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and judging by the past non-activity of the
government in educational matters it
might take twenty years of agitation be-
fore congress could be induced to make the
necessary appropriation. The government
has a Department of Agriculture which is
making experiments for the farmer, to en-
able him to grow larger and better crops,
a Bureau of Forestry which is trying to
conserve our forests, a Bureau of Mines
which is experimenting on improving the
methods of mining and on the prevention
of accidents. It has also a Bureau of Edu-
cation, which publishes statistics of schools
and colleges and some interesting papers
on educational subjects, but which has
never investigated academic efficiency or
carried on an educational experiment. All
educational reforms in this country have
been originated by individual philanthro-
pists or by individual universities. They
do not come about by normal process of
evolution in the educational world or by
governmental action, with perhaps the
single exception, the Morrill Land Grant
Act of 1862, just fifty years ago. We
therefore must look for a millionaire phi-
lanthropist to begin the great educational
experiment which will lead to improving
the methods of training our future citi-
zens,

Our modern educational literature, ad-
dresses of college presidents, school super-
intendents, proceedings of societies, ete.,
all show the prevailing consensus of opin-
ion that there is something seriously wrong
with our whole educational system, and
that instead of getting better it is con-
stantly tending to grow worse. There ex-
ists also a great amount of ultra-conserva-
tism and of mental inertia relating to the
subject. It is high time that something
practical be done in the way of reform.

WiLLiam KenT
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THE PROBLEM OF ORGANIZATION
1§
THE PROGRAM

I have heard the title ‘‘philosophical
biologist’’ applied to biologists who talk
about such matters as this problem of or-
ganization. The honor is totally un-
merited. The problem is in strictest sense
a biological problem. No doubt philosophy
is interested in its solution. Philosophy is
and ever has been a field for speculation
about unsolved biological problems. When
biology and other natural sciences shall
have solved all their problems, a consid-
erable burden will have been lifted from
the shoulders of philosophy. This helpful
relation should, however, be a mutual one.
Science will never solve its problems—at
most, it will never do more than think it
has solved them—unless it constantly real-
izes its own limitations and unless it fre-
quently assures itself of the security of its
foundations. Now, perhaps more than at
any other time, the naturai scientist stands
in need of help which may well come from
the philosopher. Is it not timely to raise
the question as to the validity of the as-
sumptions upon which science rests and the
integrity of the methods by which we at-
tempt to progress? Science is a tool by
means of which the human mind seeks
truth. This tool was not fashioned by some
omniscient being and bestowed upon man
for his use. He made it himself. Is it
possible that the tool is now antiquated in
its structure or so distorted and worn with
long use that it no longer cuts true?

This problem of organization, in the
sense in which I have stated it, is not only
a biological problem. It is in a broad sense
a physical problem. The materials of bio-
logical science consist of those substances
which we call living, and the energies
whose existence is revealed to us by the mo-
tions of the bodies composed of those sub-
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stances. In the formation of a crystal we
conceive of certain energies working in
certain ways. Every formative event in an
organism is a phenomenon of matter in mo-
tion. The investigation of form and or-
ganization reduces ultimately to an in-
vestigation of the energies involved in the
motions and configurations of certain sub-
stances—Dbiophysics. We would know the
nature and mode of operation of these
energies. Are they resultants or complexes
of forms of energy with which we feel our-
selves somewhat more familiar as we view
them in the non-living? Or shall we find
that living substance serves as the vehicle
for energies peculiar to itself? In the lat-
ter case we shall simply have lengthened
the known list of truly physical agents
that is, agents which are involved in the
motions of molecules capable of analysis
into known chemical elements. If any pe-
culiar energetic properties of living sub-
stance should be demonstrated, whether
such energies should be regarded as phys-
ical or non-physical is a question, not of
fact, but merely of terminology.

