.

"Now the chief peculiarity of mcntal processes is that they
have a comprehensive or integrative quality; it is the nature of
“mind” to embrace the dctails of an experience and gather
them together into a unity. Apparently, it is just this unifying
activity, characteristic of the psychical as psychical, which de-
termines what occurs in the large-scale action (the writing of
the sentence) considered as a single integrated event; this re-
mains true even though the neuromuscular act of writing s
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subject in all of its details to strict physical causation. This
physical exactitude is an indispensable feature of the whole
process; clearly, without such exactitude and dependability
the writing of a sentence would not be possible. The precision
with which the physical events are detcrmined thus appears as
a nceessary condiéion of the writing; but this physical regularity
by itself cannot be regarded as the final determinant of the
process, considered i its unified aspect as the expression of a
thought on paper. A scntence is a mental (psychical) occur-
rence; the separate words are held together in consciousnefshas
a single experience or prchension through the integrative
(“apperceptive”) activity of the mind. A certain m{:ﬁfzi‘l grasp
is required to synthesize or understand (*“comprelignd”) a sen-
tence; this means, among other things, to responé’ to it in a co-
ordinated or biologically cffective manneg,\DPhe same is true
of other experiences which involve a tefaporal or spatiotem-
poral span of consciousness, such as ligtening to a piece of music
or looking at a picture. Such acts illustrate the psychophysical
characteristic of the organism;,lpi}%h mental and physical fac-
tors are involved, and both.dre indispensatietbbaulibiier actmin
integration appears in itself\as psychical rather than physical,
no matter how dependént it may be upon physical factors for
its execution. LA

A gencral chagdcteristic of vital action is seen herc; namely,
the presence of\dn integrative control which is made effective
through the/dntermediary of exact physical causation. This
conclusiatgié not modern; it is clearly and convincingly set
forth"ii:l: the writings of the great biologist and philosopher
Arigtetle. Iis distinction between final causes and efficient or
‘l(lc}tor causes and his discussion of their biological interrela-
tions in his books On the Vital Principle (De anima) and On Parts
of Animals (De partibus animalium) are well known to many
biologists.® T'he fact that a complex process may he analyzed
nto simpler, physically constant component Processes is no
proof that factors other than physical do not play an esscntial
part in its determination.

0 ¢ Cf. the admirable discussion of Aristotle’s biology in L. J. Henderson's The
rder of Nature {Cambridge, Mass.: Harvard University Press, 1917).
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We have just considered an instance of voluntary activity,
the act of writing, as an example of a synthetic biological
process. Among other biological phenomena the synthesis of a
complex integrated whole is best illustrated in such processes as
embryonic development and growth; either is a good cxample
of a finalistic sequence, and it may be of advantage at this
point to consider such a sequence in some detail, Let us begin
with a simple physical model, as before: \

An experimenter makes a stifl foam or emulsion of oil, sbap,
and water (Bitschli's model of protoplasm) and then mcﬁd% it
with his hands into the shape of a rabbit. If we examing micro-
scopically what is happening at any region of the“plastic mass
as it takes form, we find, for example, that:é4eh droplet of
emulsion is determined in its shape, positigh,) and motions by
a variety of local physical factors; these ifghide lowing move-
ments, pressurc of adjacent droplets, ebfiditions of surface ten-
sion, viscosity, clectrokinetic potent:\ and s0 on. All these
factors influence one another mutually and are dependent on
the special composition, statel Dfsubdwmon, phase relations,
and temperatirdpradibf, YIR? Ey8tem at the region under ob-
servation. By careful obsétvation and cxperiment we satisfy
ourselves that thesc lgeal processes are physically constant and
determinate in t <exact sense of mathematical physics. We
then discard the thicroscope and consider the formative se-
quence as its\”appears on a large scale. We observe that the
plastic ma,s\s“fakes on by progressive steps the shape of a rabbit.
If we r$t6 account for this, we find that it is not necessary to
con,sf&r in detail all the single physical processes; the special
cgurse followed by the process as 2 whole is determined by a
\smgle comprehensive factor of 2 nonphysical type, namely, the
Image, conception, or Gestalt in the mind of the molder. His
muscles furnish the physical energy for the process; but the
exact manner in which this energy is applied depends on his
purpese, artistic imagination, and will. These, however, are
psychical, not physical, qualitics. The sequence of physical
processes culminating in the production of the model rabbit is
open to external observation by anyone; but their physical
character is not in the least altered by the fact that this se-



LIVING AND NONLIVING SYSTEMS 43

quence is under the mental control of the molder. The essen-
tial intcgrative factor is psychical, namely, the image, plan,
or Gestalt in his “mind”’; this is a stable condition which, with-
out in any way infringing the physical conditions—which, in-
deed, arc utilized and conformed to throughout—determines
why the plastic mass assumes one [inal shape rather than an-
other.

1t should be emphasized that the purely physical analysis
of the process, if carried out in sufficient detail and complete-
ness, would also account satisfactorily, in terms of physical
cause and effect, for the production of the rabbit. The forais
tion of a foot or ear would be preceded by the outflo®)of a
protuberance (*limb bud’’) in the appropriate placehere the
lines of flow, while conditioned by physical factors‘o\{v"ould have
a definitc relation to the formative process. af{@ whole. The
physical description would give a consistent¢splanation, suffi-
cient up to a cerlain point, of “why” th foass of jelly took on
this special shape. But so also would thé psychological descrip-
tion of the image and motivation ir*the mind of the agent.
Either description, physical or psychologieal, dbeadtdbber§ Bigein

N

—conformable to testable fagt™so far as it went; but cach
would be incomplete witheut the other. For a complete scien-
tific account of the pre¢ess, including al observable factors,
both kinds of dcscrip{(ﬁﬁ would be needed. No one could make
amass of plastic jelly into the form of a rabbit unless the mate-
rial possesscdh&ertain physical properties—of consistency,
tenacity, apd\qd on—determined by its special physical and
chemica‘l\QQ\n‘iposition. But, equally, the mass would not take
on thisxf&m of its own accord without the dircctive control of
a cpriseious agent with a comprehensive survey of the process
ndthe end desired. Tt is clear that, if all the observable fac-
tors contributing to the morphogenctic process were consid-
ered and properly characterized scientifically, some would be
classed as physical and others as psychical. If the whole com-
bination of factors were regarded as constituting a single sys-
tern, this would be more accurately described as psychophysical
rather than as merely physical or merely psychical.

How far can the consideration of such a model be regarded
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as throwing light on actual cases of development in animals or
plants? This is a difficult question. In any case, constancy in
the physical factors of development must be assumed, since
normally the whole developmental scquence is constant for
each specics; and physical analysis shows that the component
materials and processes are also constant, within a certain
slight range of variation. The simplest case of development
would be, for example, the reproduction of a bacterium in a
culture medium (unless a virus particle in its host protoplasm™\
is living); the most complex, that of a human being from a
fertilized ovum. Especially significant is the fact that devﬂep«
ment is a specific process; each animal or plant rcpmdhces its
own kind.

Bricfly we may say that modern biology rc,ﬂrard‘sépec,lﬁ( ity in
devclopment as a character which is based j@n*constancy and
specificity in the chemical processes of metabolic synthesis; in
other words, the structural and phys@ﬁ&éical specificities are
based on chemical specificities. Wef ﬁﬁd that a universal bio-
chemical character of lwmg orgamsms is the chemical specific-
ity—in the sénsé o lﬁ‘xﬂlfq{féﬁcss%?structural configuration as
indicated by serological testsy*of their chief protoplasmic com-
pounds, the proteins. Mgdern theories of heredity regard the
constancy in the cow§a of development as determined by the
structural and chm}n}al constancy of the genes; thesc units are
the specific stabtc factors underlying the stability of develop-
ment; and the' ‘?pemﬁc properties of genes are regarded as based
upon thc&h}mlcal specificity of their constituent proteins.

The«@odern physiological conception of development may
be br}eﬂy outlined as follows: The complete organism, with its

,sggkxﬁc structural and physiclogical characters, is synthesized
N\from unorganized matcrials (food, watcr, salts) collected fromn
the environment, Each individual development, or ontogeny,
represents a stable biological sequence or cycle; this cycle 18
associated with, and dependent on, a similarly stable set of
physical and chemical factors and conditions which are partly
intcrnal, partly external. The developmental cycle shows great
complexity of detail, increasing progressivcly as development
advances toward its final stage; but the single details are found
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experimentally to be subject to definite physical determination
and to have their regularly repeatcd and scientifically de-
fnable characters. Certain nuclear structures, which remain
essentially unchanged in character throughout the whole of
development (although increasing greatly in number), appear
to have a special determinative relation to the whole process.
These are the chromosomes, each of which contains its deli-
nitely ordered serial array of genes. The special determinative
relations of the genes to the specific biological characters of
the organism form an essential part of the modern biological
science of genetics. The chief proteins of the genes bekong in
the class of nuclcoproteins and are specilic in their stguctural
constitution; according to all the available evidené\'e, the same
genes (i.c., nucleoproteins) arc present not onl9in the germ
cells but in all the nuclei of the organism a¢ all stages of de-
velopment. D
This presence of the same set of spéﬁ:\iﬁc biochemical com-
pounds distributed throughout the .)«ih'olc cellular organization
of the animal indicates some dgﬁﬁite rclation to integration.
Such a constant condition mugtmean somvethdhgguiibest-werghn
serve 1¢ a widely distributed® and uniform biochemical char-
acter having a COI‘rCIa:[iqgl with the prevailing biological char-
acter or unity of th&‘\\'df'gallism. Apparently the genes cxercise
a determinative ebutrol over the special processes of construc-
tive metaboligndby which the organism is built up and main-
tained. We Have also experimental evidence that an important
part of bkqs“\ control consists in promoting (possibly in the sense
of ca:tgl?zing) the production of special biochemical com-
poutds; thus the synthesis of certain enzymes or hormones has
{E@Cn found to depend on definite genes, and hormones arc
nown to determine various special features of the adult organ-
ization—e.g., whether the struc tural and psychophysical char-
acters are of the male or female type.’
The foregoing analysis is purely physical; and, in gencral,
modern biologists regard devclopment as a purely physical or

T Avrecent review of physiological genetics, with special reference to the gene,
will be faund in the article by Sewall Wrigh, “I'he Physiology of the Gene,”
Fhys iolagical Reviews, XXI (1 9413, 487. See ajso Richard Goidschmidt’s Physislagi-
eal Genetice {(Now York: McGraw-Hill Co., 1938).
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physiological process the special course and integration of
which depend on biochemical and structural factors. But we
have already seen that not all cascs of integration can be ac-
counted for in purely physical terms. In the adult animal (e.g.,
a man) the functioning of the whole organism as a biologically
well-adapted unity is well known to be largely dependent on
psvchological factors. It is true that these have their physio-
logical corrclates; e.g., a pain may have a dcfinite symptomat-
ic significance in the purely physical sense. Nevertheless; the
obvious fact of psychical control reminds us, wheneverfve are
disposed to forget, of the special character of the livifigtorgan-
ism as not merely a physical but a psychophysiczgl»é‘ys‘tem, and
it shows the scientific insufficiency of a purcly pliysical concep-
tion of the living organism. "‘\

We know that in the postnatal develgpment of the child
psychelogical factors play an essential/part, as seen in the for-
mation of habits, with their coere\la}td physical characters.
There is, however, no direct sciedtific evidence that psychical
fa‘ctors‘ playw\aﬂr‘})}_fd Q%rl'lt“ipal %?’é;tgl d_evelopment.’ in genc.ral,
biological theory regards t e.v‘ggetatlve and routine functions
of the organism as purelyphysical; thus, in the activity of the
kidney or hiver or in{the development of the ovum, psychic
factors are consi c{éd‘ to take no part whatever; at least there is
no evidence ofi\their presence, The mechanist regards such
processes ag €xdmples of organic machinery, analogous to the
machinqs\bf’ human construction (like Paley’s watch) which
CAITY, ﬁﬁt their activities automatically and unconsciously.
Bprsﬁch reasoning is scarcely conclusive, for we know that in

Abe“case of an artificial machine the imagination of the de-
\m \eigner s indispensable to its production—at least in the first
instance—although, once the machine is constructed and put
in operation, mental factors may play no further part, unless
occasionally, when repair or special adjustrment is necded.
Even the construction of a machine may bc automatic, as
llustrated in a well-designed assembly line, although cven
here there is always a certain minimum of mental supervision
and centrol. The fact that psychic factors may now play no
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part in the production or activity of a mechanical system is no
proof that such factors were never of importance.

Here we come to a problem which will be considered in
more detail later, namely, what special fcatures in the control
of vital processes are attributable to psychical factors, and in
what respect a psychical control differs from a physical con-
trol. What are the criteria of conscious intelligent actions, as
distinguished from actions which have the appearance of be-
ing intelligent but are known to be purely mechanical—like’
the activity of a sorting machine or calculator?

We know that, in the highly trained human being, fq:t‘s of
the greatest complexity may be earried out unconsciously; but
we also know that such acts are typically of a stereot\!ped kind,
L.c., they arc habitual or routine in nature. In th&b?wmatzon of
such habirual activities, psychic factors mak Have played an
essential part; but, once an action becom@s.wdl established,
the conscious control lapses or d1sappeai~s The same is true of
many familiar activitics, such as Wmtmg_,, talking, or even
walking; they have 1o be learnedy and in the learning process
psychical activity is 1nd13pensable laten-theybbasops2sHOm
matic. [s it possible that theBncesiral kidney or liver had [irst
to learn, through an cflpfdwhich had in it some thing of the
psychical, to performi s function, now apparcntly purely
automatic and rnec}}éncalj An alternative hypothesis is that
the evolution of sudl a function occurred under the control of
fome more mmprchenswu psychical direction, producing its
effect cumildtively through a series of generations. Such an
idea \\a}gld correspond, in some respects, to the older bio-
lOgl(ﬁl ¢onception of orthogenesis,
~ IP we combine this idea with modern genetic theory, the
Nigference would be that the factors leading to evolution were
variations or mutations originating under some kind of direc-
tive control which had its application in the gene system of
the organism. The factors of evolutionary diversification still
remain essentially unknown, but the selection of purely for-
tuitous variations does not seem to be a sufficient explanation
for the origin of the more complex adaptive characters. The
entrance of some directive or integrative {actor seems 10 be re-

N\



48 BIOLOGY AND PHILOSOPHY OF ORGANISM

quired; and we are led to consider the manner in which fae-
tors of this kind act in our own experience where, as pointed
out above, both physical and psychical factors can be directly
observed.

Integration is a fundamental biological fact, and every syn-
thesis is within its range an act of integration. We know that
the integration of activity in higher organisms is in large part
a matter of inherited physical organization; but we also know
from human experience that many unified actions, especially
those having in them an c¢lement of novelty or 1n1t1atwe, re-
quire the participation of psychic factors; i.e., they Lagﬁot pos-
siblv be carricd out in the absence of attention andolitional
control. In such instances the “mind’ i3 intent, ancI accidental
or other deviations interfering with the endtif-view are cor-
rected by conscious acts of will. Both phyéiéal and psvchical
factors are present and open 1o ohsegvation; a performance
like playing a game of tennis is full.Of dctions which are auto-
matic and purely mecchanical; Whvthe integrative control of
these—whether they are pcrrmt“tcd repressed, or rcinforced—
depends onvthe dbimed ] dfirtng ‘pk@:}mr His immediate ficld of con-
sciousness is concerned ;. Jié is “interested,” must act here and
now; his psyche is stefngly activated.

In general, what' e rec ognize as the distinguishing prop-
erty of the menl.h{\s its special quality of unizy; a conscious field
seems alwayst 1 correspond to an integrative field. The scpa-
rate items’afe held together in a unity of awareness; this is per-
haps sge\most readily in vision, with its predominantly spatial
ch cter, although temporal intcgration scems more definite
mfhc auditory field, as in speech or music. The psychical con-

(irol over activity is typically selective and directive, in the

sense of aiming at conformity with some “purpose,” i.¢., some
integrated image or conception which is held in mmd and de-
pends for its realization on future voluntary action.

In purposive action, integration is clearly dependent on psy-
chical factors; the psychophysical character of the living or-
ganism is then most dircetly in evidence. But the degree t0
which the psychic factor is appreciable and enters as an effec-
tive factor in the behavior of living organisms appears 1o vary
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greatly; not only is this true of the same living organism at dif-

ferent times, as scen in human experience, but it scems espe-

ciallv true when we compare the different specics of animals.

In organisms other than one’s own self the psychical is not di-

rectly observable, but its presence or absence can apparently

be estimalted by using certain criteria of comparative psychol-

ogy, such as the ability to lcarn. This ability is based on

memory, a general psychobiological character which scems to

be correlated with the degree of neural integration and is,
chiefly developed in higher animals.

The physical side of living organisms is constantly predenf
and is a condition of their stability of structure and fqni:‘tioil.
Now, in general the distinguishing characteristics of ghe physi-
cal, as physical, are considered to be conservatiop)pegularity,
and quantitative constancy; the physical cortésponds to the
stable or routine side of natural process. Qnythe other hand,
the special adjustment of the organism %9 novel conditions
seems to depend mainly on psychical§ualities. In contrast to
the physical, the psychical factors_ (1f we may judge from our
own experience) are evanescantﬁ?& ﬁ%cyg%a&r}% aithex )2}_(350{}3}-’
in the present and are charactg¥istically lacking in conscrvation.
Consciousness appears and. disappears (as shown in sleep and
anesthesia), varies in ip.vé‘:nsity, is qualitative and immediate
in its character, and\'ﬁ{’a:;sociated with pleasure and pain. In
these respects it isgtgongly contrasted with the physical, where
energy takes diffésent forms but in its sum-total remains con-
stant. Humaﬁ;'éxperience indicates that conscicusness is not
always a‘fé"c;\tar in the physical activities of the organism. Ap-
parenthyynit is aroused and becomes cffective as a directive and
il}”gqgia‘t'iwz agency chicfly when the originative or nonroutine
8id¢ of activity becomes important, as when there is some new
demand on the response of the organism or when a situation
has 10 be met which calls for some departure from routine—in
brief, whenever the activity of the organism is of a kind in
which integration is combined with nezelty in action or adjust-
ment. In our own experience, originative activity, initiative,
and Invention seem always to require psychical, as distin-
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guished from merely physical, activity, as illustrated above in
the Instance of writing a sentence,

The general conclusion to which we are led by these con-
siderations is that in living organisms physical integration and
psychical integration represent two aspects, corresponding to
two mutually complementary scts of factors, of one and the
same fundamental biclogical process. It ig this closc interfusion
of psychical and physical characters which gives living organ-
isms their unique status in the natural world. In later chaptersO\
we shall consider in more detail some of the presupposltw@,

and implications of this vicw. N\
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CHAPTER III

Philosophical Aspects of General Biology

N GENERAL, our discussion in the two preceding chap-

ters has been scientiflic rather than philosophical and has,
had reference chiefly to the observed constant characters Of
living organisms and of the natural world in which they ‘afe
set—and with which they are continually exchanging{mate-
rial and energy. But a consideration of constancies teads in-
evitably to problems of a kind usually regardedwagthilosophi-
cal rather than scientific. \/

The distinetion between science and philosdphy is not a hard
and fast one and has reference to prqp{édurc rather than to
final aim. Science aims mainly at tegied knowledge, exactly
formulated, of the actualities of e,sgpé'rien(:e, and especially of
the permanent and continually If;ééﬁrre‘riwfe@hm@ﬁibfathaﬂ'g,m
perience, But science has fpﬁﬁd that a mere description or
tabulation of events as theéy are directly experienced! is not a
sufficicnt or even a feasible aim. By a process of abstraction,
combined with ingeMéetual and imaginative rcconstruction, it
has built up a piétere of nature which has reference not only
to the experiepdial world of human beings but also to a world
conceived a§leXisting independentdy, i.e., as lying behind ex-
perienceNand forming the condition of that experience. And
sincel’u}man cxperience is always bound up with the processes
9§Em‘ring in a living organism, the relations between funda-

&n‘er’ital biological problems and the general problems of phi-
losophy must be regarded as very intimate. When we con-
sider the conditions and factors involved in any conscious ex-
perience, the border line berween biology and philosophy
tends to disappear. The living organisim, vicwed objectively as
a part of external nature, appears as a natural system of a
iza:lg fﬂs would correspond to the program of positivism and is only partly real-
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special kind, set in a physical or spatiotemporal envirenment,
On the other hand, when regarded as a center of experience, or
“subjectively,” it is the seat of feelings, perception, and voli-
tion; and the environment appears as something of a different
and strongly contrasted kind. But the two aspects cannot be
separated from each other, and often a single item ol experi-
ence is regarded as either objective or subjective, according to
our special purposc and point of view; for example, this may be
truc of a colored object which an artist is thinking of insertih}
in his landscape. O\
It is not 1y intention to enter on a philosophical digeussion
of how the distinction between objective (which, for the pres-
ent, we may identify with physical) and subjectine (pf\} chical)
has come to be made. This problem is a dlfﬁchl} and complex
one and is perhaps not susceptible of a Lomph,te scientilic
“solution.” At least we have, as “gL\«CI‘I\ ‘the two sides of ex-
perience; and the universal human pestirnony to this cilect un-
doubtedly has its scientific, as w‘dl'as philosophical, signifi-
cance. It dQes, nahLSESE-R %1}1‘%? to identify experience— the
consciously felt or “lived-thtpugh’ - with nature or cosmas,
since immediate cxperlcnee (our own, at least) reflects enly a
very small part of w 4t we find nature to be when examined
closely and over lopg periods of time. Recently there has been
a tendency to denbunce the term “expericnce,’” used as a part
of the philosephical vocabulary, as being both vague and un-
scientific; y"éf this seemns hardly justifiable. The boundaries of
experience’cannot be “defined” rigidly (defining is assigning
boun&aﬁcs ) because of its fluid and expansive character; and
thete'is the further difliculty that, when attention is directed to
o 1?3 general features, it seems to merge into an exira- exp(‘n(,n-
\J tal background. But if we abandon this term, ill-defined as it
is, we shall certainly be compelled to find a substitute, since
the actuality to which it has rcference is permanently present
and undeniable; after all, as Descartes said, we exist and are.
If any meaning is to be attached to the phrase “philosophy of
organism,” some attempt should be made to make clear just
what permanent and demonstrable features in our experience
— i.¢., features that would usually be called “facts”—-we have
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in mind when, as above, we characterize the living organism
as a “psvchophysical system.”

When I use this term, 1 mean simply that we obserze the
characters and activities of living organisms to be both physi-
cal and psychical. The meaning of this statement secros clear:
every human being will, T think, subscribe to it when he re-
flects on the main features of his own cxperience. To illus-
trate; 2 man is using his physical hands in driving his automo-
bile, a physical construction, along a road, also physical; and
at the same time he is receiving an impression of beauty from
the landscape. The permanency of the physical machine ang
roadway arc contrasted with the inwardly felt and trafisient
acsthetic impression. There is a conviction of some.tl‘iing ex-
ternal and permancnt, which remains the same whether we are

. . . \ .
conscious of it or not, and also of something .wiiose existence
consists in its belng inwardly or immcdiz{tqu felt (*lived-
through®’) in the present. O

In general, it is to these two sides of cxfkrience that we refer,
respectively, when we use the terrug $physical” and “psychi-
cal.”® The Cartesian dualism digtitguishesittivabihrabeosgin
tended substance without and¢the thinking substance within.
Nevertheless, it is important te recognize that this traditional
bifurcation of physical ap@\mental is, in a certain very definite
senise, an aritficiality @uﬁ’zany philosophers have maintained,
especially in modern times.? This time-honored distinction or
duality, so sharply defined and unambiguous te the unsophisti-
cated human beihg, is one which is made within experience it-
sell. In a broad sensc, experience is a unity; it is immediate,

V2 Am_ljng éodcrn philosophers a notable example is Willlam James; see espe-
clally hif\Asays in Radical Empivicsm (New York; Longmans, Green & Co., 1943)
(mFIkld\rlg *“A World of Pure Expericnce’ and other important papers). See, alo,
Jn Pewey's recent papers, '“The Vanishing Subject in the Psychology of
Jamgs,” Journal of Philosophy, XX EKVIL (1940), 549, and “How Is Mind To Be
Known?? thid,, XXXIX (1942), 29; also his Experience arnd Nature {Chicago:
Open Court Publishing Co., 1925) and Lngic: The Theary of Inquiry (New York:
HCDFY Holt & Cu., 1938). Also, Whitehead, Advenfures of Ideas, esp. chap. xv,
“Philosophic Method.” Recently, among biologists, Professor C. Judson Herrick,
ina discugsion of the mind-body problem, has expressed a similar view. He refers
to “this clear-cut polarization of subject and object” as being “perhaps a meth-
odological artifact arising from the radical difference in the use we make of in-
trospective and extraspective cxperience. It scems to appear rather late in psy-

chogenesis™ (““The Natural History of Experience,” FPhilosophy of Seience, X1T
11945], &3, footnote). ’ " }
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“phenomenological.” As such, it forms the subject matter of
the important philosophical ficld now called “phenomeno]-
ogy.”® Evidently, we know the physical world only as it is ex-
perienced, L.e., as it becomes an “object” for the “mind”; the
phenomenological {s prior to the distinctions made within it.
At the same time, the scientific observer can have no doubt
that the physical world—-external naturc, as we perceive it
through our senses and intellcct—has an existence which is in-
dependent of the individual percciver; this independence s
unquestioned by physical science, not merely as an artilo.of
faith, but for the reason that no other assumption is cafisistent
with the range and character of scientific knowledas, Science
thercfore assumes thc existence of an indgfigndent and
autonomous reality, existing in its own rigm\—thc natural
world or cosmos. Our experience is bascd 9u" the scnsory im-
pressions and intellect of an animal pére€iver and gives us
only a limited representation of thi:s(:c%smos. Yet this repre-
sentation, such as it is, has a suffieiént correspondence with
the external real{i:ltgr to serve @ffﬁ:ﬁtively the practical “pur-
poses” of anigqﬂ!'exﬂ%%ﬂ%leirgdg}igﬁ?inclividual survival and the
perpetuation of the species™Science is a development, expan-
sion, and tested codific@tidn of this type of knowledge, which
is representative o Q"n’lbolic rather than literal, We must ac-
knowledge that the Scientific view of nature is incomplete; that
the sclf-existen® reality or independent existence of which sci-
enceis a P@iﬁl representation is many-sided; and that not all
sides ogmﬁire comge under scientific review. In one of its as-
pects,fsctence is an abstraction from the manifold of experi-
encdin another aspect, it is a construction based on the data
wt@ﬁs abstracted. But although we must accept the phenomeno-
Jogical view of the essential unity of expcrience, it remains
true that an unavoidable distinction is made between the ex-
tended independent world “out there” and the feeling, will-
ing, thinking world within; in the main, this distinction corre-
sponds to the distinction between physical and psychical.
We observe, also, that the psychical world is attached to a

_ ?For a vecent extended review and criticism cf. Marvin Farber, The Founda-
tion of Phenomenology (Cambridge, Mass.: Harvard University Press, 1943).
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persistent experiencing center with a conscious (and uncon-
scious) background of memory, and this center appears physi-
cally as a living organism. Scientific investigation may direct
its attention to either world alone or to the interrelations which
it {inds between them. But for biology the all-important fact
is that the phwsical object which is nearest to the perceiver and
always forms the center of the perspective in which other oh-
jects are perceived is the observer’s own organism.

In this scuse the living organism is a center of experience.
We have alrcady reviewed the general physical characterlstlss\
of the organjsm. Jts psychical side, of which the higher delel-
opments, as experienced directly in ourselves, constitute what
we call “mind,” Is something which is not obscrved phj, sically,
ic., through the sense organs of an ohserver w1th@ttent10n di-
rected to objects i the external world, The &xtérnal world is

“public,” open to the obscrvation of madsw” observers; the
psychical world, as psychical, is individuadl or private. The
psychical differs from the physical in ’Being felt dircctly, not
obscrved from without; it has the character of immediacy, and
it should again be noted that as*a, corrclate dbthisiinhayastem
the psychical (as existent) i3 a,‘lpvays tn the present.

The concept of present gimhe, as distinguished from past and
future, has its origin in, €l iinmediate quality of psychical ex-
pericnce, The phy smﬁ\L\vorld on the contrary, is regarded as
having the same kin#l of existence in the past as it has in the
present, Pnchmhl origination, e.g., in volition, is usually
regarded as@\nw in its nature internal rather than external.
The very, Nold ‘external” implies the existence of a correla-
tive 111ternal or central station of obscrvation; it is in relation
to,this ¢ ¢xperiencing center that the physical or spatial world
lxgxtemaf We sce things in perspective; each psychical center
Is insulated; in Leibnitz’ terrninology each is a “windowless
monad,” the term “windowless’” referring to the universal fact
of psychical isolation or sclfhood. Similar considerations apply
to modes of perception other than the visual; tactile, auditory,
and other sensations requirce as their condition the physical
impact of external objects or encrgies on the cf‘nlrd,l percelvmg
organism, which, accordingly, is spoken of as “one’s own.”
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Although the generalizations just cited are derived from
human personal experience, they undoubtedly apply to ex-
perience as centcred in other (at least the higher) animals. The
conclusion seems justified that each living organism, in addi-
tion to being a product of physical concrescence, has a special
kind of inner directly experienced unity, to which we apply the
term “psychical.”” To regard psychical as the antithesis of
physical, and completely different from it, would be inconsisk
ent with the observed closc association of psychical and physi-
cal. Nevertheless, psychical characters, as an expression Gbihis
self-centercd character, have their peculiar qualitigs;éﬁﬁérent
from the physical. It is in its aspect as psychical thatithe living
organism exhibits the properties of feeling ando]:iéssive percep-
tion, combined with inwardly determined agyity or conation
(will). Physical causation consists in pk@‘transfcr of energy
from one physical entity to another ;Q‘Ei}},"\-x'hich Is external to
it, i.e., has a different position in gpagde. In what we may call
“psychical causation” (determined™by “will”) certain features
of the transfesvof\erbraytappoaditg e imeardly determined; they
also have the characters Qﬁidii:ectivencss and purpose. These
characters are not dissogiated from the physical but occur in in-
timate union with it;ﬁleV'erthelcss, in the vital directiveness
there seems to b ﬁ}céent a source of determination which is
not derived frqm%ic world external to the active center but
has its ariginaion within the center itself. According to mod-
ern physigsy-each atom represents a large internal store of
energ&@é’st-mass energy), the greater part of which is self-
congélned and nontransferable. In the living organism, which
QQhﬁStS physically of a concrescence of atoms, the same must
tbé true; and it seems reascnable to assume that in some way
this internal energy serves as a source of the cnergy exhibited
in psychical activity.*

In its situation as central or inclosed, i.e., as immersed in its
natural setting, each living organism is acted upon by the con-
verging forces of 118 environment; and in turn it acts or reacts
upon that environment. Direct physical interaction betwecn
organism and environment is restricted to the immediately

* 1, chap. iv.
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adjacent, i.e., contiguous, regions of both; from this region of
contact (and to it), influence is transmitted to (and from) more
distant regions. In physical causation temporal and spatial
contiguity between “cause” and “effect” is always required.
If a distant event influences one near at hand, it is always
through the intcrmediary of radiation or some other kind of
physical connection (mechanical, clectrical, gravitational,
etc.) which establishes continuity between the events. In the
interaction between organism and envircnment the same rule ¢
holds.? A

The close biclogical interdependence between physice;l\'a}l'&
psychical is shown by the physiological observation _that an
essential determining condition of the psychical imsediacy is
physical activity occurring in certain definite tcg@i‘ohs of the
organism; for example, in the human being'sheh a region is
the retina or the cerebral cortex. We have sgent that the physi-
cal origin of the organism is traceable tofnaterials and energy
taken from the environment. As a phisical system the organ.
ism is a product of past physical actlyity; it has its definite his-
torical origin and background ;:'aiﬁd 1Y prdleelibramaeranis
have the persistence, stability,Yand regularity that we associate
with the physical. Its develdpment in the evolutionary history
of nature has been a gr,ac’ll}al process, apparcntly because slow-
ness of change in evollion is a consequence of the general nat-
ural requirement that any orderly activity must have a foun-
dation of stable\(t ncar-stable) conditions.

To the 1}a\t;h~é.list, obscrving nature as an cxternal system,
the essentifaMactors of evalution appear as physical factors, act-
ing UIldejr physical conditions. Many of these conditions ap-
peay ' observation as fixed or permanent (“endurants”);’
S'Qh‘cf they are primordial—without assignable origin in past
time—or they arc the persistent results of activity which has
Gccurred in the past and has completed itself, leaving a stable
product or residue which continues into the present and deter-

®For fuller discussion cf, my paper, “Biological Causation,” Philosopliy of Sci-
ence, VI1 (1940), 314.

¥ Professor Roy Sellar's term; see his Philosophy of Physical Realism (New York:
Macmiilan, 1932),
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mines (or limiis) the nature of activity in the present. Note
that this statement emphasizcs the fundamental impeortance of
conservation in physical nature. The conservation of energy, of
mass, and of spatiotemporal and other conditions is a cardinal

doctrine in theoretical physics; physical nature is regarded as

extending continuously and uninterruptedly through time as

well as through an indefinitely extended volumec of space.’

These stable physical characters form the substratum or ma-

trix within which the psychical, with its immediacy and trapg-\
sient quality, makes its appearance. It is in this sense thawthe

psychical appears as a general character of living orgawists.

This contrasted, yet mutually complementary, gh’gfélctcr of

physical and psychical must always be borne irymintl in con-

sidering the general characters of living organisins.

There is some danger of misunderstandidgshen “physical”
and “psychical” are used as if they ;;l;iér‘rcd to entities or
realms of being which are in theiygature disparate and dis-
continuous—corresponding, as it wore, to two separate fields
which come.‘j,n\}\oﬂl Jnteragtion égé'sgmc way which is quite in-
comprehensible, To avold fhig¥misunderstanding, 1 wish ex-
pressly to disclaim a dualisti¢'vicw; the two fields, physical and
psychical, are rather tg‘iue regarded as grounded in the same
foundational realityand as representing different aspects of
that reality. Sugh & View corresponds to the “double-aspect”
view of psychology, which is essentially monistic. As a physical
system, wl}ic}fat the same time is a center of psychical activ-
ity, the organism partakes of characters belonging to both
ﬁelds;o\\W‘hen we consider it as physical, we visualize it as 2
qu.gigvolume of organized matter and energy which is continu-

~Gus with a more inclusive or cuveloping world (environment)
Nfrom which it receives, and to which it transmits, activiry and

T This docs not necessarily mean nfinite, in the sense of unlimited magnitude,
but ratb:er without assignable boundaries, resembling in this respect a closed
surface like that of a sphere. Using this mode], physicists have reached (he concep-
tion that the universe may be *““finite yet unbounded,” an idea which may have
important theoretical consequences; thus, on a spherical surfuce a straight line
(great circle), indefinitely prolonged, returns to its source, and, analogously, we
may regard as possible a re-entrant distribution of energy rather than a perma-

nent dissipation into an infinitely large volume of empty space. Such a concep-

tion of world geometry would support the principle of copservatjon, which
otherwise seems 1o meet with difficalties.
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influence. Apparently, this influence may be physical or psychi-
cal, or both; experientially, the two fields, physical and psychi-
cal, appear as separate and yet as influencing each other di-
rectly; there is no scientific ground for denying the reciprocal
nature of this interaction.

The appearance in consciousness of a constant sensory qual-
ity—e.g., a definite color sensation like blue——is not to be ac-
counted for by physics alone, with its methodical abstraction
from the felt or qualitative in experience. This or any other,
sensc experienice may appear to the experient subject onl$:
under definite physical conditions, But the experience itsellis
psvchical, and it may with equal justification be rega:r'd:éd as
demonstrating the natural existence of constant pgqpé’a:ties or
universals of a psychical kind. These, however,(bgtome evi-
dent only under definite physical conditions. JiXthe case of the
blue scnsation, we find experimentally thatythese conditions
are furnished (in human beings) by exeltdtion of the rctina
(assumning ity properties and connectidys intact) by light of a
constant physical wave length (abowt’ 470 mp). But we also
observe that the same blue scns;{ti&fn my dridedelibrarsciogen
ness independently of externalo‘sfimulation by light-—for ex-
ample, in drcams or imagiﬁé’tion or under the influence of
drugs. Such facts are a sfiall part of the evidence showing that
the psychical comes\{ﬁ&()’present experience—its own kind of
existence—only under definite physical conditions.

Although the{physical and the psychical activities of the
natural systgmsy living organisms, which we are considering,
are usually_Hiought of as quite different in their nature, this
diffcrenéevin mode of conception means only that the two
kindafd'f activity are represcnted inteflectually in different
tetans. Our present view regards them as forming together a
}atural unity which we call “‘psychophysical”; they are not to
be regarded as separable or capable of independent existence
in the strictly realistic or existential sense. If we adopt the view
of panpsychism, this would also be true of other natural sys-
tems and of nature as a whole. All psychical activity would be
psvchophysical; the disembodied psyche would not be capable
of existence, or at least of making itself a factor in the natural



/7N

N\

60 BIOLOGY AND PHILOSCPHY OF ORGANISM

world. An implication would be that the physical side of nat-
ural systems corresponds essentially to the stable or conserva-
tive side of nature, represented under Group A in our scheme
above.

In psychical existence, on the other hand, there are certain
characteristic [eatures which are usually regarded as cntirely
absent from the physical, as physical; these are the conscious
phenomena of animal (human) life called *“feeling,” *“motiva-
tion,” and “will.” Physical events, as science now conceis
them, are characterized, above all, by regularity, consfanty,
and spatiotemporal continuity with their surroundings: Con-
tinuity is an aspect of conscrvation; what one ph}véig.ai cntity
gains in encrgy, another loses. These charactefiitics are per-
haps best cxpressed by saying that the ph';-"s}cal order is a
strictly mathematical order, which meang & permancnt order.
No one regards a purely physical eve {/as actuated by desire
and motivation; its cause is determifled by conservative condi-
tions into which no ¢lement of ’théps‘ychical enters. Thus we
often speak of ehedbeparsialiysps ieold-bloodedness of physical
events. In contrast, psychica}l’éﬁents have an element of prefer-
ence or selection; this seems connected with a certain property
of novelty which thqyﬁossess as part of their nature; and this,
again, is related t Qle}r evanescence and lack of continuity. A
psychical experlence, e.g., a sensation or a velitional impulse
to action, oftéf;Seems to issue [rom nowhere; its appearance in
consciousagss’' may have no discernible psychical antecedents
of a si 35}2& kind. Psychical events are transitory, and in their
voligional aspect they are not impartial but preferential.
_+Breferential implies valuational; and it seems relevant at this
§tége in our discussion to indicate briefly the role which the
feature of experience called “value” may be conceived as play-
ing in the psychical life of organisms. The philosophical theory
of value is a large and important field of study and inquiry on
which I am not competent to enter in detail; yet no naturalist
can doubt that elementary feelings of valuc are present as
factors in the psychical life of many animals, especially the
higher. In science it is customary to dissociate considerations
of value from the representation of physical reality; this, how-
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ever, is to be regarded as an abstractional procedure which
does not at all imply that value and fact can be entirely sepa-
rated from one another.® All observation indicates that motiva-
tion plays its part in animal behavior; and while this motiva-
ton has its physical side (as in any psychophysical system),
there Is also the psychical side in the estimation of which con-
siderations of value cannot be excluded. E. S. Russell uses the
term ‘‘valence” in reference to the elementary values which
external objects, such as food, the other sex, materials for,
nests, etc., may have for animals; these valences determine the
motivation which, from analogy, wc assume to underlie their
voluntary hehavior Ta regard will and motivation as rigp real
factors in animal behavior would imply that theg™are not
real faciors in human behavior—surely an unrealistic position
to take; and while at times scientific men mayifave held this
view, it secms at the present time to be outdated. On the other
hand, no impartial observer can deny t}}e\ilhportance of physi-
cal factors in behavicr. A/
The cvancscent character and untraceable origin of many
. i . R W A D IBEEry Orp. in
conscious expericnces often give @n impression ol ar Lirariteds
{especially in drcams), and lhéibe“licf in the “frec” character of
voluntary action has no doﬁb't arisen in this way. The initia-
tory and spontaneous afe't)'éms of human beings share this qual-
ity of the psychical; ‘{ﬁé}'f have in them something which is un-
predictable., At th#, same time, biological experiment shaws
that they are: lidiited by physical conditions; according 1o
physiologicalypsychology, all psychical processes have their
definite in(Eii:al antecedents and accompaniments, consisting
ChiCﬂS{z}I'l\proccsses occurring in the nervous system. In this
empirical sense, physiological conditions may be regarded as
fhefoundation on which the regular or repeated psychical
C\ilalitics (the “immediates”) are based. Any test that can be
applied shows that a man’s brain preserves its uninterrupted
existence and its constancy of physical characters whether he
#Of. the recent discussion by W. Kahler, “Value and Fact,” Fournal of Philoso-

#, )?LI (1944), 197; alsa his The Place of Valve in @ World of Fact (New York:
Liveright Publishing Corp., 1938).
Cu“ ]“i'-ggc’é)Russcll, The Behaviour of Animals (2d ed.; London: Edwin Arncld &
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is awake or asleep, somnolent or intenscly interested. The nor-
mal physical functioning of this organ is necessary to a normal
psychical life. At the same time, a large part of the psychical,
as psychical, is nothing if not variable; and scientific psychol-
ogy is largely concerned with specifying the stable physical
conditions or physiological background under which the vari-
able and transient psychical characters emerge.

