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THE RECENT DEVELOPMENT OF BIOLOGY.*
L

Tur task allotted to me on this oceasion
is a review of the development of biology
during the last century. The limited time
at our disposal will necessitate many omis-
sions and will force me to confine myself
to the discussion of a few of the departures
in biology which have led or promise to
lead to fertile discoveries.

The problem of a scientific investigator
can always be reduced to two tasks; the
first, to determine the independent vari-
ables of the phenomena which he has under
investigation, and secondly, to find the
formula which allows him to calculate the
value of the function for every value of
the variable, In physics and chemistry
the independent variables are in many
cases so evident that the investigation may
begin directly with the quantitative deter-
mination of the relation between the
change of the essential variable and the
function. In biology, however, the vari-
ables, as a rule, can not be recognized so
easily and a great part of the mental
energy of the investigators must be spent
in the search for these variables. To give
an example, we know that in many eggs
the development only begins after the en-
trance of a spermatozoon into the egg.
The spermatozoon must produce some kind
of a change in the egg, which is responsible
for the development. But we do not know
which variable in the egg is changed by
the spermatozoon, whether the latter pro-

* Address delivered at the Congress of Arts and
Science in St. Louis.
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duces a chemical or an osmotic change, or
whether it brings about a change of phase
or some other effect. It goes without say-
ing that a theory of sexual fertilization is
impossible until the independent variable
in the process of sexual fertilization is
known.

But the investigations of the biologist
differ from those of the chemist and
physicist in that the biologist deals with
the analysis of the mechanism of a special
class of machines. Living organisms are
chemical machines, made of essentially
colloidal material which possess the pecul-
iarity of developing, preserving and re-
producing themselves automatically. The
machines which have thus far been pro-
duced artificially lack the peculiarity of
developing, growing, preserving and repro-
ducing themselves, though no one can say
with certainty that such machines might
not one day be constructed artificially.

The specific and main work of the biol-
ogist will, therefore, be directed toward
the analysis of the automatic mechanisms
of development of self-preservation and
reproduction.

1I1.

THE DYNAMICS OF THE CHEMICAL PROCESSES
IN LIVING ORGANISMS.

The progress made by chemistry, espe-
cially physical chemistry, has definitely
put an end to the idea that the chemistry
of living matter is different from the chem-
istry of inanimate matter. The presence
of catalyzers in all living tissues makes it
intelligible that in spite of the compara-
tively low temperature at which life phe-
nomena oceur the reaction velocities for the
essential processes in living organisms are
comparatively high. It has been shown,
moreover, that the action of the catalyzers
found in living organisms can be imitated
by certain metals or other inorganic cata-
lyzers. We may, therefore, say that it is
now proved beyond all doubt that the vari-
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ables in the chemical processes in living
organisms are identical with those with
which the chemist has to deal in the labo-
ratory. As a consequence of this result
chemical biology has during the last years
entered into the series of those sciences
which are capable of predicting their re-
sults quantitatively. The application of
the theory of chemical equilibrium to life
phenomena has led biological chemists to
look for. reversible chemical processes in
living organisms and the result is the dis-
covery of the reversible enzyme actions,
which we owe to A. C. Hill. I think it
marks the beginning of a new epoch of
the physiology of metabolism that we now
know that the same enzymes not only ac-
celerate the hydrolysis, but also in some
cases, if not generally, the synthesis of the
produects of cleavage. It is not impossible
that the results thus obtained in the field
of biology will ultimately in return benefit
chemistry, inasmuch as they may enable
chemistry to accomplish syntheses with the
help of enzymes found in living organisms
which could otherwise not be so easily ob-
tained.

A very beautiful example of the con-
quest of biological chemistry through chem-
ical dynamies is offered by the work of
Arrhenius and Madsen. These authors
have successfully applied the laws of chem-
ical equilibrium to toxins and anti-toxins
so that it is possible to calculate the degree
of saturation between toxins and anti-
toxing for any concentration with the same
ease and certainty as for any other chem-
ical reaction.