But before we can preface our inquiry
with ‘““what’’ and ‘‘how,”’ we must first
ask, where? Our problem of organization
is to a large extent the problem of deter-
mining the situation of the energies in-
volved in the formation and harmonious
operation of organic systems. One impor-
tant step has already been gained. It is
not so long sinece we looked hopefully to the
environment in which the animal lives as
‘the seat of some, if not all, of the energies
of organization. Now we know that the
germ possesses something more than merely
the fundamental capacities for metabolism
and growth. It is not a bit of indifferent
plastic substance which is molded into
shape by an elaborate complex of environ-
mental foreces. The energies which under-
lie organization are seated in the living
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substance itself. We now press our ques-
tion one step further. Where, in relation
to each system of the organism, are the
energies which produce the organization of
that system? Does each organic unit con-
tain within itself an energy-complex suffi-
cient for the part played by that unit in
the system to which it belongs and in all
higher systems, or shall we find more com-
prehensive energy-complexes transcending
and dominating the intrinsic energies of
all the units of a system?

It is in the developing organism that
this problem of organization most insist-
ently demands our attention. There we
see the complex arising from what appears
to be simple, system growing out of system,
one organization after another derived
from something which gave within itself no
evidence of the existence of such organiza-
tions. The adult organism presents more
nearly a static condition. When we under-
stand how organic systems arise in onto-
geny, we shall doubtless be in a fair way to
know, if we do not then already know, how
organization is maintained in the adult.
Not only is the problem essentially a prob-
lem of the developing organism, but de-
velopment offers to the investigator the
most promising field of attack. He is by
no means restricted to embryonie develop-
ment. Regenerative development involves
essentially the same processes as embryonic
development. Precisely the same prob-
lems exist in both and for obvious practical
reasons there are great advantages in favor
of experimentally controlled regeneration
as a means of discovering the location of the
energies which produce organization.

Units of organization representing at
least the more conspicuous grades of units
which we see in the adult appear early in
the ontogeny of metazoa. At first we see
cells only, but very soon they become dis-
posed in sheets or layers which, so far as
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visible structure is concerned, are the em-
bryonic equivalent of tissues in the adult.
These germ layers almost immediately
undergo local modifications wherein we see
the embryonic equivalent of organs. And
before development progresses very far,
structural peculiarities appear which corre-
spond to specific characteristics of the
whole individual. As the observer attempts
to follow these events of ontogeny he soon
finds himself confused and lost in so great
a complication of developmental opera-
tions that he can no longer surely distin-
guish processes which are functions of the
organization of cells as cells, and processes
which are functions of the organization of
embryonic tissues, and others which may
be functions of units of organization of yet
higher grade.

In our approach toward the problem of
organization, a step of the utmost impor-
tance will have been gained when we have
so far analyzed developmental operations
that each component process may be posi-
tively identified as the function of a strue-
tural unit corresponding to an organiza-
tion of a certain grade. We must at the
outset clearly distinguish between processes
which depend upon the operation of proto-
plasmic mechanism of one grade or another,
and those events or conditions which are
entirely independent of active physiolog-
ical factors, as, for example, when the orien-
tation of an egg cell in space and the dis-
tribution of some substance in the egg are
directly due to gravity acting upon a heavy
yolk. We must then determine, for each
truly physiological developmental event, its
value or position in the scale of organiza-
tions. We shall then have come to recog-
nize in a certain developmental event, for
example, a process which requires the
operation of no organization higher than
that which is fundamentally inherent in all
cells. Any cells whatever, being in that
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particular physiological state—that is, as
regards general metabolic eonditions and
the like—and placed in that particular
physical environment, would exactly re-
produce the developmental event which is
before us. (I distinguish between the
physical environment which includes all
those conditions, such as temperature, pres-
sure, chemical constitution of the medium,
which are either independent of the strue-
ture of protoplasm, or only indirectly or
remotely determined by it; and the physio-
logical environment, essentially physical in
nature, which includes the action of im-
mediately present specific protoplasmic
mechanisms.) Thus, it is conceivable that
the earlier cleavage events, in at least some
animals, are of this elementary character,
inasmuch as they may show no definite or
necessary relations to the organizations
which appear later. In many cases the
cleavage plan may be profoundly modified
without important effect upon the subse-
quent development. In another instance
we may distinguish a process for which the
mechanism common to all cells is not ade-
quate. It is, we will suppose, a process re-
quiring, superimposed upon the essential
cell mechanism, something else which re-
sults in the association together of numer-
ous similar cells to constitute a layer or
tissue of specific structural and physiolog-
ical character; for example, the ectoderm.
Beyond that in this case we neced not go,
for it becomes clear to us that any group
of cells whatever, belonging to a tissue of
this type and placed in a physical situation
like that which exists in our supposed case,
would exhibit that particular formative be-
havior which we have there observed. It
is the essential point in this case that the
process is one which has no necessary rela-
tion to the specific features of an organ or
any higher complex of the individual. It
may, indeed, be a process which partici-
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pates in an important way in the develop-
ment of an organ, but it contributes noth-
ing of specific character to that organ inas-
much as tissue of the same type would play
precisely the same rdle in the development
-of any other organ. It is therefore essen-
tially a tissue process, being one which in
no way bears the impress of any higher or-
ganization of the individual. The inherent
propensity of an epithelium for investing
a surface illustrates the tissue process.