This is by no means the whole of psychology; the regular
characters of the psychical, considered as psychical along in"
provisional disregard of the physical accompaniments, yalso
form an important part of its subject matter, as in the\experi--
mental study of Gestalt phenomena, sensory dis,cmmnatron,
contrast, pain, pleasure, and other purely pSYCh{Cd}. processes;
such investigations yield descriptive resulididm which defi-
nite conclusions and generalizations are f€ached. But, as re-
marked earlier, elementary psychical haracters, like feeling
and will, cannot be described; theyécah only be cxperlcnced
In general, description applies Onlv to those items of experi-
ence which are volbprodibeay | Dhg #ense of being analyzable into
combinations of stable, snnp‘ler elements or factors, The ulti-
mates or unanaly;-ables Ych as simple sensations of sound,
color, or feeling, are mqt describable, although they have their
constant qualitative \and other characters, as is shown by the
usages of language, which applies constant tecms (loud, shrill,
blue, hot, cold; ;€tc.) to those psychical characters which recur
connnuall\and are easily discriminated.

In th€'fraditional classificatory triad of psychology—feeling,
willd “nd intellect—the terms “fecling” and “will” have refer-
em.e' to immediately present psychical qualities or events; their
1mmed1acy » i.e., felt property or givenness, is what consti-
tutes their chara(,tt,r as psychical. “Intellect,” on the other
hand, has its application not so much to single cxperiences as
to the general, repeated, or universal characters which appear
constantly in association with experience and qualify or condi-
tion its single events. Tt seems clear that the classifying activity
of intellect is a reflection or expression of the orderly and re-
petitive features of experience; these features coexist with and
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apparently underlie the novel features which also form part
of experience.

When experience is surveyed, either immediately or in
memory, the attention readily singles out a variety of com-
ponents which are cither constant or recur from time to time
in the same forim; these constants give a special form and char-
acter to the individual events as they occur. In other words,
objects and events fall into classes. What scems especially »
striking to the biologist is that many of these stable charactegs
are psychical, rather than physical, in their nature; vet thei
biclogical importance is on the same level as that of the physi-
cal. The visual field is a good illustration. This has itgconstant
features which form a stable setting for the events{dontinually
occurring within it;'° these events, although psyehical, are an
index of the spatial position, movements, and physical prop-
erties of external objects, many of which ére’of special interest
{or valence) to the perceiving animal. Jinthis respect, psychical
events have their definite biologicahsignificance; they play a
part in the life of the organismvs'iinilar to ‘}}éaibgia -jg@ by Its.
physical activitics. In both cases the fundarmental }f)llo%\g):fcl o
importance of the activity;wﬁether physical or psychical (or
both), consists in its beingha factor in the survival of the indi-
vidual or species. Qbvdeusly, the persistence of a specics in an
environment implich the persistence or regular repetition of
the physiological¥eonditions and activities upon which its ex-
istence deperds:”It also implies the persistence of correlative
constant pgh}i‘i.tions in the environment; i.c., regularity, both
n the organism and in the environment, is a necessary condi-
flf)n: fér organic survival.

TtSeems clear that intellect, as a biological attribute or ac-
tivity, is based upon this universal natural fact of regularity
and recurrence. Repelition—spatial or temporal, or both—-is
universal in the natural world; and no one need be surprised
that the whole organization of animals and plants bears wit-
ness to this fact and is based on it. As has long been recognized,
at least since Plato, repetition is an aspect of constancy; it im-

1B Cf, above, p. 17.
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plies the presence of stable conditioning factors which impart
constant characters to the single facts or events as they occur,
although each single event is itself individual and transient. We
may assumne that primitive man was well awarc practically
(even if his knowledge was not formulated) that many of the
numerous ohjects and events in both his inner and his outer ex-
perience rescmble one another and fall naturally into groups,
i.c., the collections of similars which we now call “classes.”
This is perhaps sufficiently proved by the general charactée™
istics of language, based, as itis, on the permanent or recurrent
facts of expericnce. NS

Considerations of a similar kind apply to animalslg\;?er inthe
scale than man; in gencral, the biologist observes'that all ani-
mals are adapted or “keyed” to respond to speelal natural ob-
jeets or conditions which are of importance {0 them. This re-
sponsiveness hag its basis in certain dcﬁni&' active and structu-
ral features of their organization; andih each species these bio-
logical characters have a correspéildcncc with certain stable
or recurrem&ﬁ;aaufgﬁlgﬁagky:(ﬁag‘_.}}fonment. If, for example, an
animal exhibits special strueliiral characters which proteet it
against attack, such as spfriés or defensive armor, their exist-
ence shows that such dtfacks are of frequent occurrence in its
normal life. In gendeal, the special organization of the living
organism is a tcsahlolly' and index to the existence of correla-
tive conditions 3 the environment—in the case just cited, the
activities of :ﬁrcdatory animals, $imilar considerations apply
to all forats'of interaction between organism and environment,
frorp\%e“ simplest to the highly developed. To quote from an
catliet paper: “The intellectual apparatus of conceptual rea-

~JSoning must be regarded as having a correlative physiological

‘apparatus consisting of permanent organic predispositions and
adjustments of various kinds; these adjustments correspond to
the various continually recurring situations which the organisin
must be prepared to meet in its normal life.”"

It is not possible to discuss here the philosophical signifi-

3 *“What Is Purposive and Intelligent Behaviour from the Physiological Point

otf Vieg\é?g” Fournal of Philosephy, Pychology and Scientific Methods, XIT (1915), 58%;
cf. p. 609,
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cance of this repetitive structure which apparently pervades
all physical nature as well as its psychical carrelative, the con-
scious experience of living beings; for the present we simply
accept it as a fact. Generalizing broadly, we may assume that
behind this natural system of recurrent evenis and phenomena,
physical and psychical, there exists a correspondingly large
and diversified assortment of stable factors which furnish their
necessary foundation. These factors correspond to the “eternal
objects” of Whitchead {alternatively called ““forms of defi
niteness”); and their relations to nature, as experienced, will*
be considered more fully below.!? e\

Nows

N\

* See Whitehead, Process and Reality, passim. An excellent discussionsfrom the
standpoint of a binlogisc will he found in the paper by W, E, Agar/fWhitehead’s
Philosophy of Organism: An Introduction for Biologists,™ fo' fasly Review of
Biology, XI (1936), 16; see also his later paper, “The Conceptho fghrpost in Biol-
agy,” bid,, H1IT {1938}, 255, and his A Contribution fo the ThMWY of the Living Or-
ganism (New York: Oxford University Press, 1943; alsoMglbourne University
Press), A general discussion of Whitehead's philosophy ’ﬁi%!‘ganism has recently
been published by Sydney Hooper in Philosoply, XVI1941), 285; XVII (19423,
47; XVIIT (1943), 204; XIX 31944), 136; XX {1943, 59. Sce also Dorothy M.
Emmet, Whitshead’s Philosophy of Organism (Londeny Macmillan & Co., 1932},
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CHAPTER IV

Physical and Psychical

NE task of a scientific psychology is to determine, and to
define clearly, the constant conditions under which
psychical qualities come into existence, i.e., “‘emerge’” into
consciousness. Another task, equally imporiant, is to detés:
mine the conditions under which effective influence is trans-
ferred, in either direction, between the physical and thesychi-
cal fields of the organism. We have seen that psychigal qual-
ities, as such, have the character of irumediadyy” they are
psychical only while they are being experiené&ﬁ, l.c., in the
present. This statement may sound like “psyshical only while
they arc psychical,” but just now my Aim"is to contrast, as
sharply as possible, the sphere of rcal?f\, called “psychical”
with that called “physical”; and far $iis purpose it is necessary
to emphasize AFESEREMBIA20 resemblances.

Obviously, our knowledge':éf the physical world has its
basis in personal experiencépwhich, as immediate and in that
sense subjective, is psychieal; but many features of that experi-
ence are scientificadly whintelligible except on the assumption
that a permanent‘aé independent realm of being exists, con-
tinuous in space and time and having regular “causal’’ inter-
connection, hetween its separate events; this rcalm is the
physical, Feisinits character of permanent or uninterrupied ex-
istencgithat the physical is here contrasted with the psychical;
thugpto physics, objects which are distant in space or time and

~uj1f)erccived are no less real than those which are immediate

bjects of perception. In contrast, the psychical, in its char-

acter as psychical, is real only in the present; and its existence
is correspondingly transient.

"This transiency imposes limitations on scientific description
as applied to the psychical field, i.e., considered purely as
psychical and untranslated into its physical equivalent. The
psychical, since its character is immediacy, is evanescent; it

66
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exists only i the temporal span of the present. On the other
hand, that which remains in existence as the result of psychical
activity {(e.g., an excrtion of will resulting in muscular action)
is physical and bas the property of conservation characteristic
of the physical. Present cvents—and psychical events are al-
ways present events—have permanent results. This transiency
of single present events, as contrasted with the permanency of
their results, is often dwelt on in literature, as in the sundial
motto quoted by Whitehead, “Pereunt et imputantur,”” andy
is a favorite theme with poets.! Accordingly, psychical action
may (and often does) provide, directly or indirectly, the\'ﬁe:}—
manent physical conditions which determine the specialMehar-
acter of many succeeding events, both physical and fisVchical,

It is true that psychical facts, in so far as theyfate constant
or regularly recurrent, are also recognized (whén reviewed in
memory} as belonging in definite or stable.calegories; accord-
ingly, they can be and are designated in Jabguage by constant
signs or words; i.c., language has its basisdn the recurrent char-
acter of psychical, as well as physigaly events. “Blue” refers to
a definite class of psvchical (ﬁ\(cp:t; 'altho“x}‘g\lg ggqh instance of
its occurrence Iz an immediafeypersonal exp'érlelﬁgg.bﬁﬂﬁif LHgR
this cxpericnce emerges with perfect constancy under certain
physical conditions, ngj{ﬁéiy, the human (one’s own) neuro-
sensory organization*astivated by radiation of 470 my wave
length, the probled of defining its conditions of emergence be-
comies a purclyndelentific one, 1o be solved by empirical in-
vestigation, ()"

&

! See, c.g.QT Funyson's CLotos-eaters’™:
‘ AN things are 1aken from us and become
N Portions and parcels of the dreadful past.”

*

oEi\tZ.g\C‘,I'Elld,S stanza in Omar Khayyam is familiar:
4 “The moving finger writes and having writ,
Moveson. . . ., i

Recently & well-known critic of liverature, referring to Proust’s description of
how, for cxample, old memories are revived by odors {in his novel, A la recherche
du temps perdy}, has given an admirably clear expression of this general fact: “In
our lives the past is that which has ccased to act but has not ceased to exist”’ (Mary
Colum, From These Rovir [New York: Charles Scribuner’s Sous, 1937], p. 352).
Proust was infinenced by Bergson: memories survive in the unconscious and have
the potentiality of rising again into consciousness, *“Time the destroyer is time
the preserver™ (T. 8. Elior, in Four Quariets [New York: Harcourt, Brace & Co.,
19433, P 24}, See also the discussion of C. D. Broad in his Serentific Thought
(New York: Harcourt, Brace & Co., 1923), pp. 66 f{.
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Similar considerations apply to other regular psychical
facts; as psychical, they appear, disappear, and vary in in.
tensity and quality; obviously, they lack the kind of stability or
conscrvation which we ascribe to physical facts. Yet their re-
currence is subject to stable rule; their special guality is con-
stant, and this constancy is found experimentally to be associ-
ated with constancy in the physical determining conditions.*
Both psychical and physical events, considered singly, show
the usual combination of generic and individual character§\
but in the psychical the element of individuality and unique-
ness asserts itself with greater distinctness; this is the feaute of
novelty always present in the psychical, as contrasted with
the conservation which is the characteristic fedtuve of the
physical. " .

It is important to bear in mind that thé\pharacteristic of
presentness (which means “novelty™) is am estential peculiarity
of psychical facts; this characteristic is{of the greatcst impor-
tance in relation to the part whichfhey play in the lifc of the
organism. Life is based on present-activity; and this activity
cannot be lonﬁ‘iﬂtﬁt’fﬁ‘ﬂ%&ﬂ'\éﬂﬁ%ﬁ% permanent physical in-
jury or breakdown, as showiy for example, in the effects of de-
priving nerve cells of gkygen. Purely static or conservative
(structural) conditiqus,\however important they may be, are
not in themselves sufficient for the stability of the living sys-
tem. The biophysieist might object here that the dependence of
life on a routin€.f active processes need not imply the presence
of special pyythic factors; there are many automatic routines
in natigevhich are governed by constants of a kinetic kind;
life m@ht consist entirely in an organization of such routine
’"PgrQ'ceéses. These pracesses, like other physical processes, have
\ttlé same character in the past as in the present. This may be
granted; but what I am now emphasizing as important is
merely that whenever the psychic factor does play a partin a
natural process, its participation is necessarily in present time
and has in it an element of novelty. This condition is empha-
sized now because of its importance in our later discussion.

The fact that many psychical events (sensory thresholds,
etc.) conform exactly to quantitative rule is evidence that
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conservative conditions arc a constant factor in psychical, as
well as physical, activities; the chief reason why these con-
stant conditions are usually conceived by psychologists as
physical (or physiological) is that conservation is recognized
by science as the essential distinguishing feature of the physi-
cal, Accordingly, there is a strong tendency for modern psy-
chology to become predominantly physiological; apparently
it cannot be purcly phenomenological and rctain the accepted
characteristics of natural science. As science, psychology aims |,
at the discovery and clear formulation of &/f the factors under:
lying psychical events and furnishing the constant conditiéps
necessary for their occurrence. Like ather sciences, it’is}:oﬁ-
cerned with obscrvable facts and conditions which/aye the
empirical properties of constancy and reproducibility; these
propertics imply quantitative character—mea§uirability and
amenability to mathematical treatment. Such’Mharacters are
typically regarded in science as belonging Gthe objective and
physical and are contrasted with the Qquective and trangient
property peculiar to the psychical as“such. Hence, physical
conditions, especially organized Structtlmsa;}“aza@T H}}mgll&)g)lcam
arrangements of a constant kmd are assumned to be the “ob-
Jective” counterpart of the. piychical; and observation bears
out this assumption. ...\

Although in stricte gahsm the living organism must be re-
garded as a psychophysical rather than a purely physical sys-
tem, its physical @haracters, because of their permanence and
demonstrabilit{, have often been regarded as having a supe-~
rior tide :\"}‘(,ahtv or even as being the only reality. Such
claims héve a certain plausibility, since all experience con-
firms th,e'vlf-w that the physical world is a stable world with an
unmterrupted existence, differing from the psychical world in
beidg independent of the experiencing subject’s attention or
state of awarcness; a man’s organism persists in all its physical
character during his unconscious, as well as his conscious,
Statcs. This permanent physical organism is the seat of the
stable factors and conditions which underlie the psychical
events; “consciousness” has even been regarded by some ex-
tremists as an unreal and scientifically negligible by-product or
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epiphenomenon. Physiological psychology has discovered and
measured many of the physiological [actors concerned in
psychical processes, and its progress has strengthened the
tendency to regard physical factors as the necessary founda-
tion and essential determinant of psychical events. This be-
lief is now widespread not only among scicntific men but
among educated persons in general.

The progress of physiological psychology is, however, no
justification for ascribing an exclusive reality to the physicgh
factors in vital phenomena. The belief that the “soul” (psyche)
influences the body is an ancient and empirically well; _ghotind-
ed belief; and many parallels between the stable features of a
man’s psychical character—moral quality, tale nfs, Will, tem-
per, and so on—and the physical features of hl\bodlly organ-
ism have been wcll known to physiognomists¥and students of
human nature from time immemorial. A Qsi/chosomati( medi-
cine, not entirely rudimentary, was pt’&(,tl(,ed by the ancients
and is now a recognized field of pragtice, with a large litera-
ture and its sp\c&\a{l our %ls D

The 1mp0rtﬁn(:e of the ‘“s«‘f@%*% Mactor is now recognized
in many fields of pure andbapplied biology. Certain modern
schools of psychology pdy even overemphasize the autonomy
of the psychical and 1’Es~\1ndependence of the physical. They re-
gard the unconscﬁx}s background of psychic life as consisting
largcly of fdcigor& which in their primary naturc are psychical
rather thanphysical, According to Freud, the determining
conditiorks'})f the psychical cannot be adequatcly rcpresented
by pu.isly physical models. He believes that the consclous char-
actegof a human personality have an unconscious foundation

megnslstmg of a complex of conditions which are psychical,
\_rather than physical, in their essential nature; these constitute
the stable core of personality and persist throughout the in-
dividual life. A conservation is ascribed to them which paral-
lels the physical (or physiological) conservation while not iden-
tical with it; the stability of the fundamental psychical qual-
ities and propensities of a personality (which remain constant

? Bee the American quarterly Psychosomatic Medicine.
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in spite of continual physical change) is pointed to in support
of thig contention.

The whole modern psychosomatic movement shows the
difficulty of any sirict separation of psychical and physical.
To some biologists there may seem to be an Inconsistency in
assigning stable characters, i.e., characters enduring through
time in the same sense as physical characters, to psychical fac-
tors qua psychical, since the expericnced character of the psy-
chical is immediacy and transiency, not permanency. Yet this
apparent inconsistency need not be real, since direct personal
experience, as distinguished from scientific abstraction apd,
schematization, shows clearly the psychophysical charactet\of ’
the organism. Also, there is ample cvidence, which ng -one
seriously doubts, that psychical characters have a réal éxist-
ence in innumerable fields of which the mdlwdual\subject is
completely unconscicus, namely, the “minds’of other sub-
jects—each mind being attached (as one’s owrhs) to a physical
organism. o

It might be assumed that the “uncoascious” psychical fac-
wrs underlying the conscious life ofany, Qne person ‘have a
status, in rclation to his wholeer® mtegrated ConsCibUehes in
analogous to that which arzaf!@r \person’s congcious life has to
the life of the social group{ta which he and many others be-
long. This is not a perfiE ahalogy, since the consciousness of a
human group is notyntegrated in the same sense as the per-
sonal consciousnesgof a single individual. The single individ-
ual, however, i3 20t directly conscious of the psychic life of his
separate cellsdnd tissues, supposing this to exist. A possible
view is thatimmediate consciousness in the mind of any single
person i§Nan indication that certain subthreshold psychical
COﬂd«tlm‘ls, which neverthelcess have a real existence as psychi-
ca?,\hav(, reached a certain critical level of intensity, or have
effected certain combinations or interactions necessary for the
emergence of the superthreshold consciousness, Such a view
would secem to imply the existence of a permanent psychical
substratum or hackground, which is united in some way with
the physical and reaches the level of personal consciousness
only under certain physical conditions. Without passing judg-
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ment on this question we may say that to the general biologist
one of the chief fcatures of the Freudian conception is its in-
sistence that the living system is a psychophysical rather than
a merely physical systemn. This, of course, was the ancient con-
ception and may be found clearly set forth in the work of that
great naturalist Aristotle.

‘The concepts “purely psychical” and “purely physical” are
to be regarded as abstractions, taken from a total reality which
combines characters of both kinds. Undoubtedly, there: gt
great difficulties in approaching scientifically the problem: of
the final origin to be assigned to the psychical qualities\ofthe
organism, so highly devcloped in man and higher Animals;
but experiment leaves no doubt of their close and eonstant as-
sociation with the physical. Such a conclusiogdtas implications
of a general or metaphysical character; W extrapolate be-
yond the level of animal existence to the\géneral background
of nature, the conception of the li»:ilfg‘organism as psycho-
physical would seem to require Iog:icallyf a conception of the

\v}lolt? natural ﬁ;{o\g‘l gguzﬁlgpaps%%q%hysical in its cssential con-
stitution—-a view related to ,tge widcly entertained philosophi-
cal doctrinc of panpsychisim. "This view is a monistic rather
than a dualistic onc; it @€gards existential nature as combining
charactcers of both kiz;(’cis\, physical and psychical, grounded in a
single unity which\hﬂ”reality cannot be so subdivided in any
strict sense, althomgh abstractly and for certain purposes we
may considenSingle natural (actors as belonging to one or the
other of thes€ two classes.?

We have now to consider in somewhat more detail the na-
tur¢iof” the interrelations betwcen physical and psychical.
Setne remarks of an abstract and gencral kind may first be
ade. Physical science traces the spatial and temporal con-

# The coneeption of an all-pervading or ““cosmic” reservoir of psychical char-
acters and qualities—the psychical counterpart of physical nature—which mani-
fests itself in the individual consciousness only partially and under certain physi-
«<al conditions is one that has been widely held. Recently among physical scien-
tists the astronomer Gustay Strémberg has given clear and striking expression to
this view: see his paper, “The Physical and the Non-physical Worlds and Their
Intermediate 1llements,” Seientific Monthly, LIV (1942}, 71; also for a more specu-
Tative consideration, chap. ix of his bock, The Soul of the Universe {Philadelphia:
David McKay Co,, 1940}, A modern view of panpsychism is found in the recent
boo_k of Charles Hartshorne, T#4e Fhilosnphy and Pyyehology of Sensation (Chicago:
Untversity of Chicage Press, 1934); sce esp. chap, viii,
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tinuity and the functional {or “causal”) connections between
the separate phenomena of the external world. It regards all
physical entitics and activities as contained within the same
space-time continuum, which is, or includes, physical nature;
and the causal relation, qua physical, is confined within this
continuum.? Hence there is always the possibility of account-
ing more or less completely for an event’s happening in one
region of external nature by tracing its connections with events

and conditions in other regions. Apparently there cannot be

morc than one such continuum, since the very expression
“more than one,” signiflying plurality, implies scparat;\'ﬁbs\i-
tions within a single continuous field. If objects arc to he'vecog-
nized as separate, there must be something “in betm{ééﬁ;” even
if only empty space or time. v
Observation shows that wherever the spase-time co-ordi-
nates of previously separated events intepsect, ie., where the
events come into contact, there is always mutual influence, or
“causation.” Itis a truism that two physical objects cannot oc-
cupy the same space at the sameltime; and this general ob-
scrvation implies that physicaly tnterfer AR PR sRgorain
persistence of a certain indiiaiduality in single objects and
events—is a fundamentaldact of nature. Many of the physical
relations between sepafate objects can be defined with quan-
titative exactitude because of the uniform nature of the medi-
um, space-time,,,bfy which they are conunected. Geometrical
and mathematical relations arc universal; natural events are
alwavs a cqi}ih distance apart in space or time, or both; and
physica Xﬁﬁhence between separate events is largely depend-
ent oithis distance.

_Buch other general scientific facts as the conservation of
ﬂqn%fgy and muass, the constant transmission-vclocity of radia-
tion, the constancy of energy units, and the regular repetition
of physical events and cycles, all point to the existence of an
all-inclusive physical field with uniform and stable properties,
which 1s the seat of the observed physical diversity. It is be-
4 This is the extensive continuum, corresponding to the general scheme of re-
latedness within the universe. For a discussion by a biologist cf. Agar’s paper,

“Whitehend’s Philosophy of Organism,” Quarterly Review of Bivlogy, X1 {1936},
16; see p. 23 of this paper.

N\
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cause we can proceed on this assurnption—the ultimate basis
of which is simple observation—that the phenomena of physi-
cal nature are so [argely describable in logical or mathernatical
termes, i.e., in terms of invariants and constants and thcir inter-
relations.

Single physical objects and events appcar as discrete areas
or differentiations within the spatiotemporal continuum, and
local changes appear as in continuity with other Iocal changes
in their imnicdiate vicinity; every physical objcct has a phygis
cal environment and a physical interior. This leads to, a\fur-
ther consideration, of special importance for bloloqy, phich is
as follows: Because of the continuity of geometnc&l &pace (as
assumed in mathematics), any spatial volume s rcqardcd as
subdivisible without limit. Each element of \j@lﬁme is regarded
as real; accordingly, the possibility of niagnification enters,
i.e., of bringing any such element, no m,aﬁ:er how small, within
the range of perception by imagipig it as sufficiently en-
larged; and it has long been knowidthat the physical proper-
ties of radiation, as HB‘?‘MM% ggfraction, can be utilized so
as to make the minute mner.de{all of small-scale objects visible
to observation. This circuifistance enhances cnormously the
possibilities of physicaginalysis and cxplanation; detail within
detail can be perceivéd almost without limit, and the art of
microscopy is still Evancmg especially since the invention of
the electron mpitedscope. No one need be reminded how great-
ly indebted Pislogy is to magnified images for its conceptions of
living stricture and constitution. Where would this science be
\m’lthm\{&thc microscope?

K he eyc is the chief, though not the only, organ of physical
obkervatlon and in forming our conceptions of the fundamen-

S\l structure of natural objects we must make allowancc for the
irresistible psychological tendency to identify physical things
with their visual images. These images, made usually by lenses,
form the chief means by which the higher organisms, including
ourselves, adjust themselves 1o their physical environment; the
eyc has evolved because such images are a reliable index of the
direction, size, distance, and movements of objects within the
organism’s field of action.



PHYSICAL AND PSYQHICAL 75

It must be remembered, however, that at the smaller end of
the scale of physical dimensions the properties of radiation
themsclves limit the possibilities of further optical discrimina-
tion. Accordingly, it becomes unrcalistic to form imaginary
visual images of physical objects and conditions as they exist
below a certain degree of spatial subdivision and then to re-
gard these images as giving true representations of the actual
structure and behavior of objects. Radiation has a resolving-
power giving evidence of spatial separation of component units
down to a certain limit, but not beyond.

What lies beyvond that limit? We can scarcely hold that NaI-
ity ceases where physical observability ceases; and if there is
a more intimate reality of objects, access to this reahty must
be sought by other methods than the physicaleds it an ex-
travagance to suppose that introspective (immeédidte or psychi-
cal) ohservation may furnish one such mgtlﬁ&, affording fur-
ther and cqually valuable insight intothe real nature of the
living organism? We know from expetiehce that certain vital
phenomena may be experienced darectl even when they can-
not be physically observed; no gigican gbserve QRSB Ireiin
guality as fecling, by physmai sfethods, although its physiolog-
ical accompaniments and genditions may be observed by these
methods to any requireddetail, presurnably down to the limits
Just indicated. The feéh\ng is a psychical, not a physical entity;
observation from Jpoth sides, physical and psychical, is required
if we are to gaifi'thc fullest possible insight into its nature and
conditions as @ special biological fact. This is recognized in
practical itfc as in the case of the philosopher’s toothache (a
favorite 1ilustramon) :# his pain is used by the dentist, a physical
mamp‘ulator as a means of physical diagnosis, for the simple
réagen that observation shows the physical and the psychical
facts to be interconnected in a constant way. In many other
instances the same biological condition or event may be ob-
served either from the outside as physical (i.e., part of the
spatial world) or from the inside {introspectively) as psychical.

#*TFor there was never vet philosopher

That could endure the taothache patiently.”
—As You Like 5¥.
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This characteristic dual property of vital phenomcena has
received its special formulation in the so-called “double aspect
theory™ of psychology.® The term “double aspect” implies the
existence of an actuality that is unitary in character but can
be observed from twao quite different points of view. There is,
perhaps, a difficulty in understanding how one and the same
natural process can be bath physical and psychical at the same
time, But it may be a mistake to regard this difficulty as pre-
genting a “problem,” since the dual property appears rdtider
to be a fundamental condition which has 1o be accepted,dsypart
of the innate constitution of nature. The living orgamtism is
psychophysical because it is a development frgn“}"é nature
which is psychophysical. To scarch for a “solufipn” may not
be the proper mecthod of consideration or ap‘p\roach; the tra-

diticnal bifurcation may be an artiﬁcial\ity, as indicated al-
ready (p. 53). LD
In any case, an essential scicntiﬁgif&luiremcnt is that what-
ever Is actual or forms a part of realatature shall be represented
(where represcntable) ggﬁﬁé&;%}ﬁ{;ﬁgﬂih& conceptions of physical
science, o far as these are Strue.” In physics energy is regarded
as the ultimate natural reality, conserved in all processcs. Any
act of visual observatiom requires transfer of energy {rom the
ohserved object '\t*hé eve of the observer. But if we identify
physical realityywith cnergy—as the factor manifesting itsclf
in all physic:ﬁll‘évents»—thc whole reality of any physical abject
can be op{i:partly indicated by the small fraction of energy
which ifemits or reflects in the form of radiation and by which
it is ghade visible to an observer. Mass (m), the most general
prdperty of physical objects, is, according to Einstein, a mani-
~fettation of energy (£) according to the formula E = me%
wherc ¢ represents the velocity of light. This theory recognizes
that the intrinsic or “rest-mass” energy of any body or physical
unit (such as an atom) is vastly superior in quantity to the
encergy which it exchanges with other bodies interacting with
it mechanically or by radiation. The greater part of this in-

& An excellent discussion of this theory is given in the presidential address of
Professor H. C. Warren before the American Psychological Association, at the

New Haven meeting, in 1913: “The Mental and the Physical® (Prysholngical Re-
view, XXL [1014], 79), ysical” (Poyuholrg
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ternal encrgy is not transferable but remains bound to, or an
integral part of, the physical unit.

The expericnce which is centered in each psychical unit
(such as on€’s self) appears to be inseparably attached to a
single physical organism; and it may not be merely fanciful to
suppose that in the immediate experience of the psyche certain
real inner properties which are in some way bound up with the
physical rest-mass energy come under direct observation as
immediately given or felt. Such a view is consistent with thed
general conception of panpsychism, the chief philosophical
form of which is the monadism of Leibnitz and his SUCCESTOrs.
Although panpsychism can hardly be regarded as a,s,(}‘iéhtiﬁc
theory, it offers no conflict with physical or biological séience,
even though it is not open to any general ohservational test.
On the other hand, if the living organism is qckﬁowledgcd to
be a psychophysical system, the consistent sevolutionist would
find it difficult to avoid ascribing a similar character to nature
as a whole. . )

To derive psychical qualitiesvﬁ;'éjrh exclusishyphsical fac-
tors, or the reverse, does not appear scientifically possible. In
experience they are conjoinédy and to regard either as having
an existence of its own, eftrely independent of the other, is a
feat of abstraction wg,%éh’does violence to the experienced real-
ity. The manncr ia which logical and scientific concepts have
been derived by\'éi process of intellectual refinement from com-
mon human.gxperience is open Lo investigation, and this in-
vestigatiof™yriay be essentially factual and historical.” The
regulapity and rcpetition found in nature are facts of experi-
encedind do not become less so when formalated in logical,
mathematical, and scientific terms. The traditional bifurca-

i6n of physical and mental has led t© much confusion, and
this seems to be especially true with regard to the physical na-
ture of space and time.

To refer again to magnification: If the independently ex-
istent or “real” character of the cxternal “public” space in
which physical objects are set corresponds in all respects to

. " John Dewey's recent Logic: The Theory of Inguiry is an example of such inves-
tlFation,
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conceptual or mathematical space, it would scem that the
process of visual magnification could—theoretically, at least—
be continued without limit. Already the electron microscope
magnifies 25,000 diameters or more, and even at this magnifi-
cation it furnishes evidence of inner structural differentiation
in many physical objects, There is a tendency, especially
strong among biclogists, to seek fuller insight into the constitu-
tion of nature by increasing still further the scale of physical
magnification. Many persons besides Jonathan Swift hage
speculated on the appearance which the world would pfesént
if it were perceived on a spatial scale much larger thafi'that to
which human beings are physiologically adjusted~=or, some-
what analogously, on an expanded time-scale, {ike that real-
ized in slow-motion moving pictures.

It is true that microscopic study has wastly enlarsed our
knowlcdge of organic structures and proggsses; the activities of
large-scale units like the whole orgalj&m are observed to be
regularly dependent on the actiyitiés of smaller component
units (cells) “’hi@h_mm-ﬁiﬁibléjﬁﬂly under high magnifica-
tion. Undoubtedly, actual physical origins can thus be traced;
larger processes are seen fovbe in direct continuity with, and
“caused by,” smaller rocesses, either in the sense of being
summations of su h{l’t)r’ocesses or in the characteristically bio-
logical sense of teceiving their special impulses to action from
them, as in g.tirimlation and response. The control of large-
scale physiglogical processes by activities originating in micro-
scopic units; like the neurones of higher animals, is a universal
featu,ne%f' living organisms; and the remarkable propertics of
tzra.\ﬁgﬁission, amplification, and integration prescnted by the

¢Rervous systerm furnish the physical basis for almost everything
that is unique in the behavior of animals.® In this highly im-
portant sense microscopic activities may truly be said to lie
at the basis ol the large-scale activities of organisms.

Similarly, we are justified in referring many properties of
living cells to the propertics of their component structural

E See my paper “Physical Indeterminism and Vital Action,” Stiense, LXVI
{1927), 139, The general integrative role of the nervous system is discussed in
Sir Charles Scott Sherrington’s classical book, The Integraiive Action of the Nervous
System (New York: Charles Scribner’s Sons, 1906),
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units, and these again to the propcriies of molecules and
atoms. But 0 continue without limit this process of accounting
for larger processes by reference to component smaller proc-
esses docs not secm either justifiable or possible. Tt may be that
the physical subdivision of nature into clementary units has
already reached its limits. There is danger of misunderstand-
ing the possibilities of such “subdivisional analysis” {as I have
called it in a recent paper).® Space is not to be regarded as a
physical entity or existent which is infinitely subdivisible.
Physical objects are spatial; and they are surrounded by, and
inclose, other physical objects; but to infer from this fact of &
perience the real exisience of a pure “empty” space Haying
properties like those of abstract gcometrical space, a\n&ﬂcorrc—
spondingly capable of being the seat of physical diffepentiation
at any degree of subdivision, is a fallacy whighy(if entertained
seriously, is more likely to hinder than help the scientific un-
derstanding of nature. \‘\ i

I have alrcady pointed out, in discu¥sing the possible origin
of the psychical qualities in experiencey that they cannot be re-
ferred to pre-cxisting psychical qyi.aifties?g V{J\;y'c(l:ﬁ'igléllll%{%‘ﬁté’lﬁa@e
a novel quality and at times seég‘rl“to emerge into consciousness
from: nowhere. Similarly,;w"é' cannot regard them as com-
posites of smaller psychical units, such as the hypothetical
units of psychologica\ﬁbfnism‘ Tt is not possible to trace psychi-
cal events to theityorigin in the same way as we trace the
origin of physi@ﬁi’évents, by reference to stable factors acting
ina contingdﬁs"s;patiotemporal field extending indefinitely into
bast histts.‘(y.\:‘This difference is part of the characteristic con-
trast b&;‘t%ecn psychical and physical. Although there may be
demdnstrable physical antecedents to the sudden appcarance
‘lif}l"scnsation in consciousness, €.¢., a pain or a flash of light,
there arc no constant psychical antecedents. When the physio-
logical psychologist accounts for the appearance of a blue
sensation, he does so by relerence to constant physical and
physiological factors; the continuity required for the scientific
explanation is sought in the physical realm. The same is true
for a nonspatial sensation such as a musical tone; observation

b “Directive Action and Life,” Philosaphy of Stience, IV (1937), 202; cf. p. 220
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does not give the origin of the tone in its character as felt sensa-
tion, but only the physical conditions under which it emerges
into consciousness. These conditions, however, may be ob-
served by physical methods to any degree of completeness
possible with the available apparatus.

Hume’s demonstration of the lack of necessary connection
between successive sense experiences is classical. The origin of
the psychical is not given by investigation of the physical, but
only some of its conditions. As we have just seen, phvsical nves-
tigation cannot be extended beyond a certain well-dgfincd
limit of spatial subdivision. The limits of exact ph}-':sfé‘al\ob-
servation are defined by Heiscnberg’s principle of unsertainty,
which has also been called the principle of limitedy measura-
bility, as by Max Born.? R4

If we try to go behind the limits of physicallebservability, we
enter a region of speculation rather thawn el critical scientific
discussion. Experiment indicates tha{‘%e constant physical
factors which determine the limityef\@ptical discrimination or
visibility are pot, themsglvgs, gigghnitely subdivisible, since
radiation is transmitted in unitg,'or quanta, having discontinu-
ous or atomistic properticseThe question if, supposing a quan-
tum to be a spatial (or gpatiotemporal) unit (and, as such, oc-
cupying volume), 1t is theorctically possible to regard it as sub-
divisible into smallér subquantal units, and these into s..b-sub-
quantal units, éhd so on, again raises the question as o how
far the formalgeometrical conception of space can be regarded
as an cxgd&rnodel of “rcal” space, 1.e., of spatial conditions as
existc’r(,i\ﬁ' an independent extended world, in the sense of
Degq‘a}tes. "The objectivity of space, as conceived by Newton
@-I{'dfoother physicists, was denied by the great philosophers

_Léibnitz and Kant; but the real existence of some general con-
dition, or principium individuationis, which underiies the fact of
separateness, repetition, or plurality in natural objects and
cvents, is hardly open to doubt.

18 Since measurability implies stabdity, both of the measuring instrument or
scale and of the thing measured {at lcast during the time oceupied by the meas-
urcmment), this principle might also be called the **principle of limited stability,”

a characterization which would be in conformity with the conception of reality
as process rather than as static.
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The question may be put thus: Is 1t possible to ascribe real-
ity (existentiality) to this natural space in the precise form in
which space is conceived in geometry or in which it was con-
ceived by Newton? The answer, from the modern philosophi-
cal point of view, seems clear. Historically, the mathematical
conception of a continuum, perfectly uniform and hence in-
finitely divisible, is an invention of the human mind, ie., a
construct. If we admit this, the real natural condition, which
is the counterpart of space as mathematically conceived and |
which forms the condition of the plurality, separability, and
(with time) motion of objects, would have only a partial COET:
spondence with the mathematical model, in accordanc€ with
the recognized scientific principle that reality and madel are
never completely identifiable. We may note that sich an an-
swer corresponds in substance to the positinil) adopted by
Leibnitz in his discussion of the problem u{spatiality, where
he concludes!! that “in bodily mass or in/égnstituting corporal
things we must recur to indivisible whities as prime constitu-
ents.”” Indivisible can only mean nomspatial, nonextended.'
Leibnits’ staternent is a denial oftunlitaited By SieAT SUBEREsi-
bility and is consistent with hi§ fisychical (or psychophysical)
conception of the ultimatenatural units or “monads.”” Similar-
ly, in our own time, Wh"{tehcad has ascribed an inner quasi-
psvchical quality w il he calls “feeling” (appetition) to the
ultimare elements*Both philosophers regard psychical proper-
ty as ultimatepid, as not derived from the physical but as ex-
pressing itselMArough the physical, or as forming a unity in
close con@fﬁ:tion with it or internal to it (nonspatial).

A sigilar position is taken by Carr®® in his commentary on
Leijbnilz’s monadology. His discussion may be paraphrased as

dolows: Elements which are spatial or physical cannot be ulti-

U Tranglation on p. 242 of Bertrand Roussell's A Critical Exposition of the Philoso-
phy of Leibniz (2d ed.; London: George Allen & Unwin, 1937}

£ Tt may be said that modern physics also rejects the “space-filling property”
of the ultimate elements of matier, Thesc are treated as having mass, moton,
and position but not necessarily as occupying volume. Of couarse it i3 a question
of what model, mathematical or other, corvesponds most satisfactorily to the
propertics which, on experimental grounds, are assigned to these elements.

1_;3 Wildon Clarr, The Monadology of Letbmz (London: Favil Press, 1930}, p.



82  BIOLOGY AND PHILOSOPHY OF ORGANISM

mate, if only because by virtue of being spatial they are still
further subdivisible. Being spatial, i.e., occupying volume, im-
plies having something within, l.c., some Internal principlc of
existence or activity which ultimately must be nonspatial. But
nonspatial (nonextended) is cquivalent to nonmaterial (since
matter occupics space), and a nonmatcrial principle of exist-
ence or activity which nevertheless is real can only be regarded
as spiritual or psychical.