We know as yet but little concerning
the method by which enzymes produce
their accelerating effects. It seems that
the facts recently gathered speak in favor
of the idea of intermediary reactions.
According to this idea the catalyzers par-
ticipate in the reaction, but form com-
binations that are again rapidly decom-
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posed. This makes it intelligible that at
the end of the reaction the enzymes and
catalyzers are generally in the same condi-
tion as at the beginning of the reaction,
and that a comparatively small quantity
of the catalyzer is sufficient for the trans-
formation of large quantities of the react-
ing substances. /

This chapter should not be concluded
without mentioning the discovery of
zymase by Buchner. It had long been
argued that only certain of the fermenta-
tive actions of yeast depended on the
presence of enzymes which could be sepa-
rated from the living cells, but that the
aleoholic fermentation of sugar by yeast
was inseparably linked together with the
life of the cell. Buchner showed that the
enzyme which accelerates the aleoholic
fermentation of sugar can also be sepa-
rated from the living cell, with this purely
technical difference only, that it requires
a much higher pressure to extract zymase
than any other enzymes from the yeast cell.

III.
PHYSICAL STRUCTURE OF LIVING MATTER.

‘We have stated that living organisms
are chemical machines whose framework is
formed by colloidal material consisting of
proteins, fatty compounds, and carbohy-
drates. These colloids possess physical
qualities which are believed to play a great
role in life phenomena. Among these
qualities are the slow rate of diffusion, the
existence of a double layer of electricity at
the surface of the dissolved or suspended
colloidal particles, and the production of
definite structures when they are precipi-
tated. We may consider it as probable

that the cytological and histological struec-

tures of living matter will be reduced to
the physical qualities of the colloids. But,
inagsmuch as the physics of the colloids is
still in its beginning, we must not be sur-
prised that the biological application of
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its results is still in the stage of mere sug-
gestions. The most important result which
has thus far been accomplished through
the application of the physies of colloids
to biology is Traube’s invention of the
semipermeable membranes. To Traube
we owe the discovery that every living cell
behaves as if it were surrounded with a
surface film which does not possess equal
permeability for water and the substances
dissolved in it. Salts which are dissolved in
water, as a rule, migrate much more slowly
into the living cells than water. This
discovery of the semi-permeability of the
surface films of living protoplasm made,
it possible to recognize the variable which
determines the exchange of liquids between
protoplasm and the liquid medium by
which it is surrounded, namely, the osmotie
pressure. Inasmuch as the osmotic pres-
sure is measurable, this field of biology has
entered upon a stage where every hypoth-

-esis can be tested exactly and biology is

no longer compelled to carry a ballast of
shallow phrases. We are now able to
analyze quantitatively such functions as
lymph formation and the secretion of
glands.

Recent investigations have thrown some
light on the nature of the conditions which
seem to determine the semi-permeability of
living matter. Quincke had already men-
tioned that a film of oil acts like a semi-
permeable membrane. From certain con-
siderations of surface tension and surface
energy it follows that every particle of
protoplasm which is surrounded by a
watery liquid must form an extremely
thin film of oil at its surface. Overton
has recently shown that of all dissolved
substances those which possess a high solu-
bility in fat, e¢. g., aleohol, ether, chloro-
form, diffuse most easily into living cells.
Overton concludes that lipoid substances
such as lecithin and cholesterin which are
found in every cell determine the phenom-
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enon of the semi-permeability of living
matter.
IV.
DEVELOPMENT AND HEREDITY.

‘We now come to the discussion of those
phenomena which constitute the specific
difference between living machines and the
machines which we have thus far been able
to make artificially. Living organisms
show the phenomena of development.
During the last century it was ascertained
that the development of an animal egg, in
general, does not occur until a sperma-
tozoon has entered it, but, as already
stated, we do not know which variable in
the egg is changed by the spermatozoon.
An attempt has been made to fill the gap
by causing unfertilized eggs to develop
with the aid of physicochemical means.
The decisive variable by which such an
artificial parthenogenesis can be best pro-
duced is the osmotic pressure. It has been
possible to cause the unfertilized eggs of
echinoderms, annelids and mollusks to -de-
velop into swimming larve by increasing
transitorily the osmotic pressure of the
surrounding solution. Even in vertebrates
(the frog and petromyzon), Bataillon has
succeeded in calling forth the first proe-
esses of development in this way. In other
forms specific chemical influences cause the
development, e. g., in the eggs of star-fish
~ diluted acids and, best of all, as Delage has
shown, carbon dioxide. In the eggs of
Chawtoloplerus potassium salts produce this
result and in the case of Amphitrite, cal-
cium salts. '