In yet another instance we see a group
of tissue elements undergoing changes
which result in the establishment of some
specific feature of an organ, such as the
alveolus of a gland, or a Bowman’s capsule
of the kidney. Not every group of elements
belonging to the type of tissue concerned
would, even if placed in the physical situa-
tion occupied by the group under considera-
tion, give rise to that same structure. It is
clear, however, that a certain structure may
upon occasion be formed by a group of ele-
ments other than that which would nor-
mally give rise to it. The tissue elements
which normally do form a certain structure
of high order, and those which in emergency
can do so, must either contain within them-
selves or encounter in their environment an
energy-complex which determines their ac-
tivity.  Something, therefore, must be
added to or impressed upon the organiza-
tion of an epithelial tissue or else some-
thing corresponding to the organization of
the higher system must dominate the tissue
organization. In this case, then, we have
an example of a developmental event which
owes its occurrence to energetic factors be-
longing to that grade of organization cor-
responding to those larger structural com-
plexes which, in the ordinary anatomical
sense, we call organs.

Finally we observe that organs develop
in such a way that certain larger structural
complexes are established. The several
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organs come to have, in a great variety of
ways, very definite relations one to another,
Especially conspicuous are the spatial re-
lations which result in a certain body plan
and general form. These larger relations
and peculiarities characterize an organic
unit higher in grade than the organ,
namely, the organism as a whole or the
individual or, as Haeckel names it, the per-
son. We meet here precisely the same prob-
lem which we have met at every other level
of organization. " It is conceivable that ab-
solutely indifferent cells exist—cells pos-
sessing no organization beyond that repre-
sented in the structural substratum com-
mon to all cells. When a cell becomes a
tissue cell the fundamental. cell organiza-
tion must have been modified or something
must have been added to it or something
must dominate it. Further, a tissue as
such, while possessing certain definite
habits of growth, is indeterminate in form.
In an epithelium one dimension, thickness,
is approximately determined. In muscle
tissue no dimension is determined. When
a tissue becomes shaped into an organ or
some part of an organ, the fundamental
tissue organization must have been modi-
fied or something must have been added to
it or something must dominate it. Still
further there is no universal necessity gov-
erning the larger relations which exist
amongst organs. We need only compare
individuals of different species to see that
similar and corresponding organs may be

‘related to one another in a variety of ways

so that individuals very unlike in body
plan and general form result. Somewhere
in ontogeny must exist energetic factors re-
sponsible for these larger features which
characterize the individual as a whole.
These factors may consist in modifications
of organizations of lower orders or in some-
thing added to them, or they may consist
in some energy-complex which transcends
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and dominates inferior organizations. Be-
yond denial there is a specific something,
if it be nothing more than accidental chem-
ical peculiarities of cells or smaller units,
which corresponds to the organization of
the individual as a whole. When, there-
fore, we see two organs arising in an em-
bryonic cell layer which is otherwise lack-
ing in visible differentiation, the distance
between these two organs bearing to other
dimensions in the embryo a ratio which is
fairly constant for embryos of that species,
we have before us an instance of the
operation of the organization as a whole.
Many developmental events we may even
now attribute, with a fair degree of confi-
dence, to organizations of certain grade.
Perhaps this is to a greater extent true of
the later and more complex developmental
operations than of the earlier and simpler.
When we see a limited region of a tissue
whose physical (in distinction to physiolog-
ical) environment can not be far from
homogeneous give rise to a structure of
considerable complexity, it is highly prob-
able that the action of an organization
higher than that of the tissue is involved.
But who can say whether the typical pro-
cess of gastrulation is a function of cells or
of cell layers? Do the factors concerned
in gastrulation consist of a certain physical
environment plus cell organization, or does
this process depend essentially upon that
higher organization in virtue of which the
embryonic cells are associated together in a
blastoderm, or does it involve specific fac-
tors higher in grade than those which de-
termine organization as a mere cell layer?
Or, indeed, does it involve no protoplasmic
mechanism of any grade, being entirely
dependent upon the physical environment
and the gross physical properties of the
blastula wall? While I am strongly of the
opinion that gastrulation depends upon
physiological factors of an order higher
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than cell organization, I can not offer abso-
lute proof of it.