We are thus brought by a logical sequence ol reasoning.ta™\
the conception of the psychical as being something mnatc;«QJr
“at least potential) in the physical but as having its owi. @ﬁ:f@r-
ent and special properties. Of these the novel ac,tl\ ity or

“presentness,” discussed above, would appear to~be the most
important from the biological point of view, sméc Il implies

actual or potential creativity (sec below, pp. Y61 fI.).
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CHAPTER V

Randomness and Directiveness in Living Organisms

E NOW come to consider some of the more general
natural conditions which underlie the vital activities of
synthesis and integration. We have seen that the materials
from which the living organism is synthesized are originally
distributed at random in the environment; i.e., they afe unor-
ganized in the biological sense of the word. In the ]g\r}pg center
they are combined in a manner which is directivg)i.e., follows
a special course of a definite and integratedNkind correspond-
ing to a constant biological scheme or patiéin; the result is the
specifically organized animal or plant. Afressential part of the
contrast between vital and nonvit'a‘l{étctivities consists in this
contrast between randomness and dirgciiveness \brayorg.in
Lot us first try to define clearlyswhat we mean by “direcives
ness,” as opposed to “randc}’fﬂﬁess.}’ In general, directiveness
presupposes the cxistence ofan end in view, i.e., alforeseen and
aimed-at terminationgf w course of action; accordingly, direc-
tive action is also\fsa’ﬂed “ireleological” or “finalistic.” Ran-
dotnmess is a negalive concept, meaning simply the absence of
directiveness; fandom events oceur without any guidance or
control undting them into a larger unity; they are haphazard or
casual\lzf‘éhce random events tend toward no definitely inte-
gra;epl\conclusion or final state.
~Experimentally we find that long-continued random agita-
“4ion of a freely mobile collection of objects leads to their uni-
form or equally spaced distribution; this is scen, for example,
when we shake otherwise similar red and blue balls in a con-
tainer or mix mutually soluble materials like salt and water.
In all such cases the random action 13 symmetrical in its inci-
dence, in the sense of acting equally in the differcat directions of
space. In contrast, an asymmetrical force acts unequally; for
example, gravity has a selective effect on objects of different
83
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specific gravities, as is seen when we shake together lead balls
and wooden balls. It is characteristic of a purely random [orce,
like an explosion, that it mixes objects together indiscrirninate-
ly; it opposes or destroys any settled arrangement or organiza-
tion. Correspondingly, a randomly assorted collection of ob-
jects shows an abscnce of local differcntiation; there is no defi-
nite contrast or asymmetry between any circumscribed region
of the collection and the surroundings; the mixture, as a whole,
is uniform in its distribution of components. This is the familigh >
effect seen in mixing, stirring, or shuffling operations; in jihys-
ics the second law of thermodynamics is regarded asgthte €x-
pression of a similar randomness in the thermal(m{)ﬁons of
molecules. N

Vital action, on the contrary, is typically asyﬁn\'nelrical and
selective; accordingly, it always lcads to,«or involves, some
ordercd arrangement, or organization, of xomponents and ac-
tivities. "Uhis asymimetry shows itsclf. sven on the smallest scale
of physical dimensions. Louis Past@tii; the discoverer of stereo-
isomerism, &vaswﬁ‘éﬂlf§a¥ﬁﬁfiiia€%éfﬂ%? this fact; in 1860 he re-
ferred to “the molecular asgrxfrifetry of natural organic prod-
ucts as the great characteristic which establishes perhaps the
only well marked line of démarcation which can be drawn be-
tween the chemistry efidead matter and that of living matter.”™
According to this‘\’%éw, the fact that only one of the two pos-
sible stereoisomets’ of each asymmetric carbon compound oc-
curring in the li\ring organism 18 usually found—and this is
especiallygfde of the amino acids constituting the proteins—
Is 10 bgsgegarded as evidence of a special kind of directive ac-
tiviggwhich is intimately bound up with the vital process.
Perhaps the best way of demonstrating the vital dircctive-

éss is to place a living microdrganism, such as a bacterium
or yeast, in a sterile culture medium. We then observe that the
materials of the previously homogeneous or randomiy assorted
mixture are transformed in a specific manner, the change be-
ing from a state of uniform distribution and relatively simple

! Cited in the presidential address of Professor F. R, Japp before the British
Aszociation in 1898: “Stereocheinistry and Vitalism™ {published in Nature,
CVIIT [1898], 452). CZ., for a fuller discussion, my paper *The Directive Influ-
ence in Living Organising,” Fournal of Philosaphy, XXIX (1932), 477,
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composition into a contrasted state in which the materials are
completcly made over chemically and segregated in discrete
units (cells) having a complex structural and chemical organi-
sation similar to that of the introduced organism. The inocula-
tion sets in motion a sequence of processes having a definite
trend or direction and lcading to the synthesis of active systems
with a highly special constitution and activity. Their sub-
stance (protoplasm) is heterogeneous or highly differentiated,
in contrast with the undifferentiated state of the surroundings{
from which its materials are taken; an evident feature of the
living organism is that it is always sharply contrasted wi\fll\"i%s
environment, both in physical composition and activity*

In general, observation shows that unguided natfur’e‘il proc-
esses tend automatically toward simplicity and gmiférmi tyrath-
er than toward complexity and diversity. Nature, however, is
in fact highly diversified; and this diversigy has been achieved
in spite of the omnipresence of casual go?:xditions, including the
second law of thermodynamics, whiCh favor uniformity.

The second law, or law of entr,oP'y, describgsa [}1111%11\3%}%} g?nt-
ural condition whose prevailingimfluence is opposed to diversi-
fication; this influence is in e general direction of cqualizing
potentials, while diver fidation requires a nonuniform dis-
iribution of both enefgy and matter. One expression of this
equalizing influence'of casual [actors is seen in the gencral in-
stability of highly~complex material constructions,? especially
those whic Ililgc the living cell, are characterized by the non-
uniform gigiribution of mobile components within a small
volumenFhysically considered, the usual living cell is 2 minute
droplet of solution separated by a diffusion-proof membrane
Axbm another solution, the agucous environment, such as the
ymph in higher animals. Its chemical and structural elements
are arranged in a constant manner which ig highly “improb-
able” in the physical sense of the word; correspondingly, the
cell is an unstable system which is enabled to prescrve its spe-
cial organization only by the continual expenditure of free en-

2 For a fuller discussion cf. my paper “Directive Action and Life,” Philosaphy
af Science, IV (1937, 202.

3 For further discussion see below, pp. 176
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ergy, this cnergy being largcly directed toward the mainte-
nance of its peculiar hetcrogeneous arrangement of corapo-
nents.* There is here illustrated a general nataral condition,
namely, a tendency for complex types of order to pass auto-
matically into a less ordered state—unless some active counter-
process is maintained which prevents or compensates this
tendency,

Apparently, all physical systems show this tendency in
greater or less degrec; for example, any complicated construcs.
tion, such as a machine, a work of art, a delicate piece of sciche
tific apparatus, falls into ruin through neglect. In order 16\]5?‘0-
serve the normal state of such systems, accidental lodsas and
displacements must be prevented or restored, aceidental ac-
cretions must be removed, and this can be done Ry by action
which is selective or purposive in its applicati’(;ﬂ. The natural
physical trend toward disorganization is espécially cvident in
living organisms, as is seen in the ratp‘i.n‘{x disintegration which
they undergo when constructive metabolism. ceases, as at
death. One of the ¥rdRrdibEsy gigbretical biology is to give
a scientific account of thesc giifi;’ct“i\«'e countcrprocesses which
preserve the integrity of thq:lis}ihg organism in the face of gen-
eral conditions, both interpal and environmental, which work
toward its disintegration.

These biologicaI\@siihterprocesscs are constructive and in-
tegrative in theif Bnal effect, but they appear to scientific ob-
servation as ¢osisting of combinations and sequences of physi-
cal and chéical processes which have the same regularity and
stabiliinag the disintegrative (largely encrgy-yiclding) proc-
esses.yehich arc always associated with them. Their physics,

_hewever, is of a highly special kind, as is shown by the wide
Sdivergence of biophysics and biochemistry from the other di-
visions of physical science. Precision of detail and quantitative
exactitude are fully as evident—if not more so—in living or-
ganisms as in nonliving systems; but the general trend of the
vital processes, as we observe them in their total effect, Is in
the direction of increasing, rather than of decreasing, hetero-
geneity and complexity. The vital activity is synthetic; hence,

4 See above, p. 32.
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the quantity of highly organized material tends to increase in
the presence of living organisms, as is shown by their auto-
matic growth and reproduction under normal conditions.

The astonishing precision of action which living organisms
display does not prove thein 6 be purcly physical systems and
nothing more; a similar exactitude of repetition is shown by
the nonliving and casual activities of nature—in f{act, is char-
acteristic of physical action everywhere. The random activ-
Ities of nature arc far from being lawless; it is well to remember
that the mathematics of “chance” events, i.e., the theory of¢
probability, is a highly exact science. In fact probablhty TeR-
resents a form of constancy; the constancy of physical acuoﬁ i3
now regarded as basced ultimately on the stability of probabil-
ity conditions. "G

The difference between living systems—tl]ewﬁﬁ)'st highly
ordered systems found in nature—and nonliviggsystems is not
that physical action Is exact in the one c¢dse*and not in the
other; it consists rather in the fact that in'\the living systcm the
physical and chemical processes ar@\s6 combined and co-
ordinated that they lead to the productlgﬁ’&b R R |
integrated product of a special ﬁnd unique typc. As we have
scen, the high development of synthetlc chemical reactions is
the most charactensnc plgsical expression of this “creative”
character which so impressed Claude Bernard and Pasteur;
and it is because of this unique constructive ability of living
organisms that théyare able to build up and maintain their
complex organigations, which are contrasied so sharply with
the Comparaf\re uniformity of their environments. Upon this
syntheswhg ‘property depend all the special vital activities
with Whll\'l we are familiar. What is most remarkable is that
in hmng organisms many processes of the most complicated
fathire, sometimes requiring years for the building-up of their
necessary conditions, are carricd out with unfailing regularity
and precision, The presence of some special regulative factor,
ronphysical in the sense of being directive and synthetic rather
than dissipative, appears to be thus indicated, since, as we
have just seen, unguided physical processes tend toward uni-
formity rather than toward increasing diffcrentiation.



88 BIOLOGY AND PHILOSOPHY OF ORGANISM

The term “directive’” may seem ambiguous to many; and a
chemist may well inquire whether the morphogenetic action
shown, for cxample, in the formation of a snow crystal is not
directive in exactly the same sense as organic growth or any
other vital constructive process is directive. There is some jus-
tice in such a criticism, since directiveness, in the sense of or-
dercd chavacter or precision of action, is a feature of physical
processes in all felds. But the use of the term in biology has
reference to something of an essentially different kind. Una
doubtedly, biological directiveness requires physical rcgular-
ity as a necessary condition; but it also includes f'ictors &vkich
arc specifically vital, in which a psychical element appears al-
ways to enter or to have entered. This psychical factdr may be
a matter of immediate experience, as in prcscn{ voluntary ac-
tion; or it may have played its part in the past—for example,
in the Invention of a uscful tool which is us;&d 1n the present but
is now purely physical in its action. [ti§s0t inconceivable that
the complex physical arrangements of the animal body may
belong in the latterdbatelibrary org.in

The comparison of organic dcvelopment with crystallization
has often been made; a cristal is oftcn described as growing
from a “mother-liquozd\But, while it is probably true that
the finer elements of" @\’ganic structure are structural in the
crystallographic sén\c, as is indicated by the fact that many
proteins like haemog]obm form crystalline aggregates having a
definitc morblidlogy, this fact would not in itself justify the
biologist igl}éferring all the structure-forming activitics of the
organigmto crystallogenesis.

'l'hE case of the ultramicroscopic pathogenic agents known
a.‘s“‘wruses” has recently attracted much attention. These can
Be isolated in crystalline form, and the inoculation of these
crystals will cause infection in a susceptible organism in very
much the same way as inoculation by bacteria. But the con-
clusion need not be drawn that the viruscs are themselves liv-
ing organisms, or that the fact of their crystallizability throws
any special light on the problem of vital morphogenesis. The
fact that they multiply automatically in the host protoplasm
does not prove them to be independently living; a similar in-
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crease in quantity occurs in the proteins of all normal cells
during growth and is especially evident in the nucleoproteins
(to which class viruses belong) during cell division, All organic
growth involves specific synthesis. Viruses are peculiar among
foreign protcins in being synthesized in the cells which they
infect, just as are the proteins normally present; it is because
they are foreign to the normal organization that they produce
pathological effects.

In living organisms the presence of special directive factors,,
having a psychical, as well as physical, character is shown in
many synthetic activities besides development. This is obyichs
in human lifc; it is a commonplace that most of the pe;mﬁneht
physical arrangements on which we depend in daily~routine
have come into existence under psychical dircctimi';’ tools, ap-
paratus, and utilitics are now purely physical gnd act auto-
matically, but originally they had to be inytptted. Many ani-
mals besides man build nests, snares, bqr{aw s, and other struc-
tures adapted to their special biologital requirements. Even
plants show many structures and ,ac'ti\}ities that impress us by

. . . AN L www dbraulibrapy org i
their apparent foresight and mggmnt}nwlf such physital €8h-
structions and arrangements awe their origin to psychical di-
rectiveness, we are led i@ inquire whether directiveness of a
gimilar kind may not beva [undamental factor in the natural
process in general, %specially on its creative or svnthetic side.
This factor would }zupplement the purely physical and random
factors also prefent.

The pr@biefn may be put in the form of alternatives, as fol-
lows: .I\Q:’li'réctivc activity an ultimate or primordial factor of
natyte-—one whose existence Jong preceded the evolution of
ity organisms? In other words, docs it represent a special

ind of agency continually active in nature and contrasted in
its essential nature with the random factor? Or are the random
and undirected activities of nature—those based on the “for-
tuitous concourse of atoms’—the primary ones and them-
selves capable of giving risc to the existing diversification with-
out any teleological guidance? Is the teleological prior to the
casual? Or the casual prior to the teleological? Or are both al-
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ways present, in proportions which vary widely in different
natural processcs?

To decide such general questions by purely scientillc meth-
ods secms hardly possible, since they cannot be scttled by ob-
servation or experiment. Moreover, the very question at lssue
is whether or not a novel or nonregular factor or group of fac-
tors enters constantly in the natural process; and such a factor,
as lacking constancy, could not be “defined” scientifically.
But in the existing state of nature—highly diversified as it isy
and partly living—the existence of both kinds of activityy
casual and teleological, seems an obvious fact. It is t;m;sf'\tl}at
they oceur in close association and are often most diffeult to
distinguish. Many times we are hard put to it to dggdids wheth-
er what happens is accidental or intentional; disputes of this
kind are common with children, in courts ¢flaw, in worldly
affairs; they have even led to war (“Remember the Maine ).

To primitive man whatever happensis teleclogical, his view
of nature is animistic; while to mbdern sophisticated man
everything—ultimatebyauabrdepgegmay scem casual® Any-
one who considers this problem\is well aware of the fact that
actions originally purposivelalways have their unforeseen
casual consequences; algo, attentive examination invariably .
shows a large admixtgf'a\of the casual in the inner detail of any
purposive activity.*In normal expericnce we find that pur-
pose, as purposch has immediate refercnce only to certain se-
lected aspectéhdF the total situation; we pursue our objcctives
in the mld\st\o"f conditions which, for the most part, are indif-
ferent, Jionot antagonistic. This is the rcason why if we leave
thing§ to chance they usually go wrong. When we examine
’,Qloléély the detail of single events belonging to the two classes,

Syandom and directed, a purely physical analysis may show no
difference. The ultimate compenents {atoms, molecules, clec-
trical units, quanta), the single events and their causal inter-
connections, the dependence on environmental conditions—in

s 1. G. Spaulding’s 4 Warld of Chance {(New York: Macmillan, 1936) empha-

sizes _the predominance of casual factors in natural events. An exactly oppasite
conviction is expressed in Alexander Pope’s couplet in his “Essay on Man™:

“All Nature is but art, unknown to thee;
All Chance, direction which thou canst not sce ”
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general, the purely physical features of composition and activ-
ity-—may be indistinguishable in the two cases. Typically, a
purposive action aims at some end-result corresponding to the
desire of a conscious agent. Yet a pure accident may have the
same aspect of malice or of benevolence as a deliberately pur-
posive action. In folklore the agencies of good and bad luck are
personified; in the present war small spiteful happenings, oth-
erwise inexplicable, are attributed to “gremlins.”” The dis-
tinction does not seem to be bascd on merely physical differ-
CNCCs. .
Apparently, there is no uncquivocal way of characterizing’)
the directive factor in events, as distinguished from thplrﬁn-
dom factor, except in terms of cnds foreseen and acted(on, i.c.,
in psychical terms. Purposive action can be deﬁnggk@hly as an
expression of the conscious and conative factots.eBaracteristic
of the psychical as such. In voluntary human gction the guid-
ing or controlling influence which holdsﬂ&'t‘r'ain of events to a
constant direction is psychical; it involves a persistent aware-
ness of the end in view; a more or less definite image (Gestalt)
. . . .vn. . ww_dbl'e}uli(?nq:ryg&&.jﬂ'
of this end precedes and directs the eflort toward lts”altal
ment. We find that purposc.garies greatly in its definiteness
and intensity. The conscious aim may be well defined from the
start, or it may become fear by degrees—as in trial and error—
as the action proceedk\fhe esscntial feature is that some plan,
image, or concepticin persists for a greater or less time in the
mind of the agehf-and plays in his activity the part of a stabiliz-
ing and integd Give factor. Voluntary action, directed by this
ttonsciou§§iilténtion} intervenes at certain selected places and
times, ¢dith the result that the current of events is steered in
th!:\dﬁéircd direction.
N Peleclogical activity, as we observe it in nature, always con-
sists in a combination of directive and nondirective processcs.
Observation shows that purcly physical and random events
always form a large part of what is actually happening and
demonstrable in any instance of purposive action. If a driver
relaxes his control too long, the car runs off the road; usually
in any undertaking, direct voluntary effort is not continuous,
and in the intervals of the volitional intervention events take a
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course detcrmined by the regularly acting factors which are
always independently present and active. “Man shifts things
about and nature docs the rest.”™

Ohbviously, we have no direct control over molecular motion,
But even in cases where direct control is possible, it is applied
intermittently. Thus, when the rider controls the action of hig
horse, he does 50 by occasional pulls on the bridle; or, to give
a more complex instance, when a commander controls the ac-
tion of his army, it is by orders which are issued at intervalg)
but not loo frequently. In both cases the purposive agent ¥é-
lies on the constancy and predictability of the intergiediate
events, and these are determined by factors independgnt of his
immediate will. This statement describes a Conditﬁén which is
universal in purposive action. The conscious.iﬁtégration has
reference to a larger whole, which is conegived in advance
more or less clearly; but while some paffs of the teleological
sequence may receive special attentign’,x\lnost of the inner de-
tail is disregarded, since its constandy is taken for grantcd.
Yet without th¥ ¥ohdbaadibath@riner detail—which may be
physical or psychical, or both.—’%eﬁ“ec tive action with referencc
to the larger whole would 1ot be possible. Such considerations
show that regularity and\predictability in the character and
Interconnection of v{nt’s is an indispcngable conditon of any
tcleological actiog,

On the othe;'.\hhﬁd: this cver prescat physical subcurrent of
events represents only one nccessary condition or prerequisite
of the telgolégical action. It would be a mistake to regard it as
a complete determinant of the action, considered in its special
chardpter as an intcgrated whole, since the directive part

‘piéy\ed by the psychic factor is the really decisive one. Appar-
gutly, if we may judge from our own experience, the psychic
factor acts by preventing, compensating, or supplementing

® Quoted in the interesting paper cotitled *Method” by Heath Bawden, Four-
nal of Philosophy, XLI {1944), 477. Comparc Hans Dricsch’s discussion of “ihe
moment of regulation™ in his Seience and Philosophy of the Organism (London: A.
and C. Black, 1908); the entelechy is conceived as excrting its regulative in-
fluence intermittently, not continuausly. For example, he writes (T1, 237): “In
adaptation especially it would seem to be quite sufficient if entelechy were to
break the inorganic chain of events at one special point, the rest belng inorganic
becoming again, In restitution and acting something very similar may happen”
(see n. 7 below).
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the casual actions whenever these interfere with the desired
course of events.

The correction of such accidental deviations, in the interest
of the end in view, is a necessary part of any conscious telco-
logical action; hence, corrective activities of this kind are of
fundamental biological importance. The human organism fur-
mishes many ilustrations. In addition ta those controls of which
we are immediately conscious, there is also the large group of
physiological activities, called “regulations,” by which devia<(
tions from the normal biological conditions are automatically
corrected. Such activitics are adaptive and in this sensehave
cvery appearance of being teleological, but they are\ ustally
regarded by the biologist as purely physical, In higher animals
they include the regulation of body temperatdre] of blood -
pressure, of muscular and nervous adjustment, \gfthe alkalinity
and osmotic pressure of the blood, and masiwothers; and their
investigation forms an important division ‘of physiological sci-
ence.” In consciously purposive actighgit seems clear that the

. ] N P v i
psychic fefctox contrqls the c?ur§§;zqf CYV%}‘ESH%QQH%'}%%%E _ilnt
can do this only by virtue of its¥being at the same time physi-
cal. The case is not one of “elither-or’’; physical and psychical
factors are both present i intimate union and act in concert.
The physical effect is,ﬁﬁjbe regarded as the expression of one
group of factors which'forms only a part of the whole complex
psychophysical system. But the psychic factor, at the same
time as it is diffetive and integrative, is also physical, since it is
not in realit‘;—-—i.e., existentially as distinguished from ab-

' For a‘;‘e\ent comprehensive study cf. E. F. Adolph’s Physiological Regulations
(_I..ancas’te’r, Pa.: Jagues Cattell Press, 1943). Hans Driesch’s Org{;mmbe er?gNIa-
mﬂm’ﬂ:éipzig: Engelmann, 1901) considers the subject from a Phllc_)sophlcal, as
#elhasnaturalistic, point of view. Driesch’s conception of regulation is not purely
Physiological; he aseribes certain kinds of regulation (e.g., form regulation) to 2
psychic {psychaid) factor, which is 2 manifestation of the “(_:ntclechy“ innate in
the organism; this “inserts” its directive and integrative influence at certain
places and times in the physiological nexus of events, thus modifying in a teleo-
logical way the physical routine otherwise characteristic of the organism, See
Organische Regulationen, p. 128 {*Regulationsmoment’); also his Gifford Lectgres,
Setence and Lhilosophy of the Organtsm, esp. 11, 237; Die Magching und der Organismus
(“Abhandlungen zur theoretischen Biologie™ [Leipzig: J. A. Barth, 19351}, IV,
45; and elsewhere in his writings. Driesch is in disfavor with present-day biolo-
Bists, largely because of misunderstanding, He was, in fact, a stubborn realist,

but felt impelled to fit his biological facts into a comprehensive philosophical
synthesis,
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stract or scientific representation—-dissociable from the physi-
cal.

1t may be of intcrest, at this point, to examine in some detail
the difference between a nonteleological sequence of events
and a physically similar sequence which is at the same time
teleological. When by some happy accident the bungler scores
a brilliant shot in billiards, the phvsical sequence of events, as
viewed by an external obscrver, presents exactly the same ap-
pearance as in the similar shot made by a skilled and delibrer-
ate player who estimates his stroke to a nicety and fokesees
every motion of the balls. In both cascs each separajcc‘ge\-'crit of
the physical nexus fits regularly into the other eyenfs spatio-
temporally adjacent to it in the definite manner grhich we de-
scribe as “causal.” The special features of i€ kequence, in its
character as a connected process terminating in a desired re-
sult, depend on the dircction and forc ‘of the original impact
of the cue, as well as on the stableXegnditions present in the
cue-ball and its environment,—e,g} the position and proper-
ties of the othe¥ PHIHPTRSRAREN R #e, weight) and the special
physical features of the tabﬁf?fquality of cushions, levelness,
etc.). But, preceding the.déliberate shot, there is in the mind
of the skilled player g...(fénscious unified image (Gestalt) of the
external situation¢abd’ of the result aimed at, and he adjusts
voluntarily his attion to the conscquences which are {oreseen
to follow, Thelestimate of these consequences is based on previ-
ous knowledsé, gained experimentally, of the factors control-
ling the(Gnbtions of billiard balls. The sequence of physical
evep,ts'\ﬁ)llowing the initial stroke is determined by the stable
physf’cal features of the external situation; but the special out-

“sdme depends on the original “sizing-up,” or psychical inte-
gration, made by the player before he hits the ball.

This example shows again that it may be impossible t tell
from a purcly external examination whether an apparently di-
rective action is consciously so or not. So far as the single physi-
cal events and the manner of their interconnection are comn-
cerned, there is no appreciable difference between the “fluke”
shot and the skilled shot. What is peculiar to the latter cannot
be defined physically; it consists in the entrance of a psychic fac-
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tor which is at once directive and integrative. But this factor
by itsell is not sufficient to control the course of events; con-
stancy and stability in the external conditions are also neces-
sary, The conclusion is unavoidable that in any teleological
action both physical and psychical factors are present and that
both kinds are equally indispensable. This coincides with
Aristotle’s view, recently paraphrased by Woodbridge in the
remark: “Telcology and mechanism arc correlative rather
than opposed.”® Professor E. G. Clonklin has made a similar re- '
mark in a recent address: <. . . . there may be good grouuts
for holding that mechanism and tcleclogy are complementary
views of nature, neither excluding the other.”® (‘.}""

The vavious physical factors which determine gl outcome
of the billiard shot include physiological evems*?)acurring in
the neuroruscular system of the player and cykhinating in the
selective act of innervation, upon which the Yest follows auto-
matically. The initiation of the pliyiological sequence is
usually referred by the physiologis:c,j;é)SOme critical or decisive
event having its locus in the cerql::)jpeil” cortgx, Jtis clear from ex-
periment that physical and phiysiological regularity, imtglyi g
stability of both organized. structure and activity, is necessary
to the performance of th&skdlled act; the processes in the visual
and motor areas of Hé’c’ortcx and elsewhere must cccur with
precision if the final outcome is to have the constancy and re-
liability requisédyto meet the situation. We conclude again
that, while asplrely physical examination might disclose no
diifi:rcnc({bk‘fween the skilled and the casual action, the former
has a’sp'c\mal character which is determined by the physically
unplyservable psychical integration preceding the decisive
évent of the physiological sequence and determining the force
A%d direction of the stroke. Any cxperienced player is con-
scious of the diffcrence between an accidentally successful shot
and one which is a rcal feat of skill. But the difference is not
externally evident; to an observer viewing the neuromuscular

# Irederick J. E. Woodbridge, 4n Essay on Nature {New York: Columnbia Uni-
versity Press, 1944}, p. 196.

. % Address before the Joint Sections of Biclogy and Psychology, Transastions of
New York Academy of Seiences, Ser. 2, VL, 132,
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events with a perfected apparatus the two physical sequences
might be indistinguishable. The real criterion of the teleo-
logical action is the psychical integration, which includes the
subjective aim (to use Whitchead’s expression) reflected or
registered in a special manner in the player’s consciousness.
What distinguishes the conscious act from the unconscious one
which cfects the same result is just this physically unob-
servable, inwardly felt process of unification which is so char-
acteristically psychical. But the physical factors are also-l\
separable from the action, which in its totality is neither pure-
ly physical nor purcly psychical but psychophysical. A\

Physical and psychical thus appear as two aspects\ol"a unity
which combines within itself {actors of both k'ir;ds"&l“he inti-
macy of the connection between the two ficldg-sfurther shown
by the familiar fact that a control which is Otiginally conscious
may later become unconscious, as theconditions become
physically stabilized by repetition; thas 2 difficult passage on
the violin becomes automatic by repgated performance. Many
kinds of phys‘f’o‘f&?’g‘i@ﬁf tibrarasgiich as the control of posture
and other routine adjustm‘c,rﬁs’” and habits, may be acquired
during the lifetime of the individual; others, as we have seen,
are inherited in a finished state.

Physiological aﬁ@l.rbments which require conscious person-
al expericnce as a prerequisite illustrate the physical side of the
gencral biolqgé'cﬂa[ processes of learning, memory, and habit.
Apparentlg,\the psychophysical action leaves behind it in the
nervous@ystem some special chemical or structural modifica-
tion ,}of‘:h\:fll has the characteristic physical property of persist-
qn\e:c”*or conservation; and this stable impress, or engrami, in

“some way makes easier the later repetition of the action. All
N physiological theories of memory, a universal psychobiological
character, refer the retentive and canalizing effect to this gen-
eral physical characteristic of conservation. The psyehical
cvent leaves a lasting physical impression; and this impression
determines the repetition of the event, very much as a stamp
or die, originally made with care and attention by an artist,
makes possible the indefinite multiplication of the design or as

a phonographic disk reproduces an oration or piece of music.
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The persistency of the physical, as contrasted with the
transicncy of the psychical, is well illustrated in such phenom-
ena as the foregoing. In general, physical conservation is recog-
nized by science as the basis of the regularity which is so char-
scteristic of natural events and which makes them subject to
prediction and calculation. The mnemonic impression in the
living organism is a regularizing condition; in its physical
character it represents a stable factor which enters determina-
tively in later physiological events occurring at the same locus. ¢
What should especially be noted at this point is that the ¢le-
ment of novelty or origination in voluntary action is typjéél&
a contribution of the psychic factor in its quality as psyehical
and is directly connected with the special psychical property of
present “feliness” or immediacy, while later repétitions of the
action depend on stable conditions which hawesarisen in the
physical field in consequence of the psyc}:}iQ&l’innovation.w

This contrast in the characters of physieal and psychical is
closely rclated to the contrast betwedn the casual and the
teleological. The designation “chance” or “casual” Is anthro-
pomorphic; it refers simply to,the lack St egsihratibravitirhde
man intcntion, not to any real lack of regular causation, As
just shown, analytical sjady may disclose no physical differ-
ence between chance €vents and purposive events, The con-
trast between the Qa§u\af and the directive factors in the natural
world is often illystrated by the difference between shullling a
pack of cards @nd sorting them in regular order. The sorted ar-
rangementin “y also be reached by casual shuffling in rare in-
stancgs{\\\{&hbse frequency is subject to calculation; incidental-
ly, thiswery fact shows the stability and uniformity of the prob-
alflity factors. But under psychical direction any desired ar-

“eahgement may be made at will with perfect constancy; here
the critical detcrminative factor is conscious purpose. We have
already seen that “chance’” evenis occur with the same c¢xact
conformity to physical rule (but no more!) as events which
are teleologically determined; the difference has no reference
to the purcly physical conditions of actuation. What is peculiar
1o teleological action and absent from random action is the ele-

10 Sec also below, chap. xii.
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ment of psychical directiveness or choice; this characteristical-
Iy psvchical factor is made effective by physical action, which
is applicd intermittently at certain selected places and times
in the causal nexus.

The question of what determines the selection of these points
of application can apparently not be answered in purcly physi-
cal terms, i.e., terms which disregard the possible entrance of a
directive psychic factor. We may assume that a microphysical
analysis of the train of events composing the teleological\ac-
tion would lead ultimately to quantum factors, at which }imit
the possibility of further physical observation afparenty
ceascs, To refer the special vector property expressed'in a con-
scious choice to these purely physical factory @oes not, how-
ever, ofler any solution of the problem. In a«r’i’y\casc, these fac-
tors are always present; they are constants in all physical
action, random and directive alike. EpApirically, the only de-
ciding factor to which we can pointdg)psychical choice or voli-
tion, observation of which, however, is not external {physical)
but internal %Wrdﬂspktdﬂ’hrﬁu}yjéﬁ:ﬁ}ﬁﬁ the psychic factor can
change the physical condi&iéﬁs is the crucial problem, for
which at present there appears to be no final scientific solu-
tion; but the fact itgél® must be accepted as experimentally
well established, iifcct it is a universal human experience.

Summing upiwe may say that the guiding or controlling in-
fluence in a €dnsciously teleological action consists essentially
in a persi’%éu’t awareness of the desired end; some conception,
imag :Q}.:diagram of this end precedes and directs the effort
toward its attainment. We are here speaking of the action in its
g({ﬁsb.iousl}' purposive aspect, before it has been “mechanized”

\”\;‘w repetition and its conditions rendered unconscious and
purely physical. Voluntary action, under the guidance of this
intention, or motivation, intervenes at selected places and
times in the causal nexus, with the result that the course of
events is steered (so to speak) in the desired direction.

The dependence on images (Gestalt) shows that the psychi-
cal unification is essentially a summarizing or cpitomizing
procedure. It always bas reference to a larger whole, and typi-

1 'This problem is further discussed in chap. Ix, pp. 129 ff.
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cally without being aware of morc than a small part of the de-
tail disclosed by analysis as making up that whole, This is per-
haps best scen in works of art, which always have a synthetic
and teleological quality. At the same time, the very possibility
ol telcological control presupposcs the constancy of the disre-
garded inner detail, which is assurned to have the stablc or in-
variant quality characleristic of the physical as such; without
this physical reliability no voluntary control over the process
as a whole would be possible.”?

Science takes it for granted that the regular causal intercon-
nection of the physical detail is an existential character, €O
stzntly presentt and cffective w hether it is under observation or
not. This view secms sufficienty justilied by the fact that the
living organism, conscious or unconscious, pr(:s“(;Q»’éé a stable
existence and acts in the regular manner détegmined by its
physiology. But, taken by itself, this regulagity does not ac-
count for the tcleological character of vitdl@cton; itisa condi-
tion or prerequisite rather than a deferwiinant in the compre-
hensive sense of the word. As weghave &Lﬁ&inbdjcai@cd, a cen-
scious teleological action alwagsi\ihvolves a. PR e
Whitehead's term), i.e., a uhilication of details under a co-
herent mental grasp or (;cihce.ption} which, in gencral, is of a
simplifying kind. But, fhe* concrete realization of this concep-
tion in the e:\'ternal\}afld depends on physical {factors; and of
these factors, cope bf the more intimate and critical appear L0
be under direft psvehical control. Such critical events would
be the kcy@khts to which Sir Arthur Eddington refers in his
Science (\'&\i'éﬁe External Workd;1# they are volitional at the same
time @y ‘they arc physical and physiological. If we could ob-
5&1:\»“& them physically, we should find only physical conditions;

No/the external observer they would appear the same, whether
or nol controlling purpose was behind them. Apparently, the
purposive and directive factor has its local habitation and
place in the internal or psychical feld of the organism, and
sonic ultimate origin other than physical must be assigned to if.

12 A classical statement of the connection between the mechanical and the
teleological in voluntary action is given by Socrates in Plate’s Phoedo.

13 {New York: Macmillan, 1928}, p. 312.



CHAPTER VI

General Characters and Interconnections of Psychical
and Physical

E HAVT already bricfly indicated the nature and origin
of the dualistic distinction between the physical anci the
psychical—“matter” and “mind.” While we may, assien a
common foundation to both, there is no doubt t};:a,t‘they cor-
respond to clearly distinguishable, or even stropgly contrasted,
aspects of nature as presented in expericngg«Buit just how or
why they have diverged so sharply froth & common back-
ground is not easy to undcrstand; and'fp%{he sake of clearness
some further consideration of physicaland psychical, especially
in their biological interrelations, €c4ths required at this polnt.
Since wc lxamardedbrﬂnﬁdr‘ﬂm:gﬁgﬁng organism as a “‘psycho-
physical system,”” i.e., as a gtural entity or existent in which
physical and psychical chatacters cocxist in intimate union,
it is important to defin as clearly as we can the general prop-
erties which are to ic)regarded as specifically characteristic of
each. What ase tic distinguishing characters of the field
called “‘physiegl” as contrasted with that called “psychical”?
We haye alfcady scen that conservation, i.c., the permanent
retentio;(’l}f a certain constant state or property, is considered
by sgi%té to be a primary and fundamental atiribute of physi-
cal Bature. The conservation of energy 15 a condition which
m}ihlits all physical change; perpetual motion has been found
experimentally impossible; and various all-pervasive physical
constants are well known and have been given exact quantita-
tive representation, On the other hand, what we call the
““psychical,” the conscious experience as such, has the quality
of being always in the present and of being corrcspondingly
transient in characler; in itsell, qua psychical, it lacks con-
servation. As Professor Sellars has put it recently: “The mode
of being of consciousness is participial rather than substantive.
100
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The principle of conservation, or intrinsic endurance, does
pot apply to it.”’T A similar characterization is made by White-
head, in reference to what he calls “presentational immedi-
acy™: “Percepts are distinct, definite, controllable, apt for im-
mediate enjoyment and containing the minimum of reference
to past and future.””®

But any aitempt to make the simple distinction between
transiency and permanency equivalent to that betwecen the
psychical and the physical lands us in difficulties. Obviously,
many single physical events are transitory; the conservagion
has reference to their whole natural setting and condiﬁbné,
within which we find abundant activity and differentiation.
The cssential point now to be emphasized, howgver, 1s that
the two liclds now contrasted as psychical and{physical form
originally parts of a single experiential or Rl}enomcnological
field {assumed to have its relation to thg@l}ole system of real-
ity) in the consideration of which théatwo are separated by a
process of abstraction. In this sense tHe psychophysical dual-
ism is an artificiality.? Yet, furthier reflectipe aEHRds Y hatn
this distinction would never hiave been made by human be-
ings—typical living organisrﬁs—if it did not correspond to
something fundamcnteizand permanent in their experience.
There is a physical fature “out there”; and a psychical nature
“within,” which i§ begarded as “subjective,” in contrast to the
permanent ‘ohjéétive” world surrounding.

The modé’ef description now universal in natural science
implies that the physical world, as physical, 15 in its esscntial
naturg\permanent, fixed, or established. Itis asystem of events
‘j;h:i(ﬂi'happcn in the same way at one time as at another; i.e.,

\Ql}flcir physical character present events are not regarded as
diflerent from past events or future events. With psychical
events, on the other hand, the difference is profound: we have

1Ray W. Scllars, “Reformed Materialism and Intrinsic Endurance,” Phifo-
sophival Review, LIIL (1944), 259; f. p. 270.

2 Quoted from the article by Sydney Huooper in Philosophy, X1X (1944), 136.
Causal cfficacy and presentational immediacy are being contrasted. Causal effi-
cacy is a character of the physical, while prcsentalional immediacy is a charac-
ter of the conscious paychical. I

¥ See above, p. 53,
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only to contrast a present pain or enjoyment with onc past,
Representation by permanent mathematical symbols or ex-
pressions (equations, formulas, geometrical constructions), the
preferred mecthod of physics, refers to that which is invariant,
which persists through time, which has stability or endurance.
This stability may, ol course, refer to a mode of change, i,
a constant type of process, as wcll as to a static endurance or
equilibrium. Itis also truc that each physical event, considered
as a single entity or existent, has itsown individuality, umque-
ness, or transiency; but when it is considered as an @b;&* 1 of
physical science, it is represented as forming a p'qu)‘f, and as
constituted by, a permanent and independent (ghjective) sys-
tem of external factors and relationships by Aghich alone its
special character i3 determined. \

It must be remembered, however, that'thany of theze physi-
cal lactors and relationships, now a p;\rcntl,\_ quite constant,
represent the persistent result, or rg,éfdue left over from special
activitics and ¢v (,11t«: which have bécurred at definite times in
the past; i.e. \{hcy ‘f}‘é‘%ﬁ‘jﬁ{f{&l f temnporal process (which
may be elther single eventg! ‘orevolutionary sequences of ¢v ents)
rather than permanently unchangmcr (prurlordlal) conditions.
FExamples of such hixcorlcalh determined constants are in-
numerable; they mt.lude such natural conditions as the con-
stitution of spedial isolated parts of nature (such as the solar
system, {ixgddtars, galaxies), the mass and physical stracture
of the eamh or moon, the periodic system of elements, and s0
on B:l fef, all permanent natural conditons which have a
secorﬁiary, consequent, or derived character; thesc condilions
mC.lude the constant characters of living organisms. In addi-
“Ntion, there are countless permanencies which are the results
of the past voluntary activities of living beings: London city;
the pyramids, the Sucz Canal, and the Atlantic cable may
serve as examples.

Let us consider again the case of a voluntary human action.
While the event is in the process of happening (in the present),
the psychic factor plays a decisive part; but this factor, as
psychical, vanishes with the accomplishment of the cvent; ac-
cordingly, the event may appear on subscquent consideration
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to be purely physical. The physical leaves pcrmanent evidence
(to which we can return) of its existence, while the psychical
is perceived only during its passage.

It is a peculiarity of the psychical that it is always on alevel
with the present. Most natural events are usually regarded as
being quite devoid of psvchical factors—or at least such fac-
tors are considercd negligible; this is especially the casc with
physical or mechanical occurrences which are instances of
routine or automaticity and have in them no appreciable eleg\
ment of novelty. On the other band, in voluntary actionathe
psychical is the dominant or deciding factor; consider, f\bf"e}x-
ample, the human being struggling against adversity.\[n-either

<

case—purely physical action or voluntary action%ﬁﬁ'e result,
once it has been achieved, becomes part of an'u;ic*hanging 8ys-
tem of reality, existing permanently, i.e., tHedanst. This feature
of the past, as conscrvation, is a constangyand inescapable fac-
tor in the determination of what happé:né‘ in the present. Here
we have the general natural fact Kiiown as causation; present
events arc determined largcly,@fi.main]\);vp,}{ Jpast ¢ wlgrl}‘g/so%qciln
conditions. But our immediat&experience of voluntary action
warns us that the past is nat the exclusive determinant of the
present; in natural ev 4% of the volitional class the psvchic
factor entcrs also, bz{laﬂ [y in the present; as psychical, it vanishes
with the accompl':}amcnt of the event, as the completed event
recedes into ke Npast.