From a sexual cell only a definite organ-
ism can arise whose properties ean be pre-
dicted if we know from which organism the
sexual- cell originates. The foundations

of the theory of heredity were laid by
Gregory Mendel in his treatise on the
‘Hybrids of Plants,” one of the most prom-
inent papers ever published in biology.
Mendel showed in his experiments that
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certain simple characteristies, as, for ex-
ample, the round or angular shape of the
seeds of peas or the color of their endo-
sperm is already determined in the germ
by definite determinants. He showed,
moreover, that in the case of the hybridiza-
tion of certain forms one half of the sexual
cells of each child contains the determin-
ants of the one parent, the other half con-
tains the determinants of the other parent.
In thus showing that the results of hybrid-
ization can be predicted numerically not
only for one hut for a series of generations,
according to the laws of the caleculus of
probability, he gave not a hypothesis, but
an exact theory of heredity. Mendel’s ex-
periments remained unnoticed until Hugo
de Vries discovered the same facts anew,
and at the same time beecame aware of
Mendel’s treatise.

The theory of heredity of Mendel and de
Vries is in full harmony with the idea of
evolution. The modern idea of evolution
originated, as is well known, with Lamarck,
and it is the great merit of Darwin to have
revived this idea. Tt is, however, remark-
able that none of the Darwinian authors
seemed to consider it necessary that the
transformation of species should be the ob-
jeet of direct observation. It is generally
understood in the natural sciences either
that direct observation should form the
foundation of our conclusions or mathe-
matical laws which are derived from direct
observations. This rule was evidently con-
sidered superfluous by those writing on
the hypothesis of evolution. Their scien-
tific conscience was quieted by the assump-
tion that processes like that of evolution
could not be directly observed, as they oe-
curred too slowly, and that for this reason
indirect observations must suffice. I be-
lieve that this lack of direct observation
explains the polemical character of this
literature, for wherever we can base
our conclusions upon direct observations
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polemies become superfluous. It was,
therefore, a decided progress when de
Vries was able to show that the hereditary
changes of forms, so-called ‘mutations,’
can be directly observed, at least in eertain
groups of organisms, and secondly, that
these changes take place in harmony with
the idea that for definite hereditary char-
acteristics definite determinants, possibly
in the form of chemical compounds, must
be present in the sexual cells. It seems to
me that the work of Mendel and de Vries
and their successors marks the beginning
of a real theory of heredity and evolution.
If it is at all possible to produce new
species artificially I think that the dis-
coveries of Mendel and de Vries must be
the starting point. '

It is at present entirely unknown how
it happens that in living organisms, as a
rule, larger quantities of sexual cells be-
gin to form at a definite period in their
existence. Miescher attempted to solve
this problem in his researches on the
salmon. But it seems that Miescher laid
too much emphasis upon a more secondary
feature of this phenomenon, namely, that
the sexual cells in the salmon apparently
develop at the expense of the muscular
substance of the animal. According to
our present knowledge of the chemical
dynamics of the animal body it seems
rather immaterial whether the proteins and
other constituents of the sexual cell come
from the body of the animal or from the
food taken up. The causes whieh determine
the formation of large masses of sexual
cells in an organism at a certain period of
its existence are entirely unknown.

A little more progress has been made in
regard to another problem which belongs
to this group of phenomena, namely how
it happens that in many species one indi-
vidual forms sperm, the other eggs. It
has been known for more than a century
that it is possible to produce at desire either
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females exclusively or both sexes in plant

lice. In bees and related forms, as a rule

at least, only males originate from the un-
fertilized eggs; from the fertilized eggs
only females. It is, moreover, known that
in higher vertebrates those twins which
originate from one egg have the same sex,
while the sex of twins originating from
different eggs may be different. All faets
which are thus far known in regard to
the determination of sex seem to indicate
that the sex of the embryo is already deter-
mined in the unfertilized egg, or at least

immediately after fertilization. I consider

it possible that in regard to the determina-
tion of sex, just as in the case of artificial
parthenogenesis, a general variable will be
found by which we can determine whether
an egg cell will assume male or female
character.