‘When we have identified the grade of
the organization responsible for a particu-
lar developmental event, our next task—
doubtless a much more difficult one—will
be to discover the location of the dynamic
factors which determine that event. Are
they numerous, mutually independent, col-
lectively uncontrolled, seated in the several
elements of the responsible system, the
event in question being merely the result-
ant effect of their separate operation? Or
does some larger dynamic agent dominate
the behavior of all the subordinate mem-
bers of the system? When we have ac-
complished all this we may well feel en-
couraged to press on to the discovery of
the mode of operation and the nature of
these organic energies.

THE REALITY OF ORGANIZATION

Now the question arises whether this con-
ception of organizations of various grades
consists in anything more than an artificial
and arbitrary classification of the complex
phenomena of ontogeny and of the com-
plexities of adult structure. Is it not of
the same nature and value as our classifi-
cation of animals? We have devised a
scheme whereby we regard animals as
segregated into a series of groups—species,
genera and so on—subordinated one to
another. We arbitrarily separate these
‘While the scheme
expresses, to some extent, our ideas con-
cerning the past history of animals, the
groups themselves have no real existence
‘‘in nature,”’ as we say. There these sharp
lines do not exist. The species or other
group has no definite limits in space, no
form, no integrity. It has no organization
as a whole. It is true that some close anal-

ogies may be drawn between phylogenetic
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history and ontogenetic history. We con-
ceive of phylogeny as working from the
simple to the complex. An original an-
cestor gives rise to series of animals which
inherit peculiarities of the common ances-
tor and acquire various additional pecul-
larities. It is a process of differentiation.
The oosperm is the original ancestor of all
the cells of the individual. Ontogeny
works from the simple to the complex. As
it progresses celly ‘‘inherit’’ certain pe-
culiarities from the common ancestor, the
oosperm, and ‘‘acquire’’ other peculiarities
which, so far as visible structural features
are concerned, are new for that individual.
Thus arises differentiation into the numer-
ous types of tissue cells. (It is a curious
inconsistency of the scientific mind that in
ontogeny, where we can directly observe
the history of the whole ‘‘race’ of cells,
having before us both the beginning and
the end of their evolution, we are strongly
inclined to believe that the ‘‘new’’ char-
acters which appear as differentiation
progresses were somehow potentially pre-
sent in the common ancestor, the oosperm.
Turning from this evolution of a cell king-
dom to that larger evolution of an animal
kingdom whose beginning and end we can
not compass, of whose history only a brief
and far from lucid chapter lies within our
observation, we are equally strongly in-
clined to look for the causes of new char-
acters anywhere under heaven rather than
to attempt to think of them as having been
somehow latent in a remote ancestor!)

In spite of striking analogies, phylogeny
and ontogeny are quite clearly different in
their mode of operation. The noteworthy
feature of ontogeny is the concerted and
coordinated behavior of many elements,
either of the same kind or of different
kinds. This harmonious action of ele-
ments gives rise to configurations which
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are definite and limited. Within phylo-
genetic groups such coordinated behavior
of numerous individuals does not, in gen-
eral, exist. We see something similar to it
in the social organizations of some animals,
but outside of the human species it is ex-
ceptional. Within the human species so-
cial organization is all-important. There
are conspicuous analogies between the co-
ordinated behavior of human individuals
and the concerted action of the structural
elements of an individual. We may well
raise the question whether an unprejudiced
and open-minded study of these analogies
may not serve to guide us toward the truth
in our attempt to interpret and ‘‘explain’’
the organization which we see within the
individual. For the single cell and the
whole multicellular animal are both living
beings of one kind or another. This brings
us to the edge of a vast subject whose full
discussion at this point would be both pre-
mature and aside from our main thesis.