The poin{ fy;e are now discussing is difficult to cxpress clear-
ly and_und@shbiguously (the scientific ideal of expression), and
the r;lc%fahoric al nature of so much abstract formulation ren-
derdmisunderstanding easy. The temporal present, as felt or
mg‘is}en in immediate experience, might be defined as real ex-
fstence or actuality plus the psychic factor; the past, as rcal cx-
istence which has shed that factor. The purely physical, as it
exists in the present, would then be largely or mainly a residue
from past activity: it would correspond to stable process
which has shed subjcctive aim, or, as Sydney Hooper has ex-
pressed it recently, to “completed process when the subject has
perished.”’* Such expressions are a paraphrase of Whitehead’s

1 Cf. his article on Whitehead’s philosophy in Philosophy, XV1I (1942), 47.
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doctrine of events, as summarized in his sundial motto, “Pere.
unt et imputantur.”

No one necd suppose that aff present cvents have in them a
psychic factor which is capable (on occasion) of novel action,
Many natural conditions which have had their origin in psychi-
cal action maintain themselves as purely physical routines or
static factors through long periods of Lime, continuing into the
present. Once the psychic factor has played its part, the events
become purely physical and automatic; the phonographic re€-»
ord is a good example (see p. 162). But psychical events, svhen
they happen, arc always novel and in the present. 'Phigvsthe
main reason why the philosophy of organism regz}rgl‘s\‘cbcm as
the primary source of novelty in an evolving world.”

Referring again to concrete facts of cxpenieniee, we observe
that when the psychic factor vanishes fromgdsisciousness, as in
sleep or anesthesia, the scnse of time ,\e{a}ii‘shcs also; i.e., the
consciousness of intervals between sugegssive events disappears
—last night’s events and this morfing’s may scem only a few
minutes apart YsGHAUBPTRBGREES T ime,” using the word 1n
Bergson’s sense of consciously® experienced duration, is the
general term for the cxgcriéﬂced sense of change or activity;
existence is regarded ag'y? time because present or immediate
existence is continually changing.

The applicatio,n\)% exact time mcasurements to past events,
as in the dategsaf/history, is analogous 1o the application of a
foot rule tc\@ﬁ unchanging spatial system; the rclative tem-
poral pesifions of events—before, after, simultaneous—-arc
fixed Mécause the past is fixed. Such measuremcnts are in
phytieal or Newtonian time, with its cquability or cven spac-

~1(1g\ But time in Bergson’s sense, as change, lapse, or passagc, 0c-
cﬁrring in the present, is something which is immediately ¢x-
perienced. On the other hand, since conscious experience has
its foundation in conservative physical or physiological proc-
esses, present or passing time is also subject to physical meas-
urement, i.e., by regularly acting mechanisms (clocks). We
have here a fact indicating the existence of a certain uniform or
homogeneous property in what we call “physical time,” con-
sidered as the natural condition common to all instances of
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change; a similar uniformity is attributed to physical space;
both arc now united in the modern relativistic conception of
space-time, the regular isometric four-dimensional geometrical
framework within which events happen. Correspondingly,
there is a physical or measurable character in both spacc and
time. The connection of uniform time measurement with uni-
form space measurcment is perhaps best shown in the regularly
undulating tracing madc by a vibrating tuning fork upon a
uniformly moving smoked surface, i.e., the kymograph tracing
used in all physiological laboratories for the measurement 6f
brief time intervals. A clock or watch, where the uniform ehe
sion of a weight or spring gives rise to uniform spatial niotion,
illustrates a similar condition. N

S

The fact that a “mental” cxperience {(e.g.; a visyal or other
sensation) has in it features which are subjéct to physical
measurement illustrates again the unity a A\ Jriseparability of
psychical and physical. The traditior@l';' unalistic view ex-
pressed by Descartes, that conscioli§ Jworld and cxtended
physical world correspond to scparate’and, disparal ?bﬁ%?l_r,réfi c?%’n
being, has brought much confysion into philosophical discu
sion and has introduced an ~Ei,i:”ciﬁcial difficulty into thc prob-
lem of how their interac‘gier{ 15 possible. The causal determina-
tion of the physical b};ﬂ:}é mental has been regarded as an im-
possibility because itChas scemed to imply that physical action,
which is action ifspacc, can be determined by factors which
are nonphysigalAi.e., nonspatial} and hence to contravene the
rule that ;J{ifh"mg can happen without a cause.

The gatare of physical causation is now better understood
thar}j ‘f(:)rrncrly, largely hecause of modern expcrimental phys-

..ifisé‘ahd our ideas of what is to be included under the concept
Nof causation arc clearer. Activity and change are now recog-
nized to be an cssential part of all natural cxistence; and the
special features found in each instance of change are regarded
as being determined by factors which are both external to and
internal to the entity undergoing change. These factors have
permanent characteristics which exhibit themselves in each
instance of change; i.e., the factors fall into regular classes,
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and the events accordingly appear as subject to fixed rules
which are called “rules of causation.”

Experiment has shown, however, that the absoluteness of
these rules has been exaggerated; the notion of a completely
fixed and predetermined universe is inconsistent with a feature
which we find in all natural events, namely, a certain varia-
bility shown by cach event in its finer detail, which. renders it
incompletely predictable. This lack of complete predictability
is a character of individuality. Indcterminacy (under diflegent
names) has long been regarded as a special peculiarignol™the
behavior of living organisms; cther animals besides Q'lff’s\ﬁ:lves,
and even plants, have been credited with “free will,* This ex-
pression (if it mcans anything) would scem to méaﬁ a determi-
nation which has a part of its source in pljcgﬁcht and internal
conditions and is not completely fixed hydeXtcrnal conditions
and the past. In the strictly physical segis€ such determination
would be acousel; in fact, the phras_;e;‘f{c"l’eclinc of determinism”
has been used in recent years by(Phiysicists to describe certain
tendencics in tASTYELHE LYB’E{%%{ course, the rigor of causa-
tion in large-scale events refpains unaffected by this change in
the theoretical point of vigw; the mechanics of daily life are the
same as before, and Modern technology illustrates the degree
to which regular, calisdtion can be relied upon in the activity of
complex physig:z}k\ystems—no more convincingly, however,
than the fagtg\af physiology.

If an “‘igdcterminacy™ of the above-defined kind, i.¢., a fac-
tor of,&ké&fmination which is independent of past conditons
or z‘u%us’al in the physical sense, docs in lact exist in living or-
g;ahisms, its ultimate locus of action would seem to be intra-

d atomic—or cven intraelectronic. In accordance with the con-
N/ siderations brought forward on page 81, this would mean
nonspatial, in the last analysis; and, in fact, the ulomate

5 Cf, Sir Arthur Eddington, *“The Decline of Determinism,™ Nature, CXXIX
{1932), 233, Eddington spcaks here of a body’s “un-get-at-able inner naturce
which is beyond the scope of physics.”” Sce also the chapter on causation in his The
Nature of the Physical World (Ncw York: Macmillan Co,, 1929), p. 293, In a 1e-
view entitled “Causality or Indeterminisim,” by the physicist H, L. R. Piaggio
(Natwe, OLV [March 10, 1943), 289), the author, after discussing the part
played by probability factors in physical action, concludes that “the balance af
the present cvidence is rather against complete caugality, but that the question
iz still unsettled.”
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physical clements need not be regarded as being spatial in the
space-filling Newtonian sense, i.e., as having actual or possible
parts; they are rather units of action, having position but not
necessarily occupying volume.

In all causal fields of a higher order open to observation,
regular physical causation is demonsirable. On the other hand,
in clectronic or quantal phenomena no complete determina-
tion of the individual event, as individual, secms 1o be possible.
Nevertheless, a regularity does appear in these phenomena
if 2 sufficient number of observations are made, as seen, for ex-
ample, in the regular curves of radioactive decay, whicharg)
constant for cach element, or in the photoclectric effect and
other phenomena of microphysics. This rcgularity(i’ri'ust be
based on some permanent feature of internal cg@ﬁ‘tution or
condition. The indcterminacy has reference only to certain
characters of the individual event; in our, héral cxperience
of single events close observation aiwayjs'\éhows some element
(it may be small) of uniqueness. P \4

We may reconcile causal deter{n: 8 aﬁm{wh&s@m&%}bp@l}n
past-determined) with “free” detexthination (present-determined)

by assuming that each individﬁ%ﬂ action has a certain internal
or autonomic character bt that this action is carried out un-
der external restrictivéyeonditions which are constant and
largely fixed by theﬁs}s'i. The constant influence of these con-
ditions is shown,ifuthe constancy of the statistical result when
sufficient rurmhérs arc taken into account, as geen not only in
intra--atou;kcl}ﬁents like those just cited but also in the statistics
of casuah{:vénts in general-—¢.g- dice-casting, card-shufliing,
accigicﬁts, suicides, and many other events each of which has
iLS:i}’Ld’i\-'idxlal, as well as its external, determination. According
Sig'the present view, some element of indeterminacy—in the
sense of present determination, Or internal determination, or
what may be called “spontancity”—is always prescnt 1n a
natural event, but to a degrec which varies greatly in the dif-
ferent instances. Within the vital organization this internal de-
termination is apparently able to €Xpress itself in a way which
is not possible in nonliving systems; the latter are more directly
dependent for their determination on factors external to them-
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selves. Such a conclusion has the advantage of not dividing
living systems sharply from nonliving systems, and is consistent
both with physics and with the theory of organic evolution. I
may add that I do not underrate the difficulty of understand-
ing how a present activity can have a property which is inde-
pendent of past conditions. But equally I do not “under-
stand” the natural characteristic of creativity, which, never-
theless, is an undeniable fact, as human experience and evolu-
tion both show. This characteristic is ultimate, as Whitehead
insists; and on the basis of immediate expericnce, as el ‘as of
our scientific knowledge, it seems justifiable to T's‘fcr it to
psychical rather than purely physical {actors, smge psxchlcal
events are, in a sense peculiar to themselveg/a manifestation
of novelty or spontaneity, as well as of the 11113‘:\ iduation which
is a main characteristic of nature.

X
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CHAPTER VII

Interrelations of Directive and Nondirective Factors
in Nature

N THFE present chapter we come again to considerations of
a4 more concrete kind. As already indicated, the presence
of casual or random events distributed everywhere throughott,
the detail of any purpesive action 1s readily seen by inspee\tiion:
But the action as a whole remains directive, in spite 0f<t~1:i,§; ron-
directive detail; and we have the problem of accounfing scien-
tifically for this directive quality and the unity”i«}hich it im-
plies. Observation shows that, when a plan jsisarried into ef-
fect, the unification of the various events eémposing the whole
purposive sequence depends on the di¥estive and integrative
control exercised by the conscious mmd 'o\f!;:th!: ﬁ‘%‘?ntf_‘- To secure
this unity, the psychic factor int(;rf\';é:fles in thé p %1&?2‘1 Sirehed"
of events, as a rule not continuq’uéfy but at intervals, when and
where it sees that something “ought” to be donec—otherwise
things will “get out of:h*é:nd.” "Through this psychical inter-
vention, occurring & éf)’ci:ial places and times, the casual and
undesived deviatighs are continually being compensated and
further actions, @re intcrpolated—-all in the interest of the
wished-for teppmnation or the end in view. In this way the
stream of\é{z\éﬁts is given a course which, in spite of accidental
side cgt‘}"&lts and external interference, leads eventually to the
end-gesired.
““PRis is familiar enough in human affairs; but something ol
Ee same kind should be recognized as a constant feature of all
teleological action and hence as 2 general biological character-
istic. In living organisms the various automatic compensatory
activitics or “regulations” which keep vital processes on their
normal level are open to physiological analysis. Many of these
are general protoplasmic activities, while others are based on
the functions of special organs; thus the concentration of the
109
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blood plasma is kept constant by the kidney, the constancy of
the blood-sugar level by the pancreas, and so on. Where addi-
tional energy i1s required, as in regulations requiring muscular
work (control of posture, of blood pressure, cte.), this is typi-
cally furnished by increased oxidative metabolism. In general,
the rate of metabolism is under exact regulative control, as is
shown hy the normal constancy in oxygen consumption and
by the general facts of bodily maintenance, growth, and re-
pair. But it must be remembered that the present existence of
these regulations presupposcs sonic carlicr process of develop™
ment and integration by which they originated in the coutse of
evolution. Unlegs we accept the thesis that evolutionag Hated
solely on random variations, there seems to be heremmh(,d the
continued presence of natural factors of another) T{lr{d having
the quality of directiveness; and ultimately b}sﬂowu al evolu-
tion would be referred largely or mainly teistich factors.

If we extend this principle to the na:t@}ﬂ world in gencral,
the logical conclusion would be thagghedifferentiation and in-
dividuation wwdﬁx@ﬁéiﬁmmcbrimim’afurg is largely or mainly
the expression of some nonmndbm or directive agency which
is a universal factor in natur aliprocess. We obscrve (hat nature
is far from being uniformn it composition; its marter is dis-
tributed in a complex #o¥ apparently arbitrary manncr, and
the same is true of it énergy. Randorn activity, if lelt to itself,
would be expected 16 have a very different kind of efiect, lead-
ing toward ansgvéntual uniformity of distribution aad hence
of thermodypamlc potcntial, corresponding to the so-called
“heat-death™ of Clausius—a state of things which does not now
exist andlwhich there is no good reason to expect.

THL essential problem with which we are now concerned has

»ref?‘rcncc to the general factors and conditions of natural di-
\verslﬁcatlon creation, and evolution. The synthesis of conl-
plex systems by the concrescence of simpler systems appears to
be a constant feature of the natural process as a whole; it is
important to note that evolution is not confined to living or-
ganisms. In general, synthesis requires the convergence and
close association of a variety of diverse elements. This is seen
most clearly in living organisms, and in this case (as alrcady
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indicated)! the free encrgy required for this convergence is de-
rived from wore elementary physical processes and has the
appearance of being applied directively. A nondirective ap-
plication of [ree energy, as in an explosion, leads typically to a
more uniform, as well as scattered (i.e., nonconvergent), dis-
tribution of componcnts; the great example of this tendency
on the cosmic scale is the nondirective dissipation of encrgy
describred in the second law of thermodynamics and iHustrated
concretely by such processes as the automatic ceoling of hadies
or diffusion in gases or solutions. In many departments of
physical theory randomness in the motion of ultimate pcu‘tldes\
is presupposed in the mathematical treatment; this is Ih&case,
for example, in the kinetic theory of gases, and calculations so
based lcad to results in close conformity with exp rignce. The
continual random motions of the molecules arélthe condition
for the uniform and stable propertics showr{by all gases and
formulated in the gas laws. RS

But random action alonc can hardiy® aecount for the evolu-
tionary diversification of nature. Rarrdorﬁun\sas srl“;guld not be
Identified with capriciousncss; if, t:orre%ponds o) LR B iR
type of lawfulness, formulated ity ‘the mathematical theory of
pr Ubabth} In some forms~0f Scientific procedure randomness
is, in fact, relied upon mgwe a certain type of regularity, one
frec from the elemeh€ of conscious choice or bias, as in the
random sampling ©f statistics. But the kind of regularity ob-
served In the int«b’gfative processes of Jiving organisms is of a
strongly contrayted type; we realize this when, for instance, we
see the animal in its embryonic development building up a
complcxs'b'r(ranuation out of randomly distributed materials
taken\fmm its environment and then maintaining this organi-

dtiont throughout a long life. An even greater contrast is scen
in¥eonsciously purpesive behavior, as when a human being
carries into effect a complex plan of action.

Taking our ground on simpic observation and generalizing
broadly, the conclusion seems to be forced upon us that nat-
ural activity has two contrasted forms or tendencies, which
reach their extremes at the opposite ends of a scale containing

! Chap. i, p. 33.
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many intermediates: thesc may be designated as (a) random
or undirected and (&) teleclogical or directed. As already
pointed out, any teleclogical process includes in its inner de- |
tail both types of activity, in close association and interde- '
pendence. Carcful examination of a directed process invaria- ‘
bly discloses the presence of random subprocesses which cceur
with the samne regularity and precision as the directed proc-
ess; indeed, without this nondirective and purely physical
regularity any effective direction would not be possible. WEN
may put the matter briefly as follows: All local natural ogeur®
rences, both directed and undirected, prove on analysis (he
composites in which the single cvent-componcents show defi-
nite characters conforming to quantitative rule. B.lflt.‘l‘h the di-
rected occurrence there is, in addidon, a compﬁaéhcnsive con-
trolling factor which overrules or subordinatss the undirected
processes in such a manner that these glg)\\ybt prevent the at- |
tainment of a definite {inal end (end dmwicw). ‘
To give a simple physiological illigitation of the above: the l
adaptive charactetbofithrargomgher’ reaction determining the
blood supply of an organ is nb allected by the innumerable
random motions of the corpitscles carried along in the blood |
stream. Similarly, when® man rises in the morning to greet the
world, the random, mbtions of his bath towel and garments do
not prevent him ﬁ}n\n accomplishing his purpose. In the for-
mer instance, ghe-notion of the blood stream as a whole is in-
tegrated by, tlr:lé walls of the vessels and the other special struc-
tural and-phisiological features of the circulation; in the latter
the egsential integrating factor appears to observation as
psy;,c;tiical, consisting in the simplc intention to rise. In both |
~cAses the directive and the nondircctive factors act together !
Nand play into onc another’s hands; the uniform distribution of
the corpuscles and hence of the vxygen in the blood depends
on random (stirring) factors; in fact, many familiar purposive
actions rely on such random factors, as when one washes one’s
hands or stirs a cup of tea; “trivial” examples are best, since
they illustrate the universality of this condition. Often, in or-
der to make a mechanical process leleological, only a single
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purposive intervention may be required, such as the turning of
a key. Simple dichotomies of this kind, as when we decide
whether (0 lock or unlock a deor, underlie many important de-
cisions. When I press a button or turn a key, this may be the
only dircctly purposive act in the whole sequence; the other
events all bappen in accordance with probabilities which are
fixed by the arrangements and configurations already existing
in the system: ““nature does the rest !’

Instances such as the foregoing show how inscparable telegs
logical actions arc from the presence of random, mechanital
or unguided processes in the inner detail; and they illusthate a
condition which is lundamental in the natural world.(Accord-
ingly, whenever we disclose by analysis the phﬁysi‘c"al factors
making up a complex process {biological or other), we do not
disprove the possibility that the process as a Whble may, never-
theless, be teleological. This constant presénce of the casual
eleimnent in events is seen in the simpl stvoluntary actions, as
when we set down an object on thg table; there is always some
accidental vibration before it comdsto rest, conforming to the
well-known “die~-away” curved Both he pratRrdifreny-exgdn)
ingredient in common everts vand the dependence of regular
physical conditions on gastial cvents are thus illustrated, as
well as the special parficularity or individuality of the action,
which depends ar tlie: intention of the conscious agent.

Analogous congiderations hold for integrative processes on
the higher ps¢iéhical plane, such as the painting of an imagi-
native picgare’by a human artist. If the process of artistic crea-
tion w ‘Ite"}jbser\rcd as a purely physical scquence by an exter-
nal oliServer, like Laplace’s ideal physicist, able to observe the
motions of the single molecules and to represcnt thv:? whole

\'”p;ro’ccss as the effect of their sumumation and combination, the
final physical result would correspond to the making of the
picture. All physical and physiological subprocesses would be
found compatible with, and many contributing directly to-
ward, the ereative end-result.

*The curve which represents graphically Newton’s law of couling, the dis-
charge of a condenser against resistance, osmotic transfer, and many other
Physical processes,
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But can anyouc suppose that such an analytical description
as the foregoing would give a complete cxplanation of the uni-
fication or creative synthesis which is the distinguishing fea-
turc of the process considered as a whole? For the guidance and
integration of the innumerable physical subprocesscs the ideal,
image, or Gestalt in the mind of the artist is all-esscntial; this
constitutes a stable directive and unifying factor which con-
trols the manipulation of material and determines the cxact
shape taken by the final product. We see by this example that
analysis by itself is insufficient for the complete deacnpuon of
any synthctic process which leads to a predetermined. @ gael? So
far as any scientific description is possible of such prdt esses, 1t
would also require a scicnce of synthetic proc ed‘uré and,
fact, highly developed scicnces of this kind ah“tsaﬂv exist in all
the fine arts, as well as in other synthetic ar¥s) vich as engineer-
ing, medicine, and the various ficlds of 'Lp,}h( d science. What is
cspecially to be noted is that no purel\\ph\ sical or physiologi-
cal analysis, however detailed and gXact, can account for the
feature of originattidhr adiksly g, combined with integra-
tion, is the essential fact in afiy creative process.

It should not be overloeked, however, that the actual pres-
ence of a conscious plar, Image, or Gestalt, existing in advance
as a directive and jitdprative factor, is not necessary in every
individual instan\@ of synthetic action. Synthetic processes
may bhecome, routlmzcd or stereotyped, ke many otber se-
quences off nature and this is continually illustrated in bio-
logical p{@ceﬂes

Indiving organisms many adaptive activities may in their
orl‘crmdtlon have been consciously telcological, but they have

- \smce become fixed by habit or heredity and are now carried
out unconsciously and automatically. There is also the further
class of animal activities which are consciously conative but
are now pursued without any knowledge of their biological or
other cnds, simply becausc they arc pleasurable, Le., have
psychical valence.? Their teleological character has been estab-
lished at an early stage of evolution, and the physical conse-

2 CF. W, E. Agar’s book (cited p. 653} under “hormic goal.”
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quences of the present action—which are often far in the future
—may be quite unknown to the agent or indiffercnt to him.
Here Cocthe’s expression is classical:
Salange nicht den Bau der Welt
Philosophic zusammenhilt,
Erhilt sie die Getriebe
Durch Hunger und durch Liebe,

‘The Trobriand Islanders, according to Malinowski, are ig-
norant of the biofogical significance of sexual intcrcourse.. £\
Theve is a fundamental biological problem here of howiso
many organic activities, essentially finalistic and teleo}ogi‘cz}l,
have come to be so completely dependent on routines imwhich
there is a closely unified interplay of physiclogical z;if&‘psycho-
logical factors. Hunger is & casc in point; the inferdependence
of the two conditions—(1) depleted food regerves in the physi-
cal organism and (2) the peculiar psychicabafiection of hunger
—is as familiar as any other instance of ps¥chosomatic integra-
tion. Hunger is a partly sensory, partl:y emotional state, arous-
ing strong impulses to purposivg;afbtibl}w Jigfound 1o | be regu-
larly associated with special physiological processes, including
muscular contractions in th&wall of the stomach; and because
of this constant physical association the physiologist is likely
to conclude that the(last word on hunger is said when the
physiological desgrhs ion is complcte. The starving man would
dispute this; but\the ilistration may scrve 1o make clear the
diffcrence between the pure physiologist and the psycho-
somatologist, "e.g., of the Freudian school.
Bothn{he physical and the psychological descriptions may be
quitetruc, so far as they go, but either is incomplete by itself;
%aﬂiéanship is out of place, since what science demands is
\Oiﬂenmindedness in the face of all the experimental facts. The
scientific observer, if he is candid, is aware that behind the
consciously observed phenomena of experience lic many other
conditions, some of which may In their very nature be unob-
servable. No one can doubt the existence {or “gubsistence”) of
certain constant natural conditions which are essential to the
process of observation itsclf, as a general psychobioiogical ac-
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tivity; and we may further assume that there are in nature
even more gencral underlying conditions, which are founda-
tional to natural reality itsclf but for the present arc beyond
human cbscrvation. We may acknowledge this frankly with-
out any discredit to science, realizing that the mystery of ex-
istence is not dispelled by the advance of purcly scientific
knowledge.
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CHAPTER VIII

Natural Reality, Symbolization, and Scientific Method

EFORE considering teleology in more detail it seems
necessary 1o review briefly certain gencral character-,
istics of scientific description and symbolization’—now pers
haps the chicf means of representing nature to our minds &d
making it comprehensible. Our purposc as scientist§ s to
reach an intcliectual understanding of certain typeésiof nat-
ural activity; and a first step is to form as clear a ebfiception as
possible of the relations existing between theM§pecial body of
doctrine called ““science” and the natural Qaality as it is in it~
self, i.c., nature as a field of cxistence i{ﬂc\péndent of human
knowledge. NS

Science is a representation of nature by aprabek-agdapeir
combinations, and special car¢ dsstaken to make the realistic
and cxperiential significance af these symbols as clear and un-
ambiguous as possible. Natiral science is a realism. Tts cssen-
tial presupposition is thabreality is one thing, symbolization
is another;? science ver doubts that the natural world bas a
real existence in dts own right, indepcendent of any represen-
tations which {iéHuman mind may make of it or about it. Ac-
cordingly, ;s«siehce makes a sharp distinction between the
“universe®fhature” and the “universe of discourse,” consid-
ering thea atter to be something sccondary to and containcd
wiyh\ih"the former, which is the independently existing real

{"t}iﬂﬂ with all its properties and activities.

! For a general deseriptive and theoretical account of symbolization, scientific
and other, see the article “Foundations of the Theory of Signs” by C. W, Morns
in Taternational Encyclopedia of Unified Seiences (C‘hicago:v Univcrs;ty of Chllcag‘ﬁ
Press, 1938}, Vol.'I, No. 2. C. K. Ogden and 1, A. Richards’ The Meaning of

Meaning (4th ed.; London: G. Routledge & Soms, 1936} is 2 well-known moedern
book in this field.

2*There is the name and the thing; the narme is a voice which dcnotes’ gnd
significs the thing; the name is no part of the thing, nor of the substance; "tis a
foreign picce joincd to the thing and outside it (Montaigne, essay Of Glory [Cot-
ton's translation]).
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Rcality, actual existence, is assumed to be something which
is unequivocal—is what it ¢s; while language and other sym-
bolisms may be (and often arc) highly equivocal, indefinite,
and mislcading. In our everyday expericnce naturc exhibits
itself as a refractory and (so to speak) self-willed medium with-
in which there arc many clements and conditions which we
cannot change and about which it is impossible, in the long
run, to deceive ourselves. Thesc clements arc insistently there;
and it is futile, or worse, to use symbolism in such a way as o
misrepresent or “‘deny” their actuality. The disastrous {tiults
following the obstinately unrealistic use of symbolsrare “well
illustrated by the present war; an opposite form ’Qf}.‘ﬁhrcalism
{(which may be equally disastrous) is to ignore thevexistence of
anything that is not freely talked about owetherwise repre-
sented. The only satisfactory recourse is a giiréct appeal to ex-
perience itself —which is the method of:stt}enc.c. To give a sim-
ple biological illustration: we always\,ﬁﬁd, whatever we may
say or wish, that 8 T O H{gne organism soon dics i
deprived of food. Such an unéguivocal natural [act which reg-
ularly repeats itself is callgci:a““law of nature”; nature is like
the Medes and Persians in allowing no exceptions to certain
Jaws. KA

Itisa peculiarf{{“of science, as a realistic mode of descrip-
tion, that it stressesithe {awfulness of natural cvents. But nature,
according tq.\oﬁr.present survey, also includes in its cOmMposi-
tion an ipitiatory, novelty-producing, or telcological element
or ingredient, one not bound by pre-existing rule, Nature Is
not &'e osed system. Such novel factors are especially evident
'}ngli"?ing organisms, and the not infrequent disregard of prece-

'"\;de’nt which they show is difficult to reconcile entirely with
fixed law. To many scientific men the concept of teleological
seems to conflict with the belief in a universal natural law-
abidingness admitting no departure from rule. Apparently, the
only way out of this difficulty is to recognize frankly that sci-
entific representation does not consist in simply copying na-
ture as we find it, but involves a special kind of sclectiveness or
abstraction; science is, in fact, a mode of singling out and rep-
resenting accurately the constant, stable, recurrent, and there-
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fore verifiable features of experience and of the natural world.
It explains the changing aspects of nature by reference to the
unchanging;? hence arises the scientific preference for mathe-
matical models or methods of description.

But the final basis of science always remains observation;
and this obscrvation, besides being painstaking and exact,
must be impersonal, implying co-operative, since a [urther es-
sential requirement js agreement between differcnt obscrvers.
Thomas Huxley recognized this in describing sclence as Orgag-z
ized common sense. Accordingly, the type of descriptive syms
bolization which it has developed aims at conformity w},tii‘tﬁc
constant or veriliable features of the real world, as this isgiven
in the expericnce of all competent observers. Nevyekilteless, it
must not be forgotten that science is a symbolizafiow of reality,
not reality in itself; if its representation of nature is regarded
as corresponding completely to the actt}aéity, an elernent of
misunderstanding, illusion, or unrealigin“may enter into the
conclusions drawn.? P\%

In any symbolism used for pgr,pgsés\m\hgg}@mwwggg-
tion, such as language, certg?nfs’pecial items of experience,
which are chosen for their dcﬁnite and unmistakable character
and reproducibility at wille—in this case vocal sounds or writ-
ing—arc agreed upoﬁ"t\) represent or indicate certain other
items of cxperiencé\}ﬁe latter may include anything that has
constant or stahle features or recurs with sufficient frequency.
The symbolic’ﬁém—-—word, sentence, formula, diagram—then
stands as a\s@;n, index, or serviceable substitute in discourse for
the indibated item or “referent.”

Lahguage has developed so many words and expressions
)ohfch signifly absence of law—lawless, random, haphazard, for-

\tfiitous, indeterminate, urlpredictable, and so on—that we
may be sure that human experience contains much that corre-
sponds to this description. The scientific question is whether
what is true of our conscious expericnce may be regarded as

 Bergson cmphasizes (perhaps overemphasizes) this feature of science in his
Creative Foolution (New York: Henry Holt & Co., 19113

1 The dangers of confusing or “‘identifying »symbol and reality are discussed
at lagrh in Allred Korzybsky's Svisnee and Sanity (Lancaster, Pa.: Sclence Press
Printing Co., 1933; 2d ed., 1941).
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also true of the real independent world of nature which ig
partially reflected in that expericnce and represented second-
arily in the language or other symbolism with which we pic-
ture expericnce. To many reflective persons the advance of
scicnce has seemed to show that the conception of certain oc-
currences as lawless or indcterminate is based on imperfect
knowledge. “Lawless” is a negative concept; all apparently
random or casual actions, when examined by sclence, are
found to be not entirely lawless but to illustrate certain tyes
of law, even though in many instances an irreducible of %hot
understood” residuc may also be found. The circuyfystance,
however, that factors of law and constancy arc @md in any
single object or event which comes under sciépgific scrutiny
docs not prove it to be entirely law-abiding ana‘ nothing more.
There is also the fact of individuality to heteken into account.
Indeed, any distinguishable natural enfity or individual, even
the simplest, appears on closc cxaminigtion to have in it some
element of constitution or behavideAvhich is not entirely law-
abiding or predictAbraulibr a‘lXj‘jlfg‘i“

On the philosophic viepd: some measure of uniqueness or
autonomy belongs to each™matural individual; cach has its own
“singularity™; as a real existent having its own scparateness or
special station in I(\éltﬁre, it is not repeated, and therefore it
contains factoriarid qualities which are not repeated. Any
action which@epends on such individual or intrinsic [actors is
(o that exignt “free” action; and in this sense any natural in-
dividLQT“\ﬁas a greater or less degree of freedom—definable
hered@s'determination by internal factors forming a part of its
p,e\zi*ticularity, i.e., by lactors which have a special rclation to

“\te isolation as an individual entity, or what might be called its
N\ ““monadic character.” A scientific definition of individuality
and freedom would be based on considerations of this kind,
but both the degree of individuation and the freedom would
be recognized as varying widely in their development and ex-
pression,
The older physical conception of natural processes as com-
pleiely determined by invariant factors or conditions is char-
acteristic of the scientific point of view predominating in the
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eightcenth and nincteenth centuries. Historically this concep-
tion appcars to have been based on the assumption (largely
unconscious) that repetition in the natural world 1s of the same
exact kind as repetition in the abstract symbolic worlds of
human invention, such as logic and mathematics. Such a con-
ception assumes, in other words, that the real or existential
universe and the universe of discourse and description may be
regarded as having {potentially at least) a complete one-to-one
correspondence with each other. The disclosure of this corre-
spondence would then be the main task of science.

The question whether this view is justified has been the oh‘.-.\
ject of endless discussion, but it cannot be denied that alyery
closc correspondence docs exist In many Cascs. This §~shown
not only by the very evident success of science bljj’\ékISD by the
simplest facts of experience. Take the highly pragtical opera-
tion of couniing: An arithmetical statement, ko2 + 2 = 4,08
usually regarded as cxpressing an incog&(ﬂvertible truth. Yet
we must mote that it belongs in thexgencral logical class of
analyiic statements and that its apgdim%cﬁw&qgg;a@_ggﬂﬁis
on an abstraction from the natufal fact of individuality. Any
careful observer can convines himsell that repetition and
summation in the natural,wofihl, and the same processes in the
conceptual world, arerpot to be completely identified, al-
though they are undbilbtedly closely correlated and apparent-
ly are to be referrgdultimaiely to the same natural foundation.

In our expepi¢nte of physical nature the conjunction of two
individuals, }o"duccs a result which is detcrmined by their
charactels'as individuals; their special propertics and the spe-
cial marmer of their conjunction are factors to be considered,
besides their mere number, in predicting the experiential out-
‘wfﬂ“c. At the same time it is truc that a consideration of the in-
variant, repeatecd, or uniform characters of natural objects and
events is often sufficient for scientific or prac tical purposcs. But
while expericnce shows that all natural processes have their in-
variant conditions and factors, this circumstance does not com-
mit us to the belief that other characters, having the special
feature of novelty—i.e., nonderivation from the past or nor-
repeatedness—are not afso present as determining factors in



122 BIOLOGY AND PHILOSOPHY OF ORGANISM

single events. Individuation, cvolution, and creation are also
features of the natural process. The invariant, regular, or con-
stant characters of nature are, however, the ones on which sci-
ence, as science, fixes its intcrest.

Expericnce shows that tbhere arc many close parallels be-
tween the bchavior of physical objects in the external world
and the behavior of symbols as manipulated by the mathe-
matician in accordance with strict logical rule. For cxample,
the physical summation of weights on a balance and the agighs
metical summation in the mind of the cxpcrimcntc;‘,\ﬁgree
closely. But the two processes are not identical; and jn\nature
there is always some margin of uncertainty—of plgs‘br minus
—no matter how close the correspondence mqy;be."lt is upon
the general {act of correspondence between~lagical processes
and experience that the possibility of scishiific prediction is
based. The logical and mathematical ors’ter corresponds Lo the
stable order of nature; in modcrn;{}rﬁcs the term *‘isomor-
phism” is often used to indicatc the gssential feature of the cor-
respondence bewveghrabbhieripedl order and natural order.

The word “order” impliqsfg%ability, or something stable, ex-
isting as a determinatives¢ondition. What should be noted at
this point is that onlysAvso far as things are orderly are they
representable mathe}ﬁatieally. In its very nature such repre-
sentation has rqfélénce to the invariant, constant, recurrent
factors and ignures the individual or arbitrary (“free”’} factors
in objects afid*tvents. Every time a given mathematical opera-
tion is pqrzbi:med, the result is the same, because the terms and
the pisicédures arc by definition constant. But closc observa-
tiqﬁ: shows that every time a natural event repeats itscll there

.. i8)some variation—-it may be slight—hence the mathematical
N\ _description is always an approximation. There is an intcresiing
parallel in the representation of a musical composition by no-
tation, a mathematical scheme which, as such, is constant, al-
though the individual performances may vary widely.

The conceptual world, or universe of discourse, is a human
creation and is subject to the rules of logic, also a human crea-
tion. The world of external nature also conforms to the rules
of logic and mathematics, but only in so far as its cntities and
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Processes contain factors of stability which correspond in their

invariance with the invariance assigned by the arts of logic and

mathematics to their special terms and procedures. Mathe-

matical phyvsics is the standing proof of this “logical” quality

in paturc; its success justifics the belief that there actually ex-

ist in natural conditons and processes stable factors and cle-

ments which conform closely—cven if not “absolutely”—to

the invariant [eaturcs of logical and mathematical procedure.

Many natural cvents repeat themsclves with astonishing ex-¢
actitude. \

Nevertheless, a thesis Jong familiar to philosophers js§ fhat
the description of a particular event or situation iny generic
terms—a nccessary feature of description n its abst,r,’é(; {ing and
classifying character-—incvitably omits what is.fque or pe-
culiar to the special individuality of the thing degcribed. Since
any natural object or event, considered @g@ﬂ‘isolable entity or
individual, always shows some quality-0f tniqueness, fallacies
may enter when scientific descriptiéhs of natural regularitics
arc regarded as giving a complQLgefac“cou\n'tmﬂhaiwhibnmjtoi%im
itself, 1.e., existentially. & )

"The naturalist can neverdpubt that the existing world has a
charactler and an activir{;of its own which are independent of
human conception; n\s:mrc, as a sequence of events which oc-
curred in past history, had its cxistence long before human be-
ings were evolved+In so far as nature is the field of individua-
tion, we ma,,-'ibg cure that it will always exhibit many [eatures
of maniquﬁzitlon and hehavior which, although governcd in
part opreven mainly by regular conditions, also show unpre-
dictable characters of their own, having their basis in a natural
achdency of all individualized cxistents to transcend cstab-

Nighed rule. Rules are equivalent to stable conditions already
laid down, but it can scarcely be held that all possible rules
have alrcady been made in nature—unlcss we hold that in-
dividual nonconformity is itself a rule! Whencver a descrip-
tion (a formulation in conceptual terms) is regarded as a com-
plete representation of a natural reality, there s this risk of
fallacy.

Observation shows quite convincingly that nature is a high-



124 BIOLOGY AND PHILOSOPHY O ORGANISM

Iy diversified and individualized field of activity and creation,
and much of what has occurred and is now occurring within
it could never have been predicted on scientific grounds. At the
same time it is a matter of experience that many cvents oc-
curring under broad and stable natural conditions, especially
of the kind known as “lformal,”’ can be predicted with remark-
able cxactitude; of this general fact eclipses are perhaps the
most impressive illustration. But sweeping conclusions with re-
gard to the complete causal determinatencss of naturc --past,
present, and {uture—including human behavior, should(igt be
drawn from such correspondences between natural €’ghts and
their scientific representation. If we accept the eyi@"lgence of ex-
perience, it scems clear that both rcgularity (f6fmal stability)
and individual uniqueness (implying a measure of unpredict-
able or “free” activity) are actualities in‘al natural cxistents;
also, that they occur in intimate assogiation and interdepend-
ence. There 15 here a close paral]qli's:m with the association of
randomness and dircctiveness in deflain events, as already dis-
cussed; this, agair, 1%“1‘%?[12{]8E R Ooﬁﬁlﬁqqociallon of physical and
psychical in living orgam},m% These general characteristics
of nature should be bornéin mind in considering the problem

of tcleology, to whichéwve shall now turn,
O



CHAPTER IX

Teleology

HE tendency, which still lingers in scientific circles, to

deny that telcology exists as an effcctive factor in nature
or 10 subordinate it completely to purely physical factors, is
largely a survival of the Laplacean or Victerian belicf in the
completeness and all-sufficiency of physical methods offexe
planation, Actually this belicf was (and still is) confined™to a
small and specialized group consisting chiefly of leaxned men;
as a rule, human beings who form plans and carty them out,
using physical means whencver necessary, NEVer dream of re-
garding the whole of purposive activity ais:@éhanistically de-
termined. The Aristotelian conceptiong<ariciscly expressed in
Woodbridge’s phrase, “Tcleology and wiechanism are correla-
tive rather than opposed,” 1s more 10’ aceerd abreulittathorgcn
cumulated experience or commdp® sense of marnkind, and there
1s no sound reason for rcgard*i}ig it as conflicting with scientific
fact or principle. This iS'\’flow recognized by many scientific
men and has been, well expressed recently by Sir D' Arcy
Thompson in his hohk Growth and Form. He speaks of the in-
superable difficubryof determining final causes, while granting
that telcology (ind mcchanism are inseparably conjoined in
living organistns: “*Still, all the while, like warp and woof,
mechanisin and teleology arc interwoven together . . . . their
union¥i$ rooted in the very nature of totality.””*
~Thk fact that the physiological side of human purposive. ac-
ity shows such complete physical regularity and determina-
tion remains a serious difficulty to many scientific men who
might otherwise reject the purely mechanistic view of human
behavior, now so widely and demoralizingly popular. No biol-
ogist will deny that aI:ly' voluntary train of behavior can be
shown by analysis to consist of interconnected physical activ-

1 Sir D’Ar‘cy Thompsan, Growth and Form (2d ed.; Cambridge: University
Pregs, 1942), p. 7.
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ities which show complete regularity, precision, and determi-
nation in the scientific sense of these words. While this is un-
doubtedly true, neverthcless the exact course followed by the
physical train of events may still be under psychical control.
We have alrcady shown that in the teleological guidance of
any purposive scquence the direct voluntary interposition is
not continuous but intermittent and is applied at sclected
places and times wherc a definite trend has to be imparted to
events or some correction made for random activities; in this
intervals of this directive action the cvents follow thir\ oI
physically determined or routine course. A game showinihds as
well as anything; it is a combination of causal and phrposive
actions, with the interest derived largely from’thi\.ir"imerplay;
when the tennis ball is siruck, 1ts course, unti}i}\i\s struck again,
is determined solely by physical factors; the directive influence
of the player is interposed only whcn:hé:scrves or makes his
return. This example may be takenzaha model of teleological
action in general: “man shifts thines about and naturc docs
the rest.” www_dbr‘aulibl'ar‘y_pl'g_in
A large preponderance of “tnechanical or physically deter-
mined regularity appqméffo be a constant feature of cvery
teleclogical situation#=at least In nature as we now find 1it.
Whatever 1s ph}{s'chil}-f observable appears to extcrnal ohser-
vation as physicaly ‘At the samc time, certain determinative or
critical features-of the inner physical detail may roceive their
special di E@ion from psvchic factors, as we saw in our earlier
illusirarign of writing a letter; and this direction may dcter-
minesthe whole course ol events.
' \.j I’ gencral, we conclude that physical stability and physical
~Lautomaticity (i.e., stability in modes of action), so far from
' conflicting with directive action, are, in reality, nccessary con-
ditions and prerequisites of such action. In order to make any
kind of guidance effective, the purposive agent must be aware
of the regular and reliable [eatures always present in any nat-
ural situation and must act with continual reference to these.
Usually such features are the physical featurcs (which include
formal conditions like space and timc); accordingly, the whole
natural sequence may appear 1o scientific analysis “'as it it
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consisted of “nothing but” rigidly determinate physical fac-
tors. Fven where “irregular’” factors are also recognized as
forming part of the total situation, they are usually assumed
to vary in accordance with definite rulces, c.g., of probability;
in other words, the variants can, in a well-understood sttua-
tion, be treated as manifestations of underlying invariants. In
cases where we find individual behavior 1o be hopelessly un-
predictable, we usually fall back on consideratiops of proba-
bility, as the best we can do under the circumstances.