V.

INSTINCT AND CONSCIOUSNESS.

The difference between our artificial
machines and the living organisms appears,
perhaps; most striking when we compare
the many automatic devices by which the
preservation of individuals and species is
guaranteed. Where separate sexes exist
we find automatic arrangements by which
the sexual cells of the two sexes are brought
together. Wherever the development of the
eggs and larvee occurs outside of the body
of the mother or the nest we often find au-
tomatic . mechanisms whereby the eggs are
deposited in such places as contain food
on which the young larva can exist and
grow. We have to raise the question how
far has the analysis of these automatic
mechanisms been pushed. Metaphysics has
supplied us with the terms ‘instinet’ and
‘will” for these phenomena. We speak of
instinet wherever an animal performs,
without foresight of the ends, those acts
by which the preservation of the individual
or the species is secured. The term ‘will’
is reserved for those cases where these proe-
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esses form constituents of consciousness.
The words ‘instinet’ and ‘will’ do, how-
ever, not give us the variables by which
we can analyze or control the mechanism
of these actions. Secientific analysis has
shown that the motions of animals which
are directed towards a definite aim depend
upon a mechanism which is essentially a
function of the symmetrical structure and
the symmetrieal distribution of irritability.
Symmetrical points of the surface of an ani-
mal, as a rule, have the same irritability,
which means that, when stimulated equally,
they produce the same quantity of motion.
The points at the oral pole as a rule possess
a qualitatively different or greater irrita-
bility than those at the aboral pole. If
rays of light or current curves, or lines of
diffusion or gravitation, start from one
point and strike an organism, which is
sensitive for the form of energy involved,
on one side only, the tension of the sym-
metrical museles or contractile clements
does not remain the same on both sides of
the body, and a tendency for rotation will
result. This will continue until the sym-
metrical points of the animal are struck
equally. As soon as this occurs there is
no more reason why the animal should
deviate to the right or left from the direc-
tion of its plane or axis of symmetry.
These phenomena of automatic orientation
of animals in a field of energy have been
designated as tropisms. It has been pos-
sible to dissolve a series of mysterious in-
stinets into cases of simple tropisms. The
investigation of the various cases of tropism
has shown their great variety and there
can be no doubt that further researches
will- increase the variety of tropisms and
tropism-like phenomena. I am inclined
to believe that we possess in the tropisms
and tropism-like mechanisms the independ-
ent variable of such functions as the in-
stinetive selection of food and similar
regulatory phenomena.
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As far as the mechanism of conscious-
ness is concerned no scientific fact has thus
far been found that promises an unravel-
ing of this mechanism in the near future.
It may be said, however, that at least the
nature of the biological problem here in-
volved can be stated. From a scientific
point of view we may say that what we
call consciousness is the function of a defi-
nite machine which we will call the ma-
chine of associative memory. Whatever,
the nature of this machine in living beings
may be, it has an essential feature in com-
mon with the phoriograph, namely, that it
is capable of reproducing impressions in
the same chronological order in which they
come to us. Even simultaneous impres-
sions of a different physical character,-such
as, for instance, optical and acoustical,
easily fuse in memory and form an insep-
arable complex. The mechanism upon
which associative memory depends seems to
be located, in higher vertebrates at least,
in the cerebral hemispheres, as the experi-
ments of Goltz have shown. The same
author has shown, moreover, that one of
the two hemispheres suffices for the effi-
ciency of this mechanism and for the full
action of consciousness. As far, however,
as the physical or chemical character of
the mechanism of memory is concerned, we
possess only a few starting points. We
know that the nerve cells are especially
rich in fatty constituents and Overton and
Hans Meyer have shown that substances
which are easily soluble in fat also act as
very powerful anesthetics, for instance,
chloroform, ether and aleohol, and so on.
It may be possible that the mechanism of
associative memory depends in some way
upon the constitution or action of the fatty
compounds in our nerve cells. Another
fact which may prove of importance is the
observation made by Speck that if the par-
tial pressure of oxygen in the air falls be-
low one third of its normal value, mental



DECEMBER 9, 1904.]

activity very soon becomes impaired and
consciousness is lost. Undoubtedly the un-
raveling of the mechanism of associated
memory is one of the greatest discoveries
which biology has still in store.