In general, then, phylogenetic groups
lack organization. They possess no form
unless it be geographical distribution, and
this, even were our knowledge of it com-
plete, must be so indefinite that it can be
described only by means of arbitrarily
drawn lines. In geographical distribution
there is nothing closely comparable to the
problem of form within the individual.
Distribution has its problems, but the fac-
tors in it are relatively well known and
intelligible. In general they consist, upon
the one hand, of the various conditions
contained within the physical environment
and, upon the other hand, of the peculiari-
ties in the organization of the individuals
of the group. But these are the peculiari-
ties of the organization of the individual
as an individuel. So far as form is con-
cerned, and aside from the relatively rare
phenomena of social organization, there is
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no evidence that a species or other group
contains any organization higher than that
of its members as individuals. This lack
of form in the phylogenetic group is most
stgnificant in the present comnection, for
it affords us an example of what results,
i the way of form, from the action of
physical environment on a group of living
units possessing mo organization higher
than that of each individual as such. In
contrast to this we see everywhere in on-
togeny precisely coordinated action of nu-
merous elements resulting in forms which
are not only definite, but elaborate. The
physical environment in ontogeny may be
considerably altered, yet these forms insist
upon developing. Is it not futile, at this
stage of our knowledge, to attempt to think
of tissues originating in ontogeny by the
action of a physical environment upon in-
different cells, or to think of organs arising
similarly from indifferent tissues? While
it is becoming that science, as well as scien-
tists, should be modest in its claims, never-
theless to underestimate our knowledge
merely retards progress. We now possess
a large body of well-authenticated data
upon ontogeny. I can not sece in these
data the least evidence that an environ-
ment which is, in the ordinary sense,
purely physical—that is, devoid of specific
physiological factors—has any power what-
ever to organize living substance. Upon
the other hand there is every evidence that
organization arises within the living sub-
stance and that the living organizes the
non-living. To admit that originally the
living arises spontaneously from the non-
living by any sueh process as fortuitous
concourse of atoms is explicitly to deny
that the non-living has organizing power,
for then organization begins by accident
and higher organizations could arise only
by continuance of accidents within the
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living substance itself, environment merely
acting selectively. Even if chance is the
creative element in phylogeny, it is not so
in ontogeny. The development of the in-
dividual does not progress by trial and
error.

We must admit, I believe, that in onto-
geny cells are somehow directly and actively
organized into tissues, and tissues and cells
are still further organized into organs.
The physical environment of a group of
embryonic cells is no more capable of or-
ganizing those cells into a higher complex
of elaborate form, than is that larger en-
vironment in which the whole animal lives
capable of directly determining in ontog-
eny the form of the animal as a whole.
I see no escape from the conclusion that
specific organic or physiological factors—
dynamic factors seated in protoplasmic
structure—are involved in this organizing
of lower stouctural elements into higher.

Furthermore, our analysis of the adult
organism into organs, tissues and cells of
various kinds is not, to any important
extent, arbitrary. Here sharply drawn
lines do exist. In the adult animal we do
not find cells which constitute a eontinuous
graded series between two distinetly differ-
ent types of cells. A cell is either one
thing or another. Neither do the several
types of tissues in any individual merge
indistinguishably one into another, as do
species. In ontogeny a cell of one type
may become transformed into a cell of
another type, passing gradually through
all the intermediate conditions. But the
change is completed so that ultimately the
cell is distinetly of one type and not of the
other. If in the adult animal there are
““indifferent cells,’’ they are not indifferent
in the sense of being indefinitely inter-
mediate in character between cells of dif-
ferent types. Their very indifference con-
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stitutes them into a class sharply separated
from differentiated tissue cells. Or they
may be potential tissue cells which have
not yet undergone their definitive trans-
formation. When therefore we say that
an animal is composed of organs, the or-
gans of tissues, and the tissues of cells, we
are not merely proposing a classification
for the sake of injecting some order into
complex structural data. Clearly, this
scheme of organic structure represents sub-
stantial existence.