In all scientific prediction of events, from astronomy to soci-
ology and current history, principles bascd on knowledge, ob\
the stable featurcs of constitution or activity are applicd; for
example, in civilized countries the size and racial con}pé’).sition
of the population at a futurc date arc regarded as dabgely de-
termined by factors known to be alrcady in efistence which
act in definite ways, Such factors are treated dsinvarianis—at
least provisionally—and their time rclagéfis may be repre-
sented graphically by curves of know'mfype; prediction then
becomes a matter of extrapolation, I the ABeshIBRGS @ilin
cases, as in [orecasting the actions, Qféfparticular human being,
such prediction as is possible, g based on the known stable
facts of his or her mental and"pflysical constitution, as well as
of the extcrnal circumsta}{ces. But if we are dealing with a
complex personal ¢h é\::“cér, it is more than likely that novelty
will assert itself ustexpectedly and confound all prophecy.
Often the only 'péésfblc prediction regarding personal actions
Is that they willemain capricious and unpredictable.?

Conscioy§ directive activity requires the ability to foresee or
predict, aor§ this ability is based on knowledge of stable factors
‘“i‘tj.gfei’étors which can be relied on to remain the same in the
flﬁ"t:ug;e as in the past. To a person armed with such knowledge,
allMhat may be required to modify the course of events in the
way desired is temporary intervention at certain critical points
in the causal nexus, Control of what happens at these points
then becomes the key to the whole situation—provided always
the intermediate events run true to form. Certain events may

PR
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thus be recognized as *‘key events”; and it is conceivable that
in some actions of living organisms, including human beings,
these may be events limited to a few atoms in the central
nervous system, as Eddington imagines in his conception of
“key atoms.”® But the provisa that the intermediate events re-
main constant in their character is essential; and, in fact, such
constancy is taken for granted, usually unconsciously, in all
purposive activity; this is illustrated in games, war, scientific
and other arts, and the pursuits of ordinary life. A

We have seen that a purposive control which is conscidls
presupposes some mental image, conception, or plaf “af) the
cnd desired. If this integrating psychie factor is absent or fails
to be acted upen, the sequence of events follows alcourse which
is compiletely determined by the physical factofs®present in the
situation. But even a slight voluntary modification of these fac-
tors, at times and places chosen in con@,mny with the plan,
may insure that cvents move in the prs'\conccwed direction and
terminate in the way desired. 'a’a purely extcrnal examina-
tion the wholesedbendbrmay alggm appear as physically deter-
mined, in the sense that the \ehergy transfers and the other
efficient causes e\eerywhere ‘eonform to exact physical rule. But
if a conscious plan, constituting the psychic factor in the activ-
ity of the agent, is 'prg\:sent and acted on throughout the sitea-
tion, the whole physical sequence of events takes on a unitary
character corrésponding to the requirements ol the plan. The
physical sgqénce then shows a cohercnce and integration
sirnilar té\fhat of the plan. It must always be remembered,
how cr that what the mental factor is responsible for is the
injggration, not the physical du:all of the scquence: it corre-
spoends to Aristotle’s “final cause’’; the efficient causes remain

\ ) purely physical,

This gencral description applies to any consciously telco-
logical sequence of events. It is only when we can rely on the
stability and uniformity of the physical factors present that we

# 8ir Arthur Eddington, The Nature of the Physical World, esp. p. 313.

¢ These include all factors independent of the will of the particular agent; 2nd
some of them may, of course, have their origin in the purposes of other agents.
But to the first agent these will appear as events external to him and in this sense
ag physical (hehavioristic or physicalistic view).



TELEOLOGY 129

can modify a natural situation in correspondence with our in-
tention, But to do this means introducing voluntarily, at the
appropriate times and places, physical factors having the nec-
essary conformity with the plan. If the plan is a novel one, the
physical factors thus introduced partake of this novelty, and
the course of events takes on a direction which it would never
have had in the absence of the plan, The final result may then
be novel or creative, as seen, for example, in an original work
of art. Q.

But in order that any preconceived plan, having at first only
a mcntal existence, should have this result, two CODditiQI{%\ﬁ;C
required, First, the plan itself must have a sufficient definite-
ness and persistence; and, second, 18 presence mu‘jst In some
way influence the course of the physical actic@%ithout in-
fringing the general physical conditions always ‘present, such
as those delined in the laws of cnergy. Thedirst requirement is
the general one of stable factors in.all\eVents (p. 16). The
second requircment presents an cspestally difficult problem,
i.e,, of how paychical factors can have a dtege iy PR TYeos R In
physical events; here we have;l'fié essential problem of teleol-
ogy, and I know of no way 18 Inake this problem entirely sim-
ple or easy. <"

It scems possible, hpwever, that a general solution con-
sistent with the moaﬁ}n scientific outlook may be sought along
the following lines: If we accept the prevailing view that the
course of p y:si\cal action, especially on the micro-scale, is
governed altilnately by conditions of probability, all that the
PSYChiQ'Qc"tor can consistently be regarded as doing is to make
it moreprobable that the critically determinative physical events
(f:k(\?’y events”) will show a preponderance in one direction

Ngather than in another, i.e., will have an asymmetrical and
divected, rather than a random, incidence. The question is
how does the psychic factor effect this modification?—since
there seems to be no doubt that it does so. The only consistent
hypothesis known to me is that the ultimate focus of psychical
control, in the psychophysical system which is the living or-
ganism, is situated internally fo or behind the elementary physi-
cal events (ultimately quantum. transfers) which determine
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the dircction of action in the physical field. This hypothesis im-
plies that the final elcments or factors underlying psychical ac-
tHon have a certain inner or nonspatial quality which places
them on a different plane from the plane of purcly physical
action, meaning here by “physical action” any action forming
part of an external or spatial world and describable in terms of
external observation. Psychical factors, according 1o this view,
would have a nonspatial, or form part of a nonspatial, modg \of
existence. However, when the psychical influence expresses
itself in 1he physical world-—apparently by some précess of
transformation and transmission associated with plyyical am-
plification®—whatcver happens becomes neccsssﬁ;ily subject
to the special conditions and restrictions (e.@) laws of con-
servation) which form a constant part of dia) world.

Two questions require further consideration at this point:
first, with regard to the part piaye@{jyﬁrobahility conditions
in natural events and, second, withregard to the manncr in
whic}.l’thc in&zg%aéb{-a%(f%ﬁrg?{};9}%6al fgcjuors c.an.n.lodify thesc
conditions, In modern phygics probability conditions are re-
garded as having a max.iﬁju;n of stability and as underlying
the stability of ph}-‘si'(:al"aiction in general.” For example, the
preservation of its co}{stant properties by a gas is referred ulti-
mately to such deghditions (conditions of statistical mechanics),
and quantum’sheory is based on probability theory.

To mam}’\“it“ma}’ seem strange that random events, rather
than psyehically guided events, should be the ones which are
mos éompletely subject to physical regularity; but the strange-
I}&‘?S\}argd}-' disappears when we consider that in the absence of

~guidance there is nothing to make the nccessary motions or

& Cf. the discussion above, p. 80,

6('Z'f. my paper “Physical Indetermination and Vital Action,” Seienct,
LXWVI (1927}, 139, for a fuller discussion.

7 I'or 2 summary account of the applications of probability (theory in physics
cf,, for example, Lindsay and Margenau, Foundations of Dhysics (New York:
W 11&)‘ & Bong, 1936), especially chaps. iv and v, For more gcn'é.ral discusgions ef.
]i}c!dmgton, The Nature of the Physical World, chap, x; also his Nep Patheays n
Science {New York: Macmillan Co., 1935), chap. vi, and The Philossphy of Physical
Scz._mce {New York: Macmillan Co., 1939); also, Sir Jamcs Jeans, Physics and
Flilosopby (New York: Macmillan Co., 1943), chap. v, For morce technical as-
pects and detail, veference must be made to special memoirs and treatiscs.
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mransfers of cnergy occur in one direction rather than in an-
other. Purely spatial conditions are equal or symmeitrical in all
directions; hence, without guidance, disconnected events of
the same kind tend to distribute themselves without prefer-
ence, or symmetrically—e.g., about some central position or
line of reference, as illusirated in probability curves.

This condition is amply cxemplified in general human ex-
pericnce. We observe that casual, disconnected events of any
kind, if sufficiently numecrous, fall into stablc groupings or pat-¢
terns; this ig seen equally in dice-casting and in vital statistias;
and the patterns are found conformable to the rules ol 'Ri“ébf
ability. Similarly in genetics, the laws of Mendelian inherit-
ance are regarded as depending for their constangy® on prob-
ability factors. In the long run there is nothing quite 5o regular
as chance—as is well understood in Monte Gagio.

In psychically guided events, on the otl;e%&hand, there is al-
ways a quality of individuality, uniquehess, and unpredicta-
bility. This statement is not inconsistent’with the fact that the
arbitrary actions of single personsimay,»i¥ theébnautibrerpbigin
stances 15 large, fall into regulag Statistical patterns, as is seen,
for instance, in the statistica®l divorces and suicides. In this
case, however, the scparat@events of the assemblage, although
each one iy psy‘chic.all,}z'".d\elzern'lined, are quite disconnected, s0
that their a'i&t?'ff’)?di@it\k}eé()lnes a matter of chance and shows a
cotresponding reg{;iarity‘. Our present problem has reference
to the psychighlly determined actions of single biological in-
di\"iduals..l—\fg\@: is the psychic factor to be conceived as influ-
cneing ll\{éelemcntary physical cvents which underlie and de-
termise such actions? '
MAP@'Parcmly, if we arc to avoid conflict with the requirements

&Qfsphﬁ’ﬂical conservation, the ultimate source of directive qual-
ity in vital action must be referred to factors which act intra-
atomically,? since in the interior of atoms the elements of ac-
tion are regarded as asserting themsclves under conditions of
determination quite different from those of large-scalc phe-

fHere T find ravseff in agreement with a leading atomic physicist, Niels

Bnhr; of. his paper, Caus&lity and Comp]_cmcntarit}-,u Pﬁffﬂ:o‘bﬁ)j Qf Science, Iv
{1937), 289, esp. p. 295.
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nomena. I have already expressed this point of view in an
earlier paper,® which may be paraphrased herc with some
slight modification, rcalizing that any conception which is too
specific may be apen to criticism in detail. Consider a single
atomic unit, corresponding, for example, to onc of Eddington’s
key atoms. Such a unit is a store of cnergy; physically this
means that under ccrtain conditions it may transfer one or
more quantz of energy o some other unit or units in it$ en-
vironment and so transmit activity or influence. Any suchy
single transmission has a directive (vector} character, since 1%
occurs between definite units having definite spatial positiess.
If the unit is conceived as having no spatially fixed, intcrnal
differentiation, such a transmitted action, if deterpiiﬁ:éd golely
from within, could equally well be in any dirgf{iﬁh. That is,
the direction, if determined by solely physieal conditions,
would be a matter of chance. No internal mpulse to action
would necessarily act in one direction .;{ther than in another,
since any such physically determinethaction would imply the
existence of oh¥ pAPFUY ﬁﬁhﬁ{ﬁi,%ﬁbther along definite lines
of contact or interconnection;ﬁ%ﬁ in largc-scale mechanical
transmission; and such deﬁ;ﬁiﬁély situated scparatc parts are
here absent. We may thus conceive of the possibility of an
intra-atomic directivezagtion which is quite independent of the
classical laws of cneggy; these laws relate solely to the behavior
of systems consisting of many atomic units. If a single atom is
considered, paiidlluenced by others (i.e., from outside}, it
seems thak%t\:’[uantum transfer from this atom might be in any
direction\(d.e., fo any other atom} without any infringement of
physical'laws. 't'he same conclusion would apply to groups of
_atoits acting in concert—e.g., under some unifying influence
of a psychical kind.

The foregoing view is based on the assumption, well sup-
ported by observation, that any repeated local activity which
is aimless and is carried on over a sufficient length of timc has
an incidence which is equal in the different directions of space
(i.e., is symmctrical), as we sec in dice-shaking or shuffling. In

_ "“Types c_:l' Physical Determination and the Activities of Living Organismsy”
Journal of Philosaphy, XX VIII (1931}, 561.
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such a casc there is no preponderance of motions or encrgy
transfers in a single preferred direction,

In order that such asvmmetry should prevail, aim is re-
quired—i.e., using the terms of ordinary language, some bias,
preference, directiveness, or purpose. Each single clement of
motion or action in a spatial world st have, while it lasts,
some direction in space; but in a random succcssion of many
such motions the total or summatced effect will show no pre-
ponderancc in any one direction, since action in a single dir¢gs™
tion is sooner or later counterbalanced by action in the oppe-
site direction. What is required to give a prepondcrancedn dhe
direction is, according to our present view, some persistént in-
dividual or integrated influencc favoring action 1,1‘1 a‘definite
direction, This is furnished in living organismsk.f “the internal
psychic factor, acting under the influence ofN¥s subjective aim,
appetition, or motivation. A pattern of digeetive activity is thus
provided, corresponding to a ‘;ﬁelqiff\\i’ith stable and inte-
grated characters (see below, p. 183)¥¥ This general concep-
tion delines the clementary condition, whith Heesniibof furthée
complication and lends itself.fos the formation of morc highly
organized combinatons. N\

Broadly speaking, syéfha model seems consistent with the
present physical condeptions of intra-atomic conditions. What
is to be noted s tl}S} the view of a completcly rigid and un-
cquivocal physical determination in all vital processes had its
historical ori:gih in, and support from, classical physics, whose
laws \x-’cr@\l;}sﬁed on the ohservadon of large-scale phenomena.
At thfib’refscnt time the recognition that other sources of de-
termibAtion, including the psychical, may play their part in

&'\ifﬁtj ‘action is no longer inconsistent with prevailing physical
Ntheory. The deviation of natural events from strict symmetry,
as a consequence of some internal directive action, is a natural
possibility which does not conflict with the conception of math-

It seems that, in bodies that
d that raises into prominence
For lifeless matter these
to produce a negligible
and the

1

Y A quotation from Whitehead is apposite herc:
are obvigusly living, a coérdination has been achieve
some functionings inherent in the ultimate occasions.
functionings thwart each other and average out $0 as '
total effect, In the case of living bodics the cobrdination intervenes,
average effect of these intimate functionings has to be taken into account ., . -
(Whitchead, Adventures of Tdeas, p. 266).
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ematical exactitude in single physical cvents. The asymmetry
(tcmporal as well as spatial) which underlies all vital action
manifests itself in many ways besides conscious teleclogical ac-
tion—for example (as already pointed out), in the asymmetry
of metabolic syntheses, the fact which so impressed Pasteur;
this asymmetry is shown cspecially in the asymmetrical struc-
rurc of the amino acids, which form the building-stonces of pro-
teins. Asymumetric syntheses underlic all vital action; this gen-
eral biological fact justifies the conclusion that the dirccth@
factor in the growth and devclopment of living organigms.is
referable ultimately to conditions of the same kind as Lh.(secnn-
derlying other forms of directive action. We shall rctm’n later
to this topic, after considering more fully the sp‘@cfﬂl nature

of the physical factors in vital processes. \"
O
1t See chap. xiii, \
b
oV
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CHAPTER X

Stable Conditions in Living Orgamsms and the Distinction
between Living and Nonliving

URING the normal lifetime of the living organism its,
varied and complex functions are carried out with res
markable exactitude, each function maintaining its unity angd
its correlation with the whole vital cconomy.! This factstems
especially impressive when we reficct how suiajcct“to’a‘crange-
ment arc the comnplex physical systems ol our O\y}k&&intrivance.
What kind of factors determine this combination of unity
and stability? The word “integration” poinfyto the fact with-
out explaining it; similarly, the stateﬂlg’qztit at the organism is
an auiomatically sclf-regalating systeiw/is a description rather
than an cxplanation. There i3 na.d&mb‘\tﬁ that one eRidSolfed
of this constancy is to be sough]:;'in" the constancy of the com-
ponent physical and chemieal processes; i.e., the stabiiity of
living organisms is to be,l”ef(;f'red in large part to conditions of
the same general kip{i’}as those determining the stability of
other processes in hawure. Just why natural processes should
be ordered rathef bhan chaotic—i.e., should repeat themselves
with such exaefitude—is a philosophical rather than a scien-
tific f_1ucstioiﬁ"sci011(1(: observes this fact of regular repetition,
espe(:iall}{in' the elementary cvenls and aspects of nature,
Witho;{t,. as a rule, troubling itself about 1fs ultimate signifi-
canec,

\ JAg already pointed out, one source of constancy in larger
natural events is the statistical summation of the simpler
events composing them. Individually considered, these may
be highly variabie; but if many are taken into account, they
are usually found to conform Lo some definite law. Many nat-
ural regularities have their basis in such statistical surnmaton,

by W. B. Can-

1 This is the fsmocostasis discussed with knowledge and insight AR
O, .

Mon in kis The Hisdam of the Bady {(New York: W. W. Norton & &
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and many routine physiological processes owe their stability
to such conditions; thus the cells composing the liver or kidney
may vary widely in their physical state and aclivity at any
given time, but their collective aciivity remains constant with-
in narrow limits. Such statistically constant physical routines
may also caler as components in actions occurring under
psychical direction, as in voluntary muscular movement; in
any such action observation shows that rhythmical nervous or
bioclectric oscillations of a well-defined [requency are initiate
in the cerebral cortex and pass along the nerves to the muscleg
The initiation of these impulses is “determined” by theg ach of
will, but the study of isolated nerve-muscle preparatioli&?shbws
that their propagation and motor influcnce arc{@stermined
by nonteleological factors having definite phy”s‘(aﬂ’ characters;
and these characters owe their constancy to/statistical summa-
tions of still more elementary processes. 1y 'general, physical
reproducibility depends on the physiga{l’lg based automaticity
of sirapler comwﬁ.m%w%@{}ﬁt dltimately these include
atornic processes. In any instapcevof voluntary action this
physical precision of the elenleiitaf"y-' processes is counted on or
presupposed; obviously, a‘nj-"p‘ne would be unable to walk or
swallow il he had to attend to all the physical details of these
acls. }

The conclusiun\ﬁsll’ows that repetitive, automatic, and in-
dividually unguitied factors enter as components in all natural
events, whether/they are purely physical and random or vital
and teleolggical. The constancy with which fundamental nat-
ural c&QEﬁEioas and events repeat themselves is shown by their
ca]g:nﬁ}bility; as alrcady pointed out, this fact implies that the

'(;o.ps’fancy in the behavior of natural units and systems has a
\Mt:.ﬁrrespondcncc with the constancy assigned by definition 10
the mathematical symbols and procedures employed in the cal-
culation. The accuracy of the algebraic or graphic representa-
tion of a phenomenon is like the accuracy of a map which por-
trays the stable features of a locality. In simple natural events,
¢.2., the motions of astronomical masses, this correspondence is
astonishingly close; but observation shows that natural events

of almest any kind, including the biological, show a similar
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conformity to mathematical rule if the observation is exact and
the number of individual cases sufficiently large.?

Here we touch on a [undamental philosophical question
having reference to the nature of the ultimate existential con-
ditions which make scientific generalization possible. This is
the problem of induction, with which in its philosophical as-
pect the scientific investigator is usually little concerncd. But
we may accept the fact that induction is empirically a valid
procedure without understanding why. In actual scientifid
investigation, the more frequently single events of a recurfbnt
and recognizable kind are found to occur in nature, theymdre
certain do we beccome that there cxist definite a;zitj\'stable
physical conditions underlying and detern1iningf~fheh1. Fre-
quency of repetition then becomes the basis of‘g}ﬁeralizations
or predictions which have relerence to all the'cvents included
in the assemblage under consideration. 77"

In scientific description these evel*{té'%re assigned to definite
classes, and all members of each class. nre assumed to have uni-
form “class characters.” chcpjfé’“deriwgd"t%@‘%‘{MIYﬁi&Ei-
ple, implicit in all scientific réasoning, that repetition of events
is based on stability of ynderlying conditions. To illustrate:
the daily repetition of ginrise is based on the continued exist-
ence of the sun a c{itﬁe regular rotation of the earth. This
principle may bedextended to include the case of logical induc-
tion in genenal! ifegarding the foundations of which there is
not yet pﬂ‘fei@f agrecment ameng philosophers. But from the
empiri(:%':p’bint of view, induction, as a scientific procedure,
owes ifS\Walidity to the simple fact that natural processes re-
Pt;a\tf themselves. Natural science aims at forming clear con-
"Ce;pfions of the stable properties, active or static, which belong

\fO all the individuals of the group considered; it also aims at
assigning a common foundation to these properties. I'rom the
family resemblances shown by the single members of the group
the general characters of the family, as a natural unit, as well
as the constant conditions underlying these characters, are

Rashevsky well illus-

2 Ohtsi : : iafi k of Nicholus
utside the field of vital statisties, the work o Nic o aihomatical

trates this mathematical conformability of vital processes;
Biaphysics (Chicago: University of Chicago Press, 1938).
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inferred. Since induction is primarily a procedure based on
observation, it forms the characteristic maode of reasoning used
in the natural sciences and particularly in biology. Evidently
induction implies the existence of stable and pervasive system-
atic conditions in nature.

Living organisms are sel{-regulating systems which conscrve
automatically their special organization and modes of be-
havior; and biclogical science consists largely in a description
of the physical and chemical conditions on which the autoit\
omy, coherence, and stability of the organism are basegs, In
physical biology the organism is considered primarily s
characler as a physical system cxisting in a physical efiviron-
ment, and cxperimentally its properties are foungi to depend
on the constancy of the physical and metabolig@rﬁcesscs which
build up its special organization and furdish the energy re-
quired for its activities. Individuals of thesame specics of ani-
mal or plant are closcly similar in th@fk fnherited characters,
even though there is cvidence that i1 heir fundamental chem-
ical L:ompositicﬁawi\f{iz?ﬁgﬁﬁl S0 j}?ﬁ'%’éme spectcs differ slightly
but significantly from one aadther.®

According to modern geifetics, this uniformity of organiza-
tion is hased ultimately{on the constancy of the physical and
chemical properties Possessed by the centrally placed proto-
plasmie aggrc:gage§\or nuclei, of the cells composing the or-
ganism. The puclel contain the genes, which are regarded as
determining e fixity of hercditary characters; and the spe-
cial k‘)iolaga’}él properties {or specificity) of the genes are re-
fcrrcc}%écéndarily to the biochemical specificity of their chiel
conslituent proteins, the nucleoproteins. Microscopic and

.»\gtlh’ér evidence indicates that the same group of genes is pres-
\.ent not only in the nuclei of the germ cells but in all the nuclel
of the developing and adult organism. This is an cspecially in-
teresting condition; apparently, an essential physical require-
ment, if the whole organism is to retain constant character, is

3 Our knowledge of this “individuality differcntial” is based chiefly on the
\:\rork_‘of Leo Loeb, sumnmarized in his recent book, The Biological Bagsis of I ndividual~
ity (Springficld, 1ll.: Charles C. Thomas, 1945). The experimental evidence

poims‘ w‘the conclugion that as a physiological character the individuality dif-
ferential is based on the specific biochemical constitution of certain proteins.
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that its nuclear compounds, the “key” compounds in its con-
structive metabolism, should have constant character through-
out the entire organism. The stability of the organism as an
integrated whole would then depend on the stability of the
genies; hence, upon the exactitude with which the nuclear or
gene proteins are synthesized in mitotic cell division depends
the constancy of the special organization charactcristic of the
species.

According to this physical conception, a constant biochemi«
cal character pervading the entire organism forms the basisof
its constant character as a biological specics. It is cspecia{l?ﬂfo
be noted that the stability of the individual characters“from
generation 1o generation (heredity) i based on thé, exact re-
duplication or resynthesis of the specilfic nucle@r‘pmteins in
cell division and development.* These protcins. arc regarded as
regulating the [undamental constructiv Suietabolism of the
organism; and they themselves are noj;ai&lié cxamples of the ex-
act regulation of structure and composition. The factors deter-
mining this regulation thcreforgréqﬁift%ﬁ‘ﬁdﬂhﬁnmny-Ol‘g-iﬂ

The ancicnt philosophical.guestion of form and substance
enters at this point. What§especially to be noted is the fact
that, although the spegille proteins on which, according to
present physiological i{onceptions, the specific biological char-
acters of the anima}\ér plant depend are in astale of continual
metabolic flux Agsshown by the facts of nitrogen metabolism),
the stability x,if'\thcir complex chemical conliguration is quite
unaﬂ'ectc;d{by this circumstance, The recent method of trac-
Ing thes firse of atoms through the animal body by the use of
reaghily“identifiable isotopes (radioactive or ““lagged” atoms)

..h\a:g\cbnﬁrmed this conccption of constant flux, even in the
Notse of the nuclear proteins determining the specificity of the
genes. ‘To quote from a recent volume on cellular chcmistryfz
“Schoenheimer fed isotopic ammonium salts to normal ani-
mals and found that the nitogen of the thymonucleic acid

1The reduplication is somctimes referred to as “‘autocatalysis”; but this _dcmg-
nation is inexact, since the directive application of free encrgy is 1_1?qul.rer:{ ot 3
bullding-up of these compounds from the originally separate amino ac_1ds a1
other cormponents. Clatalysis simply facilitates a reaction without adding any
energy.
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rapidly undergoes a partal replaccment by isotopic nitrogen
from the ingested ammonium.””® What proves to be stable is
not the actual material substance of the genes but their form,
patlern, or constitution. From a general point of view, there
is nothing unexpected or novel in this conclusion. The prob-
lem of the stability of form in the objects and events of nature,
as contrasted with the transiency of their material, is at least
as old as Plato. [n physiology the living organism is regarded
as an example of a dynamic or stationary equilibrium, i.e., ans
equilibrium of physicochemical processcs. .

It may be questioned, however, whether this physical ‘edn-
ception is sufficient by itself to account fully for the o;gianismic
constancy. This constancy is a physical charactc;;(;”t'}:_u, after
all, the organism is not a merely physical but a Rs’yi:hoph}-'sical
system, Accordingly, we ask the question: Gapvunilormly con-
stituted physical units (gencs), distributedat [requent inter-
vals throughout the organism, furnis,h{i'}y themselves a suffi-
cient basls for ﬂWH%?&HﬁE}J&&%}}%ﬁFCé and unity? Physiology
regards the genes as the physicaljpasis of integration. But this
special biological property ofsintegration is exhibited on the
psychical no less than on Thé:[jhysical planc; and it is natural
to inquire as to which, of these plancs is primary and which
sccondary or whether'either, considered alone, can be regard-
cd as primary. \’Vé\@fém that the physical coherence 18 indis-
pensable; and, @dcording to the present biclogical evidence,
this is based™dn’ uniformity of nuclear characters throughout
the orgqx{ié}ﬁ. But the question remains as to how this physical
unifornity was attained in cvolution, as wcll as how it is
mgaii;ftamed in the present; also, what its final significance may

. Jg& "and what (if any) special determinative role is Lo bc as-
_tigned to the psychical factors as distinguished from the purely
physical ones.

T'his brings us back to the fundamental problem discussed in
our first chapter. The cssential question may be put thus:
What are the distinguishing characters of the living systems of
nature, as contrasted with the nonliving? The belief that some

5 “Frontiers in Cytochemistry,” Bivlogical Spmposia (Lancaster, Pa.:  Jaques
Cattell Press), X (1943), 182. prposia (Lancasier, Je



STABLE CONDITIONS IN EIVING ORGANISMS 141

ultimate or irreducible distinction exists between the living
and the nonliving has, for the most part, disappeared from
modern biclogy, mainly because of the success of hiophysics
and bhiochemistry in tracing the transitions between the two
classes of system and in bringing to light the physical factors
always involved in vital activity. Nevertheless, the apparent
dominance of the psychical element in living organisms, as
seen in directive and voluntary bchavior, inevitably brings
sharply to the fore the traditional problem of the interrelations
between the psychical and the physical--the “mind-body proli-y
lem.” In a broad philosophical interpretation this problerd has
reference not only to living organisms but to nature in gét}éral:
panpsychism has been a widely entertained doctrife 'among
philosophers.® Living organisms, however, are pect iar among
natural systems in exhibiting a unity and int{gration of struc-
ture and activity which are unigue in theit kind; these prop-
erties are associated with structural an:&lemical complexity
and with the further special property’ called “finalism” or
“teleclogy,” as illustrated in ’Eh@‘a)dapt%“éwaill@' Jidjresiveradn
tivities of man and animals and in developmental processes of
all types. N

All these vital scquengés have an especially close-knit or co-
herent quality and a soar directed toward definite ends. The
general concept of’directive activity, as contrasted with ran-
dom activity, hadjts origin in the ohservation of animal activ-
ity; and lfomjsiﬁélogy' with human behavior such activity has
usually bednyregarded as implying a control by volitional or
psychica’f}‘actors_ The intimate union of physical and psychical
in LhQ: determination of human behavior is a familiar fact;
Vﬁét’ is true for human beings is undoubtedly true for higher
animals, and a similar inference may be extended to other ani-
mals, and even to lower organisms, including plants, al-
though with increasing uncertainty as we descend the biologi-
cal scale.

‘The problem of the special status of the psychophysical, as
distinguished [rom the purely physical, in the natural worl.d
may be approached both scientifically and philosophically. If it

* Cf. above, p. 72.
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is not exclusively a problem for biology, it is evidently one of
special importance to that science, particularly in its psycho-
logical aspects. The distinction between physical and psychical
is deeply rooted in human experience. In the normal field of
interest and activity of any buman being he is accustomed o
distinguish—usually without special reflection- between two
broad classes of natural facts and events: (1) those which are
physical, automatic or apparently casual, which be cannot do
anything about, like the weather or the permanent propcrtiiz}
of ordinary objects; and (2) thosc which arc subject moicor
Iess fully to his voluntary direction and control and“ior ‘that
reason are of special interest to him. He observesscarly in life
that his own organism furnishes examples of bofhclasses: as a
physical system it exhibits many properlii‘:’s.\ and activities
which arc “given’ and unalterable (its curous and intricate
organization is a natural fact which he/gihply has to accept);
and as a psychical system it has‘.i't} épccial sensations, 1its
thoughts andwr&}grgggég?f irt-fl-w’olyiti?’ilai impulses to action, and
the other characteristic eau};tg:s,g(') conscious fifc. Some physt-
cal actions of his body, cgspéé.’ially muscular movements, arc
early discovered to be sitbject to his will, while others, like
digestion or the heartlicat, are not, but proceed automatically.
When he turns l'ﬁhticntion to the external world-—which 15
in close contagk ahd interchange with his body, but for the
most part gpffs; s own way independently—many cvents ap-
pear as p}.{rgiy physical (casual or random) in their complete
lack ofrelation to any imaginable purposc; while others, espe-
ciallyngcrtain actions of other human beings and of animals,
gi“) cvery impression of being under a purposive control
~\similar to that of which he is conscious in his own life. Be-
“tween these two classes there is a border line of cases which
seem ambiguous, especially to primitive man, by whom they
are sometimes referred, more or less vaguely, to psychical agen-
cies of an unknown kind, often conceived as supernatural.

For the purposes of the present discussion we may disregard
the doubtful cases and make, as before, a broad division of the
events of nature into the two classes: {2} purely physical (auto-
matic, randoni, or casual) and (5) psychically directed or tcleo-
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logical. Experience shows that the two are not independent,
and it may not be possible to maintain this distinction in any
ultimate sense. Nevertheless, many natural events have all the
appearance of being purely physical, i.c., without psychical
guidance or admixture of any kind.

Usually the distinction between physically determined
events and purposive or intended (teleological) events is per-
fectly clear, and the distinction has always been recognized.
The chief, if not the only, demonstrable examples of the teleo-
logical class are t be found in the actions of living beings; on
the whole, nonliving nature appears as undirected or néns
teleological. Undoubtedly, this contrast is a rcal one, @nd it
appears to be an cssential feature in the contrast betwgeﬁ living
and nonliving systems; the indifference (*cold-blégdedness”)
of purely physical events is instinctively regarded)ds a nonvital
or antivital character. We may consider Igture} then, as in-
cluding both undirvected events (casua. “Yandom, fortuitous)
and events directed toward special epdé:,x he latler owing their
character {ultimately, at least) 19.'zigénci¢ﬁxﬁibi§aﬁmﬁsmk3ﬂ_8@§§n
some inner aim, dircclion, or Rl:(r}ﬁf}sc—i-ﬁ-; psychically actu-
ated. Y )

Randomness is a nega,jziv;-i ‘conception, signifying absence of
dircction; and scientifie,observation indicates that fortuitous
(undirected) activifyép’érvadcs all parts of the natural world.
As alrcady pointed out, it forms the basis of many physical
regularities, ipefdding the thermodynarmic and other statisti-
cally baSCd\'l:{;\-i}s. 7 he motions of single molecules are casual or
mainly Qyﬁ;"éingle atomnic and molecular units are regarded as
not idé':tltical in their behavior but as having a certain range of
)a'éi\ri?iﬂonj grouped regularly around a stable value or mean.

N physical Jaw this mean corresponds 10 2 natural constant of
fundamental importance, one manifestation of which is the
gas constant.” Like many other scientific constants, this one is
not an immediately observed datum or natural individual but
an intellectual product or “construct,” derived by applying a

" Represented by Rin the gencral gas-law equation, FV = RT, where P =

Pressure, ¥V = volume, and 7 = absolute temperature.
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standard mathematical treatment to a collection of measured
data.

The validity of statistical method in its application to nat-
ural phenomena has been thoroughly tested and confirmed
experimentally in many fields; Willard Gibbs’s work on statis-
tical mechanics is a classic example, 'The important conclusion
follows that the mathematical science of probability has an
entirely empirical basis, grounded on certain universal fea-
tures of natural activity, even though in its finished form it ig an_
artificial creation, rcpresenting an abstraction from the -
dividual characters of observed events. As Born has péeently
remarked, “the laws of probability are valid just as an¥ other
physical law in virtue of the agreement of theirﬁéﬁ‘sequcnccs
with experience.”® Probability is a type of ¢ongtancy.

The most significant characteristic of livingvorganisms is the
high degrec of individuation which they sxhibit, as illustrated
especially in the higher animals and man. It should be noted
that this individual quality is shargd,nn greater or less degree,
by all natural-ebjetisantidrentisiggiiNature s a composite of in-
dividual events; i.e., each sipg!;é'object or occurrence, psychi-
cal or physical, has its owrgjil,{liqueness or particularity; by im-
plication, cven cach atgm has its “own’ internal constitution,
just as it has its owngnique activity and its special position in
an environment. "Lach atom retains its individuality (“seli-
hood”) and ocqlpies unequivocally a certain portion of space
at a given tiie} two colliding atoms displace cach other, just
as do twaodlarger material objects or two electrons: interference
isa fgrnslﬁfhental fact of physical nature.?

B‘L}t,\ complementary to this recognition of uniqueness in
gdrh single object or cvent there is the further recognition—of
\m’ii“mitless antiquity, as the existence of languagc shows—that
the events of mature repeat themselves, that they fall into

194531)\2[? ;is?m’ Experiment and Theory in Physics (Cambridge: University Press,

_* This is an exclusion principle, having its relations to the physical exclusion
principle of Payli, which is too technical for consideration here; it is sufficient
to note that it is also an individuality principle, For a discussion of the philosophi-
cal significance of the exclusion principle ef. the recent article of Henry Mar-
genau, “The Exclusion Principle and Its Philosophical Importance,” Philosophy
of Science, X1 (1944), 187,
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classes or ““tropes,”t? ic., into definitc forms or categories.
This state of things is also an cmpirical fact, the implication of
which is that naturc contains a variety of permanent factors or
conditions making possible the recurrence of objects or events
with fixed properties. In Whitchead’s terminclogy, these per-
manent conditions are partly *‘primordial,” i.e., without as-
signable temporal origin, and partly “consequent,” Le., prod-
ucts of past activity or cvolution.” Undoubtedly, it was
through reflection on this universal repetitiveness of nature
that Plato was led to the conclusion that stable forms or similja
tudes, and not individual entities as such, constitute the funda*’
mental realitics of existence. The problem of the origin ef rat-
ural species applics not only to the biological ficld bﬁt’fo na-
ture in general and has its origin in this universqhﬁa%ural [act
of repetition. Individuals are transient, whilg farms arc per-
manent;? and in modern times Whitehead has/iniroduced the
term “eternal objects” ™ to designate tf}@}ou.ltimatc stable fac-
tors which underlie and condition theepeated occurrence of
similar events in nature. "~ "; www. dbraulibrary org.in

'The scientific interpretation af :th'is natural tendency to re-
currence is somewhat differesity the repetition of similar ob-
jects or phenomena is usyalty regarded as indicating the ex-
istence of constant phydical determining conditions; and this
principle, long actcd&: has its general logical application in
inductive reasoningAs already pointed out, induction recog-
nizes that the osttinual recurrence of natural individuals of
the same L)f,pé}ﬁlpiies the existence of stable determimng con-
ditions O‘foé’x’fﬁore inclusive kind, the nature of which may be
inferredftom the study and comparison of the single individ-
ualsCEn general, the conditions determining the recurrcnces
dhphture appear to have a greater stability than the individual
events, although there are exceptions to this rule; a mold may

' George Santayana’s expression in The Realm of Matter (New York: Serib-
ner's, 1930), Vol. I1, chap. vi.

Y Process and Reality, passim,

2 CE Plato’s cosmalogy-—c.g., in the Timass.

1 - . H ta - = T -
sio * Process and Reality, passim. “Forms of definiteness”™ 13 an alternative expres
n.
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be broken, or printing plates melted down, or works of art
may outlast the artist who created them. Nevertheless, exem-
plifications of this rule are innumerable; an unlmited num-
ber of impressions may be made trom a single die, or hundreds
of performances from a single movie film or phonograph rec-
ord; a stalagmometer delivers drops of uniform weight an un-
limited number of times, illustrating both its own stability and
the stability of the laws of surface tension; countless individ-
uals of Lingula have lived and died since the Paleozoic age. ,
Belief in the real existence of eternal objects, constiti{ng
the ultimate factors of stability which underlie and cofidition
all natural recurrences, may be justified as an extenflon of the
experimentally well-founded scientific principle grag repetition
of events implies the stability of their condition$ s Whitehead
has expressed it, “cause, repetition, habigdre all in the samc
boat.” A watch spring or pendulum shoyg the connection be-
tween constancy of static properties (3féh as tension or weight)
and the constancy of the dependdad actvity. Similarly with
the case of rﬁ%"ﬁrﬁ?‘ﬁ?lé’?%ﬁEFa‘ff&f‘fb’ cvidence from astronomy
indicates that the physical{eharacteristics of radiation (a
rhythmical activity pervad’iﬁg all nature and associated with
rapid transfer of encrgy) *have remaincd unchanged during
many millions of ycaksy? the same may be said of many other
physical conditi lié,"gucl'l as gravitation, on which, for cxam-
ple, the stability of the solar system with its regular cycles de-
pends. FrordAiich natural constancies it is a short step to infer
the existehet of underlying stable conditions which form the
nec sﬁg\}_;"foundation of all constant types of activity, On such
a vicw, all natural recurrences, including the biological, are

',stumcd to have a foundation of permancnt or unchanging

“onditions; and the term “eternal objects™ may well be used as

having reference to these conditions. The word “object” im-
plies a status like that of other natural existents, while the
word “cternal” implies an cxtreme or exceptional degree of
stability, as well as pervasiveness,

At the same time it should be recognized that many special

" l’or_a recent discussion cf. the paper by Gustav Strémberg, “Coherence in
the Physical World,” Philosophy of Science, IX (1942), 323.
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recurrences have their hasis in conditions which are far from
being eternal: thus the automatic or habitual actions of a par-
Hicular human being depend on definite features of his per-
sonal organism, and the latter, as a physical system, is only
temporarily stable, Tt seems clear that any natural system or
condition which prescrves its stability for a certain peried of
time may during that period furnish the determining condi-
tions for a succession of single events having a special and uni-
form characler dependent on that stability, even though its .
own lifctime, and hence that of the dependent events, may be
strictly limited, The general natural fact of causation is tog b};\
understood on this basis; what it implies is that each singleiin-
stance of physical activity occurs under certain morg~er less
stable physical restrictions imposed by cnvironrggﬁ:&] condi-
tions, which dctermine, largely even if not Completely, its
special character as an individual occurrchce Uniformity of
conditions implies unilormity ol change Q{ @ctivity

This dependence of likencss, both static facts and in ac-
tive events, on the permanence of ;}ctérlnﬁiﬁfg-@blmﬁtiﬂﬁs;}ismg_in
familiar fact to the naturalist apd';is illustrated impressively in
the facts of biological inheritaxit;}:’. In this process, according to
present theorctical conceptioi{s (briefly reviewed above), the
required conditioning ,@'cg\manency is the physical constitution
of the germ plasm (1aw conccived as a group of genes), which
is handed on in af essentially unaltered stale from parents 10
oflspring in thé\§dccession of generations. All individuals de-
veloping fl‘.Q{I’;?}S.iIIl‘llaI‘ germs under simijar external conditions
are similav/This case again illustrates the general principle
(just gited) that the permanency required to serve as the con-
@iﬁ‘jﬁ ‘under which similar events arc repeated, or similar
ﬂ{h?'gical systemns come into existence, may be only relative. A
special generating condition or sct of factors may last for only
a limited time, and yet during that ime it may furnish the

* For the case of biological causation «f, my paper in Plalosop hy of Science, V:H
{1940), 314; cf. also Whitchead, Adventures of Ideas, chap. xii, Sec. 11§, p. 230;
also Whitehead, Symbolism, Tts Meaning and Fffect {New York;lMaCITllﬂa:I’l Co.,
1927); here he describes the cause-cifect relationship as consisiing essentially in
¢onfarmation; in cach instance of causation wc see “'the overwhelming conforma-

Uen of fact, in present action, to antecedent gettied fact” (p. 41%
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origin for a long series of cvents reflecting its temporary con-
stancy; these events will have a class similarity or “family re-
semblance,” but this will vanish when the condition in ques-
tion is altered or destroyed.