VL

ELEMENTARY PHYSIOLOGICAL PROCESSES.

It is, perhaps, possible that an advance
in the analysis of the mechanism of mem-
ory will be made when we shall know more
about the processes that occur in nerve
cells in general. The most elementary
mechanisms of self preservation in higher
animals are the respiratory motions and
the action of the heart. The impulse for
the respiratory action starts from the nerve
cells. As far as the impulses for the ac-
tivity of the heart are concerned. we can
say that in one form at least they start
from nerve cells, and in all cases from
those regions where nerve cells are situ-
ated. - But as far as the nature of these im-
pulses is concerned we know as little about
the cause of the rhythmical phenomena of
respiration and heart beat as we know con-
cerning the mechanism of associative mem-
ory. It is rather surprising, but never-
theless a fact, that physiology has not pro-
gressed beyond the stage of mere sugges-
tions and hypotheses in the analysis of
such elementary phenomena as nerve ac-
tion, muscular contractility and cell divi-
sion. Among the suggestions concerning
the nature of contractility those seem most
promising which take into consideration
the phenomena of surface tension. The
same lack of definite knowledge is found in
regard to the changes in the sense organs
which give rise to sensations. It is obvi-
ous that the most striking gaps in biology
are found in that field of biology which
has been cultivated by.the physiologists.
The reason for this is in part, that the
analysis of the elementary protoplasmic
processes is especially difficult, but I be-
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lieve that there are other reasons. Medical
physiologists have confined themselves to
the study of a few organisms, and this has
had the effect that for the last fifty years
the same work has been repeated with slight
modifications over and over again.

VIL
TECHNICAL BIOLOGY.

I think the creation of technical biology
must be considered the most significant
turn biology has taken during the last cen-
tury. This turn is connected with a num-
ber of names, among which Liebig and
Pasteur are the most prominent. Agricul-
ture may be considered as an industry for
the transformation of radiating into chem-
ical energy. It was known for a long time
that the green plants were able to build. up,
with the help of the light, the carbohydrates
from the carbon dioxide of the air. Liebig
showed that for the growth of the plant
definite salts are necessary, that these salts
are withdrawn from the soil by the plants,
and that in order to produce crops these
salts must be given back to the soil. One
important point had not been cleared up
by the work of Liebig, namely, the source
of nitrates in the soil which the plants
need for the manufacture of their proteins.
This gap was filled by Hellriegel, who
found that the tubercles of the leguminose,
or rather the bacteria contained in these
tubercles, are capable of transforming the
inert nitrogen of the air into a form -in
which the plant can utilize it for the syn-
thesis of its proteins. Winogradski sub-
sequently discovered that not only the
tubercle bacteria of leguminosse are -ca-
pable of fixing the nitrogen of the air in
the soil in a form in which it can be util-
ized by the plant, but that the same can be
done. by certain other bacteria, for in-
stance, Chlostridium pasteurianum. . These
facts have a bearing which goes beyond the
interests of agriculture. =The question of
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obtaining nitrates from the nitrogen of the
air is of importance also for chemical in-
dustry, and it is not impossible that chem-
ists may one day utilize the experience
obtained in nitrifying bacteria.

‘With the discovery of the culture of
nitrifying bacteria we have already en-
tered the field of Pasteur’s work. Yeast
had been used for the purposes of fer-
mentation before Pasteur, but Pasteur
freed this field of biology just as much
from the influence of chance as Liebig
did in the case of agriculture. The chem-
ist Pasteur taught biologists how to dis-
criminate between the useful and harmful
forms of yeast and bacteria, and thus ren-
dered it possible to put the industry of
fermentation upon a safe basis.

In recent times the fact has often been
mentioned that the coal fields will be ex-
hausted sooner or later. If this is true
every source of available energy which is
neglected to-day may one day become of
importance. Professor Hensen has recog-
nized the importance of the surface of
the ocean for the production of crops.
The surface of the ocean is inhabited by
endless masses of microscopic organisms
which contain chlorophyl and which are
capable of transforming the radiating en-
ergy of the sun into chemical energy.