Our conviction of its reality is corrobo-
rated by the facts of development. It is
true that ontogeny, like phylogeny, is a
process within which at every point there
is gradual transition from one form to
another. Here again, then, are we not
arbitrary in attempting to distinguish or-
ganizations of distinctly different grades?
No, for there is this profound difference
between phylogeny and ontogeny. In
phylogeny the intermediate forms to a
large extent persist as such, and each inter-
mediate individual has precisely the same
organic value as any individual of either
of the species between which it is inter-
mediate. In ontogeny the transitional
stage is of relatively brief duration. While
in this stage the element has the organic
value of that unit of higher order which it
is destined to become, and not that of any
unit of lower order. It is intermediate
therefore only in external aspect. It is po-
tentially an element of a distinet type and
it is assuming the struectural characteristics
of that type as rapidly as the organic ener-
gies concerned can elaborate them. On-
togeny, then, while it is in a sense a process
in which there is gradual change from one
thing to another, is nevertheless a process
whose essential feature is the establishment
of sharply marked differences. This com-
parison between phylogeny and ontogeny
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i, of course, open to the objection that we
describe the developmental process with
reference to its end, which we are able to
observe, while the end of the phylogenetic
process does not yet appear. Finally, the
sequence in which structural systems make
their appearance in ontogeny corresponds
to the relations which they exhibit in the
adult. In general we actually see, in the
embryo, cells building up tissues, tissues
building up subsidiary organs, and these
uniting to form successively higher organic
complexes. Were the sequence otherwise,
we might well doubt if our conception of
organizations of various grades, one sub-
ordinated to another, had any real value.

‘When, therefore, we attempt to liken a
tissue to a species, the comparison soon
becomes forced. It is quite clear that the
tissue is a real thing, a definite configura-
tion of matter, exhibiting certain physical
and physiological properties which ecan
only be regarded as the expression of a pre-
cisely corresponding dynamic complex.
The species, no less real, is a human con-
cept. In view, then, of the known facts of
adult structure and of ontogeny, and by
comparison of these facts with what we
know of phylogeny, we can hardly escape
the conclusion that our conception of the
individual as representing, in its entirety,
the highest of a_descending series of or-
ganizations is, so far as it goes, a statement
of biological truth.

CONSEQUENCES

Granting that this coneeption of the con-
stitution of the individual organism repre-
sents substantial reality, the problems
therein presented to us are not rivaled in
importance by any with which biology has
to deal. The problems of heredity and
evolution are intimately, inseparably, re-
lated to this one of organization, for they,
too, represent one aspect or another of the
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fundamental problem of organic form.
‘When we understand the dynamies of form
in the individual organism, we shall be
well on our way toward understanding
how a certain form is repeated in a series
of genetically related individuals, and how
in phylogénetic history form may undergo
change. Of supreme importance to us is a
knowledge of the nature of our own organ-
ization. It is perfectly clear to us that we
ourselves are animals and that the attri-
butes and powers which we possess are
shared in greater or less measure by other
living beings. So far as form and organ-
ization are concerned, we recognize other
animals so nearly like ourselves that we
include ourselves with them in the same
sub-order of our scheme of classification.
‘Whatever shall be found to be true regard-
ing the nature of the organization of other
organisms must inevitably be true of our
own organization. The full realization of
this truth must have for us a significance
which it is now quite impossible to esti-
mate. The intellectual value of so great
an addition to our knowledge affords in
itself sufficient motive and justification for
the pursuit of that knowledge. Beyond
this intellectual value lie utilitarian possi-
bilities whose value exceeds conjecture.