Such a special temporary condition, which acts during its
lifetime as a conditioning or causative factor, illustrates also
the property of individuality or special uniqueness possessed by
all single events. A single event, regardless of whether it is
casual, voluntary, or repeated, may under favorable circuga»
stances establish conditions having a high degree of pexma-
nency. Not all natural events are of a repetitive kind; manyap-
pear to be completely individual, unique, and trax{sié’nt; they
never attain the stable propertics and conneciipns which are
necessary if they are to be the detcrmining sgurrce ol numerous
events of a definite kind, Many cccurrenged'in the history of
nature or mankind illustrate this condjli\s\uf; such a unique oc-
currence or individual is ““in a class’by itself”’; the distinction
between clags, %Flu%l~ia%ﬂia}i&§?grdii§13bljear9- As Whitchead thS
pointed out, an event, as indiya@ual event, is not repeated;’® it
is what it is, then and theres i¥s likeness to other events of the
same class depends on“théf existence of other conditions, i.¢.,
permancncies of some’kind (including eternal objects), which
determine its ocgurtgnce and its special peculiarities. "These
conditions are me\stable factors which are rcsponsiblé for the
likenesses hepween single events of the same class.

Since, hél’\l, the single historical individual or event is just
itsclf apd4¢ nonrepeated, there seems to be a certain naiveté in
assigning stereotyped class characters or applying fixed formu-
lag=-as is often done—to highly individualized events, facts,

~(oF persons and then considering the latter as completely char-
‘acterized. While such a procedure may often be practically‘
useful or necessary, it is at best an approximation and, when
employed without judgment, may give deceptive or unrealistic
results. Whitehcad’s ““fallacy of the perfect dictionary”?” has

%A, N. Whitchead, Az Lnguiry concerning the Principles of Natural Knowledge
(Cambridge: University Press, 1925), sec. 14, p. 61; also The Consept of Natwre
{Cambridge: University Press, 1930}, chap. vii.

17 A N. Whitchead, Modes of Thought (New York: Macmillan Co., 1938), D-
235; cf. the discussion of language throughout this book.
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cefercnce to unrcalism of this kind. The natural process, with
its inherent creativity and impulsc toward novelty, never re-
peats itself exacily in the single objects and events which it
brings into existence.

This last statement requires a certain qualification. Observa-

rion shows thal it is true of the more complex products of evo-
lution, such as the higher animals. But in the elementary natu-
ral units of structare and action what impresses us chiefly i3
their uniformity: all electrons are alike, all molecules of the
same composition and structure have the same properties. The)
units apparently repcat themselves with perfect exactitudé;as”
well as in numbers which appear unlimited. In strict, tligdry,
however, the uniformity of (for example) all carbgratoins is
statistical, and single atoms have a limited range'b}\\rariation.
At the same time, the uniformity of atomic p opertics must be
very great; otherwise complex groups could’not unite to form
higher systems having constant propersies;In a fluxlike systerm
like the living organism all atoms of the same kind must be
perfectly substitutable for one agxp}lier; lifevdcphrddibirrthivg in
substitutability, which insureg }'tl:ﬂa stable properties of the
metabolic flux. Simiiar considetations apply (mulatis mutandis)
o all natural processesmv;fhich are regularly repeated. Ap-
parently evolution ré éurés a combination of stability in the
foundational units wWith a certain novelty of action in the high-
er synthesized indviduals. The stability of units, however, is
relative to theystability of the cosmos as a whole at the par-
ticular stagé )of cosmic history. This stability may be very
great, bg}‘fkvolmion shows that it is not absclute.

e
~

O



CHAPTER X1
Stability, Equilibrium, Change, and Novelly

IN NATURE we mcet with all conditions ranging from ex-

treme transiency to exireme permanency; so long, howe
ever, as any objcct or condition has a local existence and a suf-
ficient degree of endurance, it may act as a generating sehier
in the manner indicated above and give rise to a sucgssion of
events or objects with uniform characters. An irportant gen-
eral fact is that single events which appear 1Q~Q3’C11'Lirely arbi-
trary or fortuitious may, under favorable olrtwimstaiices, cstab-
lish conditions having a high degree of eridurance; and these
may secondarily determine the chargx{tiz:r of many succeeding
events. Both the special nature of thé\@onditions and the cvents
resuiting ﬁ%é&’?"%*ﬁﬁ%'ﬁﬁfﬁf&si‘béﬁe ; for example, according
to the tidal hypothesis, the so}znr gystem had its origin in the
chance rmutual approach‘b.f ‘two stars; and the irreparablc
conscquences of accidgnt in human aflairs are all too familiar.
Innumerable instanees of this kind are afforded by human and
natural history. W‘T\ﬁé’t is truc of casual actions may also be true
of the voluntar¥yactions of human or other living beings. In
general, wiiay say that the effects resulting from the con-
junction@fhighly individualized systems or events can be pre-
dicrq@",x\ﬁi’ in part, if at all; something novel or “unprecedent-
eci’?.jis\sure to happen. This is the case ol “emergence,” which

Adeonsidered later in this chapter. -

\m‘: * Tt may be questioncd whether the conception of absolute sta-
bility can apply in strict realism to any condition which [orms
part of an evolving universc; it is even possible that the most
fundamental laws of nature may vary at different widcly sepa-
rated periods of time, as Whitehcad has indicated in his con-
ception of cosmic epochs.! Yet there can be no doubt that
many conditions deeply rooted in nature (like the law of

1 Process and Realily, csp. p. 139,
150
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gravi-tation), if they change at all, do so with extreme slow-
aess. Such permanent conditions would correspond to eternal
objects; thelr stability would bc as complete as it is possible
for stability to be.

Complete stability would seem to require a very special
kind of natural setting; if naturc is a single whole, the essential
requircraent would be a certain conformity, fitness, or har-
mony in relation to the whole system of reality. Experiment
shows that the special character and behavior of any single N\
physical system or event depend primarily—apart from jits
own intrinsic constitution and propertics—on its relatiohs
with the immediate surroundings, i.e., on that region of physical
nature with which it is in dircet contact or continufits?: these
relations would include influences, like radiatiqn;\feaching it
from a distance. If the system is a perfectly stable’one, the sys-
tem and its contiguous environment would exemplify the re-
ciprocal relation catled “equilibrium,”"ii& Which equal, oppo-
sitely dirceted influences balance ofig “4nother, producing a
stationary stale; such a condition sould e iitudiraedbbarghorg.in
phase-rule or similar instancegof heterogeneous equilibrium,
like the equilibrium of ice with liquid water at 0° and 760 mm.
pressure, A

But the immediag 'iéilkdrol'lment of the system under con-
sideration has its o\bn larger or inclosing environment with
which, under the mdsumed conditions of complete stability, it
also i3 in eq iliBrium; hence the stability of the original sys-
tem will depend secondarily on the stability of this larger en-
Vimml}\e& {“and in a similar manner wec may proceed to in-
cludeviniore and meore comprehensive environmental condi-
s} undil ultimately they come to be all-inclusive. Whether

ature actually does include any conditions excmplifying a
stability which is complete in this physical scnse may perbaps
be doubted; but an all-pervasive medium which is perfectly
homogeneous and uniform in properties, like the ether a.LS
f?fmerl}’ conceived, would correspond closely to this condi-
tion.

In fact, the existence of certain all-pervasive stable natural
condlitions is assurned s a gencral postulate in the fundamen-
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tal departments of theoretical physics. Nature as a whole does
persist, and this general fact of unlimited durability would
scem to presuppose the existence of certain ultimate characters
which are invariant and foundational; these would constitute
the [undamental natural constants underlying af/ kinds of
regular activity. Examples of such constant conditions and
factors, experientially well attested, may be cited briefly as
follows: (1} the gencral homogeneity of space-time (i.e., geo-
metrical) conditions; (2) the rectilinear propagation of radias_
tion iz vacuo at constant velocity; (3) the uniform rectilingat
motion of bodies in frec (“empty”’) space (Newton's firstlaw);
(4) the gravitational and inertial constants; (5) thd glectro-
static constant; (6) the quantum constant; (7) tEunit elec-
tric charge {electronic charge); and (8) othq}“’\gé'ncral condi-
tions partly derivative from those just citet\stich as the con-
servation of energy and mass and such closcly related phenom-
ena as centrifugal force, the Foucag{t’:cxpcriment, and the
stable setting (i.e., constant relafive’ positions) of the stars
e A - - Ly . . N
and nebulSe"3 Tact Th 1¥a%l1§z;r?a fixed oricntation of spatial
co-ordinates and stability of (he*general space-time field. All
thesc facts imply that theJgéneral continuurm within which
events happen has cc;*jﬁi}i’uniform physical properties of a
delinite kind—"“defipife™ here meaning stable and measurable.
A certain unitﬁ\ﬁg};’ ‘coherent, and integratcd property, of
which these unifgrmities are the physical expression, must ap-
parently be ascribed to naturc as a whole. In this broad sense
nature corrdsponds to a single being, or cosmuos, within which
the obséryéd diversification occurs; and the extent and variety
of tl‘ns iversification appear to have increased in the course of
titde, as an expression or consequence of the historical process
“which we call “evolution.” On the whole, allowing for local
side-currents and setbacks, evolution has been diversifying or
creative in its trend. We are thus brought back to a considera-
tion of the conditions making for difercntiation and progres-
sive evolution within this cosmos. These conditions exist side
by side with others, such as those just cited and the laws based
on inertia (like the laws of thermodynamics), which apparently
make for uniformity.
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It is perhaps worth while here to point out that scientific
extrapolations likc the prediction of an eventual thermody-
namic cquilibrium throughout nature (the “heat death” of
Clausius) are based on the consideration of single physical
factors, abstracted from the remainder of natural activity;
they further assume the invariance of these factors throughout
the whole history of nature. Hence it is not surprising that they
appear incompatible with the creativity which is regarded by
Bergzon and Whitehead as an ultimate property of nature. Of
course, il there were nothing but random activity in the uniz
verse, Clausius’ prediction might very well turn out to be tpue,™
But all reasonings based on the assumption of a complets uni-
formity in the fundamental processes of nature must b}: taken
with reservation; they ignorc or “‘reason away”’ thgj&ﬁpredict-
ability in detai) which is also a feature of naturdye¥pecially its
living part; this feature scems to be inscpa;gﬁl&’from nature’s
character as the field of individuation. se\\

Any patural process which leads to novel difcrentiation and
evolution requires a corubinarion Qf’divcrs3’%&%’%‘5?‘5@'%(38&8-i“
may be divided (as indicated infchép. i) into the two broad
classes: (1) stable and routine factors and (2) initatory, novel-
ty-producing, or c;rez.tti\-'equétors. Considered in its most gen-
cral aspect, as an (;\--olvi@g. hexus of cvents, naturc appears as a
system in which COI]S(}Q’E{&VB and anticonservative {actors co-
exist and play eql{a'lh'-' indispensable parts.

Factors belo,q’ging to these two groups are closely interde-
pendent andrafiimes are difficult to distinguish. Many natural
systerns am%ér slable, and yet close observation shows them to
be Sl(’.‘*'j}"" changing in directions for which no external deter-
miﬂ'%iti\tm can be scen; this is notably the case with living or-
gantsms, each of which, according to present biclogical con-
ceptions, represents a stage in an cvolutionary line of descent.
Biologists regard animal and plant species as stable, within
narrow limits of variation, yet at the same time as subject to
¢volutionary change, although at very different rates. The
stability of specics varies from organism o organism, and this
variability appears to have some correlation with environ-
mental conditions. Yet it is still a vexed problem as (o how en-
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vironmental changes affect the germinal constitution; and
certain variations are classed as “spontaneous,” implying an
internal rather than an environmental determination, Many
instances of mutation belong in this class.

We may now consider these factors, especially the sccond
group, in somewhat more detail. We are considering evolution
in its synthetic or creative aspect; this restriction is necessary
because evolution is at times regressive. The naturalist ob-
serves that part of the activily of nature expresses itscll, in‘the
long run, in the creation of novel systems and organismgé, hese
are products of synthesis and appear as resulting frond the con-
crescence or rearrangement ol alrcady dlfferemmt&d simpler
elements or systems. Evolution requires persi§iént and pro-
gressive change, asserting itsell in the mids€\oDconditions hav-
ing a certain degree of stability, suﬂluukt o enable the anti-
conservative (including creative) factoghto assert themsclves
continuously and unidirectionallys¥1 considering the factors
of change V}WL&})MQ@E‘L}& (g,xgqllguon. a distinction must be
made between (a) routine types Of change, including uniform
change and regularly recurgént (cyclical) change, and (5) non-
routine types of change the latter appear largely to be indi-
vidually determmed &( “spontancous,” ie., are examples of
change having itg{origin within the changmsr system itsel
rather than in ifs.environment.

The conegption of spontancous change is a difficult one.
Completejigalation of any system, like the isolation agsumed in
the “windowless” character ascribed by Leibnitz to his
mondds) “can hardly be regarded as cxisting in nature, since
e f:ry natural system appears as in contact and communica-
tlon with its environment. Yet it is undeniable that certain
Systems attain a high degree of autonomy, and such highly in-
dividualized systems are especially likely to be the source of
novel activitics leading o new creation. These systerns would
exemplify the condition which we call “freedom®; among hu-
man beings, creative persons, such as men of genius, would be
examples,

Individual uniqueness and cvolutionary progress are close-
ly related facts, although they are not incompatible with 2
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close dependence on the environment which incloses each
single entity. According to this conception, some degree of au-
tonomy must be ascribed to each natural entity; i.e., the rec-
ogmition of a thing as unique, different from all others, implies
that its deterniination—in part, at least—is unique, which
means individually conditioned or “free.” A further implica-
tion would be that the more highly individualized a thing is,
the freer it becomes; in other words, in the more highly organ-
ized and integrated sysiems determination becornes to a great-
er degree internal and independent of cxternal conditions. At
the present time creative processes appear to be Iargelyi:(\:fl-
tered in human beings as the most advanced products\of ani-
mal evolution. But this statement is only meant g describe
what we observe in our prescnt situation and hasm reference
to the ultimate source of creativity, which may very well have
little respect for human prelensions. N

King Solomon is related to have sqi&ih:""i“here is no new
thing under the sun,” a statement difffttlt to ascribe to a wise
man and realist (such as he is repated tovhiavel breetihrsigos: iin
would deny the existence of nobkoutine activities in nature,
The similar denial made by Lticretius in the De rerum natura
{(“Fadem sunt omnia senyicy”’)? Is qualified by him in another
Passage, as hag been ]{;ﬁn ed out by Sir d’Arcy Thompson,®
who remarks on .

astrange point in thesbdcretan doctrine, that “exiguun clinamen® {Bock
2,292) by which theJttms swerve cver so lirtle, and only now and then, from
the straight dctef&iﬁcd path and so are brought into collision, which colli-
sions are the sfinfing point of a new erder of things. Thus a ccrtaip freedom
of action is%iesscd even by the atom and is the first adumbration of our
own soul$ Tree will—“unde hacc est nobis inmata potestas” (Book 2, 286).
Here Litebetivg qualified the more relentless materialism of Democriins. ...
I t‘m;@inrids us of Newtan's famous scholium: “a cacca necessitate, quac
catlgm est semper et ubique, nulla oritur rerum vaviatio.’”**

iii, 045,
¥ Nature, CXXT (1923), 565.
1There is a4 modern echo of this in C. 8. Peirce: ““Mechanical law ‘can never
produce diversification® (Collected Pupers of Charles Sunders Deirce [C(I}n'_ll‘n}idgg,
fass.: Haryard University Press, 1931], Vol. I, par, 174). Gi. also Whitehead,

Process and Reality, pp. 139-40. The foregoing citations are from niy paper *“The
i)?iff”i“ Inﬂue_ncé) IiJn Living Organistns,” fournal of Philossphy, XXIX (1932),
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Routine types of change are those which arc continually be-
ing repeated in phenomena; there is nothing new in them;
they represent stable conditions of a spatioternporal or four-
dimensional kind and are illustrated in the countless regular
processes, cycles, and rhythms of nature. When measured, such
activities may show a constant quantitative character or in-
variance equal (as regards stability) to the invariance of pure-
ly static conditions, like the mass of an isclated solid object or
the propertics of a gravitational ficld; for cxample, the velgé™
ity of light in sacuo is the same whenever and wherever gigas-
ured, and the wave lengths of light arc regarded as phesmost
exact natural units of spacc measurement that’u{?\possess.
Similarly, the specd of sound in a given gas at gahstant pros-
sure and temperzture is constant and charactmﬁ«ft‘ic of the gas,
an experimental fact implying that in eachdeyion waversed by
a sound wave the molecules pass tl’lrog:gh\ﬁ regular and per-
fectly reversible cycle of displacemoutys

Innumerabsle rocesses based on{fixcd physical routines arc
well knom}ﬁ\;'\”é[d sﬁ%emf PG ggiﬁ,}iilintcrcst are chemical reac-
tions occurring under standayd conditions of concentration,
temperature, cnvironing snedium  (solvent), and catalysis;
each reaction hag its cﬁ’éracteristic speed or tempo (“velocity
constant™). More cofaplex types of active change arc based on
such regularities; and of these types, living organisms furnish
the best examples; they arc stable systems (during their hife-
times} in w’i’{iéh the componcnt units {cells and tissucs) are
highly Qrganizcd centers of activity. Physiological processes
like tl\}Qh&artbeat arc repeated regularly with only stight varia-
tionthroughout a long lifetime; and the complex cycle of em-

ml?fj?dnic development repeats itself from generation to genera-

Ntion with unfailing exactitude. These examples illustrate how

stable elementary processes may give rise, when combined in

an organization, to stable types of activity of a higher order. It

is evident that a fundamentat condition of these }'1-ig}'1er types of

synthesis is the constancy of the elementary component activ-
1t1es,

The natural fact which has to be accounted for on other
grounds than constancy is the not infrequent departure fromt
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routing, i.e., the initiation of activitics lcading to novel and
unpreccdcntcd developments and ultimately to creation and
evolution. Observation indicates that such novel conditions
may originate in two ways. One mode of origin is through
pure “chance.” Chance ig a real factor; the detail of nature is
only partially integraled, and unforeseen conjunctions are sure
to happen, We have already referred to the fundamental part
played by probability conditions in physical action. Some
have doubted whether there is such a thing as pure chance
{chance is “divection which thou canst not see’); but in the
sense of activity uncontrolled by telcological aim, all ohsetya-
tion indicates that it s an omnipresent factor in naturgtl;e\‘r’cnts.
Apparently, it is more pervasive than the dircctive {a}cfér; the
latter appears to intervene not continuously but, in:src‘rmittcntly
and only at special places and times. !

In general, the conjunction of previously separatcd elements,
factors, or systems has consequences that could never have
been predicted {rom a knowledge of tlie single items before

Q!

their conjunction. We are refergifig to e wrdberudibreatuesg.in

condition now called “emcrgen(;'e:”’ As a general natural fact it
Is discussed briefly by Aris‘qpt‘l%if and Morgan considers it fully
initsrelation to biologiqg{problems in his book Emergent Evolu-
fion® Whether the cm@péncnts are brought together by acci-
dent or design makcs'no difference 1n the final outcome; the
first combinatig;g’& hydrogen and oxygen gave a product—

B efape’g,-:icf\ﬂ;fb 17

*Lloyd Mesgan, Emergent Frolution {Gifford Lectures, 1922) {New York:
Henry Hdlt\& Co,, 1926). For other recent discussions of emergence cf, H. 5.
Jennings\ *Niverse Doctrines of Evolution,” Stience, LXV (1927), 17; W. M.
';\._‘1"‘*1.15‘1'@ *Emergence without Mystery,”” Philosaphy of Seience, VT (1939), 17, and
Aehotistry: Emergence without Mystification,”™ téid., VIIL {1941}, 39; R. Ab-

\g;’“tza “The Theory of Emecrgence,” Philosophy of Stience, Vi (1939), 1; E. G.

E}Eldﬁn%’ A World of Chance; W. E. Ritter, The Unity of the Organism {Boston:

» b1 Badger, 1919),

The Hegelian dia)lcc tic, as applied 1o nature in general, is 2 doctrine of emer-
Bence. 1t may be noted, however, that the number of opposites {or conerescents}
uniting (o effect the synthesis need not be limited to 260 many factors are cons
cerned in each emergence or instance of creation; the logical division into A and
?aﬂt-A 18 100 bare for most scientific purposes. Nevertheless, the division of the
i Emrs of 4 phenomenon into two oppnsing groups is 2 gcr}eral feature of scien-
ific method, as we see in the concept of physical equilibrium, a$ well as in the
general use of equations fo describe the quantitative aspects of phenomena.
di er,"; 15 4 certaln relation here to the gencral property of existence called dia-

Lm” by C. 8. Peirce, )
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existed and which had prop-
erties different from those of either componecnt in isolation.
Random conjunctions of a similar kind may be assumed to
have been responsible for part of the existing diversity of na-
ture; the possible origin of the solar system [rom the casual en-
counter of two stars bas alrcady been cited, and other instances
readily come to mind, as, for example, geclogical events, or (in
the biclogical ficld) the chance mectings of human beings, or,
more generally, the curious structural and physiological make\
shifts oftcn found in animals and plants, O\
The second and perhaps the chicf source of noveltyd S P-
ture is conscious {and perhaps also bub(,OI'N(,lOu\) \alth and
cffort—-the teleological facior; this, of coursce, ﬁ especm[h
congpicucus in human aflairs. The modern p.]mflo‘sophers who
have considered teleology most [ully in relafiod to general bio-
logical conditions arc Bcrgson and \Vh].tebead According to
Whitehead, “subjective aim” rudzme\tar") or potcntial pur-
pose—is a (haraé?’rl(,glil té(rza(l)f all a{,tuah{) he holds that there is
present Lhroug}/lout nature an 1nnat(, tendency {“appetition”)
toward diversification and syafthesis: “creativity is ultimate.”
The presence of subjective«ir is a direct fact of experience in
highier animals (man); gDviously, most of the permanent con-
ditions peculiar o hiiyan socicty are the dircet or indirect
result of the purpos\tv\e activity of past and present gencrations
of men. But evogibiere, chance and conscious purpose are close-
Iy interwoverhafd often difficult to disentangle; it is familiar
that oppc:(t'\m} may cotne by chance and then be seized upon
by puz:QQse Just now we are merely calling attention to these
general conditions without entering into detail.
(Whe fact of present interest is that in human beings the na-
\ture and conscquences of purposive action are in large part
obscrvable and open to scientific study. In other OTgANISIuS,
however, the attempt to account for behavior in terms of sub-
jective aim and other psychical factors meets with the Insur-
mountable difficulty that such factors arc not accessible 10
external observation. Psychical isclation scems to be the inevi-
table corrclate of individuation: the monads are “windowless.”
As Thomas Huxley remarked in his monograph on the cray-
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fish, ‘nothing short of being a crayfish would give us positive
assurance that such an animal possesscs consciousness.” Ex-
ternal observation, on the other hand, is always possible; ac-
cordingly, he recommends concentration on the physical as-
pects of animal behavior as alone being capable of giving true
scientific knowledge in this field. It is ncedless to emphasize
this at the present time, when behaviorism has attained the sta-
tus of a special technique or cult, though now apparently de-
clining in influence. Work in this field has shown that there is

no limit to the analysis of behavior in terms of physical ar;d\

physiological detail; and such an analysis, if purely objecive]-
disregards the possible presence of controlling psychic factors.

Nevertheless, there remains the problem of the exjsience and
range of activity of such factors and of how they. @pg&énz.tbled to
mtervene cffcctively in the determination of visad Activity; and
our present scientific concern becomes or;q@g’arding the pos-
sible valid methods of approach to thiggroblem. At the pres-
ent time, many comparative psyph@li)g\ists recognize that

rww dbraulib 'ar%&[;g_

psvchical factors such as motivatigfvaid purpose must be
sidered, in addition 1o physiqlb;sé’déal factors, as real deter-
minants in animal behaviorsThe essential problem is: What
observable criteria are ]:\e‘(“:uliaT to activity occurring under
psychical control, as disfinguished from activity determined
by purely Ph}’SiOIOgi(K:a conditions?

We come again™o the fundamental biological problem of
the interrelatigny between psychical and physical. In our pre-
ceding disgmyéton the chicf emphasis has been placed on the
view thanphysical and psychical are not separate and inde-
Pmc!r;pj;, factors but dilferent aspects of a unity described as
‘ipsyg\hoph}'sical” (psychobiclogical). Can valid inferences be

#wn from the cxternal or physical manifestations of living
organisms as to what is occurring in the physically unob-
servable psychical field? Apparently the answer is partly “}fes”
and partly “no.”” In the intercourse between human beings
Such inferences are continually being made. Fach person can
observe both aspects of his own behavior, and he finds that
certain physical actions arc an infallible index of consciousness
and purpose; general rules derived from such obscrvation

n
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(which we are assuming to be scientific in method and pur-
pose) can then be applied to his fellow-men. Such empirical
mcthods are based on the correlation of external and introspec-
tive observation; they include as a chief object of study the
part playcd by language in the communication of feelings and
idcas.” Herc only brief reference can be made to such methods
of approach to the psychobiological problem: in human be-
ings. On the other hand, in those cases where observation is
confined to the physical, as in nonhuman organisms, afisd 3-
ferences regarding the psychic factors at work become({dotibt-
ful, even in closely related animals like the primatg8yand the
more 30 the greater the difference [rom huma{,ln'rg’ci"r'lgs. "The
gencral question may perhaps be better put P dnother form:
Can we account for all that occurs physicali‘y}in living organ-
isms without reference to the possible inﬂu'cncc of psvchical
factors? I not, what are the Cxtcma,lzl}?\ubscrvabic ¢riteria of
the psychical, and what special ro‘IC’i}n vital action is to be as-
cribed to S%-ﬁ%m’igbral‘y,org:jA“: ’

? There are also such facts ag thc»{giﬁi;iti\:e” awareness of other persons’ feel-
ings, thoughts, and intentions. Thig'is also a part of commmunication, and we may

assume it to be bused on sensidye“observation and quickness of interpretation,
long cultivated in human relationships.



CHAPTER XII

The Special Role of the Psychic Factor
in Living Organisms

N GENERAL, chscrvation indicates that the primary bio-

logical role of the psychical is integrative, in corresponds,
ence with the unitary character which is the essential featlre
of the psvchical in our immediatc experience. As intgg}:ﬁﬁvc,
the psychic factor might be cxpected to have a specialrclation
to the synthetic activity so highly devcloped ing]ﬁkﬁlg organ-
isms, since synthesis is by its naturc integrationbr whole-forma-
tion; and the genceral evidence seems to suppc}t this view. Orig-
inative or novelty-producing activity appears to be a special
prerogative of the psychical, rather {Ben more repetition or

Q.

. . \ www dhraulibrary. org.i
routine; constancy and routine, askemplifying ravlmanx qre i

tive or stable side of nature, belohg rather in the field of the
physical, Psychical existence 1890 present time and carries with
It a quality of novelty; thC\past s left behind, and there is an
advance into the fut rfifﬁccording {0 our present conception,
the psychical is thodsolree of initiative when action takes on a
novel, unforesc—:cr%‘b’f creative forrn, as in purpostve activity or
(in a broader .{eﬁse) in natural creative action in general. Ior
example, invaghimal life (including our own) most of the vegeta-
tive and{to 1tine processes appear to be purcly physiological
ﬁnd .‘iﬁ.‘f“im.‘icious, while actions requiring special initiative or
mbyation demand conscious effort and attention.

In human beings we know that some actions (like writing a
letter) presuppose consciousness and purpose, while others,
Perhaps equally complex, arc unconscious. Both kinds are
a}ike in requiring a complex physiological apparatus. Biolo-
81sts of the mcchanistic school may point to the fact that those
forms of human hehavior which seem the most intimately de-
Pendent on psychical activity may nevertheless be duplicated
by mechanism, Machines can carry out complicatcd calcula~

161
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tions; we are accustomed to hearing them dcliver passionate
orations or perform elaborate symphonics. Yet these actions
are determined by purely physical conditions; no one sup-
poses the phonograph to be conscious of what it is doing. Such
cases are instructive as illustrating the possibilities of regular-
ly acting mechanism; such mechanisms are omnipresent in the
natural world, and there seems to be no limit to the complex-
ity of the results which may be achicved through their com-
bination. Similarly, the air is not conscious of carrying, e
sounds of a voice; nor the ether of transmitting the i’l'l:LY,.{C&tC
pattern of radiation that forms the condition of a radig\broad-
cast or a motion picture. ~\ N
Obviously, all such performances are dcpendjeht 6n the pre-
cision of physical conditions and factors; yet“ﬁ)é recognition of
this undeniable truth does not touch the qsschtial difficulty in
the problem of the psychophysical inte'rl}‘.l ationship. Everyone
acknowledges the dependence of kman mental activity on
physiologlval cdhditithisrbut ghe ﬁrdblem of the special “voli-
tional” relationship through wiitch psychical factors influcnce
physiological action has Qseéiﬁcd 1o many an insoluble one,
mainly because such an influence scems to imply that physical
nature—a closed systémi in spacc-time characterized by con-
servation and r &ilér repetition—can be altered by factors
which have np %ace in that system. How can a condition
which is nqt\‘}ﬂhysical effect physical change?
Thergisundoubtedly a scientific difficulty here; but this dif-
ficultyrhecomes less formidable when we recognize that the
conl ts “purely physical” and “purcly psychical” are artifi-
.gial' ones and, as such, incomplete in their realistic reference,
Being, in fact, abstractions from an experience which combines
both aspects. If either aspect, psychical or physical, represents
only part of a reality which in its actual or exjstential character
includes factors of both kinds hence better called “psycho-
physical”’—the problem appcars in a different and clearer
light and need no longer be considered *insoluble.” According
to the “double-aspect”’ conception, psychical activity cannot
be isolated, as an independent agency, from other kinds of
natural existence but is always associated with physical activ-
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ity; hence, no one need be surprised that it has physical effects.
A man is not directly conscious of the underlying physiological
and neural processes accorapanying his thoughts and feelings,
which may (or may not) Icad to voluntary action; neverthe-
less, these physical processes are existentially present as part
of the associated activity of his organism and, in their char-
acter as physical, have their effects in the physical field per-
vading and inclosing them. The psychical action may appear
to have physical cffects of its own; but in reality this action is
not purcly psychical but psychophysical, and only its physical
moment is physicaily effective. \:\

The term “psychical” is used here as designating the ifiile-
diate conscious experience or awareness; inner qualitiesef feel-
ing and conation, not physically observable, are f@ criteria.
What have these to do with the performance éfithe phono-
graph dclivering the oration? To the scientifie’ observer the
answer scems clear enough: the initiation e f}riginal making
of the record—as well as the original {¥vention of the instru-
ment itscl-- necessarily require psychiedl’ ¥ttidhsauShepotigin
ity, as an emergent, consciously, 'p}léscnt and immediate, al-
ways has the quality of sonwth:iné new or unprecedented; as
such it may be novelty-produting or creative. But the subse-
quent repetitions of the. @ration by the machine are purely
physical or routine, a’(idt this distinction at once indicates
where the special property of the psychical, as psychical, en-
ters as a dctermizié{ﬁt in the situation.

As already inél.iCatcd (chaps. iv and vi), something of novelty
Is always préseht in psychical activity per se; its antecedents
tannot b@%ﬁccd {as Hume recognized); as psychical it occu-
bies thef[i’resent exclusively; at the same time it merges with the
Pa&‘t;(c?)m pleted actuality) and the future {not yet actuaiizc.d).
In"Whitehead's phrase, the psychical is a part of the creative
advance into novelty. As conscious and immediate, it always
contains something not existing before: the term “emergence’”’
has reference to this novel quality. At the same time it always
has definite connections with the physical; in the absence of
stable physical conditions established in the past {in this case
the neuromuscular system of the orator) the psychical does not
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cmerge. But the present origination, the invention, the appcar-
ance of essential novelty, secm always' to require psychical
quality, over and above the physical. The immediate experi-
ence, the conscious aim and effor(, and the presently [elt ac-
tion are nccessary to the delivery of the oration.

All these, however, since at the same time they include the
physical as an inseparable corrclate, lcave their impress on the
associated physical; and this impress, by virtue of the conserva-
tion which is the characteristic feature of the physical, pe
sists in the shape of modified physical conditions at the gite of
the action. This physical (or physiclogical) modificatieh, ¥ 50
far as it is permanent, forms the basis of memmiy,}at’psycho-
biological cffect always associated with aconsci 008 e_‘é’pcrience.g
In addition to this effect, which leaves its reeerth In the nervous
systern of the orator, there Is also producedy ithrough his vocal
apparatus, a physical cffect in the cxtgmﬁf world, in the form
of a pattcrn of sound waves; these lgydown another record in
the instru\lﬁn\agyl\}j;db(rggﬁjﬁ}g%}%gr%Rhi):'dcvls;ecl for the purposec
Both records, as physical cozf}igj&ratious, have the character-
istic physical guality of pcréijé’ience or conscrvation; and by
using the phonographic regdrd as a means of reproducing the
pattern of sound wavgs the original performance, in so far as
it is physical, may Herepeated (in replica) an indefinite num-
ber of times. Agparently anything repetitive or routine can be
done by meghanism.

"Lhis c)gar}l\ple shows that, while the erigina/ production of
CreaTions c}[ the special phyeical pattern of events recjuires
psychisal—or rather psychophysical—action, the formation
aneh preservation of the record are purely phvsical, The re-

~ peated performances of the phonograph require only physical,
’i.e., permanent or conscrved, factors; but the first performance
of the scries requires action which has also the special quality

of the psychical, i.e., the quality of experiential immediacy, in-
volving at least some measure of innovation or creation. A

! Or, bearing in mind the possibilitics of casual conjunction (p. 150}, perhaps
we had better say nearly always —although in such a case as that considered €%
ceptions can hardly be imagined.

_ ?All learning appears to involve conscious experience. Attention is especiﬂll'f
important.
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writer or composer has an inspiration, an intensely felt im-
mediate experience which, as psychical, is in the present and
evanescent; but if the result is to be made permanent and
ransmitted to posterity, a physical record is required. Former-
Iy this was made by writing; but now it can also be made by
taking advantage of the permancnt properties of air waves,
rigid mechanism, and plastic surface, on which a pattern is
cut by a ncedle attached to a sympathetically vibrating dia-
phragm, These activities arc physical, but it is clear that such {\
unique and highly integrated types of physical configuration
could never come into existence except as the physical exprci-
sion of a psychical activity, which in its nature is both integra-
tive and creative. ~‘ 3

The case of the living organism has many c‘lo'ﬁeganalogies;
memory requircs a physical record or engrandy and the anal-
ogy of heredity to memory has been empliagized by Hering,
Semon, and other biologists— 'ahhoug}}..a:s “n instructive com-
parison rather than as a theory. Yef i'remains truc that the
characters of the organism are petnanetly HIHART 5 a6
germ, which has stable propektics in very much the same
sense as a phonographic reedrd has stable propertics. Hence
either sysiem —germ or péCord—may, under appropriate cir-
cumsiances, initiale ai:{‘.@mplcx sequence of physical change
which can be rechg}}h\c:ated an indefinite number of times—
e, so long as ie/germ, or the record, prescrves its special
physical conjlg‘u\ratibn and is exposed to the right environ-
mental comiiugms.

The wogi(:a.l theory of how the germ attained its present
constitifion and properties forms part of the general theory of
9!?%}«{& evolution and i3 far from compleie at present; in any

case, it can hardly be summarized adequately in a brief chap-
ter, We have already secn that in modern genetics the special
Structural and chernical properties possessed by the complex of
Specifically organized hereditary determinants called “genes”
are regarded as determining the development of the constant
C‘hal‘ac’ters and activities exhibited by the organism during its
lifetime. 1t should be noted that these characters include ot
only the adult characters but all those which make 2 regular
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appearance at any time during the entive life-history, from
germ to Serescence. Together these form a unified sequence or
cycle, upon the exact repetition of which in the single individ-
uals depends the ability of the species to maintain itself in its
environment.

Biologists regard these characters as in some way physically
represented in the germ at the beginning of development, and
the variations shown by individuals are rcferred chiefly to
variations in the germinal material or germ plasm. The theory
of germinal variation includes the theory of mutations, the
suddenly appearing heritable modifications now regardadas
furnishing the chief material of evolution. That thc}pﬁsential
germinal substance (the gene complex) has 'aj'felﬁarkably
stable constitution under the usual conditiongigshown by the
constancy in the specific characters of the apgenism; this con-
stitution is maintained in spite of thc,irﬁéﬁnitc increase in
quantity which occurs in growth andrreproduction.

Experimentally. ws; éc{%dyi_&%i_ﬁi\cp}t: to modify the properties
of the genes, while leaving unirggaired the ability of the germ
to give rise to a complete opgghism capable of independent
life. Artificially induced “mfliations arc usually nonviable or
“lethal.” This general fget} well established by a large body of
evidence, apparcntly &;;eplains why the course of evolution has
been 5o slow. The c}}aractcrs of the adult organism, maintain-
ing its precariess’ cquilibrium with an environment, cannot
deviate far i'tfc:)ﬁl a congtant norm without imperiling survival.
Darwin peinted this out in his account of the strugglc for ex-
istenggihé also showed that the heritable characters (an index
or’q:p’i-rclatt: of the germinal characters) of a species do fluctu-

...qtg\sligh'tly and that the selection and propagation of individ-
Natals showing the appropriate variations can modify perma-
nently these characters, as seen most clcarly in domesticated
specics. On the basis of these facts he developed his theory of
evolution by natural selection,

Germinal stability is thus a necessary condition for the or
ganismic stability, while germinal variation is required for
evolution. Germ and adult are integral parts of a single organic
cycle or life-history; hence favorable organization in the adult
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implies favorablc organization in the germ. The unsolved
problems in the theory of evolution have reference primarily to
the conditions dctermining germinal variation, The germ is a
singlc protoplasmic mass or cell with a single (usually bisexual)
nucleus, and apparently it is in this nucleus that the inherited
variations have their origin. In the evolutionary process, as in
other natural processcs, there enter both factors of conserva-
tion and factors of change. Now conservation, as already indi-
cated, is a characteristic of the physical as physical; this is reca
ognized in all modern physical science, with its ideal of ma:che<
matical representation, which defines physical conditions. it
terms of constants (static and kinetic) and their combihations.
The conservation of germinal properties is an exgn;ﬁ;le"of this
general physical character of stability or conserv}ﬁon, and it
is largely to such physical factors that we must'refer the sta-
bility of species. \\

The question as to the origin of vagiations is a more difficult
one. Some measure of casual or random YAripipm it ?al%?. §%in
peeted, in view of the general presénee of randomness through-
out nature; and this cxpectation ¥s confirmed by the apparent-
ly casual characters of so rﬁéfny living animals and plants.
Every niche of the habitz\b]c world seems to have developed its
appropriate living Org\é:ﬁ‘lsm. The prevalence of parasites and
other maleficent wreanisms (“nature red in tooth and claw

...”) has discgneerted many believers in a divinely ordained
world; consci@:l; design, based on any kind of valuation, could
hardly haye{iroduced the tapeworm or the chigger or the
streptogoaceus, We may regard such biological facts as pointing
t0 agaddal or nonteleological determination for certain varia-
'ticfnﬁ\'and their cvolutionéry comsequences. Random variation,

owever, seems insufficient to account for the chief facts of
evolution; and the entrance of teleological factors scems a
more likely origin for many kinds of variation, especially the
highly adaptive.