Not only through the industry of fer-
mentation and agriculture has technical
biology asserted its place side by side with
physical and chemical ‘technology, but also
in the conquest of new regions for civiliza-
tion. As long as tropical countries are
continually threatened by epidemies no
steady industrial development is possible.
Biology has begun to remove this danger.
It is due to Koch if epidemics of cholera
can be suppressed to-day and to Yersin if
the spreading of plague can now be pre-
vented. Theobald Smith discovered that
the organisms of Texas fever are carried
by a certain insect, and this discovery has
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had the effect of reducing and possibly in
the near future destroying two dreaded
diseases, namely, malaria and yellow fever.

It is natural that the rapid development
of technical biology has reacted beneficially
upon the development of theoretical biol-
ogy. dJust as physics and chemistry are
receiving steadily new impulses from tech-
nology, the same is true for biology. The
working out of the problems of immunity

" has created new fields for theoretical biol-

ogy. Ehrlich has shown that in the case
of immunity toxins are rendered harmless
by their being bound by certain bodies,
the so-called anti-toxins. The investiga-
tion of the nature and the origin of toxins
in the case of acquired immunity is a new
problem which technical biology has given
to theoretical biology. The same may be
said in regard to the experiments of Pfeifer
and Bordet on bacteriolysis and hemolysis.
Bordet’s work has led to the development
of methods which have been utilized for
the determination of the blood relationship
of animals.
VIIL

The representatives of the mental sci-
ences often reproach the natural sciences
that the latter only develop the material
but not the mental or moral interests of hu-
manity. It seems to me, however, that this
statement is wrong. The struggle against
superstition is entirely carried on by the
natural sciences, and especially by the ap-
plied sciences. The nature of superstition
consists in a gross misunderstanding of
the causes of natural phenomena. I have
not gained the impression that the mental
sciences have been able to reduce the
amount of superstition. Lourdes and
Mecea are in no danger from the side of
the representatives of the mental sciences,
but only from the side of scientific medi-
cine. Superstition disappears so slowly
for the reason that the masses as a rule are
not taught any sciences. If the day comes
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when the chief laws of physies, chemistry
and experimental biology are generally and
adequately taught we may hope to see
superstition and all its consequences dis-
appear, but not before this.

As far as the influence of the applied sci-
ences on ethies is concerned, I think we may
hope that through the natural sciences the
ethies of our political and economical life
will be altered. In our political as well as
our economical life we are still under the
influence of the ancients, especially the Ro-
mans, who knew only one means of acquir-
ing wealth, hamely by dispossessing others
of it. The natural sciences have shown that
there is another and more effective -way of
acquiring wealth, namely, by creating it.
The way of doing this consists in the inven-
tion of means by which the store of energy
present in nature can be more fully util-
ized. The wealth of modern nations, of
Germany and France, is not due to their
statesmen or to'their wars, but to the ac-
complishments of the scientists. Tt has
been calculated that the inventions of Pas-
teur alone added a billion francs a year to
the wealth of France. In the light of such
facts it seems preposterous that statesmen
should continue to instigate war simply for
the conquest of territories. Through mod-
ern science the wealth of a nation can be
inereased much more quickly than through
any territorial conquest. We can not ex-
pect any change in the political and eco-
nomical ethies of nations until it is recog-
nized that the lawmakers and statesmen
must have a scientific training. If our
lawmakers possessed such a training they
would certainly not have allowed one gen-
eral source of energy after another, such

as.oil fields, coal fields, water power, ete.,

to be appropriated by individuals. All
these stores of energy belong just as well
to the community as the oxygen of the
air or the radiating energy of the sun.
Our present economical and political ethies
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is still on the whole that of the classical
period or the renaissance, because the
knowledge of science among the masses
and statesmen is still on that level, but
the natural sciences will ultimately bring
about as thorough a revolution in ethies as
they have brought about in our material
life.
IX.