If we shall succeed in proving to our
complete satisfaction that organization is
the resultant effect of the action of auton-
omous elements—that it is merely an ap-
pearance presented to us by the results of
the curious accidents of molecules—our
attitude toward ourselves and toward the
universe in general must, so far as we
realize the full import of that view, be pro-
foundly affected thereby. If any one ob-
jeets that this view, if true, is an unde-
sirable truth and that we might better not
know it, we can only reply with the faith
that the truth can not hurt us, and in any
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case science is bent upon having the truth
at all costs. Indeed, if this conception is
carried to its logical conclusions, they who
would prefer not to come into the knowl-
edge of such truth can hardly help them-
selves, for whether they know it or not lies
hidden amongst the secrets of molecular
accidents yet to happen. In the mechan-
ically deterministic universe to which this
view of organization naturally, almost in-
evitably leads us—one in which our con-
scious life becomes a meaningless, even if
interesting, replica of an inexorable phys-
ical concatenation—we may at least enjoy
our freedom from responsibility for our
own fate and the destiny of our race.
Indeed, it may be permitted to us to hope
that we are destined so to react within and
upon the physical order that its psychic
reflection shall come to contain less of pain
and more of pleasure.

That other conception of organization
which attributes the harmonious action of
a system to forces which dominate the be-
havior of the members of the system ap-
pears, at the outset, more inviting to us
and richer in possibilities for us. If we
shall succeed in demonstrating to ourselves
the existence of such dominating organic
energies, we at once meet further questions
of far-reaching importance. There would,
however, still be enough left in the un-
known respecting organisms to provide ma-
terial for speculative inquiry which might
tend, as we have already intimated, in the
direction of any one of a variety of philo-
sophical attitudes. In fact, in the present
state of our knowledge this theory of dom-
inating energies may be made, if one so
pleases, as rigidly and narrowly mechan-
ical and as severely deterministic as any
other. Upon the other hand, it freely
opens the way to the more flexible and
more generous universe demanded by him



DECEMBER 20, 1912]

whom I once heard William James desig-
nate as the ‘‘soft-minded man,’’ in distine-
tion to the ‘‘hard-minded’’ person of ma-
terialistic tendencies. The biologist, or bio-
physicist, however, and in eertain impor-
tant aspects of the problem the psycholo-
gist too, will press forward their investiga-
tions of form-dominating energies with,
we will hope, supreme disregard for philo-
sophical consequences.

‘With each ascending step in the series
of organizations, the possible existence of
a dominant factor becomes of greater sig-
nificance. When we reach that highest
level with which the biologist ordinarily
has to deal, the organism as a whole, or the
individual, we have to contemplate the
existence of a dynamic agent which bears,
to the form of the whole organism, some-
what the same relation that higher nervous
centers bear to the coordinated muscular
activities of the body as a whole. How far
in the descending series of organizations is
any such dynamic factor of the whole di-
rectly operative? Does it exert any direct
influence upon lower units such as cells?
‘What can be the nature of such energies?
‘What is their relation to the energies with
whose manifestations in the so-called inor-
ganic realm we are inclined to feel our-
selves somewhat more familiar? Do they
endanger the integrity of that foundation
rock of science, the principle of the conser-
vation of energy? Finally, what is their
relation to the conscious voluntary life of
the individual ?

‘When we trace the process of evolution
in inverse order, everything organic ap-
pears to converge into a primitive and
simple bit of living substance. Can we es-
cape the conclusion that the elements of
every power and attribute possessed by the
highest and most complex organism are in-
herent in the simplest protoplasm? To
this question no dogmatic answer, but at
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best merely a statement of opinion, can be
given. In simple unicellular organisms and
also in individual cells of multicellular or-
ganisms, the various operations involved in
metabolism, in reproduction and in move-
ment, are all carried on in one common
protoplasmic body in which we can discover
no separate mechanisms or organs corres-
ponding to the several functions. (The
temporary organs of mitosis appear to take
their origin, upon occasion, from this com-
mon protoplasmic body.) Shall we not be
obliged to credit the unicellular organism,
at least—and if that, why not a leucocyte
or a tissue cell too %—with the possession of
some elemental germs of consciousness and
will? Or is it more reasonable to assume
that these attributes of the living have been
created de novo and injected into organisms
at a more or less advanced stage of evolu-
tion? If we admit the existence of some
degree of consciousness and volitional aec-
tion in a protoplasmic body in which there
is not only no nervous structural mechan-
ism, but in which all of the vital operations
are carried on as functions of the whole
and not as functions of localized separate
mechanisms, we encounter the possibility
that primitively all of the vital activities
are equally linked with cohsciousness and
will. If now, there exists in this common
protoplasmic mass a dynamic agent deter-
mining form, how shall we exclude it from
this same relation with consciousness and
will? Or, to suggest what is, to the general
biological mind, the remotest of psycho-
physiecal possibilities, is this dynamic agent
which organizes living substance identical
with conscious will? To weave further
this filmy tissue of possibilities, assume that
primitively the determination of form, to-
gether with all other vital or protoplasmic
operations, was somehow linked with primi-
tive volition. How, then, in the course of
evolution has the control of form, together
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with various other physiological opera-
tions, come to be so far removed, as in our
experience they seem to be, from the volun-
tary life of the organism as a whole? Is it
conceivable that in the full light of know-
ledge of the nature of organization we might
acquire some degree of conscious and vol-
untary control, either direect or indireet,
over these organizing and form-dominating
energies? Herein, surely, would lie a most
potent factor in the further evolution and
destiny of our own race.