Human beings are directly aware in their daily cxperience
of purposive activities which give rise to complex and highly
Mtegrated changes in the surroundings; hence the possibility
¢an hardly be ignored that factors of the same general kind
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may be present and active in other fields of naturc and that
psychical origination, with its character of teleological aim and
integration, may be a general source of natural variation, espe-
cially biological variation. To the realist it seems unlikely that
teleology, so conspicuous a fact in human affairs, is without its
counterpart in the rest of nature.

In the historical development of human society changes and
innovations directed by psychic aim have been the dominant
factor. Undoubtedly, this development has had its biological™
background and undercurrent in the biological charapter®
istics of man and his constant nced for physical survi;@'l,"&hd
many significant parallels have been drawn between ghe'social
organizations of human beings and thase of lowepanimals like
the social insects.? Yet o candid observer calf\één}r that the
sciences, the arts, religions, and social institutions in general
have reached their present forms throughivthe conscious aims
and crcative elforts of human beings,.}j\c;fing singly or in col-
laboration.\Iﬂ\&hn;sea@ﬁﬁﬁtﬁﬁhﬁg}s@'ch{ﬂph}f.&sical character of the
determinative activity is alwayssdpparent; psychical origina-
tion, in the form of imaginatioayhas contributed the clement of
novelty or departure from rbﬁx‘line; while constant physical fac-
tors, acting as efficient g&uses, have played their indispensable
part in the process of ¢ Attualization. The survival of the prod-
ucts of creative effQrt illustrates the conservation character-
wtie of ph}fsical’éonditions; cities, writings, works of art, and
the results oft Selence are all embodied in physical materials.
The same\'tj}“true of the biological characteristics and condi-
tions @awhich society is based; conservative physiological
ne@ds: and factors provide the background of custom and habit

uiger which the same forms of activity are continually being
Sicpeated; to this degree the physical—or “materialistic”—n-
terpretation of society has its realistic justilication

Nevertheless, the partial character of this physical interpre-
tation should be clear from what has already been said. “Per-
sistence,” “conscrvation,” and “stability” are different names
for the property of endurance or constancy shown by all estab-

*For a recent discussion cf. Alfred Emerson, “Basic Comparisons of Humarn
and Insect Societies,” Biological Sympesie (Lancaster, Pa.), VIII (1942), 163.



THE PSYCHIC FACTOR IN LIVING ORGANISMS 169

lished reality; and such reality appears to external observa-
tion as physical reality, In scientific analysis most of the condi-
tions now found existing in physical nature are explained by
reference to pre-cxisting physical conditions; there is always a
temporal or causal background furnished by the past; and the
past is contrasted with the present by its special character of
unalterability Such past conditions, persisting into the pres-
ent (which is the field of change and activity}, are usually re-
garded by science as determining mainly, if not entirely, the
special features of present activity. Causation is determination
of present conditions by past conditions. R \J)

But at this point the question arises again whether présent
conditions are determined exelusively by the past. Is there no
room for novelty? Or is it possiblc for novel factors{ opiginating
“spontaneously” in the present, to play a decigive’part? What
the pure mechanist contends is that past CQQditions determine
present conditions completely and uncondifionally, and he ex-
tends this kind of determinism to huhaan behayior. The un-
prejudiced realist, however, cannot help &Jo\ﬁgtglrlféatﬁébgeagﬁs?ﬁgm
of this position, because he ismei’li\e‘ays conscious of the part
played by present conscious.drigination in his own behavior.
To give a crucial examplg(’ the strict mechanist or behaviorist
is bound to hold that th€'Priginality of the creative artist is de-
termined complctclﬁb\f'his special physiology {a product of
the past), acting yader the play of environmental factors. But
to the realist it8ebtns clear that such a contention is a theoreti-
cal simplificdtlon, based on a type of abstraction which rejects
as illusopyhie fact of psychical origination because of a sup-
posed jnvonsistency with the facts of physics. The realist ap-
Eg&lgx’,to dircct experience for his evidence and insists that the
‘cotscious immediacy, always present in voluntary action, in-
cludes in its very nature some element of ibe novel and that
lh.is novelty always has in it something at least potentially cre-
tve. The present is a part of the general creative advance of
Natuyre,

Itis true that the range of this creativity may vary
Wide extremes; thus, a simple sensation follows with apparent-
by perfect constancy upon the stimulation of a sense organ, and

within
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its novelty may be overlooked, although it is an emergent hay-
ing its insistently present quality and may arise in consciousness
without any conscious antecedents of its own kind—one may
never before have felt a certain pleasure or pain. At the other
extreme, we find acts of intellectual or artistic ¢reation; some-
times these may be completely unexpected and surprising to
thelr originators—hence called “inspirations.” Between the
two are the ordinary conscious acts of daily life, requiring some
degree of innovation but having, in most cases, the charaggér™
of slightly modified routine. Nevertheless, even here these.ls
always some element of novelty. v

While historians are well aware of the importangg, af psychi-
cal innovation in social evolution, few biologisis faré ready to
acknowledge it as a factor in the evolution of, I&wier animals or
in the evolutionary process in general (Using here the term
“evolution” in the sense of the progressive appcarance of
novelty and diversity in nature, napliving as well as living).
An unwillingness to encroach on thefield of cosmological or
theologic;ﬁ speculation rﬁréy %{; partly responsible (or this, but
the chicf difficulty is the almpdteomplete lack of tangiblescien-
tific evidence. The processiof learning by mental effort is fa-
miliar to everyone; speéial habits and modes of behavior, with
their somatic and h’y}mlogical accompaniments, are readily
acquired in edqcsagon and persist throughout life. But the
carlier belief that such voluntarily induced characters are
heritable, af\least in part, and might therefore be important
factors in‘evolution, has not stood the test of investigation and
has béen’ generally abandoned. Undoubtedly, the failure of
Le?m?mkianism as a biological doctrine has had much to do

. With the unwillingness of biologists to believe that psychical

factors play any important part in evolution. On the other
hand, no such doubt is possible with regard to physical factors;
experimental evolution is a recognized field of research which
is limited to the physical and physiological fields, and its re:
sults have been highly important for science.

It must be admitted that the incidence of a psychic factor
in germinal variation—supposing it to be a real factor—ca’
not be demonstrated, and scientific methods of approach to the
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problem are not easy to imagine. The methods of psycho-
analysis have becn extended to the early years of childhood;
but they can be applied only doubtfully (if at all) to prenatal
fife,* and no onc (so far as I know) has seriously considered ap-
plying them to the undeveloped germ, where the heritable
variations arc usually regarded as having their origin. Psycho-
analysis presents a paradox to the theoretical biologist; it re-
fers the origin of certain physiological modifications to psychi-
cal factors, but a large part of these are regarded as “uncon={
scious.” Is there a contradiction here? Or is the demarcatien
between the conscious psychical and the unconscious psychit
an undelined one, as it certainly seems to be in dreams?A re-
lated question is whether there is actually or exis,feﬁﬁally a
pevchical element or factor present in elemcnpaﬁf*cellular ar
neural processes? If this is in fact the case, thé\higher processes,
with their accompaniment of vivid conscigushess, might be a
composite or surunation of elemcnta’ry'\i:isychical processes.®
But answers to such questions arc‘p‘lirc%y g nje(ituxfal aqd_
hased on considerations of a vague, and i\ﬂco\“fig%fé?\% qhd. e
The related problem of thepossible influence of psychical
factors in the development efithe individual organism requires
some special consideragi@h. It seems clear that the typical
ontogeny, cspecially,in) its carly stages, s very completely
stereotyped or Ir}c}&}anistically determined, and scientific
analysis resolvegyielinto purely physicochemical factors; here
we have the fleld of Entwicklungsmechantk (experimental c¢m-
bryology Dﬁc}ci)erimental morphogenesis), which has its back-
ground\obﬁ"lﬁiophysics and biochemistry.® The whole regular
and,?‘}oﬂcly integrated process is found to be a composite of
,Q?i%‘»iéochemical regularities; yet when it comes 10 the ques-
Nign of the evolutionary origin of these regularities, with _"ﬂl
their delicately adjusted balance and interplay, the possibility
» and similar conceptions

ining wheth-
atal de-

of ! N(itc, ¢.g., the controversial status of “*birth trauma
erp syehoanalysis. There is, at present, no scientific method of determ g
vl or at what tirne, conscious psychic factors assert themselves i pre
elopraent. {But see Luke 1:41-44.)

¢ See above, p. 71.
> The recent book of Juseph Necdham, Biochemisiy and Morphogenesis (CGarn-

&ﬁf %‘éjc}:}m\’ﬁmt}’ Press, 1942), gives a full account of physical investigations i
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that the psychic factor has played a directive part at critical
stages cannot be ignored, any more than in the case of the ora-
tion which the phonograph repeats with cqual exactitude. In
both cases the original initiation and certain special features,
such as the cohcrence and co-ordination of the highly organ-
ized train of events, may quite reasonably be attributed to an
integrative psychic factor; indced, we know of the existence of
this factor in the casc of the oration. On the other hand, the
persistence and the stable routine of the organic regularitiess
once they have originated, are to be referred mainly to phsi-
cal conditions; only physical processes have the precisiomvarnd
reliability required for the execution of such c?1';1pTex se-
quences. O\
Development has been compared with ingtincfive activity
by many biologists, and instincts have their AlOst affinities with
conscious behavior. The development of Aagvegg into the adult
animal is a scquence of biological activity which has much in
common with, sysh, Al iBsnrLye pérformance as the building
of a nest; in both cascs there is antintegrated sequence of mor-
phogencetic or Structurc:-fl:)rrlr}i"rfl'gr activity.” Nest-building is
largely a stercotyped activitf}f,'just as development is; yet one
finds it hard to believe, ;Qrflcn watching a bird or even a spider,
that this activity is, yAatcompanicd by conscious aim and ef-
fort. We also have %Ch examples of concerted morphogencic
behavioral activity as the construction of definitely pattcrned
and complex{ f}ést structures by the blind, sterile, and perhaps
individueg.lly.unconscious workers of certain {ermite communi-
ties. H&c"wc observe a co-operative activity which reminds
one f ‘such histogenetic processes as the united activity of
'@;St:éoblas-ts in building up a bone of a definite size, shape, and
Nstructure or of feather-germ cclls in shaping an elaborate
plume.® Are such integrated activitics purely physical?
To ascribe such unification to a ““ficld” influence gives 2

_ T For a recent discussion of this parallel see the paper by E. 5. Russell, *Ia-
stinctive Behaviour and Bodily Development,” Fofie Biothsoretica, El (1937}, 1753
also, his The Befaviour of Animals.

. 3For the physiology of the feather germ see the series of studies of F. R. Lillie
n P a’1)'5“'{}2%’3645 <odlogy, Vols, XI-XVII (1938—-44). For the case of bone 36¢ E,_S»
Russcll, The Directiveness of Organis Activities {Cambridge: Cambridge University
Press, 1945), pp. 16511,
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name to the unifving factor—the term “group soul” is also a

name- -but is not very illuminating as a scientific cxplanation.

On the other hand, all such activities, when viewed externally,

appear as definitely physicochemical and mechanical; this is

why the mechanist or behaviorist often seems to have made

out such a strong case; if mechanism is sufficient, why drag in

the psychic factor? In our own experience a well-lcarned rou-

tine is often hindered rather than helped by psychical inter-

ference, such as too close attention.® '

The physiologist is aware of such facts, but also of many

others which seem to have a directly contrary significangeN\['He
individual characteristics of human beings are a cagejrf “point.

Obviously, many of these represcnt the permanqn{c.}esi’due left
in the organism by actions which in their jnjaiion and im-
mediate experience were psychically directedvand controlled.

Voluntary actions become the origin g[{ﬁe}manent physical
and psychical conditions by whichJater actions, with their
structural and physiological corrg:l;a;téswe,z;g_&Lq.tg}‘ﬁl},il%?.%-_o@"_%;,
dently, the processes of training.and education depend on the
persistent results, physical as .}J’éﬂ'as mental, of psychical effort
and activity. It is familiarshat the play of the muscles of the
human countenance magbe a seasitive index of the underlying
thoughts and feelinggfz’

Your face, my thane, is as a book where men
I\-Ta{’r,cad strange matters, . . . .

And in thef&ﬁﬁrse of a lifetime the form and expression of a
face bem@;}é. physically set in a manner which isin correspond-
ence Wwath the prevailing psychical character of a person;
beduty of character often reveals itself in beauty of expression:
_“Sthie spirit shines through. . . .. »* Such facts show how un.real-
Istic it may be to regard physical or psvchical factors as 1f cltl_ler
were free to act independently of the other; the two kinds in-
terpenctrate each other and their influence is mutual. _
With regard to the possible teleological factor in evolution,
Somewhat similar inferences may be drawn. The concePt. of
organic evolution has reference to the course of trapsformation

¥ Attention brings in an element of novelty which conflicts with stability.
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followed by animal and plant species in past history. The spe-
cies, however, i3 a group of single individuals, and what ap-
plies to the individuals applies (with some modification) also
to the group. The chicf implications of the present discussion
would then be, first, that the decisive or critical events in the
evolutionary process—those involving innovation or departure
from routine—are attributable primarily io the psychic factor
always latent, il not actual, in each organic event as it is hap-
pening; second, that the persistence of the results of suchd
novelty-producing events is a part of the general physical per-
sistence or conservation—oundations are thus laid furpi$hing
the conditions for further advance, A
According to the foregoing view, evolutionary ady}niécs hav-
g special importance or value would be chicﬂ@{‘\tht‘ outcome
of psychical innovation—unless something pdually fortunate
happens by mere chance! But apparex}ﬂg}:all regularly re-
pealed or routine processes are, or tetid to become, purely
physical; e, they disp 186, TBOE 01 Yess completely with tl:le
psychic factor. Their essential c%ar’acter then becormnes stabil-
itv—the prescrvation of consj;a;it'character, independent of
the lapse of time; this is a felifure corresponding to inertia, a
universal property of phyéibal objects. Apparently, in the evo-
lutionary process fag:toa‘%%oth of inertia and of innovation play
their parts, Biologi&\f evolution shows that well-established
natural conditipns’or processes which reccive at intervals
slight incren}en}:s of novelty (i.e., through variation) may in
the coursqgﬁ)ﬁne achieve an indefinitely high degree of stable
compleziﬁ» or “organization.” Such organization is the dis-
tingpi',siling character of living beings, as we find them in ex-
j,,s\tiii’g"nature; they represent the end-result of innumerable
Ssutcessive acts of innovation or creation, each in itself minute
but capable, togcther, of producing the observed cumulative
effect because of the physical consequences of the creative ac-
tion; these, as physical, have the property of persistcnce or
conservation which is necessary for summation, progress, of
evolution of any kind.
It is a part of scientific caution to call attention to possibil-
ities but not to claim them as actualities until there has been
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sufficient experimental or other support. In the case of evohu-
tion the gencral position cutlined above may be difficult to
substantiate in the usual experimental sense, except possibly
in the case of domesticated animals and plants—Darwin’s first
line of evidence—where the psychic factor has been furnished
by human selection. Perhaps its chief support is to be derived
from the analogy, or parallel, between the evolution of human
social and other conditions, as observed historically, and the
evolution of living organisms, as this is conceived to have ocd™
curred in prehuman periods of time. We can hardly doubt‘tbc
reality of this evolution, although it is now removed from the
possibility of dircet observation; and we may assume that
factors known to be effective in the one case have“p\lay‘*r:d their
part in the other. "‘\\
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CHAPTER XIII

Vital Organization and the Psychic Factor

UR carlier review In chapter v indicated that the general
tendency of random or unguided activity is opposed\
to the development ol complex organization and favorable
to structural simplicity— in the sense of uniform dist;:i@ﬁti\on
of components. This antiorganizing trend of purely~physi-
cal processes is illustrated in ordinary large-scalednixing and
stirring operations, as well as in the automaticinicrease of en-
tropy with time in systems subject to the laws'ef th ermodynamn-
ics {material or molecular systems in general). Recently Ed-
dington has given the whole matter, 4n*admirably clcar ex-
pression: ‘iEHRQE’BE‘EL%}-W%rﬁqpr\%eﬁiénﬂy be described as a
measure of the disorganization efia system . . . .; we can see
chance creeping in where fqr;ﬁéfly it was excluded.””?
Unless counteracted by.ghrective action the casual or ran-
dom element in naturedends to increase. If things arc left to
chance, not only doeg'organization of any high degree of com-
plexity fail to develgp, but what organization there is tends 1o
lapse or disappcan Hence in those cases, such as living organ-
isms, where thé-existence and activity of the system depend on
a special “a\tf}fd"complcx organization, it appears necessary 1o as-
guime tlxz:uc'ontinued opcration of a stable directive influence or
facncgf which pervades the whole system and excludes or com-
Mpe\ijsates casual factors whenever these conflict with the special
yital requirements. The presence of this factor is what makes
possible the development and maintenance of the type of or-
ganization required for vital activity. A peculiarity of the
t New Pathways in Stience, p. 55. A fuller discussion of the relations between
thermodynamics and biology is found in the essay of Joseph Needham, “Evolu-
tion and Thermodynamics,” in his recent book, fime, the Refreshing River (Lov-
don: G. Allen & Unwin, 1943), P. 207. Cf. also the puper by Alfred Lotka under
the same title, in Stience and Society, VIIL {1944}, 161 (here the relations between

will and physical action are discussed in a highly interesting manner), and hi
Elements of Physical Biology (Baltimore: Williams & Wilking Cgo., 1925).
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vital process is that it offsets, for a time at least, the inevitable
drift toward physical equilibrium.

From these general considerations we may conclude that in
any highly organized and physically active system a perfect
halance or cquilibrium (such that the system retains its char-
acters for an indefinite time) which depends solely on random
factors and their interplay is not physically possible. In the
normal living sysiem we see [ree energy directively applied in
such a way as to further the increased concentration of the
materials incorporated from the surroundings, together with
their transformation and distribution in correspondencesith
a definite type of organization.? This is true not only,ﬂgi}h re-
gard to the synthesis of the system in development gnd growth
but also with regard to its maintenance: bothequally require
directive action. ’

A similar need exists in the maintenapcls}df complex artifi-
cial machines, and not only in their gohstruction; in all sys-
tems of this type various safeguards And.sregustive dewisesaren
introduced by the designer, theiftpurpose being to promote
stability and to provent casual@ihd hence disorganizing) con-
ditions from gaining the uppet hand; such arc the automatic
controls of boiler pressur\é, speed, temperature, electrical po-
tential, lubrication,arid)so on. But all these devices, although
they may work wc.ll\fur a certain time without special atten-
tion, require sopntet or later to be adjusted or repaired; and
this can be ddple only by conscious directive action. The psy-
chic factop-thtist enter correctively, now and then, otherwise
the Sp@g@"propcrties of the system are lost.

Theahalogy of the machine with the living organism is clear
eadueh in some ways while unclear in others; thus, in the nor-

Sl living organism automatic self-maintenance is complcte
{or nearly so) during the greater part of a lifetime, while In an
artificial machine it is never more than partal. The living
organism is sometimes described as an automatically self-regu-
lating piece of mechanism®—a verbal formula which states

2 .
Sec above, chap. ii.

a ; » . S i ines con-
st CLJ acques Loet’s definition of living organisms: ‘chc;mc‘i‘l n ?E:.d;lg? auto-
1ng essentially of colloidal malerial, which possess the pecunaritie
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accurately some of the conditions of vital activity but hardly
“solves” the essential biolegical problem. What is self-regula-
tion, and what are its factors? The regulative devices in a
piece of machinery may be made as automatic as possible;
nevertheless, not only is the original construction of the system
the outcome of conscious intelligence, but its activity, smooth-
running as it may be for a time, is always subject to derange-
ment by the inevitable random factors; hence there is always
the need of supplementation by directive factors. N\

In addition to regulative devices, many complex mechanjcal
or electrical installations are furnished with a system of 2Gto-
matic signals which call “attention™ to local CDI’ldltIOHS like
overheating, leakage, mechanical breakdown, cress -circuiting,
etc., which can be corrected only by purposivg, ction. These
may be compared with the psychical dangés éighals in the ani-
mal organism, like pain, which call forthstnscious corrective
effort. Random or unguided factors af\e ‘based, like all purely
physical amm@mmupmh@bﬂngmfac{brs and such factors can-
not by themselves—except occasionally by rarc good luck—
correct the deviations of orgaﬁiééd systems from their normal
state; such correction can’bc'accomplished only by activity
which is directive; i.e., controllcd by psychic aim or purpose.
Activity of this kind, has the special quality of not being stereo-
typed, like purely *p\hy sical action; it is individual in its nature
and can adjust itdelf to nonroutine or novel situations as they
arise, P \%

It is agfesd that all physical action contains within itself an
clcmcﬁg{}f randomness, in correspondence with the part
playt ed in such action by statistical or probability conditions, as

\qonrrasted with directive or individually controlled (i.e., inte-

grated) factors. In any system consisting of material parts
(parts having inertia) the general effect of random agitation, it
uncompensated, is to distribute more uniformiy the movable
cormponents which at the outset have their definite placcs in
the system; this effect is equivalent to a decrease of the spatial
differentiation which is the essential feature of any pbysical or-

matically devcloping, preserving and reproducing themselves™ { The Dynamics of
Living Matter [New York: Columbia University Press, 1906], p. 1).
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ganization. A simple experiment will illustrate: If we place 2
layer of pure waler above a strong sugar solution in a vessel, the
two layers remain distinguishable for a long time, provided
the systemn is not agitated; but stirring soon destroys this dif-
ferentiation, and the sooner the more rapidly the system is
stirred; the eflect is characteristically irreversible. Similarly,
the effect of introducing sand into the bearings of a machine is
slight if the systemm is at rest; but if it is in motion, injury (i.e.,
disorganization) soon follows, at a rate depending on activity.
The disorganizing effects of “wear and tear” are seen wherewer
there Is prolonged activity. Such examples show that a.di}s“o}:-
ganization resulting from chance factors 1s more likelytooccur
in a system which is active than in one which is atfré‘s't.

In the living system a high degree of physicalland chemical
activity is the normal state; the continuctlMeXistence of the
system is directly dependent on a flux of shaterial and energy,
and this flux must be a stable one—gi$ing a balanced condi-
tion or steady state—if the vital orga}@%\g@%mjggj‘gg(ﬁfg
to be preserved. The effects of phiysical randomness must not

Q"

be allowed to accumulate; chance deviations from the normal

must be corrected hefore thég}oréach the stage of deranging the
system., We have alrcad§™scen that automatic regulations of
this kind are a uniyer§alMeature of living organisms. Take, for
example, the abilfgy of living cells and tissues to repair
mechanical injufy»(wound-healing, regeneration}; one of the
effects of the;izﬁjﬁry- is to set in motion counterprocesses of re-
construc;i,qr}} which under favorable conditions restore the
normalistate. But if this regulative effort is insufficient, disor-
ganiza:tion becomes progressive; and this is more likely to hap.-
wl?‘?fl;.if the organism maintains or increases its activity than if it
\J$mains at rest. Hence the importance of rest in medical or
surgical treatment: the vis medicatrix naturae is then less effec-
tively opposed by random or other antiorganizing factors.
These include purcly physical factors, which typically have a
nondireetive quality in correspondence with their dependence
o1 probability factors or statistical conditions.
In accordance with this general natural condition, we find
that in many animals, cspecially the less prolific, the process of
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development is carried out under conditions of isolation (e.g.,
egg cases, nests, uterine development) where random inter-
ference from the surroundings is reduced to 2 minimum; the
importance of freedom from casual interference is here ilius-
trated. In general, we may say that casual and vital activities
are opposed to one another in their essential nature and tend-
ency, and this opposition expresses itsclf in many featurcs of
vital organization. This is seen, for cxample, in the tenacity
with which the vital organization maintains itself against dis:
turbing influences. It is remarkablc how difficult 1t is to bréak
down the physical organization of a living cell—for exaﬂﬁalc,
the sea-urchin egg {on which much of the experlmenlal work
has been donc)-—by stirring or mixing procedures{stuch as cen-
wrifuging, mechanical shaking, or mic rodlssecm\cm Such resist-
ance to disorganizing action Is usually regdrdet! as an example
of“regulatlon ” but it well illustratces theqs\tablhly of the organ-
izing factors which maintain constant 4‘\1@ structural and physi-
clogical state géfftg ¢Sy EI:%H in sPltsbf 1ts being in a continual
state of physical and mMotAbolic 4 ic’ ﬂll’X A further experimcntal
fact of fundamental 1mportdnce is that this regulative and re-
generative capacity of Ct,lls t}plcally disappears with the re-
moval of the nucleus; mdlcatlng that the regulative influence
is internal or centraLin its origin. The possible significance of
this association éllrf,(tl\e activity with nuclear activity will
be considered mgre fuily later.*

The buildifig-up of a complex organization in the develop-
ment of al\ammal or plant is a process of concrescence, com-
bined /ity integration. The considerations brought forward in
the p&edmg paragraph indicate that development, as well as
thc: ‘maintenance of organization, once it is synthesized, s it-

\ seﬂ evidence of the existence of some specifically biological con-
dition or activity which automatically corrects or compensates
the disorganizing influence of random physical factors. At the
same time, all the externally visible activitics of the organism
appear to the observer as physical; the fundamental activities
of growth and maintcnance are the result of special chemmical
transformations and shiftings of materials, and these processes

i Chap. xiv; cf. the gencral discussion on pp, 34-35 above.
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occur in accordance with physical and chemical law, as ex-
periment shows, The material which is synthesized and de-
posited in definite places to form organized structure has the
same general physical properties as material which is “non-
living.”* But this physical character does not prevent it from
exhibiting also those special properties which it possesses by
virtue of being also “living”— 1.c., of having its uniquc place
and activity in the vital organization. Above all, the entire or-
ganism, besides exhibiting these physical characters, acts as
it it were the field of some specifically vital unifying ageng§ by
factor, which also has constant properties but whose ac¥ity is
directive and synthetic in its essential naturc. Appagenly, this
factor pervades the living systern in all of its parts@hd in some
way counteracts the purely physical tendencpdt disorganiza-
tion.** The possiblc nature of this factor may oW be considered
in morce dctail. A

In our experience of natural proc‘es‘s‘és, the presence of an
integrative and directive factor, having cqpfral;gver an, 6x-
tensive [ield of physical activityy 3% most readily observed in
voluntary action carried ngt':iﬁ’ pursuit of a purposc. Here
“psychic aim” becomcs dotminant and determines the special
direction of what happéns in the physical ficld. Obviously,
voluntary action is r@c indcpendent of physical factors but is
carried out in intin}te conjunction with them; the normally
acling neuroxl}qsﬁ:ular system is a physical system ha'wing deli-
nite and cor\%tant properties without which the action would
not be passible. The significant fact, however, is that the pre-
cise i‘qﬁ%ﬁhich this action takes is dependent not only on this
physical organization but also on the motivation and alm in
%h\é.conscioﬁs mind of the agent. In some unknown manner the

gvchic aim determines that cvents take a special and definite
course, rather than one of many others which arc possible in
the physical sensc; there is a selection out ol a wide range of
possibilities.
cal vital organization like that of the
onstant form, weight, structure, and
most of its internal substance consist
g by the mechanical action of the

ntrast, in a physical machine the
d as possible.

# As u concrete example consider a typi
heaet, which maintuains [or years a nearly ©
activity, although its source of supply and o
of aqueous solution, subject to continual stirrin
organ. The esscnce of life is directed flow; in con
parts and connections are typically made as rigk

Q!
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We have no physical observation of how this selection is
made, but certain general conditions may be assumed. In or-
der that the psychic aim should have this effect, it must be per-
sistent, and it must modify in some asymmetrical manner the
field in which the physical action is taking place. The associa-
tion of asymmetrical action with vital action, particularly in
the fundamental chemical syntheses, has already been dis-
cussed. To indicate the general importance of asymmetry, the
analogy of a gravitational ficld may be helpful; in the abscne€™
of such a ficld bodies free in empty space pursue straight paths;
and a casual assemblage of such bodjies, differing in theiry clec-
ity and directicn of path, is soon dissipated. But 1n<;1cle a suffi-
cient gravitational field (arising, for instance, from Ihe prepon-
derant mass of one body) the path of cach-body becomes
curved, i.e., asymmetrical in rclation to the whole volume oc-
cupied by the field; and under certain conglitions—as of not too
high relative velocities—the whole grqui& forms a cohcrent and
stable syste\m\,\@agl]émtggggglmf%iﬁgaz@ple} by the solar system.
In the living system the conditigns ‘are widely different, both
in detail and as a whole; but¥er the purpose of the present
comparison we may rcgard.the gravitational integration as a
simplified model of the migre complex vital integration, where,
as illustrated in volyfitary action, it is cffected under the in-
fluence of psychic &ih and effort. At lcast such a comparison
of the simple with’the complex illustrates how a nonmaterial,
formal, or staitéttral condition pervading all parts of a system
may modlf)\xn a dircctive and integrative manner the total
course \f\actwrcy within the system.

Thc stability of the living organism is known to be deter-
,mmed largely or mainly by physical (i.e., physiological) con-
dmons, even the duration of the 1nd1v1dual lifetime is in-
herited. But in the human being we observe that the physical
stability is paralleled by another kind of stability: this is the
psychical stability, as expressed in the fundamental psycho-
logical character of the person. A large part of the coherence
and integration shown by the human individual, even regard-
ed solely in his aspect as a physical system, is demonstrably a
function of this psychical character; and the relations of the
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psychical to the physical character are largely open to scien-
tific investigation. The general biological problem is: how are
we to conceive scientifically the mature of the psychical field
and its relations to the physical field?

The concept of field has recently assumed in biology an im-
portance comparable to that which it has long held in physics,
In both sciences it is used in the general sense of an area or vol-
ume pervaded by a single unifying influence of some kind—
gravitational, magnetic, electrical, chemical, developmental;
in its biological application the term has reference chigfly’to
the pervasive unifying factor in developmental protce;ss{es\.5 The
developmental field has been regarded by Child af consisting
cssentially of a system of metabolic gradienti;'\&{)’idently the
organized structure arising in developmentis a product of
metabolism, and this metabolism proceeds under physical
conditions in which gradients (e.g., of éXygen consumption,
resistance to injury, electrical potential) are clearly demon-
strable. According to Child, the developmonakfieidsy b ghsir
simplest and most general form are gradient systems; the
gradients arc the vectors of tht field and determine its extent
and the orderly relatiops\within it.””®

The cxpcrimenta}ieﬁddencc for this view is extensiv.e and
convincing, and the\‘ﬁj’ndamental importance of metabohc. and
physiological grddients in development must be rccognized.
Broad structuxal characters, such as axes and polarities, are
early estalflished in most cases of development and have their
basis i;’z\ﬁ':l\e‘t‘abolic gradients with definite orientation. But the
gﬁngnal\prob]em of the biological field has other than physio-
logical aspects; and if we regard the organism as a psycho-

\m}.“ﬂ.l"ysical system, the possible part played by psychical, as well
25 physical, factors must be considered. The problem of how a
particular ficld came into existence in evolution and of how 1t
is maintaincd during the individual lifetime is only par tially
solved by analyzing it into a system of physical gradients,

erature cf. the recent

¢ F i si .nces to the carlier lit
For a general discussion and reference e ot & o

houk of Paul Weiss, Principles of Development {New York:
1939}, esp. Part I11.

SC. M. Child, Patierns and Problems of Development (Chicago: U
Chicago Press, 1941), p. 278.

niversity of
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which, in the Aristotelian sense, arc efficient rather than final
causes. The special peculiarity of the field as an integrating
condition pervading the whole organism—holding the lateer
true to form in spite of disturbing conditions— suggests the par-
ticipation of a psychical factor with persistent aim, which in
some way is superposed on the physical conditions.

Modcrn theories of genetics refer the stability ol an organic
specics primarily to the stability of its germinal determinants or
genes; the special properties of these units are again referred\
to special stable features of physical and chemical constitugion:
Given a constancy in the character and interrelations of\tHese
units, constancy in the transformations occurring undef their
influence is to be expected, according to the aceépféd scien-
tific principle of uniformity of process underyiniformity of
causal and other conditions. Y

Nevertheless, the observer cannot help eihg profoundly im-
pressed with the exactitude of heredifar'y repetition in pure
genetic strajns ofianimals angd plants ‘developing under normal
conditions, especially when he beaks'in mind the extreme com-
plexity of the physical detail. In human strains this exactitude
is most striking in persons of similar genetic constitution, such
as identical twins or quifituplets; in these cases the psychical
uniformity is as remag;kﬁblc as the physical uniformity. In gen-
eral we observe thag\the psychical characteristics of a person
show the same gtability as his physical characteristics, with
which they ageit close correlation. Mutuality of psychical and
physical influ€nce appears to be a general biclogical fact or
conditidth.in human beings this is well shown in the familiar
effeqtg‘c}f habit, education, and practice, which modify simul-
tan¢ously the psychical and the physical characters. Psychical

factors are obscrved to act as partial determinants of physical

characters during a man’s personal lifctime; modern genetics,
however, tends to restrict this psychical determination to the
fully developed individual and does not admit psychical fac-
tors as playing any part in embryonic development.” Yot it Is
well known that in the postnatal development of the child

_ ¥ Sce above, p. 17t. In other words, observational evidenee of such influence
is lacking. If the existence of Lamarckian influcnce is admitied al all by the mod-
€rn geneticist, it is in a highly attenuated fo:
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hereditary psychological traits, often asserting themselves in
very early ycars—such as special talents, interests, or apti-
tudes—play an cssential determinative part.?! In this sense the
psychical influence 1s a demonstrable factor in physical as well
as in psychical development.

The organismic constancy, as maintained, for cxample, in
2 buman being during the greater part of a long lifetime, is
clear cvidence of the presence of a stable directive and unifying
factor or influence which pervades all parts of the organisnd™
and keeps its characters and activities, physical and psychieal;
integrated and true to form. This factor not only g:drf"t':{\:ts
chance deviations from the physical norm characteristie’of the
species and individual, but it also expresses itselfin the con-
sistency of psychical character exhibited th.rm;jé;ﬁdut life, Yet
the nature of this unifying influence is concéiged by most biolo-
gists as purely physical. PN

There is a scienlific impasse here, aifd the problem is how to
overcome it in a manner which is:cbné,igig,l‘l&ﬂ}gmﬂﬂﬂg,.%@g%
tific principle and with the spcoialfacts of the case. The only
concrete model or analogy w,h:ié;l'l'sccms at all serviceable is that
of the complex artificial niéc]fline, already discusscd in part.
The machine, howeverdis itself a product of pre-existing vital
aclivity and organizaﬁ&l. We regard any machine in its present
existence as a pur}sbuphysical system; yet, to account for its
origin and jis staibility of operation during the period of use,
unavoidable™&ference must be made to psychical factors. A
Sysiem Qf.\liﬁt?ss production, once brought into existence, may
act autbiwatically for a considerable time, but only provided a
ceri@ity intelligent supervision and control are exercised. All

L &&5ting systems of this kind have reached their present state

O development through a process of evolution, initiated and
guided by inventive intelligence and continually tested by
trial and error.

The parallel to biological evolution appears complete, €x-
¢ept that modern physical biology seems committed to rul.lng
out, as unimportant or nonexistent, any factors of psychical

! The evidence for this general statement is familiar to all ol}z{;;\r’lﬁié;f fi‘é‘;‘;%

lriaifs, Sie Francis Galton’s Hereditary Gentus (New York: App
§ves many examples from biography and history.
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control in the processes of development and evolution. It re-
gards the variations which provide the material for evolution
as chance variations determined by purely physical (or physio-
logical) conditions. Many biologists feel the insufficiency of
this conception; but so long as it seems consistent with the pre-
vailing state of knowledge and criticism, it is likely to hold its
own; there is always the hope that further advances in experi-
ment and analysis will remove the chief difficulties. Obviously,
any criticism must be based on realistic grounds, i.e., on direet,
observation and experiment as far as possible; but nothjng\s
to be gained by a refusal to regard other than physical\'fﬁc?ors
as effective in the activities of the organism when ail ebserva-
tion shows the latter to be a psychophysical S}’ste;ﬁt"}'

In our human experience we find that, whénever novel or
difficult situations have to be met, physicalNreutine is insuffi-
cient; only the psychic factor is capable{&f furnishing the re-
quired novelty of action, and such aotgon may, on occasion,
be both um%d&g@@tb\@ ihndeér'the pSV(‘hlLal influence
special direction is imparted 0, activities which otherwise
would be determined by pure}y ph; sical conditions, subject, in
the long run, to statisticalyer probability factors rather than
individual (integrated)factors. The contrast between a con-
sciously voluntary a;gtibn and an action determined by uncon-
scious hahbit bring‘s\\&&t clearly the special part played by the
psychic factor. Iiythe fuily conscious human being the presence
of this facton} 15 felt as a pervasive controlling influence which
supplemen‘ts remforces, and at times counteracts the con-
stantl§present physical (physiological) factors whenever
thes€, acting by themselves, are insufficient to mect the novel
de\mande of a situation.

\ \“In those natural systems which we recognize as “living,” the
physical and the psychical [actors are to be regarded as con-
tinually influencing one another reciprocally in this manner;
as biological factors they are mutually supplementary. Rou-
tine, a universal fact of nature, is physical in its basis and char-
acter; this physical side of vital activity is shown in the ordi-
nary automatic functions and habits of the organism. When
the psychical influence intervenes, as a factor modifying the
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physical, the intervention is typically in the interest of novelty,
integration, or creation. Itis true that the adult animal or man
is subject 1o psychical, as well as physical, habit; but experi-
ment shows this to be based on physical (physiological) condi-
tions. The constancy of psychical character shown by a human
heing during his lifetime has its correlate in a constancy of
physical character, as seen in his anatomical structure, physio-
logical “temperament,” facial expression, habits, and so on.
Many such characters, although now physically stable and ex-¢
ternally visible, are the index of an inner psychical control, gx-
ercised constantly or intermittently over long periods of \ffm\é.
It is, in fact, well known that in many cases a large part of
the physical constancy of the adult animal requites) for its
maintenance the activity of a directive psychic faetor; this is
best scen in any highly developed human<skild or aptitude;
without conscious attention and practicg thle’ powers needed
for any difficult accomplishment—phygiéal or mental—soon
decline; they are kept at a high levalphly thrangh s9nsinyg!
psychical activity. Mere physical\practice is not enough, al-
though it may be essential; a cfg:afive worker or artist in any
field requircs to be vividly cotscious of what he is doing, other-
wise his work loscs originaﬁi’ty and what we call “vitality.”
Any such accomplishaleilt presupposcs a complex phys‘ical
structure of habit; ‘k{&t”this can be built up only by conscious
direction during¢the period of training or education, and its
maintenance redﬁires constant attention and exercise. If the
psychical direction lapses, the correlative physical substruc-
ture, regargded as having its chief seat in the nervous system,
lapses,&l%o; the closely integrated psychophysical organization
suffex’s ‘decline. Facts of this kind are a well-known part of the
General psychophysiology of learning, but their fundamental
Blclogical significance is not always recognized. '
The living body is a deposit from the past; observation
shows it to be produced by the accumulatic?n of mate:rlals
which originally were distributed at random in 'thf: environ-
ment. In each life-history this accumulation begins at an or-
ganizing center, or germ, which physically is part of the par-
ent-body; in most animals the fertilized egg is the earliest stage
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of the developmental cycle, but a similar selective accumula-
tion and working-over of materials into an organization are
necessary activities at all stages. Since the organism is a physi-
cal aggregate, in this gencral sense, it has phyvsicochemical
properties of a kind common to all such aggregates; hence,
whatever happens within it is subject to physical control and
physical restriction.