If we compare the development of biol-
ogy with the simultaneous development of
physies and chemistry during the last
twenty years, we must be impressed by the
fact that during that time the great dis-
coveries in physiecs and chemistry have
followed each other surprisingly fast.
The discovery of the law of osmotic pres-
sure, the theory of electrical disassociation,
the theory of galvanic batteries, the sys-
tematiec formulation of physical chemistry,
the diseovery of electrical waves, the dis-
covery of the X-rays, the discovery of the
new elements in the air, the discovery of
radioactivity, the transformation of radium
into helium, the theory of radiation pres-
sure—what have we in biology that could
be compared with such a series of discov-
eries? But I believe that biology has
important diseoveries in store and that
there is no intrinsie reason why it should
be less fertile than physics and chemistry.
I think the difference in the fertility of
biology and the physical sciences is at least
partly due to the present organization of
the biological sciences.

General or experimental biology should
be represented in our universities by spe-
cial chairs and laboratories. It should be
the task of this science to analyze and con-
trol those phenomena which are specifically
characteristic of living organisms, namely,
development, self preservation, and repro-
duction. The methods of general biology
must be those of chemistry and especially
those of physical chemistry. To-day gen-
eral or experimental biology is represented
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in our universities neither by chairs nor
by laboratories. 'We have laboratories
for physiology, but to show how little in-
terest physiologists take in general biology
I may mention the fact that the editor
of a physiological annual review excludes
papers on the development and fertiliza-
tion from his report, as in his opinion, this
belongs to anatomy. On the other hand,
anatomists and zoologists must give their
full energy to their morphological investi-
gations and have, as a rule, neither the
time for experimental work nor very often
the training necessary for that kind of
work. Only the botanists have kept up
their interest in general biology, but they
of course pay no attention to animal biol-
ogy. In working out this short review of
the development of biology during the last
century I have been impressed with the
necessity of our making better provisions
for that side of biology where, in my opin-
ion, the chances for the great discoveries
seem to lie, namely, gemeral or experi-
mental biology. Jacques LoEs. -

THE PROBLEMS OF EXPERIMENTAL
PSYCHOLOGY .*

TaE first difficulty that confronts one, as
one attempts to envisage the problems of
experimental psychology, is the difficulty
of definition. What is a psychological ex-
periment? What is the scope of experi-
mental psychology? Is experiment simply
a method of work, applicable to all or to
some special parts of the psychological sys-
tem; or is experimental psychology a dis-
tinet branch of psychology, sharply marked
off from other and coordinate branches?

The program of this congress would seem
to have decided the issue in the latter
sense; for we find sections of general psy-
chology, of comparative and genetic psy-

* Address delivered at the International Con-
gress of Arts and Science, St. Louis, September,
1904.

SCIENCE.

[N.S. Vor. XX. No. 519.

chology, of abnormal psychology and of
social psychology, arranged alongside of
our own section of experimental psychol-
ogy. If, then, I wished to take shelter
behind the plan of the program, I might,
with some show of justification, confine my-
self to the discussion of those problems in
normal, human, adult psychology which
still form the staple material of experi-
mental investigation in the laboratories,
and might omit all reference to the ex-
tensions of the experimental method to out-
lying fields. Such a course would, neverthe-
less, be unsatisfactory. The extensions of
the method are coming to play a larger and
larger part in psychological discussions
and in our psychological literature; and it
behooves us to take up a stand with regard
to them, positive or negative, appreciative
or critical. I shall try not to shirk this
duty. Let me say, however; at the outset
—and I shall have more to say upon the
matter presently—that, whatever else ex-
perimental psychology may be, there can
be no doubt that the subjects to which the
program apparently limits us are experi-
mental psychology. The examination, un-
der strictly controlled and properly varied
conditions, of the normal, adult, human
mind—this is psychological experiment in
its pure, primary and typical form. And
it is this typical experimental psychology
the problems of which we have, in the first

place, to consider.

In approaching this question of the prob-
lems of experimental psychology, it seemed
to me that the surest key to the future lay
in the accomplishment of the past. The
best way to find out what experimental
psychology has to do is, I thought, to make
certain of what it has already done. With
this idea in mind, I naturally had recourse
to our bibliographies—the American bibli
ography of the Psychological Review, and
the German of the Zeitschrift f. Psycholo-
gie. The result was not encouraging. We