The contemplation of the imaginable con-
sequences of this idea of dominant organiz-
ing energies overwhelms us beneath an
avalanche of questions, of whose asking the
only justification lies in the fact that they
are properly biological questions for which
biology at present has no answer. Certain
of these questions may seem to carry us be-
yond the world of possibilities and into the
misty realm of dreams. Yet, does not what
we dream become possible even in the
dreaming ?

HerBErRT W. RAND
HARVARD UNIVERSITY

THE BEQUESTS OF THE LATE
MORRIS LOEB

By the will of the late Morris Loeb, form-
erly professor of chemistry at New York Uni-
versity, large bequests are made to educa-
tional, scientific and charitable institutions.
Subject to the life interest of Mrs. Loeb, $500,-
000 is bequeathed to Harvard University for
the advancement of physics and chemistry.
Twenty-five thousand dollars are bequeathed
to the American Chemical Society for the es-
tablishment of a type museum of chemicals, to
be established in the Chemists’ Club of New
York City, the U. S. National Museum or the
American Museum of Natural History, and
$2,500 is bequeathed to the National Academy
of Sciences. His stock in the company own-
ing the Chemists’ Club is bequeathed to the
company. Fifty thousand dollars are be-
queathed to the Hebrew Technical Institute

SCIENCE

[N. 8. Vor. XXXVI. No. 938

and $250,000 to the Solomon Betty Memorial
Home for Convalescence. The residuary es-
tate, subject to Mrs. Loeb’s life interest, is to
be equally divided among the Smithsonian
Institution at Washington and the following
New York institutions: The American Mu-
seum of Natural History, the Metropolitan
Museum of Art, Cooper Union, the Hebrew
Technical Institute, the New York Founda-
tion, the Jewish Protectory and Aid Society,
the Hebrew Charities Building and the Edu-
cational Alliance. The Smithsonian Institu-
tion receives its bequest to further the exact
sciences. The American Museum of Natural
History is to get a collection for the illustra-
tion of the industrial use of natural products
in ancient and modern times. The Metropoli-
tan Museum of Art is to purchase and ex-
hibit objects illustrating the development of
artistic handicraft in Europe and America.
Cooper Union is to endow a professorship.
The Hebrew Technical Institute is to establish
technical courses for mechanics. The Jewish
Protectory and Aid Society bequest is for the
relief of employees. The Hebrew Charities
Building is to use the money to establish a
library and to reduce the rent for the chari-
table societies occupying the building. The
Educational Alliance is to devote the gift to
work among women and children.
SCIENTIFIC NOTES AND NEWS

Dr. Carr L. ArsBerG, chemical biologist of
the Bureau of Plant Industry, has been ap-
pointed chief of the Bureau of Chemistry in
succession to Dr. Harvey W. Wiley.

Mr. W. H. Fox, of Philadelphia, a student
of art, has been appointed curator in chief of
the Brooklyn Museum to fill the vacancy
caused by the resignation of Dr. Frederic A.
Luecas, to accept the directorship of the Ameri-
can Museum of Natural History.

TuE anniversary meeting and dinner of the
Royal Society was held on November 80. Sir
Archibald Geikie made the annual address.
At the dinner toasts were proposed by Sir
Rickman Goldee, president of the Royal Col-
lege of Surgeons, by Prince Lichnowsky, the
German ambassador, and by Professor Elie