'T'o the physiologist this omnipresence of physical determina-
tion may seem to offer a complete explanation of vital actif®
ity; and this impression needs to be corrected by a study, ¢fithe
psychical influence, as it expresses itself in voluntary azrg other
activity-—especially activity of a creative or lnteg:atl\fe kind.
While it is apparent that the psychic factor alw#w$ acts in as-
sociation with physical factors, its special propﬁ\*ty of selection
and directiveness, or opposition to merel¥>random action,
gives it a natural status which is definite 1VQOntrasted with that
of the purely physical. A complcte sme})ce of animal behavior
will deaw ltS facts from the obser¢able psychical, as well as
physical, dctiv mes 0 the yo?‘g%mém both kinds, together with
their interrelations, are (o b&taken equally into account in
forming its theoretical conegptions. The same may be said of
general biology, an obgérvational natural science having spe-
clal reference to lhe\i}}haracters common to all living organ-

isms. \

Another copsidération of a more philosophical nature needs
emphasis a’t:t:h\fls point. The observed efficacy of the psychical
in the deteérmination of human and anirnal behavior shows

that faQSOTS derived from the past are not the only ones to bf:
consifered in accounting for natural activity in the present.t
h‘ere exist also natural factors which have their origination
\a‘nd effective existence only in the present, and unique among
these are the psychical factors. No one need deny the existence
of nonpsychical factors which also have their existence and
activily in the present; these would be the stable or routine
[actors which have passed unchanged from the past into the
present—in other words, the purely physical factors.
Apart from the general interdependence known as ‘“‘causa-
? See above, pp. 102 ff,
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tion,” there is a special relation (or contrast) between the past
and the present which may be briefly expressed as follows:
The present differs from the past in being that part of the tem-
poral field of naturc 1n which its freely active and originative
side is able to assert itself; to paraphrase Whitchead, we may
say that the present has its existence on the fringe or border line
of the natural advance into novelty, Spontaneous or novel ac-
tion derives 1ts special character from present rather than past
conditions, and the chief™ source of novelty or creative activ-,,

ity in the present is the psychic factor. Whatever causal ind{'al‘",\

pendence the present is capable of achieving comes from ‘the
psyehic factor working within it; only this factor can gyercome
the incubus of the past. This mctaphor, of incubus,‘€mpha-
sizes the fnerfig of past conditions; inertia is primasily?a physical
property, a correlate of the conservation whi,c{&i‘s a recognized
character of the physical as physical. In contrast, the psychical,
being a factor of novelty, is the anticonjetdative property in na-
ture—to usc another metaphor: it leavensthalhrmpith bgasegin
itwill be noted, is a living organisad; In all living organisms the
clement of novelty or originatimi,‘which alwayvs enters in some
degree into present activitynis indispensable, even if it ex-
hibits itsclf only in preventing the physical tendency of the
highly differentiatcd (et Targely fluid) living system to lapse
by diffusion into a Jets differentiated state.

We may notc thg¢ this conception of the significance of pres-
ent activity in fiatural process is in general agreement with the
philosoplliﬁai.ﬁéctrlne that reality is only partly contained in
histor y.2\Whitehead remarks, in reference to the activity of
the li}!iiyg'bcing in prescnt time, “The data appropriated are
providéd by the antecedent functioning of the universe . . .. .
but“how it deals with its data is to be understood without re‘f-
trence to any other concurrent occasion, Thus the occasion, 1n
reference to its internal process, requires no conternporary

' [say ““chief” herc rather than “gnly,” because chance factors can never be

tampletely excluded in ne h Jves lead to novel con-
et - natural events and may themselve
fimetions. There are such things as strakes of good luck (cf. p- 157).

1 Cor. 5:4,

o ¥In 7. E. Boodins recent paper, “Analysis and Wholism,” Philosophy of Sti-
% X (1943), 213, he makes brief allusion 1o this doctrine.

QY
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process in order to exist.”’!® This is in agreement with the rela-
tivistic doctrine that strictly contemporary separate physical
events do not influence one another. Each event, as individual,
has a certain inner or independent source of determination;
i.e., the spontaneous side of vital action has a basis of inwardly
determined or “free’” natural action in the present.™

The gencral evidence indicates that the constant entrance of
this anticonservative factor as an cllective determinant in pres-
ent activity is the essential feature distinguishing the [iving
from the nonliving systems of nature. For the continued ‘ex-
istence of living organisms it is not sufficient that th@r\é"sh})uld
have been constructive activity in the past; such activity must
also be continued in the present, otherwise the ¥ital organiza-
tion breaks down—as seen, for cxample, in{the rapid disor-
ganization of brain cells when deprived el\ogygen. Of course,
there are structural parts of the organisin, like the skcleton,
which in their finished state have g@lngﬂity independent of
immediate, wnetabalisrrrithegsanie s true of buildings and
birds’ nests); but the living protoplasm is dependent for its
continued existence on activci’rhetabolism in the present; and
an cssential part of this metabolism includes the synthetic bio-
chemical reactions, which apparently include the synthesis of
proteins peculiar te~the individual.’® Synthesis, in its general
character, is actiwity leading 1o novel preduction or emergence,
and in generalwe find that originative (as contrasted with rou-
tine) actign'@ssumcs greater and greater importance in the
organisni:\'as the psychic factor enters more completely into
conirgl,)

j}:'}nay sound like a truism to say that the psychic factor—
;\’ 1A, N. Whitehead, Nature and Life (Chicago: University of Chicago Press,
1934), p. 26. This cssay is reprinted in his Modes of Thought, p. 173; of. p. 206,

 W1In Adventures of Ideas, chap, xii, Whitehead discusses at some length this
“causal independence of contemperary occasions” (p. 251): ¥Nature does pro”
vide a field for independent activities . . . .**; ““The immediate activity of self-
creation is separate and private, so far as contemporaries arc concerned” {pp-
251-52). On the side of theoreiical biology, the late eminent neurologist, G- B
Coghill, has cxpressed a similar gencral view: “The antecedent tells a part of the
story about the present, but not all of it; for within the present are events that
have behavicral significance only in that which follows” (*“The Neurc-em-
bryologic Study of Behavior,” Seience, LXXVIIT [1933], 135).

1 Cf, Leo Loeb, op. ¢it.
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the special factor associated with immediate consciousness—
has its activity and influence only in the present: but if we re-
gard that part of nature which is in past time as having a real
existence, this distinction seems both necessary and impor-
tant.”® Present time would then be defined as the time occupied
by that part of the natural process which is {or may be) the
seat of novel or originative aclivity, as distinguished from sim-
ple persistence, routine, or incrtia. Routine and inertia are
closely similar, if not identical, features of natural action, as
may be appreciated if we consider the motion of a body in
empty spacc frce from gravitational or other inﬂuencq;,\i'ts.\
state of motion at any instant is unequivocally determined-by
{quantitatively the same as) its motion at the preceflinlg in-
stant, and so back into the past; there is nothing phySecally pe-
culiar about the present as present. The pastsegercsponds to
the fixed or permanent (established) part ofpature; and since
it is continuous with the present, it furnishés'a large part, but
not all, of the conditions determining Aetxitybiautis-p5ese8En
The future (not yet existent nature)ys shaped not only by past
and conservative conditions but also by whatever condilions
may originate in the }JI‘CSCI’I’E,‘Q'{I’C{ unique among thesc latter
conditions is psychical actigh. '

The general point of yiéw outlined in the present chapter
may be summarized B\Qeﬁy as follows: In the living organism
those factors which fyere cither originally (primordially) stable
or have achicve@d physical stability as the result of past activ-
ity (COmpletl;;c\l;bf constant factors) act in close association with
psychical factars which have their existence and activity in the
Present, I:n these psychical factors there is always some clement
of bhysi¢al indetermination or spontaneity; under the control
of psychic aim this spontancity may become directive and
achieve novel or creative results. Apparently, this is what has
happened in the development of vital organization. In the ab-
sence of this directiveness the automatic trend of natural proe-
tsses is typically toward a less differentiated or structurally
more uniform statc; this is the trend seen in the general effects
of random or casual activity, as illustrated in stirring or mix-

16
See above, chap, vi.
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ing operations—molar as well as molecular. Accordingly, in
the long run any complex physical system which is psychically
uncontrolled suffers a decline or loss of organization. The per-
manent natural condition known as the “law of dissipation®
{second law of thermodynamics}, is an example, on the cosmic
scale, of this effect, which always resuits from long-continued
unguided activity.

In the natural world we observe a widespread counterag:
tion of the purely physical tendency toward uniform distribgs
tion of matter and energy; cven nonliving naturc is ohi:g%lly
diversified. But this counteraction is most complei;ef@_}*exém-
plified in living organisms; here it is effccted thregugh the in-
termediary of an organization of highly specialgipé, the prod-
uct of long-continued evolution. There are,d($durse, limits to
what vital activity can accomplish in hukdmg up and main-
laining an organization. ¢*C

Nature, however, has taken good) Cahe that we do not forget
the depend@m:d:bﬁeﬁﬂbﬁrmylongatcndl ‘and physical conditions.
The living organism, as a depoﬂit from the past to which con-
tinual additions are bemg made, expericnces during its indi-
vidual lifetime a progressive alteration of physical properties.
Part of the inert maLmal incorporated in the organism ap-
pears to resist rex oyal by the excretory processes or destruc-
tion by oxidativgnor other metabolism and remains within the
system as for¢igh or otherwise refractory substance; as a conse-
quence, the\zoa‘gani%m undergoes a gradual decline in its abil-
ity to "‘er'v(, 1ts normal physiological balance and its adjust-
ment, £0.its environment. By degrees a larger and larger part
Of lts organization takes on the character of a purely phVSlC&l

routlnlzed system, which accordingly becomes less and
\lcqs responsive to the 1nlegra11\e psvchic factor. This is the
process known as “‘senescence.” In the course of time the
psychic factor finds itself less capable of modifying and con-
trolling to its purposes the structure of routine and habit
which has been built up during the physical lifetime. Eventual-
ly the purely physical processes, inciuding especially the ran-
dom processes which make for decline of organization (disin-
tegration), gain the upper hand, and the organism dies. It
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materials then come undcr the control of purely physical fac-
tors; and these cffect a random redistribution of its compo-
nents—one, thatis, occurring in accordance with simple prob-
ability factors, such as those which express themscives in the
law of entropy. The nondircctive element, always present in
a physical system, is no longer adequartely compensated by the
directive and intcgrative psychical element; and vital integra-
tion i3 no longer possible.™

U It is evident that the psychophysical conception of the orgamism has g
general implications for pathology. The deeline of integration just descrifedd
shows jtself in a decline of control in the processes of growth, repair, and{rain-
lenance, as well as in other psychical and physiological activities. For gxample,
tumor {ormation has its physical basis; but another factor in this proeess, ac-
carding to the present conception, is a weakening or withdrawal of ‘thi directive
and integrative influcniee normally present. This deficlency showsitself, for ex-
ample, in the disorderly character of malignant proliferation.Obsiously, a psy-
chosornatic hiology must consider physical pathology aut{psyrhopathology as
closely interdependent, \ 4
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CHAPTER XIV

Summary and Review

HROUGHOUT the present cssay we have cmphasized
the conception of the living organism as a natural system
in which factors of stability and factors of activity are, com-
bined in a special kind of synthesis. This synthesis hag\ah as-
pect of novelty, shown both in individual df:\'clopmén\t and in
cevolutionary advance: life is creation, We regaf®he source
of this novelty as essentially psychical in ijs\ﬁ'alure; at the
same time the organism is a stable and grferly physical svs-
tem and as such is subject to scientific d&scription and anal-
ysis. Science, as science, is concerneq@imarily with the regu-
lar and comtb}aam%t&.g;fopé}mrg?ﬁd cxperience; its ficld is
the permanent, recurrent, measuwrable, it aims at valid gencral-
ization. oOY
Yet the fact of evolutiogiShows that nature is not entirely
stable; and scicnce has ghe Turther responsibility of giving some
account of the divepsifying and synthesizing principle which
brings into cxistexk&é"s’uch a variety of forms, systems, and ac-
tivities. Evolutibp implies that all these at some time in the
past were e Individuation, diversity, and novelty are pri-
mary factsof nature, as well as stability and regularity. The
recogrifidn that a substratum of energy or activity underlics
all‘né\tural existence and process is not sufficient; many rou-
tine forms of activity (kinetic constants) exist which have the
“ame stability as static facts like gravitation, vet are equally in-
capable (by themselves) of producing novelty. Our prescnt in-
terest 18 in the nonroutine activities which are the source of
natural creation. What “causes” or conditions the departure
from routine, the appearance ol genuine noveltly in nature?
In life-processes, as experienced in ourselves, we find a foun-
dation of stable conditons and processes which are physicals
superposed on these we find also the immediately felt quality

194
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or property which we call pspchical. The latter is a matter of
direct cxperience and is active in the present; and since present
time is new (not previously existent), the psychical would ap-
pear to provide the rcquired source of novelty. Woodbridge
remarks in his An Essay on Nature: “Man is a sample of nature
and just as good a sample as a solar system or an atom.”! If
this statement is accepted, the conclusion would follow that
the psychical gualities, so highly developed in man and higher
animals, are an cvolution [rom properties and conditions which,
are general or universal in nature. Apparently, the physical
and the psychical interpenetrate each other; and it is thgir
united action which is responsible for the diversification of
nature, including the evolution of living organismg™y
“Mind,” the psychical, is in our observation lways associ-
ated with a physical organism. The question 6 why the body
has a mind (or the mind a body) receivesya partial answer
from the considerations reviewed in g first chapter. The
essential property of matter is stabi@i&;,“w;\’g}tgg%mﬁﬁﬁi'
tionally the atoms are indivisible and indestructible, ‘and’ this
still remains true in general;? thellving system is an grganiza-
tion of atoms, and its stable I]é‘réperties are described in terms
of physics and chemistrys Like other natural systems, the or-
ganism is a composiFng stability and activity. Physiology de-
scribes its physical ‘Rro'perties; thesc, as physical, are stable and
routine. Within this framework of constancy appear the fac-
tors and eleméxﬁfs: of novelty; but these, if really novel, appear
as psy‘cllicaNéther than physical in their origin and essential
charac’beé\’The physical complexity of the organism may 'be
accouhted for on the principle that complex modes of activity
reqiire a correspondingly complex foundation of stable condi-
\"?ip“ns; this principle appears to be universal in phy’sic )
%nd is illustrated in artificial machines as well as in living or-
ganisms. Whenever, therefore, we wonder at the physical in-
tricacy of the animal organization, we may also reﬂec‘tlthat
without this intricacy the complex and versatile activities—

al nature

UP, 237,

21.e., leaving out of account, provisionally,
atomic transformation.

the facts of radioactivity and
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whether physical or psychical—so characteristic of life would
not be possible,

The living organism, then, is not merely physical in its con-
stitution but psychophysical; the psychical reacts on the physi-
cal, and vice versa: there is an abserved reciprocality of influ-
ence. But the psychical influcnce is of a special kind and differs
characteristically from that of the physical; it is the funda-
mental source of the sclective, innovational, and integrative
property of the organism; its essential quality may be déN
scribed briefly as direction, aim, purpose—in a wordg\the
teleological. There exists in the psychical a property of'spon-
taneity; part of its determination is in the present_and inde-
pendent of the past, and also indepcndent of pr*cfseﬁ’t condi-
tions external to itself; this independence is a.‘ciiéracler of in-
dividuality; it is 2 monadic property in theNheibnitzian sense.
Accordingly, novelty and creativity (inglading ““frec will”)
have their origin in that part of the ozganismic activity which
is psychical FAthenthamphysicalin e, physical is routine, and
its characters have been fixed by\conditions which are now
past. Novel activity, in contra,gt:,’.z’implies some departure from
past-determined and conself\jéti\-’e modes of action, although
these latter are always présent and necessarily have their effect
in the total behavior Of the system. Again, if any instance of
vital activity is to e¥éntuate in consequences that are creative
(or will contribyforto evolutionary advance), it must bring a
sufficient varjety’ of factors under a common influence and
must maiggﬁjﬁ a certain consistency of direction (or trend) for
a sufficienttime. In other words, the activity as a whole must
be unificd, i.e., have a quality of coherence or integration.

Iﬁ’véluntary human activity such integration is normally ef-

\’{éct"ed by what we call “purpose”; this is a psychical activity,
maintaining itself through time, which guides, controls, and
untfies a course of action, Conscious purposc, however, as it ¢x-
ists in oursclves, is to be regarded as a highly evolved deriva-
tive of a more widely diffused natural condition or property,
which we may call “directivencss” or (after Whitehead) “sub-
Jective aim.” This is the property which underlies the tcleo-
logical manifestations of nature. In teleological activity there
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is a participation of the psychical (in some form) in superposi-
tion on the physical or already established part of nature. In
novel lorms of natural action the selective or preferential prop-
erty (aim) of the psychical dominates over the nonselective or
random property of the physical and imparts a corresponding
direction to events.

We have emphasized that conservation and regularity are
the distinguishing features of physical reality; hence is derived
the preference for mathematical representation in the physical,®
sciences and a large part of biology. In one sense the inerpigyol
the physical is an obstacle to the development of vital grgarii-
zation; in another scnse it is a necessary precondi:t~ié;n; since
both the attainment and the maintenance of an @rganization
depend in large part on the regularity of physicat factors. Un-
derlying any synthetic process there must heva foundation of
order.? Living organisms are subject, likke Other natural sys-
tems, to the general laws of physics aglgi}hemistry, at the same
time as they exhibit activities of fl.}ﬁrl’g!,g;g,‘;ig%% papyrg}lg{gg
sysiems and largely novel and anpredictable.

Ohservation indicates thap’ﬁéture is a combination of ran-
dom and directed activiges; randomness (probability distribu-
tion) furnishes the basigfor uniformity and stability in physical
processes; and, €o v?gfsély, we may regard the existing diversi-
fication of natupe, nonliving as well as Living, as evidence of
directivenessy, The reason why random activities tend toward
stability is nov'difficult to see. When chance events are repeat-
ed a suffigiént number of times, they distribute thcm.selvfes

equalj§‘or symmetrically in all possible directions. Act1qn in

onedirection is just as “probable” as action in another _dlrec-
{tior; hence, in any active group of particles an impulse 1n one
irection is sooner or later compensated or reversed by an
impulse in the oppositc direction. Accordingly, chance activ-
ities cancel one another out and cannot by themscivcs_lea@ to
progressive differentiation, evolution, or complex organtzatlon.

- i lopment {Order
¢ Joseph Needham, as a motte for his Terry Lectures on developm
and j]dgﬁ, %_\Tcw Haven, Conn.: Yale nijversity Press, 19361}, quo}tqcsllf)l; Thgéniar?
Browne: “All things began in Order, so shall thes end a4 0 5, L for
again; acecording to the Ordainer of Order, and the mystical Matoe

the City of Heaven® (Ths Garden of Cyrus [16581).
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It is because of their long-range uniformity that they consti-
tute the factors of stability in physical processes. The mole-
cules of a gas behave in accordance with probability patterns
similar to those exhibited by other casual motions (like the
shaking of dice); and the same is apparently true of the sub-
atomic processes governing the emission of electrons fram
radioactive atoms, and similar processes of microphysics. In
contrast, synthetic natural processes which arc in any way
complex require, in addition to such stable activities, the pregs
ence of some influence or factor which is directive and unifyintg
and also sustains its directiveness for a sufficient time "%/

This contrast of casual and directive in nature has its close
parallel in the contrast between physical and psyéhfcal in the
animal organism, Purely physical acti»'ities%.ljeing based on
random factors, are unguided; to give théaNg definite direc-
tion and a persistence in that direction, gherc is required either
a psychical control which is applied igﬁ}hb present or a physical
control "By G IR b@iition wich had its origin in a
psychical control applied in 1'11;::;}5&51.4 The resulting structure
or condition persists and “can’aliics” the present activity, very
much as a stream bed candlizes the Aow or a track dirccts a
railway car. 2

Apparently, every{phasent action leaves its permanent im-
press in nature; ‘ghxisﬁlhysical property of conservation is what
makes it possille’for psychical action (acting always in the
present) to dehieve results which are stable and furnish a se-
cure basig for further advance. Accordingly, under psychical
guicla\:n@ér it becomes possible for physically stable organized
systeltls to be built up step by step and ultimately to attain al-

240st any degree of complexity—which means improbability

in the purely physical sense. Of these systems, living organisms
are the chief examples in existing nature. Such systems may be
maintained in all their complexity if the psychical factor re-
taing its directivencss; efficient purposiveness requires that
this factor should interfere correctively whenever required mn

+Here we are leaving out of account provisionally the case of casual single
events, which, as pointed out above, may sometimes give rise to special persistent
conditions—but never, it should be noted, to conditions having a high degree of
organization,
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such a way as to counteract the ever present physical tendency
toward randomness and disorganization. So long as the psychi-
cal factor holds {ts control, the casual factors are thus prevent-
ed from disorganizing the system, which continues living until
random factors again assume dominance within it or until
some disorganizing intfluence enters from outside.

According to our present conception, it is in this step-by-
step manner, under a steadily persistent directiveness, psychi-
cal In its essential nature, that lving organisms have come into
existence in the course of evolutionary history and attained \
their present characters. The contrast of randomness and g
rectiveness appears to pervade all nature but is especiq,ﬂy evi-
dent in living beings. We have seen that any eflepilye teleo-
logical activily requires that the dircctive influenpe'should be
applied at certain critical places and times in fh} causal nexus
bur that its intervention necd not be contingous. Intermittent
direction is sufficient if properly iocalize’@ﬁ space and time;
in the intervals, regular physical faﬂpt@x\Sa*B%E%ﬂ‘El P?oq‘ e —
keep events in their determinatelcourse; they provide the
stability which the process requifes, as well as its energy.

If in such a teleclogically ¢atitrolled sequence the directive
interventions occupy only™a brief time and are conﬁncd ta
spatially minute regiofiss (like groups of key atoms mtua:ccd,
for example, in n c.i\éi.)’, they may escape direct obscrv'anoln,
and the whole pgeccss may then appear completely physicalin
its determinatioﬁ. Nevertheless, its special course anc,i out-
come will hb determined by the teleological factor; without
this fa 'tef’;.bhysical processes can achieve nothing crfiﬁtl?’ﬂ n
any C.C:i%ﬂ ex sense. Any progressive human undertaking 1llusf-
tratddsuch a state of things; special tasks are left over 1.mt11
’ﬁé‘-‘i\t day; orders are given at intervals; repairs and ?.d_]uSt;

lents are made when required. Temporary interventions ©
this kind arc sufficient to insure the desired outcome. But uﬂ-,
less the teleological control asserts jtself, the random fi:lCtO.I'b
sooner or later become dominant; “we see chance creeping 1
where formerly it was excluded”; and progressive disorganiza-

tion follows.

In general, we conclude that probability factors, although
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they furnish the conditions of stability in purely physical proc-
esses, cannot by themselves be depended on for the develop-
ment or maintenance of highly organized and active svstems,
such as living organisms. Where no sustained directiveness
i present, any systemn of events consisting of many active com-
ponents tends toward a state in which the components are dis-
tributed according to the conditions of probability; this
means, if mechanical restrictions are abscnt, a state of unilorm
distribution., When such a state has been reached, the svsigm
as a whole, if left to itsell, remains static.? On the other hand,
if through creative action a complex organization };éé‘"c}rlce
been synthesized, it may be preserved by a directive conhol
which intervenes only occasionally—just how often will de-
pend on conditions—and a stability thus maitfained may be
secure and may form the foundation for fursher advance,

In the highest known products of n;d(eu:‘dl cvolution, living
organisms, we have the apparent paradex that, although they
consist efweyatresizhchinargrials andvprocesses of the utmost
complexity, they nevertheless maintain, both in detail and as
wholes, the most exact regularny, precision of action, and co-
herence. Until the normal® iife- -cycle nears its close, they resist
successfully the automatic physical tendency toward disinte-
gration. As we havqgseén, a prerequisite for this physical coher-
ence is the physicalstability of the component structures and
processcs; yet 0 account for the coherence and regular inter-
action of sugh'@ diversity of factors, it scems necessary to recog-
nize the e}}imengc of another kind of stability, one based on
psychi\al mleO‘ratlou This is a stability which in our human
experlence we find necessary in any kind of constructive or
" syithetic uncleltakmg {ts nature is indicated by the terms

9 ‘apperception,” ‘“comprchension,” “‘mental grasp,” and

“sustained purpose”: a variety of details arc held together in
the unity of a psvchical ficld,

This psychical integration, so characteristic of the living
organism on its conscious side, implies the existence of a paral-
lel physical integration, the two forming together a psycho-

B Note Milton’s descrlptlon of Chaos in the passage quoted by Whitehead
(Process and Realily, p. 146):° . and by conlusion stand.*”
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physical unity. The concept of the organismic “field” corre-
sponds closely; such a field is to be regarded as including bio-
logical factors which have a psychical (or quasi-psychical}, as
well as a physical, character; that is, in the characteristic uni-
fication of the organism an integrative principle or property is
acting which is similar in its essential nature to that of which
we arc conscious in mental life. In this psychical unification,
aim and directiveness, together with selective quality, are con-
stant features. “Alm” implies reference to the future, a teleo-
logical propertly; the existence of effective teleological factors
in living organisms is sufficiently shown by the part which por-
posc plays in our own activity. Conscious purpose, figWvever,
is to be regarded as only one form of biological<iﬁ;egration;
the integration shown in embryonic developmentis apparently
unconscious, and the same appears to be B! most physio-
logical regulations. Such biological facts ,EQint to the existence
of'a more general integrative praper {Or activity of a funda-
mental kind which is universally ‘[;{g\ge&!l%:rlfnluﬁa"l;{g organisms,
from amoeba to man; and if wo, asknowledge tiie eRidthce of
this factor, the problem of its gpecial nature arises.

This problem has its philesophical aspects, but th.e more
special biojogica! problent ‘of where and how the derCt_lVC
control which underligs‘integration is applied in the Drga‘msm
may be approacliee i"[;y scientific methods. In higher fj,n1mals
the pervous system is regarded as the chief organ of integra-
tion; but the &sential physiological problem isof a ynore gen-
eral kindsand has reference equally to lower animals anﬁ
Plants\ﬁéhce the most important facts are the most gener
ones: N . :

O special significance is the fact that l'%v'ing Organisms coin-
“Sist of structural units, “cells,” whose actvibes are uf}d.erh nucle-
N\ ar control. In both physics and biology a «nuc_lear in 11.1e:r1c:f:
1s generally conceived as one which Drigmatf::S wma S.’mal ’ ;-el,:-
trally situated area and controls processes 1n the li’ﬂm:‘r i flhz
surroundings. One of the chief results of moFlern cytology 1153 .
demonstration that in the multicellular a_mmal or pleinF,. Oall
during development and in the adult st2ge, the Hui "?1;2 .
parts of the organism have the samne physical constitution,
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shown by the number and structural peculiarities of the chro-
mosomcs in mitosis. The chromosomes contain the genes, and
the conclusion {ollows that the same group of genes is repeated
regularly throughout the organism, at brief spatial intervals
corresponding (in general) to the dimensions of the cells. Iix-
periment shows that the general biological function of nuclei
has reference to the synthetic and integrative side of cellular
processes;® if the nucleus is removed from a cell, there is no
nuclear regeneration and the ccll later disintcgrates, O
A corresponding integrative function is to be ascribed tdyrhe
totality of nuclei in the whole multicellular organisgmNit“the
gene theory of heredity is true; the difference bc};}@i:(:n the
single-celled and the many-celled organism is stply that in
the latter the nuclei are multiple instead of singl%: Apparently,
each nucleus has its limited sphere of inﬂt}enée, 1.c., controls
directly the special character of 1116'[;&331‘151117 throughout a
certain small element of volume. Jm addition, therc is the
whole field &F'¢ %é%%%é’ﬁ‘i’%&ﬁf%ﬁ“ﬁg oharacter as a unity; this
corresponds to the field over wiileh the whole nuclear aggre-
gate (considered as a unit} exdits its control. The essential fact
is that, scattered throughcﬁit the whole highly differentiated
organism, wherever th{re is active metabolism, the same small
corupact packet of gengs is found. This condition is undoubted-
ly a primary factorin the organismic integration.®
An unsolvedyproblem, however, is why, although the genes
in all regions of the organism appear to be identical in char-
acter, theréshould be such diversity in the developmental and
othc'r\ﬁi;“fsiological processes in the different regions, The uni-
formity of gene character throughout the organism has a cor-
~tespondence with the biological uniformity shown by all the
Nndividuals of a given species; but it does not account for the
progressive differentiation which occurs in each individual as

& The basis for this gencral conclusion is the large body of experimental work
upon protozeans and other single cells (e.g., egg cells}, where nuclei can be re-
moved or transplanted by operation.

7'The view is widely held that the genes determine primarily the protein speci-
ficitics.

8 For the evidence connceting single gene characters with special somatic char-
acters the reader is referred to the work of the geneticists, espectally T, H. Morgan
and his successors, as reviewed in all recent textbooks on genetics,
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it develops. Here we have a problem of a peculiarly biclogical
kind, and one upon which physical methods of analysis do
not seemn to throw much light. It is evident that in the or-
ganism there is both a unifying influence and a differentiating
influence.

Much of the unity of the organism is plainly based on stereo-
typed physical conditions. The whole organismic “ficld” cor-
responds closely (in the spatial sense) to the volume occupied
by the complex of nuclel, Le., the genes. The genc system thuys,
appears as the all-pervasive factor of stability; its presence.coh-
fines the course of the organismic synthesis within defibite
bounds. Apparently, the reason why the genes are distributed
in multiple groups (nuclei) is because physical con@itions limit
the dircet influence of a single group to a smallf\foiume; hence
the united influence of many similar groups’is required to
create a constant field character permegting the whole organ-
ism. ‘Throughout the organism the.$tabilizing influence of
physical conditions is everywhere gﬁ%‘g‘lﬂebﬁﬁué\,bf&gﬁ@}gf& any
ordered differentiation such as we, find in the organism a foun-
dation of stability comprehending the whole system is required.
The structural and physi@l;igical characters of the adult are
built up gradually in deCelopment; cach stage, as it is reached,
is temporarily stabiiiz:ézl‘ by the formation of definite structure.
This structure rqp}e\sénts the physical foundation required to
insure the consfaficy of the next step; and by such successive
steps the cofdtrGctive process continues until the adult stage is
reached /0

At ab:y' time and place there is a definite physical set of fac-
1ors i’s}ithin which the other biological factors can act in a de-

_péndable manner. This dependence of local development
\ (}.e., of special parts and organs) on local physical conditior?s
is an intimate one, and experimental alteration of these condi-
tions {by excision or displacement of parts, chemical influence,
transplantation, etc.) produces correspondingly constant
changes in development. Hence t0 the experimenter develop-
ment may have the appearance of being nothing but a com-
plex physical cycle, which, like other physical processes, is al-
tered in a definite manner by physical interference.
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Differentiation, however, while requiring this basis of physi-
cal conditions, appears to have its ultimate origin in conditions
where psychical factors also play a fundamental part. What
constitules the real biological problem is not the mere physical
regularity of the organism, but rather the tendency toward
novelty, synthesis and higher organization, as seen both in indi-
vidual development and in evolution. According to our pres-
ent interpretation, this diversifying tendency is the cxpression
of a dircctive and integrative factor which is psychical in its
essential nature, although acting within or through the physi-
cal. This psychical factor offsets the physical tendency poivard
uniformity and dissipation; and under its directivej.{j.ffﬁence,
esscntially teleological, the routine physicochemiealNprocesses
arc guided and co-ordinated in such a way asgobuild up and
maintain the special biclogical organizatiahs~which in the
purcly physical sense is so completely “irn}}rbbable.”

It is clea\l}; wt\l:}% Fé%; ilépa;z_he ‘c_n*gi;rz\tnisrnigﬁe]cl there are diversi-
fying influences at work Wwhich arc dipéctive and vary in dif-
ferent spatial regions, at the same e as a unifying control is
maintained over the whole; in gHesc general respects the condi-
tions are similar to those present in any other orderly and com-
plex synthetic process, suelas the construction of a building or
the composition of a Mdrk of art. In all such cascs the com-
ponents arc plach\l\n position through a combination of
physical and dirgdtive factors. An essential requirement is that
the elements should hold together at every stage so as to pro-
duce a physicﬁf concretion having the character of stability, at
least tempbrarily, i.e., for a time sufficient to insure the con-
stancy '0f the next step. Further additions can then be made,
and by such steps steady progress is made until the final stage
s geached. Many structures laid down in such a synthetic proc-
ess may be temporary or of a “scaffolding’ nature; such con-
ditions are irequent in living organisms and may be even
elaborate, as seen in the amnion and allantois of mammalian
development. In the organism what is essential is that thc
regularizing physical and the directive psychical should main-
tain cffective co-ordination throughout the whole ontogenctic
process, as well as later in adult life.
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Why is it so diflcult to demonstrate scientifically the pres-
cnce of such directive factors? And why are so many biologists
frankly skcptical regarding their existence? Throughout our
discussion we have ascribed to these factors a psychical or
quasi-psychical quality. As psychical, their action is in the
present; something interferes with, or is added to, the simple
probability conditions which determine the purely physical
course of events, and this something has a selective or prefere\
ential, as contrasted with a random, character. Just what Jt
selects is determined hy the internal factor, called by .¥Vhi\te-
head “subjective aim,” which is of the same essential*nature
as the purpose of higher animals and man. As subjécti‘vlfc, this is
not open to external observation, and here igqﬁd}erc the chief
difficulty Hes. All the externally demonstraiie conditions and
processes in the organism are physical{pHysicochemical) or
physically conditioned; they exhibit gh‘és\s:ame precision, causal
dependence, and regularity as othigr physical pprogesses. The
functional intricacy of the orgamism is based on a correspond-
ing physical intricacy; indeedyto many biologists the physico-
chemical processes of the Siganism appear quite suflicient to
account for even its piOst complex activities, including the
psychical. Such mer ate likcly to believe that with the ad-
vance of sciencg\ah vital activities will be “explained” in
terms of physiesdnd chemistry.

Undoubtédly, the realistic approach to the problems of the
living org@’:{nﬂsm has this “materialistic” side; but, if entirely
realisyk;; 1t is not materialistic alone. The dilemma is in laljge
partresolved when we remcmber that the teleclogical g.uld-

afde of a physical sequence requires only an occasional direc-

Nlve intervention: therc is no need of a continually active

psychical influence which is at variance with the laws of
physics. In the physical structure of the organism we ﬁncli am-
ple evidence that the directive control is frequently, 1 I}Ot
always, localized in spatially minute regions, where it acts 1n-
termittently and from which it spreads to larger areas; Fhe ac-
tivity of the nervous system is a familiar instance of this; and
many other critical forms of physiological control are local and
intermittent in their action. The fundamental nucleated struc-
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ture of the organism appears itself to llustrate this condition.
We may assume that the directive intervention which guides
and integrates the organic processes is applied, when needed,
at these scattered focal arcas. In this way the varied physico-
chemical activities arc given a unity and a dircction which
otherwise they would not have, and it becomes possible for
them (acting as cfficient causes) to carry out constructive or
other processes having almost any degree of complexity.

The general biological evidence indicates that the funda®
mental integrative influence in cellular organisms is exe.fted
chiefly, if not exclusively, through the nuclei. These go@étitute
a relatively small part of the total living materialihiit their
chemical and structural complexity is great, and this complex-
ity of structure irmplies that they are the seat-df gorresponding-
ly complex activity. One might picture th(-'\clirective psychical
influence as playing upon this structure{{:&y much as a musi-
cian plays,upoabhiginstsagns The 3mino-acid residues in
the protein structure have graded ‘ptoperties which may be
compared with the gradation Qf‘ih’e notes. The possibilities of
varied activity based upon the combinations of such units are
unlimited; and on such a goheeption the association of life with
protein structure becomes’ easier to understand. At present
little may be gain ‘\by’speculating on the possible biological
significance of the special chemical configuration of nucleic
acid, that re@\a’ﬁkable substance which is universal in cell-
nuclet and othér proliferative forms of living matter, including
bacteria and'viruses. Apparently, this compound has some in-
timatg‘aél'étion to the synthesis of other protoplasmic com-
poudds, especially proteins. In conformity with our psycho-

plhiysical conception we may assume that the directive influence
of the general organismic field asserts itself at certain points in
the nuclear structure as required, and that the regular physico-
chemical factors always present complete the biological proc-
ess through their automatic activity. Similarly, in carrying out
an organic synthesis in the laboratory, the chemist makes cer-
tain adjustments in his apparatus and reagents and leaves the
rest to nature, with the assurance, based on repeated experi-
ence, that events will turn out as he expects.
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I amn not preparcd to offer any more concrete suggestions re-
garding the nature of the general organismic ficld influence—
el hypotheses non finga. All that can be said, on the evidence, is
that it is a unifying principle and that it pervades all parts of
the organism while the latter remains alive. It is a principle of
apparenily four-dimen-
» fyiral

cohercnce, of harmonious activity
sional. Applyving such a term as “field,” “psyche,
principle,” “anima,” or “cntelechy” is merely giving a gen-
eral name to a natural condition which apparently cxists.ii™
every living organism. What the existence of this condjtion
means in an ultimate sense is a metaphysical questior, The
properties of living organisms (including man) are inpart gen-
eral, in part individual. Our chief hope of attaini{fg adequate
biological conceptions lies in the extension of }f&ﬂiﬁ knowledge
and insight, but in this enterprise no aspedt of the organism
should be overlooked. It should never bevforgotten that the
living organism is both physical aqmmmb@cytg;%_ﬁgpects
being grounded in a unity.

In conclusion, some bricf reflections on the relations of the
biological philosophy of organism to human life scem relevant.
While the possibilities of sdfénce are unlimited, it should by
now be obvious that wiere knowledge, scientific or other, is
not sufficient to insuré the good life. Creative activity, directed
toward worthy aj(hs—micleal and practical—is even more im-
portant. The aporld is suffering from maladjustment, and to
the biologist rfp\aladjustment in a conscious organism is equiva-
lent to untrealism in outiock and response. In nature no sys-
temn cgm‘ Ynaintain itself or expand its cxistence if it is out of
confc;’rmity with its environment, i.e., with reality as its exists
ap& acts outside the system itself. Realism and sound morality
Naust be regarded as synonymous.’ “Environment” means na-
ture in general; but what nature is in all its reality 1s a ques-
tion that goes beyond science. At least we may be surc that, if
the human race persistently flouts this reality, the consec-
quences cannot fail to be disastrous. George Meredith’s great
philosophical poem, “Earth and Man,” begins:

n its implications for civili-

¢ A thesis that might be expanded without Hmt 1
zatian.
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On her great venlure, Man,
Earth gazes while her fingers dint the breast ... . .

The biologist may also at times doubt the capacity of the hu-
man race for survival. Yet Meredith’s final judgment is hope-
ful, even optimistic.

When scicnce offers recommendations to humanity, these
should be forward-looking, temperate, and critical—at once
imaginative and realistic. Man is a product of nature and
lives immersed in nature. But science cannot foresee in detafl ™
the course of natural creative action. Nature, as it exists in'the
present, offers to our obscrvation a highly diversificd anray’of
stable (hence scicntifically definable) conditions, sys.t:f‘:ﬁls, and
processes. Present nature must be regarded as simﬁ~far in essen-
tial respects to nature as it is (or has been) in ¢he'past—at least
during the period covered by organic evolitien. The natural
creativity, building on stable foundaliqz;m,\l;aid historically or
otherwise, has d%ggjﬁgg‘gl_ip%lrgﬁghs byslow degrees; and, if we
may judge from the outcome, many\of its activitics give cvi-
dence of being tentative, experinrental, and at times mistaken.

Nevertheless, much of the gttcome has a value which justi-
fies optimisin for the future‘chi"e science may take encourage-
ment from a position wglNenown in philosophy; a property of
the good (in the uni\je'i*sﬁl or Platonic sense) is that conscious
effort tends to be direeted toward its continuance, since it is the
object of desire; While evil, the immediately or ultimately pain-
ful, is a featie-of reality which conscious effort tends to re-
movce or ovextome. The former has thus within itsell a prop-
erty or\({fl\aractcr which favors its continuance and increase;
the latter is inherently unstable.

ASeientific analysis shows that stability in all highly diversi-
fied or composite systems requires harmonious relations—re-
\Iations of mutual support or equilibrium—between the differ-
ent components and activities. But every natural system, if it
is highly individualized, acts automatically to preserve its own
status and condition; hence conflicts of interest inevitably
arise between different individuals when they come into con-
tact. Each individual, if it acts solely in its character as isolated
and self-centered, tries to secure stability and advancement at
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the expense of the others. Nevertheless, what we call “beauty®
—harmony of parts, harmonious interplay of processes, as
scen in living organisms or in arts like music— is widespread in
naturc, although it fails to be realized, or is destroyed, when
the individual interests (or what scein to be such) come into
irreconcilable conilict. This 1s by now sufliciently evideni; but
what should be better known and more widely acted upon is
that integration fetrveen diflerent individuals, as scen in rhes
mutually helpful relations of the various uniis in many huyman
and animal communities—or cven beiween cIifI‘crcng,.g'}i‘f&cs
of animals and plants— is as much a factor in ’}Qi’bfogical
survival and evolution as is conflict.?® The avoidduce of usc-
less conflict, and the subordination of iIldi\'id),{:'glt‘”illl.CI‘CStS o
the intercst of the whole reality which includésyhe individuals,
would thus scem to be rational aims for @il tonscious beings;
and these aims have the further sanctigh 'of religion when the
whole Is conceived in its character asﬁh’f\ﬂﬁm‘?{&”i‘ﬁ%‘&-ﬂ}igéﬁity
1 This was [ully recognized by Darwindivd has recently Leen emphasized by
W, Q. Alice in his vice-presidential address before the Amerivan Sociery of
?.uologists: “Where Angels Fear T'n AT (S e, XOVID [1943], 517) See
2l Whitehead’s discussion in Sricnteigid the Mudorn 1Uarid, pp. 288-90. He re-

lna_rlgs eisewhgre in the same bogks “Romantic ruthlessoess s o nearer o real
politics than is romantic Sclf—abq?x:at[ou,“
LU
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